GLOSSARY OF PDS4 TERMS
Version of 2010-12-11 (v0.2)
PDS4 Document Editorial Board
(Dick Simpson, Glossary Coordinator)
This document defines terms used across the Planetary Data System in its version 4 (PDS4).  Definitions can be found where words are highlighted in bold font.  The definitions are given in a ‘functional’ order — the order in which they might be needed to understand PDS4 from the ground up — rather than alphabetically.  Where there is a divergence between PDS4 definitions and those used in the Open Archival Information System Reference Model (OAIS RM, the basis for the PDS4 Information Model), there is a note.

Introduction:

Our environment is filled with ‘objects’; some are physical (tangible, like rocks and water), others are intangible (like sounds and ideas).  We call these ‘physical objects’ and ‘conceptual objects’, respectively.  Since this is a glossary for the Planetary Data System, we also identify ‘digital objects’, which are the bits in a computer or storage device that could be interpreted as an image or a table of numbers (for example).  Whether ‘bits’ are physical or conceptual (or a little of each) doesn’t really matter; we are putting digital objects into this third category.

We can’t fit rocks, water, sounds, or ideas into PDS4; but we can fit their descriptions.  In the case of digital objects, we can fit both the object and its description into the archive.  In order to use a digital object, we need information on both its structure and its meaning — how are the bits organized into rows and columns (for example) and what do they represent?  We could say a few words about the dimensions of a brick or the intensity of a sound, but these don’t really help us grasp the brick or the sound since neither is in the archive; instead, we focus on ‘meaning’ when describing physical and conceptual objects.

Data Elements:

To build a functional data system, we require that every component be modeled — given a formal structure that explains content and constrains the operations that can be performed on it (and which it can perform).  We start by defining ‘attribute’ and ‘class’.

attribute: A property or characteristic that provides a unit of information.  For example, ‘color’ and ‘length’ are possible attributes. 

class: The set of attributes (including a name) which defines a family of objects.  A class is generic — a template from which individual members of the family may be constructed.  If the class ‘rope’ (its name) is defined by attributes ‘color’ and ‘length’, we can construct a family of ropes — e.g., red and 3 m long, red and 4 m long, blue and 2 m long, ...
1) previous PDS glossaries have not listed “name” separately; but I have found “identity” (meaning “name”) in other sources and can see that it might be a useful addition.

Related definitions include:

association: An attribute that establishes a relationship between two classes.  For example, a table has records; ‘has record’ is the relationship between one entity (Table_Base, the simplest table in PDS4 nomenclature) and another (Table_Record).
1) is an association an attribute?
2) can an association link more than two classes?

meta-attribute:  An attribute of an attribute — that is, a ‘dictionary’ attribute, which is used to define one or more attributes in the PDS4 Information Model.  For example, ‘conceptual_domain’ and ‘permissible_value’ are used in defining some attributes.
1) several meta-attributes (e.g., description and data_type) are also attributes; should we have a separate section in the Glossary for meta-attributes?
data element: A building block in a data model.  Attributes and classes are ‘data elements’ within the PDS4 Information Model.  Note that ‘data element’ is distinct from ‘elements’ (a PDS4 attribute) and ‘XML element’ (a structure within an XML file).
1) is “building block” the right term?
2) I think it’s important to avoid “element” and distinguish it from other “*** element” terms.
object: A single realization of a family member defined by a class. If the class ‘rope’ has attributes ‘color’ and ‘length’, we can construct a family of three ropes — red and 3 m long, red and 4 m long, and blue and 2 m long.  Each rope is an object.  In PDS4 there are three subclasses of object: digital object, physical object, and conceptual object but only the first will be found in the archive.  [Note: the OAIS RM calls this a ‘data object’ and its three subclasses are digital object, physical object, and conceptual object.]

