3.2	Information Model 





Section 3.1 of this document presented the Reference Model for Archival Information Systems from a functional decomposition view. This section further describes the pieces of information that are exchanged and managed within the OAIS. This section is further refines the information modeling concepts presented in section 2.1 and defines the specific information objects which are used within the OAIS to preserve and access the information entrusted to the archive.





Section 3.2.1 presents a logical model of the information. Section 3.2.2 discusses the  details of the issues that make permanent data objects (archive holdings) unique and presents a model for understanding these issues.





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





As discussed in Section 2.1, 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. Figure 2-1 is an OMT diagram which begins to describe a class structure of the data model for the information contained within the AOIS to preserve a single piece of user information. This section analyzes those classes to fully describe the object classes of data associated with an OAIS. This section uses OMTbject Modeling Technique (OMT) [Annex D and Reference 2]  diagrams to illustrate the concepts discussed in the text. 





The Archive Information Package (AIP) contains a content information object and a package of  preservation description information objects.  The content information contains the object (either physical or digital) to be preserved and the representation information which maps from the physical bit level information into the content concepts addressed by the creator of the digital object. This representation information may be very complex and is discussed in detail in section 3.2.2 of this document. The content object must contain enough representation information for a contemporary member of the user community to understand the data.  Examples of content information are given in section 2.2.1 of this document. Two specializations of the AIP are discussed in this section, The Archival Information Unit


and the Archive Information Collection. Figure 3-1 is an OMT diagram illustrating this specialization.
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Fig 3-1:Archival specialization of the AIP








 


3.2.1. Archive Information Unit





An Archival Information Unit (AIU) is a specialization of the AIP 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 AIU is itself an information object that is a container of other information objects.  Within the AIU is the designated information object and it is called the Content Information.  Also within the AIU is an information object called the Preservation Description Information.  The Preservation Description Information provides additional information about the Content Information and is needed to make the Content Information meaningful for the indefinite long-term.  These relationships are modeled in Figure 3-2, 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.
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Figure 3-2:  Archival Information Package (AIP)








3.2.1.1.1  Content Information





The Content Information is that information which is the primary object of preservation..  The Content Information can be viewed as a primary Data Object together with its Representation information as shown in Figure 3-3  The Content object differs from the Digital Information Object described in Section 2.1 because primary Data Object  may be either a Digital Object or a Physical Object (e.g.,  a physical sample, microfilm) while the Data Object in a Digital Information Object must be digital. In this latter case the Representation information provides interpretations of physical attribues of the Physical Object to convey the intended Content Information. This Representation infrormation is briefly discussed in Section 2.1 and will be discussed in detail in Section 3.2.2
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Figure 3-3:  Content Information








3.2.1.1.2. Preservation Description Information


 


In addition to the content object the AIP must include a set of preservation description informationU must include a set of DIOs which will allow the understanding of the content objects over an indefinite period of time. The specific  set of DIOs which are required for this function are called collectively called Preservation Description Information (PDI).  The Preservation Description Information, which is illustrated as an OMT diagram in Figure 3-34  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 unknowningly 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” with examples of each class taken from the discipline of science data archiving. (The definitions are duplicated from section 2.2.2. of this document.)
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Figure 3-4:  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.





–	Catalog Information:  This optional information has been extracted from the Content Information to assist in finding the Content Information when searches are made.  To avoid the possibility of having to re-extract the information in the future, it is added to the Preservation Description Information set.  This information may be thought of as a particular type of Reference Information.
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Figure 3-3:  Archival Information PackageThe OAIS needs to explicitly decide what this information is in order to be able to ensure that it also has the necessary Preservation Description Information 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.
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Figure 3-5:  Archival Information Unit (Detailed View)








Figure 3-35 gives a detailed view of the Archiveal Information PackageUnit. All the "contains " relationships discussed in this section and shown in Figure 3-4 are logical containment relationships. This type of containment relationship may be physical or may be accomplished via a pointer to another object in storage.





