Dear Lou and Don





Machiavelli once said: “Nor do I hold with those who think it presumptuous for men of low estate to settle the affairs of kings.”





Soooo.....


Since there seemed to still be some dissatisfaction with parts of Sections 2 and 4.2, here are MY thoughts re the “flow of structures” with the document develops. What I tried to do is to concatenate (below) the sections that address the building up of the OAIS structures so I could see the flow of structure development as a whole





(John Runyan said “One cannot understand anything until he can understand the whole.”





Then I tried to explain parts of the document to myself after reading it several times and listening to a number of discussions about it. I also have tried to introduce my comments IN CAPITAL-LETTERED text as well as adding “notes to myself” so you could follow my thinking.





After finishing this nth review, I decided that my two causes of grief are:


   - the introduction of the term Content Information when we already have the well-described Information Object - with WEAK explanation of the differences


   - the introduction of the term AIU when we already have the well-defined AIP (AICs seem to “fit” OK to me) - with WEAK explanation of the differences





I feel that any benefits (?) realized by introducting different terms with slight differences is more that offset by the confusion they cause in the mind of the reader.





I don’t know whether this will help anyone or not, but for what it is worth, here they are. You are perfectly welcome to exclude anything which you feel at this late date is not suitable - especially where I dabble in currently approved text.  I also hope that some of my comments will tend to reduce the size of the document..





2    	OAIS CONCEPTS





The purpose of this section is to motivate and describe several key high level OAIS concepts.  An extension, and formal modeling of these concepts, is given in Section 4. 





The term “archive” has come to be used to refer to a wide variety of storage and preservation functions and systems.  Traditionally, an archive is understood as a facility or organization which preserves records, originally generated by or for a government organization, institution, or corporation, for access by public. or private communities. It accomplishes this task by taking ownership of the records, ensuring that they are understandable to the accessing community, and managing them so as to preserve their information content and authenticity.  Historically, such records have been in such forms as books, papers, maps, photographs, and film which can be read directly by humans, or read with the aid of simple optical magnification and scanning aids.  The major focus for preserving this information has been to ensure that they are on media with long term stability and that access to this media is carefully controlled.





The explosive growth of information in digital forms has posed a severe challenge not only for traditional archives and their information providers, but for many other organizations in the government, commercial and non-profit sectors.  These organizations are finding, or will find, that they need to take on the information preservation functions typically associated with traditional archives because digital information is easily lost or corrupted.  The pace of technology evolution is causing some hardware and software systems to become obsolete in a matter of a few years, and these changes can put severe pressure on the ability of the related data structures or formats to continue effective representation of the full information desired.    





A major purpose of this reference model is to facilitate a much wider understanding of what is required to preserve information for the Long Term.





ADD << “THROUGHOUT THIS SECTION AND LATER IN THE DOCUMENT, A NUMBER OF DATA STRUCTURES ARE POSTULATED AND EXPLAINED TO PROMOTE THIS UNDERSTANDING” >>





To avoid confusion with simple "bit storage" functions, the reference model defines an Open Archival Information System (OAIS) which performs a Long-term information preservation function.  An OAIS archive is one that intends to preserve information for access and use by one or more designated communities, and it meets the minimum requirements given in Section 3.  This Archival Information System is composed of personnel and supporting systems, and it is considered to be "Open" because the model and its standards are being developed using a public process that ensures this information is readily available to the public.  "Open" does NOT mean that access to information within any archive is uncontrolled.  For the remainder of this document, the term archive is understood to refer to an OAIS, or OAIS archive, unless the context makes it clear otherwise (e.g., traditional archives).





The OAIS model recognizes the already highly distributed nature of digital information holdings and the need for local implementations of effective policies and procedures supporting information preservation.  This allows, in principle, a wide variety of organizational arrangements, including various roles for traditional archives, in achieving this preservation.   It is expected that organizations attempting to preserve information will find that using OAIS terms and concepts will assist them in achieving their information preservation goals.  





At the same time, the problems associated with achieving economical and truly effective Long-term digital information preservation should not be underestimated.  A good survey of many of the issues is contained in a report by the Task Force on Archiving of Digital Information entitled “Preserving Digital Information” [Reference 1].





2.1   	OAIS ENVIRONMENT





The environment surrounding an OAIS is given by the simple model shown in Figure 2-1





�





Figure 2-1.  Environment Model of an OAIS





<<JUST A COMMENT:  THIS A GOOD DIAGRAM AND A GREAT PLACE TO START - NOW I WANT TO MAKE SURE THAT THE DOCUMENT DESCRIPTIONS FOLLOW THIS ORDER. I THINK THEY GENERALLY DO, BUT I WILL CHECK >>





Outside the OAIS are Producers, Consumers, and Management.  Producer is the role played by those persons, or client systems, who provide the information to be preserved.  Management is the role played by those who set overall OAIS policy as one component in a broader policy domain.  In other words, Management oversight of the OAIS is only one of Management’s responsibilities. Management is not involved in day-to-day archive operations. The responsibility of managing the OAIS on a day-to-day basis is included within the OAIS in an administrative function and will be described in Section 4.   Consumer is the role played by those persons, or client systems, who interact with OAIS services to find  and acquire preserved information of interest.





Other OAIS archives are not shown explicitly however such archives may establish particular 





< THIS WORDING CONFUSES ME ESPECIALLY WHEN YOU USE THE TERM “OAIS” AND “OTHER ARCHIVES” IN WHAT APPEARS TO BE INTERCHANGEABLY. I PREFER USING ONLY THE TERM OAIS - UNLESS YOU DO MEAN NON-OAIS ARCHIVES >>  





agreements among themselves consistent with Management and OAIS needs. Other archives may interact with a particular archive for a variety of reasons and with varying degrees of formalism for any pre-arranged agreements. One OAIS may take the role of Producer to another OAIS; an example is when the responsibility for preserving a type of information is to be moved to this other archive. One OAIS may take the role of Consumer to another OAIS; an example is when the first OAIS decides to rely on the other OAIS for a type of information it seldom needs and chooses not to preserve locally. Such reliance should have some formal basis that includes the requirement for communication between the archives of any policy changes which might affect this reliance.





2.2   	OAIS Information





2.2.1   	INFORMATION DEFINITION





A clear definition of information is central to the ability of an OAIS  to preserve it.  While formal modeling of information is given in Section 4, some key concepts are given in this section.





A person, or system, can be said to have a knowledge base which allows them to understand received information.  For example, a person whose has a knowledge base that includes an understanding of English will be able to read, and understand, an English text.





<< THE ABOVE PARAGRAPH COMES OUT OF THE BLUE - IS IT NECESSARY? IF YES, TIE IT INTO THE ARCHIVE PROBLEM. PERHAPS FIG 2-2 SHOULD COME AT THE BEGINNING OF THIS SECTION AND LET THE EXISTING TEXT COMPLEMENT THE FIGURE >>





Information is defined as any type of knowledge that can be exchanged, and this information is always expressed (i.e., represented) by some type of data.  For example, the information in a hardcopy book is typically expressed by the observable characters (the data) on the pages which, when they are combined with a knowledge of the language used (the knowledge base), converts those characters to more meaningful information.  If the recipient does not already include English in its knowledge base, then the English text (the data) need to be accompanied with an English dictionary and grammar information (i.e., Representation Information) in a form that is understandable to the recipients knowledge base.