We can now define the three subclasses of ‘object’ mentioned at the beginning:

digital object: An object which is real data — for example, a binary image or an ASCII table of atmospheric composition.

physical object: An object which is physical or tangible (and, therefore, does not itself fit into a digital archive).  Examples of ‘physical objects’ include the planet Saturn and the Venus Express magnetometer.  Note that an ASCII file describing Saturn is a digital object, not a physical object (nor a component of a physical object).  
conceptual object: An object which is intangible (and, because it is intangible, does not fit into a digital archive).  Examples of ‘conceptual objects’ include the Cassini mission and NASA’s strategic plan for solar system exploration.  Note that a PDF describing the Cassini mission is a digital object, not a conceptual object (nor a component of a conceptual object). 
As noted above, objects, by themselves, are not very useful.  We know nothing about their structures and have no clues as to how their contents should be digested and interpreted.

description object: Something that describes an object.  As appropriate, it will have structural and descriptive components.  Technically speaking, a ‘description object’ in PDS4 is a ‘digital object’ — a string of bits; but we assume that we can read it and, on that basis, give it a special name.

tagged digital object:  A digital object paired with its companion description object.  [Note: In the OAIS RM this is also known as an ‘information object’]

tagged non-digital object:  A physical object or a conceptual object paired with its companion description object.  [Note: In the OAIS RM this is also known as an ‘information object’]
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Figure 1. ‘Tagged digital objects’ and ‘tagged non-digital objects’ are the fundamental components of PDS4 ‘products’. Dashed lines denote objects which are not actually in the archive.  

[Note: Tagged objects are ‘information objects’ in OAIS RM]
Other definitions:

resource: The target (referent) of any Uniform Resource Identifier; the thing to which a URI points. 
tag: The fundamental structure in XML; a tag is a character string delimited by “<” and “>”.  For example “<date>” is a tag.
XML element:  An XML structure that begins with <tag>, contains ‘content’, and ends with </tag>.  For example “<date>2009</date>” is an XML element.
cardinality: The number of values allowed to an attribute or association in a single class. Cardinality in general is stated as a range with a minimum and maximum.  For example, an optional attribute that may be multi-valued will have a cardinality of "0..*". A cardinality where the minimum and maximum are the same is often shown as the single value; for example, an attribute required to have exactly one value will have a cardinality of "1". When a value is required the minimum cardinality is at least 1. At least one value is always required in PDS4. 
1) what is cardinality?  Not an attribute and not a meta-attribute.
class hierarchy: An ordering of classes which shows parent-child relationships.
entity:  Something that has a distinct, separate existence.
metadata:  Data about data — for example, a ‘description object’ contains information (metadata) about an ‘object’.
label: The aggregation of one or more description objects such that the aggregation describes a single PDS product.
1) This, and the definition of product, are a little too circular.
product: One or more tagged objects (digital, non-digital, or both) grouped together so that their descriptions form a single ‘label’.  Although it may be possible to locate individual objects within PDS (and to find specific bit strings within digital objects), PDS4 defines ‘products’ to be the smallest granular unit of addressable data within its holdings.
standard product: The simplest product in PDS4; one or more objects (and their description objects), which constitute (typically) a single observation, document, etc.  Every standard product must be associated with one (and only one) primary collection.
1) this definition is very different from ‘standard product’ in PDS3

XML schema:  The definition of an XML document, specifying required or optional XML elements, their order, and parent-child relationships.
collection: A list of references to standard products, all of which are closely related and of a particular type.  A collection is itself a product (because it is simply a list); but it is not a standard product.  Collections are identified as either primary or secondary.

type:  TBW (what is “a particular type”? ... and other mysteries)

primary collection: The collection within which a standard product is first entered into PDS4.  Every standard product must be associated with one (and only one) primary collection.  For example, a primary collection could list all references to the raw data collected by an instrument during its lifetime.

secondary collection:  A collection which lists references to standard products already listed in other primary collections.  For example, a secondary collection could include all Voyager images which include Saturn’s rings within the field of view.

bundle: A list of references to other products (at least one of which must be a collection), except that there may be no self-referencing either directly or indirectly (a bundle cannot point to itself).  For example, a bundle could list all references to primary collections of raw data collected during a mission lifetime and to all documentation relevant to those primary collections.
registry:  TBW

steward: TBW

name space: TBW
model:  A representation or description designed to show an entity and its composition.
1) needed?