The AIPUs can be viewed as the "atoms" of  information that the archive is tasked to store.  These AIPUs are then aggregated into an Archive Information Collection(AIC) using criteria determined by the archivist.  The AICs are  composed of objects and AICs  and can reference other AICs  of interest (related collections).  A logical model of a AIC is shown in Figure 3-46. As in Figure 3-35 all the containment relationships are logical containment and maybe physical or may be accomplished via a pointer to another object in storage. An important feature of AIC as shown in  is the fact the a AIC is a complete AIPU and there is a preservation description information class which contains further information about the AIC such as why it was created, and related AICs, and fixity information. This is in addition to the preservation description information contained in member AIPUs.
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Figure 3-46:  Archive Information Collection





The AIPU and AIC provide the information necessary to enable the long term preservation function of the archive. 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 descriptive records (DR) which contain the data that serves as the input to finding aids, visualization aids and ordering aids.  Figure 3-57 shows a logical model of an archives full holdings including AIPUs, AICs and DRs
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Figure 3-57:  Archive Holdings Logical View





Finding aids  are applications that assist the consumer in locating information of interest. A single AIPU may be locatable through a number of finding aids.  Visualization aids are applications that allow the user to visualize key features of  content object. Ordering aids allow a user to order AIPUs of interest. The ordering aids also allow users to specify transformations to be applied to the AIPUs prior to disseminations. These transformations can include data object transformations such as subsetting, subsampling or format transformations. The transformations can also involve subsetting the preservation description information in an AIPU prior to dissemination. Figure 3-68 provides a more detailed view of the descriptive record (DR). In this figure a class of access aids is introduced as a parent class for finding aids, visualization aids and ordering aids. The information needed for one access aid is called an "associated description". A single DR may contain several associated descriptions depending on the number of different access aids that can locate, visualize, or order the associated AIPU. In addition to the associated descriptions, the DR also contains access methods which assist authorized users in retrieving the AIPU or AIC described by the DR. 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 betweeen the archive and the user such access methods as “content based queries” and “data mining” are allowing the archive user direct read only access to the content objects of AIPUs
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Figure 3-68: Description Record (DR) Logical View








An AIC is created either by creating physical collections of these objects with descriptive records  or, more commonly,  by creating "collection descriptive records" which contain relevant metadata about the collection and pointers to contained AIPUs or AICs.  Currently, this collection metadata is stored in persistent storage such as databases to enable easy, flexible access to the metadata. A copy of these "descriptive records" is included in the preservation description information in the AIPU or AIC as "catalog information" to ensure this information is preserved potentially beyond the lifetime of a specific DBMS..
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Other than the replacement of the “digital objects” with the more structured and complex “archive information packageunit,” the OAIS logical data model conforms to the Z39.50 Digital Collections Profile [reference 3], which is being widely used as a base standard for digital collection 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.





Figure 3-78 illustrates the usage of "database management data" within the OAIS. In addition to the "descriptive records" discussed in the previous paragraph, 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.
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Figure 3-7: Database9: Data Management Data 
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3.2.2 Representations of Information





As shown in Figures 2-2 and 3-2, the Content Information object is composed of a Data Object and a Representation Information object.  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.


All this additional Representation information is needed to fully transform the bits of the first 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.





As a practical matter, the OAIS needs to have enough Representation information associated with the bits of the first file that it feels confident that it, and those expected to use the 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.





For example, consider an OAIS that archives documents of other government organizations.  A 10-page, hard copy, document was generated by some Government organization to describe its services and products and is submitted for preservation.  Assume that it is determined that the primary information to be preserved is the description of the services and products, including its organization on each page.  It is determined that it is NOT important to preserve the actual pages themselves.  The Content Information, in this case, would be the descriptions of the services and products and the way this information is organized on each page.  This Content Information could, in principle, be moved to new media, including electronic media, without serious risk of Content Information loss because the original hardcopy pages have been determined to be outside this preservation effort.  In general, there are layers, or levels, of information in every information object and the OAIS needs to understand which layers constitute the Content Information.





As another and more 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.  Because each Representation can be composed of multiple components, each with is own Representation, the result can be described as a Representation Net.