Similarly, the information stored within a CD-ROM file is expressed by the bits (the data) it contains which, when they are combined with the Representation Information for those bits, converts those bits to more meaningful information as long as the Representation Information is understandable to the recipients knowledge base.  For example, assume the bits represent an ASCII table of numbers giving the coordinates of a location on the Earth measured in degrees latitude and East longitude.  The Representation Information will be the definition of ASCII together with descriptions of the format of the numbers and their locations in the file, their definitions as latitude and longitude, and the definition of their units as degrees.





In general, it can be said that “Data interpreted using its Representation Information yields  Information” and this is shown schematically in Figure 2-2.





�





Figure 2-2.  Obtaining Information from Data





In order for this Information Object to be successfully preserved, it is critical for an archive to clearly identify and understand the Data Object and its associated Representation Information.  For digital information, this means the archive must clearly identify the bits and the Representation Information that applies to those bits.  This required transparency to the bit level is a distinguishing feature of digital information preservation and it runs counter to the information hiding trend which is so successful in supporting modern computing services.  This presents a significant challenge to the preservation of digital information.  (Note: the recursive nature of Representation Information, which typically is composed of its own data and other Representation Information, is dealt with in Section 4)





ADD << “IT IS IMPROTANT TO NOTE THAT EACH INFORMATION OBJECT HAS ALL THE ASSOCIATED REPRESENTATION INFORMATION (ALTHOUGH THIS IS USUALLY NOT SHOWN EXPLICITLY) THAT IS NECESSARY FOR SUBSEQUENT INTERPRETATION BY THE CONSUMER. FURTHER, THIS DEFINITION OF AN INFORMATION OBJECT IS APPLICABLE TO ALL THE INFORMATION TYPES DISCUSSED IN THE FOLLOWING SECTIONS” >>





2.2.2   	INFORMATION PACKAGE DEFINITION





Every submission of information to an OAIS by a Producer, and every dissemination of information to a Consumer, occurs as one or more discrete transmissions.





ADD << “HOWEVER, THE INFORMATION OBJECT DESCRIBED ABOVE IS NOT, BY ITSELF, SUITABLE FOR SUCCESSFUL ARCHIVING AND DISSEMMENTATION “>>





Therefore, it is convenient to define the concept of an Information Package (IP).





An Information Package (IP) is defined to have, in general, three components as shown in Figure 2-3.  These components are the Content Information (CI), the Preservation Description Information (PDI), and the Packaging Information (PI).








�





Figure 2-3.  Information Package (IP)





The Content Information is that information which is the primary target of preservation.  For example, it may be the content of a hardcopy document, or it may be an image provided as the bit content of a CD-ROM file together with the Representation Information for those bits.





<<WHOA - according to the definition given in the last paragraph in section 2.2.1, that is the INFORMATION OBJECT! I STRONGLY RECOMMEND THAT YOU DO NOT INTRODUCE ANOTHER TERM, I.E. CONTENT, TO MEAN THE SAME THING AS INFORMATION OBJECT.  CHANGE CONTENT  INFO TO INFO OBJECT AND IF NECESSARY, FURTHER DEFINE INFO OBJECT AS GIVEN EARLIER





CHANGE BOTH FIGURE 2-3 AND TEXT >>





Only after the Content Information has been clearly defined can an assessment of the Preservation Description Information be made.  The Preservation Description Information applies to the Content Information and is needed to make the Content Information preservable over the Long Term.  The Preservation Description Information is broken down into four types of preserving information called Provenance, Context, Reference, and Fixity.  Briefly, they are the following:





Provenance describes the source of the CI, who has had custody of the CI since its origination, and what its history (including processing history) has been.


Context describes how the CI relates to other information outside the Information Package.  For example, it would describe why the CI was produced and it may include a description of how it relates to another CI object that is available.  It does not, however, describe how the CI is organized on some storage media.  This task is handled by the Packaging Information which tends to be much more volatile than the CI and PDI.


Reference provides one or more identifiers, or systems of identifiers, by which the CI may be uniquely identified.  An ISBN number for a book is one example.


Fixity provides a wrapper, or protective shield, that protects the information from unintended alteration.  For example, it may involve a check sum over the CI of a digital Information Package.


The Packaging Information is that information which, either actually or logically, binds and relates the components of the package into an entity.  For example, if the CI and PDI are identified as being the content of specific files on a CD-ROM, then the Packaging Information may be the ISO-9660 volume/file structure on the CD-ROM.  The Packaging Information, in this case, may also include the physical CD-ROM disk.  These choices are the subject of local archive definitions or conventions.  The Packaging Information may be altered, particularly during migrations to new media types, and its data are not a part of the information that must be preserved.





In concluding this section, the importance of first identifying the Content Information, and then assessing the Preservation Description Information that applies to it, can not be over-estimated when preparing and preserving Information Packages.  





2.2.3   	INFORMATION PACKAGE VARIANTS





<< I AGREE WITH WHAT I BELIEVE WAS RANDY’S COMMENT THAT FIGURE 4-5 Information Package Taxonomy SHOULD COME EARLIER - MAYBE ABOUT HERE.  HOWEVER, I LIKE THE OLD FIGURE 2-4 IN THE PREVIOUS VERSION “INFORMATION PACKAGE SPECIALIZATIONS’ WHICH INDICATED IPs BEING CONSTRAINED INTO OTHER STRUCTURES>>





It is necessary to distinguish between an Information Package that is preserved by an OAIS and the Information Packages that are submitted to, and disseminated from, an OAIS.  These variant packages are needed to reflect the reality that some submissions to an OAIS will have insufficient Representation Information or PDI to meet final OAIS preservation requirements.  In addition, they may be organized very differently from the way the OAIS organizes the information it is preserving.  Finally, the OAIS may provide information to Consumers that does not include all the Representation Information or all the PDI with the associated Content Information being disseminated.  These variants are referred to as the Submission Information Package (SIP), the Archival Information Package (AIP), and the Dissemination Information Package (DIP).  Although they are all information packages, they differ in what is mandatory content.





ADD << “THESE STRUCTURES AND THEIR VARIANTS ARE FURTHER EXPLAINED IN SECTION 4.3” >>





The Submission Information Package (SIP) is that package that is sent to an OAIS by a  Producer.  Its form and detailed content is typically negotiated between the Producer and the OAIS.  Most SIPs will have some CI and some PDI, but it may require several SIPs to provide a complete set of CI and associated PDI.  The PI will always be present in some form.





Within the OAIS one or more SIPs is transformed into one or more Archival Information Packages (AIP) for preservation.  The AIP has a complete set of PDI for the associated CI.  The AIP may also contain a collection of other AIPs and this is discussed and modeled in Section 4.  The Packaging Information of the AIP will conform to OAIS internal standards, and it may vary as it is managed by the OAIS.





In response to a request, the OAIS provides all or a part of an AIP to a Consumer in the form of a Dissemination Information Package (DIP).  The DIP may also include collections of AIPs, and it may or may not have complete PDI.  The Packaging Information will always be present in some form so that the Consumer can clearly distinguish the information requested.  The Packaging Information may take several forms depending on the dissemination media and Consumer requirements.