identifier:  TBW

PDS4 Acronyms

ASCII
American Standard Code for Information Interchange

CCSDS
Consultative Committee for Space Data Systems
COSPAR
Committee on Space Research
DPH
Data Provider’s Handbook
ebXML
electronic business eXtensible Markup Language
ESA
European Space Agency
HTML
Hypertext Markup Language
IAG
International Association of Geodesy
IAU
International Astronomical Union
IEEE
Institute of Electrical and Electronics Engineers
ISO
International Standards Organization
ISO/IEC
International Standards Organization / International Electrotechnical Commission
ISO/TS
International Standards Organization / Technical Standard
JPL
Jet Propulsion Laboratory
LSB
Least Significant Bit
MD5
Message-Digest algorithm 5
MSB
Most Significant Bit

NAIF
Navigation and Ancillary Information Facility
NASA
National Aeronautics and Space Administration
NBS
National Bureau of Standards
PDF
Portable Document Format
PDS
Planetary Data System
PDS4
Planetary Data System, version 4
PSA
(ESA) Planetary Science Archive
PSDD
Planetary Science Data Dictionary
SPICE
Spacecraft, Planet, Instrument, C-matrix (pointing), and Events kernels
SR
(PDS) Standards Reference
URI
Uniform Resource Identifier
URL
Uniform Resource Locator
URN
Uniform Resource Name
UTF
Unicode Transformation Format
W3C
World Wide Web Consortium
XML
eXtensible Markup Language
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Glossary

Terminology

Following are definitions of some important terms used in the data dictionary.

1. An attribute is a property or characteristic that provides a unit of information about a class.  

2. A class is the set of attributes which identifies a family. A class is generic -- a template from which individual members of each family may be constructed.

3. A data object is constructed from a class. It is a specific instance of a class. In PDS4, a data object can be one of three types, digital, conceptual, or physical.

4. A conceptual object is an object that is not tangible. For example, a mission is a conceptual object. 

5. A digital object is an object consisting of digital information. For example, an image is a digital object.

6. A physical object is an object that is tangible. For example, a spacecraft instrument is a physical object.

7. A descriptive class provides information that is useful for the interpretation of a data object. 

8. A structural class provides information that defines the components and organization of a digital object. 

9. A resource is the referent of any Uniform Resource Identifier. The concept of resource is primitive in the Web architecture and is used in the definition of its fundamental elements. 

10. The term formal as used in the definition of attributes that are names indicates that an established procedure was involved in creating the name.

11. The term local indicates a local scope where scope is an enclosing context where values and expressions are associated. 

12. The term logical as used in the definition of logical identifier indicates that the identifier logically groups a set of objects.  

Data Dictionary Attributes

1. The meta-attribute begin date provides the lower bound of the time interval within which the defined item is in effect.

2. The meta-attribute conceptual domain is a classification of the value domains.  For example, the conceptual domain for axes is CD_INTEGER. For the current list of permissible values for conceptual domain see the PDS4 Data Dictionary.

3. A data element is a unit of data for which the definition, identification, representation and permissible values are specified by means of a set of meta-attributes. For example, the concept of axes is used in the PDS archive to provide a count of the axes in an array. The data element aspect of this concept is the named attribute (or data element) axes.

4. The meta-attribute data element concept is a classification of the data elements. The data element concept for axes is DEC_COUNT since all data elements ending in “s” imply count. For the current list of permissible values for data element concept see the PDS4 Data Dictionary.

5. The meta-attribute data_type provides the hardware representation used to store a value in a physical file. For the current list of permissible values for data type see the PDS4 Data Dictionary.

6. The meta-attribute description provides a statement, picture in words, or account that describes.

7. The meta-attribute end date provides the upper bound of the time interval within which the defined item is in effect.

8. The meta-attribute maximum_value provides the upper inclusive bound of a value. 

9. The meta-attribute maximum_characters provides the upper inclusive bound on the number of characters. 

10. The meta-attribute minimum_value provides the lower inclusive bound of a value. 

11. The meta-attribute minimum_characters provides the lower inclusive bound on the number of characters. 

12. The meta-attribute steward indicates the person or organization who manages a set of registered attributes and classes.

13. The meta-attribute name_space_id identifies the XML Schema namespace container for a logical grouping of data elements. The name_space_id is assigned by the steward.

14. The meta-attribute permissible_value is an expression of a value meaning allowed in a specific value domain. A permissible value for axes is "2".