In the example under discussion, the Content Information consists of some of the information in the two electronic files together with some information outside the files.  This can be viewed as consisting of a primary Digital Object (the identified sequences of bits within the first file) and this digital object’s Representation Information (some information (bits) fom the second file and some information from outside this file).  More generally, the Content Information can be viewed as a primary Data Object together with its Representation information as shown in Figure 3-10.  The primary Data Object may be either a Digital Object or a Physical Object (e.g.,  a physical sample, microfilm).  In this latter case the Representation information provides interpretations of physical attribues of the Physical Object to convey the intended Content Information
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Figure 3-10:  Content Information











Recall that in the second 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 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 irrelevant and is just an example of a set of bits that is somewhat self-describing.   It is also 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.  This OAIS environment is discussed further in Sections 2.3 and 3.





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 3-811.
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Figure 3-811:  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 Strucutre 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.





The problem of Content Information migration, which in general can not be avoided over the long term, can be broken into whether the impact is only on the digital object or whether it also affects the Representation Information object.  Migrations which only address the movement of bits from one medium to another only replace the Digital Object with a new Digital Object which looks the same at the bit level.  There is no impact on the Representation Object except to ensure that it is linked to the correct Digital Object.





Migrations which affect the Representation Information object are much more complex and prone to possible information loss.  Those that deal with changes to the Structure Layer information are less of a problem than those that deal with changes to the Semantic Layer information.  At the Structure Layer, mappings to a new Strucutre Layer can be said to preserve information if there is an inverse mapping with can reproduce the original Structure Layer information.  For example, one can have a mapping from a 16-bit integer to a 32-bit integer, because there is an inverse mapping that works.  If more that 16-bits are used in a 32-bit integer, then information  will be lost in going to a 16-bit integer.





Changes to the Semantic Layer could involve such things as changing the languge a document is written in; changing the notation used to express relationships among data structures; or applying a new, standard, definition to a data structure.  Such changes should, in principle, be reversible but determining that this is true is usually ambiguous.





3.3. High Level Data Flows and Transformations





Figure 3-912 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 archive and the other entities in its environment (producers and consumers) and internal OAIS flows that involve Information Packages.
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Figure 3.912-High Level Data Flows In an OAIS





When an information object is ingested by an archive, 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 3.2 of this document and form the logical information model of the archive. 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 AIS discussed in section 3.1 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.





3.3.1 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 archive 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 archive and that the data can be interpreted and used by scientists who withdraw them from the archive at some time far in the future.   These SIPs are periodically transferred to the archive in a Data Delivery Session. The number of data delivery sessions between an archive 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 archive 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.





3.3.2. Data Transformations in the Ingest Functional Area





Once the SIP are within the archive, their form and content may change. An archive is not 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 archive will not be available to the producer and must be input after ingest to the archive.





 The ingest process transforms the SIPs received in the data delivery session into  a set of AIPUs  and catalog information which can be stored and accepted by the Storage and Data Management functional entities. The complexity of this ingest process can vary greatly from archive to archive or from producer to producer  within an archive. The simplest form of the process involves removing the information and description objects from the producer transfer media and queuing them for storage by the storage and data management functions. In more complex cases, the description objects may have to be extracted from the information objects or input by archive 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 information objects may be changed, and the archive must generate new description objects 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 after the information objects are stored. During the ingest process, the archive must be highly aware not to unintentionally modify any of the information content in the Producer view. The archive 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 3.2.3 of this document.





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





The storage and data management functional entities take the AIPUs and catalog objects 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 archive, 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 archive 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 archive 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.





3.3.4. Data Flows and Transformations in the Access Functional Area





When a Consumer wishes to use the data within the archive, he may use a finding aid to locate information of interest.  These finding aids present data consumers with the logical view of the archive 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 3.2.1. In most cases, the archive 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 archive 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 archive holdings he wishes to acquire, he must issue an order request to the archive to acquire the data. This order can also specify any transformations the Consumer wishes applied to the AIPUs in creating the Dissemintation Information Package (DIP). The request triggers the dissemination process, which is discussed in section 3.1.7 and 3.3.5. 





Archives 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 archive'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 AIPUs they access.


 


3.3.5. 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 AIPUs and catalog data necessary to populate the DIP requested by the consumer. The Storage and Data Manageme