2.3   	OAIS HIGH LEVEL EXTERNAL INTERACTIONS





The following sections present a high level view of the interaction between the entities identified in the OAIS environment.  Figure 2-5 is a data flow diagram that represents the operational OAIS archive external data flows.  This diagram concentrates on the flow of information among Producers, Consumers and the OAIS and does not include flows that involve Management.  These flows are dealt with further in Section 4.





�





Figure 2-5.  OAIS Archive External Data Flows








2.3.1   	Producer Interaction


 


The Producer establishes a Submission Agreement with the OAIS, which identifies the SIPs to be submitted and may span any length of time for this submission.  Some Submission Agreements will reflect a mandatory requirement to provide information to the OAIS, while others will reflect a voluntary offering of information.  Within the Submission Agreement, one or more Data Delivery Sessions, usually with significant time gaps between the sessions, are recognized.  A Data Delivery Session will contain one or more SIPs and may be a delivered set of media or a single telecommunications session.  The Data Delivery Session content is based on a data model negotiated between the OAIS and the Producer in the Submission Agreement.  This data model identifies the logical components of the SIP (e.g., the CI, PDI, and PI) that are to be provided and how they are represented on each media delivery or in the telecommunication session.  All data deliveries within a Submission Agreement are recognized as belonging to that Submission Agreement and will generally have a consistent data model which is specified in the Submission Agreement.  For example, a Data Delivery Session might consist of a set of CI objects corresponding to a set of observations  which are carried by a set of files on a CD-ROM.  The names of the files or the directory structure of the CD-ROM might be used to store information about the observation times or the datatypes contained in each file.  The Submission Agreement would indicate how the file format and the convention for the filenames is to be provided, and it would give the frequency of Data Delivery Sessions (e.g. one per month for two years).  It would also give other needed information such as access restrictions to the data and it would state how the PDI is to be provided if it is not a regular part of each SIP. 





Each SIP in a Data Delivery Session is expected to meet minimum OAIS requirements for completeness.  However multiple SIPs may need to be received before an acceptable AIP is formed and fully ingested within the OAIS. At this point the information contained therein can become available, in principle, to OAIS Consumers. A Submission Agreement also includes, or references, the procedures and protocols by which an OAIS will either verify the arrival and completeness of a Data Delivery Session with the Producer or question the Producer on the contents of the Data Delivery Session.





2.3.2   	Consumer Interaction





There are two basic request types initiated by Consumers, the Subscription Request and the Adhoc Request.





–	Subscription Request:  The Consumer establishes a Request Agreement with the OAIS for information expected to be received periodically on the basis of some triggering event.  It may span any length of time and under it one or more Data Dissemination Sessions, usually with significant time gaps between the sessions, may take place.  A Data Dissemination session may involve the transfer of a set of media  or a single telecommunications session.  The Request Agreement identifies the components of one or more AIPs to be provided, identifies how they are mapped into a Dissemination Information Package (DIP) and how that DIP will be packaged in each media delivery or telecommunications session.  The Request Agreement will also specify other needed information such as the trigger (e.g. event or time period) for new Data Dissemination sessions, the criteria for selecting the OAIS holdings to be included in each new Data Dissemination session, delivery information (e.g., name or mailing address), and any pricing agreements. 





–	Adhoc Request:  The Consumer establishes a Request Agreement with the OAIS for information available from the archive.  If the Consumer does not know a priori what specific holdings of the OAIS he is interested in acquiring, the Consumer will establish a Search Session with the OAIS. During this Search Session the Consumer will use the OAIS finding aids, which operate on catalogued information or, in some cases on the AIPs themselves, to identify and investigate potential holdings of interest.  This may be accomplished by the submission of queries and the return of result sets to the Consumer.  This searching process tends to be iterative with a user first identifying broad criteria and then refining this criteria based on previous search results. Once the Consumer identifies the OAIS AIPs, or AIP components, he wishes to acquire, he must provide a Request Agreement to the OAIS to document the details of what components he will acquire and how he will acquire them. At this point the Adhoc Request and the Subscription Request are similar although the Request Agreement may be substantially simpler with the Adhoc Request.  Note that the concept of a Request Agreement does not specify any particular implementation.  It may, in some cases, be no more than the completion of a World Wide Web form.





2.3.3   	Management Interaction





–	Management provides the OAIS with its charter and scope.  The charter may be developed by the archive but it is important that Management formally endorse archive activities.  The scope determines the breadth of both the Producer and Consumer groups served by the archive.





–	Management is often the primary source of funding for an OAIS and may provide guidelines for resource utilization (personnel, equipment, facilities).





–	Management will generally conduct some regular review process to evaluate OAIS performance  and progress toward long-term goals.





–	Management determines or at least endorses pricing policies for OAIS services. 





–	Management participates in conflict resolution involving Producers, Consumers and OAIS internal administration.





–	Management should also provide support for the OAIS by establishing procedures that assure OAIS utilization within its sphere of influence.  For example, management policies should require that all funded activities within its sphere of influence submit data products to the archive and also adhere to archive standards and procedures. 


�
�



4   	Detailed Models





The purpose of this section is to provide a more detailed model view of the functional entities of the OAIS and the information handled by the OAIS.   This aids OAIS designers of future systems and provides a more precise set of terms and concepts for discussion of current systems.





�
4.2	Information Model 





This section builds on the concepts presented in section 2.2 to further describe the pieces of information that are exchanged and managed within the OAIS. This section also defines the specific information objects which are used within the OAIS to preserve and access the information entrusted to the archive. This more detailed model of OAIS related information structures is intended to aid the architect or designer of future OAIS systems. The structures discussed in this section are conceptual and should not be taken to imply any specific implementations.





As discussed in Section 2. the primary goal of an OAIS is to preserve information for a designated community over a indefinite period of time. In order to preserve this information an OAIS must store significantly more than the contents of the object it is expected to preserve. This section analyzes those classes to fully describe the object classes of data associated with an OAIS. This section uses Object Modeling Technique (OMT) [Annex D and Reference 2] diagrams to illustrate the concepts discussed in the text.





Section 4.2.1 expands on the OAIS Information  discussions in section 2.2 to provide the reader with enough background concepts to understand the discussions in the later sections. This section also provides OMT diagrams to illustrate the Information Package variants  concepts discussed in section 2.2.4 . Section 4.2.2 provides a more detailed view of the information required for effective long term preservation of information while Section 4.2.3 describes the conceptual objects and containers that represent the contents of an OAIS.





4.2.1. Background Concepts





Section 2.2 introduces the concept of information being a combination of data and Representation Information. This concept is illustrated by the OMT diagram 4-5. The Information Object (IO) is composed of a Data Object which is either physical or digital and the Representation Information that allows for the full interpretation of the data into meaningful information. 





<< HERE AGAIN IS THE IO DEFINITION THAT -TO ME- NEGATES THE NEED FOR CONTENT OBJECT>>





There are many types of information that are needed for the long-term preservation of information in an OAIS and a taxonomy of these information types. A detailed discussion of Representation Information is presented in section 4.2.2.





�





Figure 4-5. Information Object





The basic currency of the archival process is the Information Package (IP) . The OMT diagram in figure 4-6 illustrate the conceptual view of an IP. An information package is a container which contains two types of information objects, the Content Information (CI), the Preservation Description Information (PDI), and and is associated with Packaging Information (PI).





The CI is that information which is the primary target of preservation. It may be the content of a hardcopy document, or it may be the bit content of a CD-ROM file together with the Representation Information for those bits. Only after the CI has been clearly defined can an assessment of the PDI be made. The PDI is information about the CI and is needed to turn the CI into information that may be preserved over the long-term. Finally, the Packaging Information is that information which, either actually or logically, binds and relates the components of the package into an entity.  For example, if the CI and PDI are identified as being the content of specific files on a CD-ROM, then the PI may be the ISO-9660 volume/file structure on the CD-ROM. The PI, in this case, may also include the physical CD-ROM disk. These choices are the subject of local archive definitions or conventions.





�











Figure 4-6. Information Package Contents





<< CHANGE CONTENT INFO INTO INFORMATION OBJECT >>





There are three subtypes of the IP defined in section 2.2, the Submission Information Package (SIP),the Archival  Information Package (AIP), and the Dissemination Information Package (DIP). The definitions of these package types in section 2 is based on the function of the archival process which uses the package. This taxonomy of IP types is shown in Figure 4-7.
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Figure 4-7. Information Package Taxonomy 





<< FIRST, IF THIS FIGURE IS KEPT, REVERSE THE ORDER IN THE THREE BOXES,  SO THAT SIP IS DISCUSSED FIRST>>





<<SECOND, I (AND I BELIEVE RANDY DID ALSO) HAVE SUGGESTED THIS FIGURE BE MOVED FORWARD.  PERHAPS IT CAN BE REPEATED - OR YOUR DECISION.>>





There is no difference in the classes of Information Objects contained in the AIP, SIP or DIP. The difference is the optional versus required nature of specific information within the information package. The AIP must include a Content Information object,





<<THE INFORMATION OBJECT, NOT THE CONTENT INFORMATION OBJECT>>





a complete set of Preservation Description Information. In addition the AIP must be associated with a set of Packaging Information the provides delimitation of the AIP in the OAIS Archival Storage. The SIP and DIP may contain any of these IOs however, since it is not required that information be archived in the same form in which it is transferred there are  no mandatory IO types within an SIP or DIP. There is mandatory associated Packaging Information which enables the consumer of the SIP or DIP to extract the digital information from the media.





Though in many cases the information submitted to an OAIS in one SIP is the complete information needed to create one AIP; there  are often good reasons the content information of a SIP or DIP is different from the content information in the associated AIP. This means that there can be one-to-one, many-to-one, one-to-many, and many-to-many mappings between SIPs and AIPs. Here are some examples:


One SIP - One AIP —A government agency is ready to archive its electronic records from the previous fiscal year. All of the year’s records are placed onto magnetic tapes that are submitted as one SIP. The archive stores the tapes together as a single AIP.


Many SIPs - One AIP — A satellite sensor makes observations of the Earth over a period of one year. Every week all of the latest sensor data are submitted to the archive as a SIP. The archive has a single AIP containing all of the sensor’s observations and the latest SIP is merged into that AIP.


One SIP - Many AIPs — A company submits financial records to an archive as one SIP. The archive chooses to store this information as two AIPs: one which contains public information and the other which contains sensitive information. This makes it easier for the archive to manage access to the information.


Many SIPs - Many AIPs — An oil and gas company collects information on its wells. Every year it submits a SIP containing all of the well status information to an archive. The archive maintains one AIP for each oil or gas field and breaks out the information on each well to the proper AIP based upon its geographic coordinates.





4.2.2. Logical Model for Archival Information





This section develops an information model for the information that is preserved in an OAIS. This section builds on the discussions in section 2.2 and 4.2.1 about the types of supporting information needed to enable long term preservation and the role of Representation Information in converting data objects to information.





There are several types of Information Objects that are used in the OAIS. Figure 4-8 shows a taxonomy of information objects.. The objects are categorized by their function in an IP into content objects, preservation description objects and packaging information objects. The following sections discuss the contents of each of the types of Information Object .





�





Figure 4-8. Information Object Taxonomy





<< I BELIEVE THE TOP BOX SHOULD BE LABELED INFORMATION PACKAGE TO BE CONSISTENT WITH WHAT HAS BEEN SAID BEFORE ABOUT THE TWO STRUCTURES >>





<< REPLACE CI AND RI WITH IO. THE USAGE OF THIS NEW  TERM REALLY DESTROYS THE FLOW OF UNDERSTANDING  >>





4.2.2.1. Content Information





The Content Information is that information which is the primary object of preservation.





<< THIS AGAIN IS THE PREVIOUS DEFINITION OF THE INFORMATION OBJECT>>





The Content Information can be viewed as a primary Data Object together with its Representation Information as shown in Figure 4-5 . The Data Object in the Content Information may be either a Digital Object or a Physical Object (e.g., a physical sample, microfilm). 





<<CAN THE DATA OBJECT IN THE INFORMATION OBJECT ALSO BE EITHER A DIGITAL OR PHYSICAL OBJECT ? >>





4.2.2.2. Representation Information





The CI may be expressed as either a physical object (e.g., a moon rock) together with some Representation Information, or it may be expressed as a digital object (i.e., a sequence of bits) together with the Representation Information giving meaning to those bits.





The Representation Information accompanying a physical object like a moon rock may give additional meaning, as a result of some analysis, to the physically observable attributes of the rock. This information may have been developed over time and the results, if provided, would be part of the CI.





The Representation Information accompanying a digital object, or sequence of bits, is used to provide additional meaning. It typically maps the bits into commonly recognized data types such as characters, integers, and reals and into groups of these data types. It may associate these with higher level meanings which can have complex inter-relationships that are also described.





This section further addresses the Representation Information object when the Data Object is specialized as a Digital Object.





The Digital Object, as shown in Figure 2-2, is itself composed of one or more bit sequences. The purpose of the Representation Information object is to convert the bit sequences into more meaningful information. It does this by describing the format, or data structures, which are to be applied to the bit sequences and that in turn result in more meaningful values such as characters, numbers, pixels, arrays, tables, etc. These common computer data types, and aggregations of these data types, are referred to as the Structure Layer information of the Representation Information object. These structures are commonly identified by name or by relative position within the associated bit sequences.





The Representation Information provided by the Structure Layer is seldom sufficient. Even in the case where the Digital Object is interpreted as a sequence of text characters, and described as such in the Structure Layer, the additional information as to which language was being expressed should be provided. This higher layer information is referred to as the Semantic Layer, although in reality each layer provides its own set of semantics. When dealing with scientific data, for example, the information in the Semantic Layer can be quite varied and complex. It will include special meanings associated with all the elements of the Structural Layer, and their inter-relationships. An expansion of the Representation Information object is given in Figure 4-9.
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Figure 4-9. Representation Information Object





The Semantic Layer can also be viewed as the "Object" layer.  Taking an object oriented view of the combination of the Representation Information and its Digital Object (i.e., Content Information object), queries applied to this object are addressed to the Semantic Layer.  The object oriented methods translate these queries into actions on the Structure Layer elements, and ultimately to the bit sequences, with results reported back in Semantic Layer terms.  Such software methods associated with a Content Information object provide useful services as long as the software executes properly.  However for indefinite long-term information preservation, a full and understandable description of the Representation Information is essential.  This can be a particular challenge for the preservation of scientific type data as there are few standards for how to express this type of information and archives need to ensure this information is understandable to the designated consumer communities.





All this additional Representation Information (both semantic and syntactic) is needed to fully transform the bits of a file into the Content Information.  In principal, this even extends to the inclusion of definitions (e.g., dictionary and grammar) of the natural language used (English in this example).  Over long time periods the meaning of natural language expressions can evolve significantly in both  general and in specific discipline usage.  As an aside, it is clear from this example that, in general, 100% information preservation for the indefinite long-term is a goal that is not practically achievable.





Representation Information may be expressed in physical forms(e.g., a paper document) or in digital forms. When the Representation Information is in digital form, additional Representation Information is needed to understand the bits of the Representation Information.  In principle, this recursion continues until physical forms are encountered.  For example, Representation Information expressed in ASCII needs the additional Representation Information for ASCII, which may be a physical document giving the ASCII standard. Because each Representation can be composed of multiple components, each with is own Representation, the result can be described as a Representation Net. In practice, the recursive chain of the representation net is also broken when there is widely available software that understands a particular representation, such as ASCII display software.  Nevertheless, this situation is dynamic as the technology and standards evolve and is a preservation issue needing continuing attention





As a practical matter, the OAIS needs to have enough Representation Information associated with the bits of the Data Object in the Content Information that it feels confident that it, and those expected to use the Content Information, can enter the Representation Net with enough knowledge to begin accurately interpreting the Representation Information.   This is a significant risk area for an OAIS, particularly for those with a narrow discipline focus, because jargon and apparently widely understood terms may subsequently be found to be quite temporary.





As a complex example, consider an electronic file containing a sequence of values obtained from a sensor looking at the Earth's environment.  There is a second file, encoded using ASCII, that provides information on how to understand the first file.  It describes how to interpret the bits of the first file to obtain meaningful numbers, it describes what these numbers mean in terms of the physics of the observation being conducted, it gives the date and time period over which the observations were made, it gives an average value for the observed values, and it describes who made the observations.  These two files are submitted to an OAIS for preservation. 





Assume that the OAIS determines that the Content Information to be preserved is the observed bits together with their values as numbers and the physics meaning of these numbers.   This information is conveyed by the bit sequence within the first file together with the Representation Information from the second file needed to transform the first file’s bits into meaningful physical values.  Note that neither the first file’s underlying media nor the particular file system carrying the bits is part of the Content Information.  From the second file only part of its content is considered a part of the Content Information and this is the part that enables the transformation of the bits from the first file into meaningful physical values.  In fact this second file does not carry all the Representation Information needed to make this transformation because the following additional information  is needed:





–	Information that the second file is encoded in ASCII so that it can be read as meaningful characters;





–	Information on how the characters are used to express the transformations from bits to numbers to meaningful physics values.  This information, typically referred to as a combination of format information and data dictionary information, may also include instrument calibration values and information on how the calibrations are to be applied.  All this information may be widely understandable once the ASCII characters are visible because it has all been expressed in English (or some other natural language), or some of it may be in more structured forms that will need additional Representation Information to be understood.





Therefore the Representation Information of the second file needs additional Representation Information, and this information may need additional Representation Information, etc., forming a linked set of Representations of Representations. This is a good example of the complex Representation Net.





Recall that in the example above, there was a determination that the Content Information consisted of the observed sensor values and their meanings.  This is by no means the only determination that could have been made.  It could just as easily have been determined that the Digital Object of the desired Content Information was the bit sequences within the first file together with the all the bit sequences within the second file.  The fact that some of these latter bit sequences are used to interpret the first files bit sequences is just an example of a set of bits that is somewhat self-describing.   It is irrelevant that some of the bits in the second file are the basis for information on the date and time period over which the observations were made, the average value for the observed values, and who made the observations.  Once it has been determined that all these bits constitute the Digital Object of the Content Information, then the Representation Information is that information needed to turn them into meaningful information.  How  extensive this meaning is to be carried and how far the Representation Net needs to be carried are local issues for the OAIS and its related producer and consumer communities. 





The extent to which the CI is understandable to a designated community depends largely on the nature of the Representation Information.  It needs to be written using constructs which are understandable to that community and it needs to be sufficiently complete to convey all the information intended.  Narrowly drawn or specialized communities may need minimal Reference Information to understand a particular CI, but in such cases extra care needs to be exercised to ensure that the natural evolution of what is commonly understood in those communities does not effectively cause information loss from the CI.





4.2.2.3. Preservation Description Information





In addition to the content object the Information Package must include a set of IOs which will allow the understanding of the content objects over an indefinite period of time. The specific set of IOs which are required for this function are called collectively called Preservation Description Information (PDI). The PDI IOs are a specialization of the IO shown in figure 4-6 in that the data object must be digital while the data object in an IO may be a digital object or a physical object. This restriction is due to the fact that the focus of this reference model is digital archives. PDI is that information which is necessary to adequately preserve the particular Content Information with which it is associated. It is specifically focused on describing the past and present states of the Content Information, ensuring it is uniquely identifiable, and ensuring it has not been unknowingly altered. This information is typical for all types of archives and has been classified in the context of traditional archives. However, the class definitions must be extended for digital archives. The following definitions are based on the categories discussed in the paper “Preserving Digital Information”. Figure 4-10 in an OMT diagram which illustrates the taxonomy of PDI types.
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Figure 4-10. Preservation Description Information





 –	Provenance Information: This information documents the history of the Content Information. This tells the origin or source of the Content Information, any changes that may have taken place since it was originated, and who has had custody of it since it was originated. This give future users some assurance as to the likely reliability of the Content Information. This information may be thought of as a special case of Context Information described below.





–	Reference Information: This information identifies, and if necessary describes, one or more mechanisms used to provide assigned identifiers for the Content Information. It also provides those identifiers that allow outside systems to refer, unambiguously, to this particular Content Information.





–	Context Information: This information documents the relationships of the Content Information to its environment. This includes why the Content Information was created, and how it relates to other Content Information objects existing elsewhere.





–	Fixity Information: This information documents the authentication mechanisms, and it provides any authentication keys used to ensure that the particular Content Information object has not been altered in an undocumented manner.





The OAIS needs to explicitly decide what the Content Information is in order to be able to ensure that it also has the necessary PDI which is needed to preserve the Content Information. Deciding what is the Content Information, for a given set of information, may not be obvious and may need to be negotiated with the information producer. Once the Content Information has been determined, it is possible to assess the Preservation Description Information.





4.2.2.4. Packaging Information





Finally, the Packaging Information is that information which, either actually or logically, binds and relates the components of the package into a physical entity on a specific media. 





<<IN  LINE IMMEDIATELY ABOVE, SHOULD INTO BE CHANGED TO ONTO?>>





This packaging information consists of all the information necessary to delimit the IP and to locate the IP on the media.  For example, if the CI and PDI are identified as being the content of specific files on a CD-ROM, then the PI may be the ISO-9660 volume/file structure on the CD-ROM. The PI, in this case, may also include the physical CD-ROM disk. These choices are the subject of local archive definitions or conventions. The Packaging Information does not necessarily  need to be preserved by an OAIS since it does not contribute to the Content Information or the PDI, however, there are many cases where the archive is required to exactly reproduce the SIP as a DIP. In these cases the Packaging Information must be preserved and reproduced. The OAIS must also ensure that no PDI or Content Information is hidden in the naming conventions in directory or file structures.





4.2.3 Logical Model of Information in an Open Archival Information System (OAIS)





There are two major functions than


<<THAT - NOT THAN >>





 an archive supplies to the community, long term preservation of information and effective access to the preserved information. This section discusses the conceptual information structures required to accomplish these functions.





Other than the replacement of the “digital objects” with the more structured and complex “archive information unit,” which enables the long-term preservation of information.





<<WORDS ABOVE DO NOT FORM A COMPLETE SENTENCE >>





 The OAIS logical data model has been based on the Z39.50 Digital Collections Profile [reference 3], which is being widely used as a base standard for digital collection access and digital library access. . A more detailed view of the Z39.50 Digital Collections Profile and its relationship to the OAIS information model can be found in Annex C of this document.





4.2.3.1. The Archival Information Package
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Figure 4-11. Archival Information Package(AIP)





An Archival Information Package (AIP) which is modeled in Figure 4-12 is a specialization of the IP which is defined to provide a concise way of referring to a set of information that has, in principle, all the qualities needed for permanent, or indefinite-long term, preservation of a designated Information Object. The AIP is itself an information object that is a container of other information objects. Within the AIP is the designated information object and it is called the Content Information.





<< AH HA! JUST WHY IS THE INFORMATION OBJECT CALLED THE CONTENT INFORMATION >>





 Also within the AIP is an information object called the Preservation Description Information (PDI). The PDI provides additional information about the Content Information and is needed to make the Content Information meaningful for the indefinite long-term..  An OAIS must clearly understand what constitutes the Content Information for each specific case in order to ensure that the corresponding Preservation Description Information fully performs its function.


 


The Preservation Description Information requirements in an AIP are must more stringent than the requirements for Preservation Description Information in an IP. While no PDI objects are mandatory in an IP, all PDI information must be present in an AIP. This is illustrated in Figure 4-12. In this case PDI is used as a container object which contains all the PDI object types.
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Figure 4-12. PDI in An Archival Information Package





<< NO DIFFERENCES ARE SHOWN BETWEEN THIS FIGURE AND FIGURE 4-10 YET THE ABOVE TEXT INDICATES THERE ARE DIFFERENCES .  I THINK THE PACKAGE DESCRIPTORS SHOULD BE ADDED TO THIS DIAGRAM AND THEN DISCUSSED BELOW >>





The AIP is delimited and identified by the Packaging Information. The Packaging Information may actually be present as a structure in the AIP or may be virtual in that it is contained in the OAIS Archival Storage function. However, the delimitation and internal identification functions must be well defined in an OAIS. 





The AIP objects described above provide the information necessary to enable the long term preservation function of the archive.





<< SEEMS AS IF THAT PHRASE IS SAID A LOT >>





 In addition to preserving information, the OAIS must provide adequate features to allow consumers to locate information of potential interest, analyze that information, and order desired information. This is accomplished through the use of Package Descriptor which contain the data that serves as the input to documents or applications called Access Aidswhich can be used to locate, analyze or order information from the OAIS. The Package Descriptor is not required for the long-term preservation of the content information but is needed to provide visibility and access into the contents of an archive.  The contents of the  Package Descriptor are further defined in the next section.
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Figure 4 -13. Archival Information Unit (Detailed View)








Figure 4-13 gives a detailed view of the Archival Information Package by expanding the PDI and the Content Information. All the "contains " relationships discussed in this section are logical containment relationships. This type of containment relationship may be physical or may be accomplished via a pointer to another object in storage.





4.2.3.1. Specializations of the AIP





Two important specializations of the AIP are discussed in this section, the Archival Information Unit (AIU) and the Archive Information Collection (AIC). Figure 4-14 is an OMT diagram illustrating this specialization.  Both AIU and AIC are subtypes of the AIP 





<< OR ARE THEY SUB- AND SUPER-TYPES OF THE AIP >>





and as such contain constructs to enable both long term preservation and consumer access. 





<<THERE THAT PHRASE IS AGAIN >>





The AIU represents the primary type used for the preservation function. 





<<SOMETHING LOOKS BACKWARDS. THE “PRIMARY TYPE” SHOULD BE DISCUSSED FIRST AND THEN BUILD FROM THAT.  I THINK THE AIP IS THE PRIMARY TYPE - OR ATOMIC PRESERVATION STRUCTURE  - OR CHANGE ALL THE FOREGOING TEXT TO TALK ABOUT THE AIU >> 





<<I AGREE WITH PAUL AND RANDY THAT THE DIFFERENCES IN SOME OF THESE TERMS  MUST BE IMPROVED OR SOME OF THEM M-U-S-T BE DELETED
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The AIC organizes AIPs along a thematic hierarchy which can  support flexible and efficient access by the consumer community. The differences between AIUs and AICs is the complexity of their Content Information and their Package Descriptors.





To aid in the understanding of these constructs we will use an example of a company setting up an OAIS of digital versions of films. This example will focus on the information content of constructs in an AIP.  Section 4.3 and the Illustrative Scenario in Section 7 will illustrate more of the details or the information transformations and dataflows in an OAIS.











�





Fig 4-14. Archival specialization of the AIP








4.2.3.1.1. Archive Information Unit





<< THIS PICTURE DOES NOTHING FOR MY GROWING CONFUSION >>





The AIUs can be viewed as the "atoms" of information that the archive is tasked to store. A single AIU contains exactly one content information object (which may consist of multiple physical files) and exactly one set of PDI. When an SIP is ingested into the OAIS a Unit Descriptor , which is a subtype of a Package Descriptor is created by extracting information from the CI and the PDI and appending it to the unique ordering number and cost.





<< BY THIS DESCRIPTION, THE UNIT DESCRIPTOR SHOULD/COULD BE JUST A WELL A PART OF THE (BY NOW) FAMI LIAR AIP >>





 In the example of a digital film OAIS, the AIU for a single film can be viewed two objects, one containing a digital image of the film in a proprietary format (CI)  and the other containing facts about the film such as date of creation , featured actors, director, producer, sequels, movie studio, and a checksum to ensure the integrity of the digital image (PDI). 





<<THIS DEFINITION DOES NOT MAKE THE AIP INTO AN AIU. IT JUST REPEATS THE DEFINITION OF THE AIP >>





Since the OAIS reference model is implementation independent, these objects could be implemented as one file or multiple files. This type implementation dependent information is contained in the Packaging Information. When a movie is ingested into the OAIS a Unit Descriptor is created by extracting information from the CI and the PDI and appending it to the unique ordering number and cost.





The Unit Descriptor is a specialization of the Package Descriptor that always contains:


a set of Associated Descriptions  each of which describe the AIU content information from the point of view of a single Access Aid, and,


 a method for identifying and retrieving the AIU from Archival Storage





Figure 4-15 is an OMT diagram the illustrates the Unit Descriptor contents.





 Access Aids are documents or applications that can be used to find the AIU, visualize the AIU or order AIU. The information needed for one access aid is called an Associated Description. A single Unit Descriptor  may contain several associated descriptions depending on the number of different access aids that can locate, visualize, or order the associated AIU. 





An important type of Access Aid is Finding Aid are applications that assist the consumer in locating information of interest. A single AIU may have a number of Associated Descriptions which describe the CI using different technologies. Additionally as new description extraction and display technologies become available an archive may want to update the Unit Descriptor associated with each of its AIUs to add a new  Associated Description that utilizes the new technology to better describe the AIUs.





In the  digital movie OAIS example, initially, there may be one Associated Description that is a free text description of a movie, another that is a five minute clip and another that is a row in a relational database that is used by film collectors to locate films of interest. After the archive has been operational for a period of time a technique for supplying compressed digital movies may be developed based on recording every tenth frame. The archivist may decide to create an additional type of Associated Description which is populated using the results of this new technique. If necessary, the user can run each of the AIUs contained in the archive though this compression technique and create a new Associated Description for each movie in his archiveor simply include this Asociated Description for new movies ingested into the OAIS.





Another important class of Associated Descriptions supply Ordering Aids allow the consumer to discover the cost of and order AIUs of interest. The Ordering Aids also allow users to specify transformations to be applied to the AIUs prior to dissemination. These transformations can include data object transformations such as subsetting, subsampling or format transformations. The transformations can also involve subsetting the PDI in an AIU prior to dissemination.





 For example, the digital movie OAIS could allow a user to order a digital movie as a VHS tape, a laser disc or a JPEG object delivered on-line. Each of these would involve a format transformation and in theory an update to the PDI information in the AIP to create PDI for the DIP.





In addition to the Associated Descriptions, the Unit Descriptor  also contains Access Methods which enable authorized users to retrieve the AIU described by the Unit Descriptor. In most current archives, only internal archive processes and operations personnel are authorized to use these Access Methods. However, as technology advances increase the processing power of the archive and the bandwidth between the archive and the user such access methods as “content based queries” are allowing the archive user direct read only access to the content objects of AIUs.





For example, a pattern recognition technique might be created for digital movies and the digital movie OAIS might offer a service to search its archives for large structures such as the pyramids or a New York skyline. Note: the sort of service is very processing intensive, if the results are generally useful, the archivist could summarize the results of this “content based query” into a new Associated Description. This technique is frequently referred to as data mining.





Although, the AIU and its associated Unit Descriptor provide all the information necessary for a consumer to locate and order AIUs of interest, it can be impossible for a consumer to sort through the millions of Unit Descriptors in a large archive.  This problem is addressed in the OAIS through the Archive Information Collection discussed in the next section.














�


Figure 4-15-Unit Descriptor 





4.2.3.1.2 Archive Information Collections





 The content information of an AIC is composed of complete AIPs each of which have their own CI, PDI, and associated PI and PD. These AIPs are then aggregated into  Archive Information Collections (AIC) using criteria determined by the archivist. Generally AICs are based on the AIUs of interest having common themes or origins and a common set of Associate Descriptions. At a minimum all OAIS can be viewed has having at least one AIC which contains all the AIPs held by the OAIS.





 A logical model of a AIC is shown in Figure 4-16. As in Figure 4-13 all the containment relationships are logical containment and may be physical or may be accomplished via a pointer to another object in storage. For example, the Content Information of an  AIC can be created either by creating physical collections of the contained AIPs or by pointing to the contained AIPs. A single AIP can belong to any number of AICs. 





<< IT IS EASIER FOR ME TO PICTURE AN AIC CONSISTING OF A SET OF AIPs, TOGETHER WITH WHATEVER ADDITIONAL RI IS NEEDED TO EXPLAIN THE AGGREGATION THAN TO HAVE AN AIP  AS CONSISTING OF A SET OF AIUs . DO WE REALLY NEED ALL THREE STRUCTURES, AIP, AIU AND AIC??>>





For example the digital movies OAIS may have collections based on the subject area of the movie such as mystery, science fiction , or horror. In addition the archive may have AICs based on other factors such as director or lead actor.





An important feature of the AIC as shown in is the fact that an AIC is a complete AIP which contains  PDI which provides further information about the AIC such as provenance on when and why it was created, context to related AICs, and fixity information. This is in addition to the PDI contained in member AIPs. This type of information is often necessary for a consumer to have confidence in the reliability of an AIC. In the digital movies OAIS example, the usefulness of an AIC of movies starring John Wayne is to some extent based on the provenance of when the collection was created or last updated.
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Figure 4-16. Archive Information Collections Logical View





4.2.3.1.3 Collection Descriptors





The Collection Descriptor is a subtype of the Package Descriptor which has added structures to better handle the complex content information of an AIC. The Collection Descriptor, which is modeled in Figure 4-17 contains the information classes which are contained in the Unit Descriptor. The Access Methods of a Collection Descriptor provide a user with access to the entire Content Information of the associated AIC and the  PDI for the AIC not for members of the AIC.





There are two types of Associated Descriptions in an Collection Descriptor:


Associated Description that describe the collection as a whole (called Collection Description in Figure 4-17) 


Associated Description that separately describe each member of the collection (called Member Description in Figure 4-17)
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Figure 4-17. Collection Descriptors





In addition to the information contained in a Unit Descriptor, the Collection Descriptor optionally  contains the Package Descriptors of the AIPs contained in the  AIC. This containment relationship is logical in that the AIC mayeither the Package Descriptors of member IPs or, more commonly, pointers to the Package Descriptors of the member IPs. This list of the Package Descriptors for contained AIPs in an AIC could provide Access Aids a method to individual members of the AIC. It also allows an alternative concepts for the implementation of Member Descriptions . They could be implemented either in a centralized fashion as an Associated Description in the Collection Descriptor or in a distributed fashion by  searching the Associated Description of each of member Package Descriptions.





Another important benefit of the Collection Descriptors is the ability to define new Virtual Collections which are not organized around existing AICs. A Virtual Collection may be based on new data mining results or to reflect AIPs that observe common phenomena or areas of interest. To create a Virtual Collection, an archive would create a Collection Descriptor that did not have an associated AIC. The Collection Descriptor could have a customized Associated Member Description that documented the newly mined description data for each member AIP . A specialized finding aid could use this new Associated Member Description in conjunction with existing Associated Descriptions in the Package Descriptor information of each member AIP to locate AIPs of interest to the user. The Package Descriptors of contained AIPs would also supply an automated ordering aid with a method to order the IPs of interest to the consumer. Examples of  Virtual Collection in a digital movies OAIS might be a new arrivals collection or a  twenty most  popular titles collection which is updated periodically.


 


Currently, Package Descriptors are stored in persistent storage such as database management systems to enable easy, flexible access and update to the contained Associated Descriptions.  In addition to the Package Descriptors discussed in the previous sections, all the information needed for the operation of an archive would be stored in databases as persistent data classes. Some examples of this data are accounting data for customer billing and authorization, policy data, subscription data for repeating requests, and statistical data for generating reports to archive management. These classes are intended as examples rather than an exhaustive list of the data required for archive administration. Figure 4-18 ias an OMT diagram which illustrates the various types of "data management data" within the OAIS
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Figure 4-18.  Data Management Data 








4.3   	 High Level Data Flows and Transformations





Figure 4-19 presents a high level data flow diagram which depicts the principle data flows involved in OAIS operations. These flows do not include administrative flows such as accounting and billing but concentrate on the flows between an OAIS and the other entities in its environment (producers and consumers) and internal OAIS flows that involve Information Packages.
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Figure 4-19. High Level Data Flows In an OAIS





When an information object is ingested by an OAIS, various metadata objects are required to assist in the long-term preservation of and access to the information contained in that object. When the information object is stored or migrated, additional metadata objects are created to assist in the preservation and access process. The classes of these metadata objects are discussed in section 4.2 of this document and form the logical information model of the OAIS. This section discusses the range of potential transformations (both logical and physical) that may occur as an Information Package (IP) passes through the functional areas of the OAIS discussed in section 4.1 of this document.





It is important to note that at each point in these data flows, there is a complete Information Package consisting of Content Objects (e.g., images from a spacecraft instrument ) and information describing those content object. There are three separate subtypes of Ips (i.e., the Submission Information Package, the Archive Information Package, and a Distribution Information Package) but the information provided in and with the original submission can be preserved in any of these packages.





4.3.1 Data Transformations in the Producer Entity





The data within the data producer entity are private and may be in any format the producer desired. However, when the decision is made to store the data in an OAIS, the scientific investigators who are responsible for the data meet with archivists to negotiate a Submission Agreement.. This agreement spells out the content and format of the Submission Information Package(SIP). The SIP is an Information Package that is provided to the OAIS by the producer. The SIP consists of the scientific data plus the data that is necessary to assure that those data can be maintained by the OAIS and that the data can be interpreted and used by scientists who withdraw them from the OAIS at some time far in the future.  These SIPs are periodically transferred to the OAIS in a Data Delivery Session. The number of data delivery sessions between an OAIS and a data producer can range from a single session in the transfer a final data product to multiple sessions a day in the case of active OAIS which store data for experiments which are still in process. The data delivery session can be logically viewed as sets of content data objects and description objects, although physically the description or metadata can be included in the digital objects (i.e., self describing objects) or divided into many separate descriptive items. In addition to the logical view of data (the SIP), the specification of a data delivery session must also include the mapping of the objects to the media on which they are delivered. This mapping includes the encoding of the object and description and the allocation of logical objects to files.





4.3.2. Data Transformations in the Ingest Functional Area





Once the SIP are within the OAIS, their form and content may change. An OAIS is not always required to retain the information submitted to it in precisely the same format as in the SIP. Indeed, preserving the original information exactly as submitted may not be desirable. For example, the computer medium on which our images are recorded may become obsolete, and the images may need to be copied to a more modern medium. In addition, some types of information such as the Reference ID used to locate the Package within the OAIS will not be available to the producer and must be input after ingest to the OAIS.





 The ingest process transforms the SIPs received in the data delivery session into a set of AIPs and Package Descriptors which can be stored and accepted by the Storage and Data Management functional entities. The complexity of this ingest process can vary greatly from OAIS to OAIS or from producer to producer within an OAIS. The simplest form of the process involves removing the Content Information, PDI and Package Descxriptors from the producer transfer media and queuing them for storage by the storage and data management functions. In more complex cases, the PDI and Package Descriptors may have to be extracted from the Content Information or input by OAIS personnel during the ingest function; the encoding of the information objects or their allocation to files may have to be changed; in the most extreme case, the granularity of the CI may be changed, and the OAIS must generate new PDI and Package Descriptors reflecting the newly generated information objects. In addition, the Ingest functional entity will classify incoming information objects and determine in what existing collection or collections each object belongs and will create messages to update the appropriate collections Descriptors after the AIPs are stored. During the ingest process, the OAIS must be highly aware not to unintentionally modify any of the information content in the Producer view. The OAIS is advised to save the producer media or copy the media into long-term storage as an ultimate reference if needed. It should be recognized that the saving of the producer media will not be permanent because of the issues discussed in Sections 2 and 4.2.2 of this document.





4.3.3. Data Transformations by the Storage and Data Management Functional Areas





The storage and data management functional entities take the AIPs and Package Descriptors produced by the ingest process and merge it into the permanent archive holdings. The logical model of the ingested data should already be mapped into the logical model of the archives holdings, so the major transformation that occurs in this step is mapping the acquisition session from the ingest physical data model, which will tend to be on staging storage, to the permanent storage of the OAIS, which could range from database management systems (DBMSs) to hierarchical file management systems (HFMS), or any mixture of the above. The internal view of the OAIS is the permanent representation of the archived data, so all encodings and mappings must be well documented and understood. The process of transferring the ingest objects is frequently by a software process such as an HFMS driver or a DBMS. In this case, it is the responsibility of the OAIS to maintain an active copy of the software or careful documentation of the internal formats so the data can be transferred to other systems in the future without loss of information.





4.3.4. Data Flows and Transformations in the Access Functional Area





When a Consumer wishes to use the data within the OAIS, he may use a finding aid to locate information of interest. These finding aids present data consumers with the logical view of the OAIS so the consumers can decide which information objects they wish to acquire. At a minimum, the access view is the high-level logical view of collections described in section 4.2.3. In most cases, the OAIS will have spent significant time and effort developing associated description and finding aids such as catalogs that will aid the user in locating information objects or collections of interest. The consumer will establish a Search Session with the Access entity. During this Search Session, a Consumer will use the OAIS finding aids to identify and investigate potential holdings of interest. This searching process tends to be iterative, with a user first identifying broad criteria and then refining the criteria on the basis of previous search results. When the user has identified candidate objects of interest he may use more sophisticated visualization aids such as browse image viewers or animation to further refine his result set.





Once the Consumer identifies the OAIS holdings he wishes to acquire, he must issue an order request to the OAIS to acquire the data. This order can also specify any transformations the Consumer wishes applied to the AIUs in creating the Dissemination Information Package (DIP). The request triggers the dissemination process, which is discussed in section 4.1.7. 





OAISs and external organizations may provide additional Associated Descriptions and finding aids that allow alternative access paths to the information objects of interest. As data mining technologies become more mature, it is likely that researchers will develop new and fundamentally different access patterns to information objects. It is important that an OAIS's access and internal data models are sufficiently flexible to incorporate these new descriptions so the general user community can benefit from the research efforts. A good example of this type of new associated description are a phenomenology database in Earth Observation, which allows users to obtain data for a desired event such as a hurricane, or volcano eruption from many instruments with a single query. It is important to note that such finding aids may become obsolete unless the data they require are preserved as parts of the AIPs they access.





4.3.5. Data Flows and Transformations in the Dissemination Process





The dissemination process serves the data consumer in roles very similar to the way the ingest process serves the data producer. Through interactions with the access functional area, the data consumer produces a logical view of the desired information objects and descriptions to be include included in the Dissemination Information Package. At this point, the consumer issues an order request for this DIP that triggers the dissemination process, which negotiates a request agreement with the customer in which the physical details of the Data Dissemination Session such as media type and object format are specified. 





The Dissemination functional area then contacts the Storage and Data Management functional areas and requests the AIPs and associated Package Descriptors necessary to populate the DIP requested by the consumer. The Storage and Data Management functional areas create copies of the requested objects in staging storage.





The Dissemination process transforms this set of the AIPs and associated Package Descriptors into a DIP and stores that DIP onto physical distribution (either physical or communications) media to be delivered to the data consumer in a Data Dissemination Session. The complexity of this transformation process can differ greatly on the basis of the level of processing services offered by the OAIS and requested by the data consumer in his order. In the simplest case, the DIP contains duplicates of the the AIPs and associated Package Descriptors of interest from storage and data management function. In more complex cases, the desired CI may have to be extracted from the information objects or inserted into self-describing information objects, and the encoding of the information objects or their allocation to physical files may have to be changed. In the most extreme case, when the OAIS supports subsetting services, the granularity of the of the information objects may be changed, and the Dissemination process may generate AIPs and associated Package Descriptors reflecting the newly granularity.
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