15. The meta-attribute title is a name by which the data element is formally known.

16. The meta-attribute value_domain is specified by a list of all its permissible values. These can be enumerated or non-enumerated. In PDS4, the value domain for axes is the value range from "1" to "6".

17. The meta-attribute unit_of_measurement indicates the division of quantity accepted as a standard of measurement.

18. The meta-attribute version identifies the specific variation of a data element.

19. The meta-attribute value meaning is the meaning or semantic content of a permissible value.
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APPENDIX B     DEFINITION OF TERMS

The following are definitions of essential terms used throughout this document:

Association:

An "association" is a type of defined relationship between classes.

Attribute:

An "attribute" is a property or characteristic that allows both identification and distinction. 

Cardinality:

"Cardinality" is the number of values allowed to an attribute or association in a single class. Cardinality in general is stated as a range with a minimum and maximum. For example, an attribute that may be multi-valued will have a cardinality of "1..*". A cardinality where the minimum and maximum are the same is often shown as the single value. For example, an attribute required to have exactly one value will have a cardinality of "1". When a value is required the minimum cardinality is at least 1. At least one value is always required in PDS4. 

Class:

A "class" is the set of attributes which identifies a family. A class is generic -- a template from which individual members of each family may be constructed. 

Class Hierarchy:

A "class hierarchy" is a classification of object types, denoting objects as the instantiations of classes.

Data Elements:

A "data element" is a discrete unit of data or metadata. It is an elementary piece of information in a data dictionary. 

Entity:

An "entity" is something that has a distinct, separate existence.

Metadata:

Metadata is data about data.

Model:

A "model" is a representation or description designed to show an entity and its composition.

Object:

An "object" is a specific instance of a class. 
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PDS4 – refers to the next implementation of the Planetary Data Systems Archive to be rolled out as “Build 1” in mid-October of 2010. 

PDS 2010 – refers to the project of designing the PDS4 architecture.  Many times “PDS 2010” and “PDS4” are used interchangeably even though there is a slight distinction between the two terms.  The preference is to refer to the new system as PDS4 from here on out. 

PDS4 is migrating to an XML based data system.   XML (eXtensible Markup Language) is a set of rules for encoding documents in a machine-readable form, and should facilitate preservation and accessibility of the data already housed in the PDS.  

•  XML is not technically a programming language as it is only a way to translate to a database the contents of the data in a concise fashion. 

•  XML was chosen as logical choice due to its flexibility and inheritance from other web-based languages (e.g., HTML) and should facilitate easy web-based searching of the entire PDS or individual nodes.

•  The new system will be implemented PDS-wide (all nodes) starting with Build 1, in mid-October, and has been designed over the last several years (starting in ~2008) by the DDWG (Data Design Working Group) and the SWDG (Systems Design Working Group) subject to the review of the PDS Management Council. 

How does XML work for PDS4?

XML was chosen for its widespread usage across the internet and its extreme flexibility for different types of data. XML allows a high level of organization for both human users and machine-based applications. 

Below are listed some of the common vocabulary necessary for discussing XML usage as it applies to PDS4.  The idea is to become familiar with these terms and their relationships to each other.

Product – Anything that appears in the PDS4 archive. Most often these will be data, but this will ALSO apply to documentation, references, calibration, geometry information etc.  Anything put into the archive will be treated as products with unique identifiers so that everything can be found via search tools within the archive.

Collection – A grouping of products. Products that can be grouped together for logical reasons can be referred to as a collection.  For example, all of the products associated with an instrument could be a data collection.  Documents for that instrument could be a document collection.  Groups of all the different versions of a calibration set for an instrument could be a calibration collection. Collections will be able to be referenced as a whole by other collections through a cross-referencing system that is included within the product labels.  So, data and calibrations could reference each other, and in turn could reference the necessary documents collection to have the proper citations for the data and calibrations.

Bundle – Simply a grouping of collections that is delivered to a node for ingestion into the archive.  Multiple instruments, mission information, included ground-based observations, documentation on how all works together, etc. — these would comprise a deliverable bundle.
Schema – These are XML documents (.xsd) that serve as recipes for creating XML (.xml) files.  Schemas (or schemata) show the set of rules for handling the metadata that describe data products.  The change from PDS3 to PDS4 will be most noticeable with the implementation of these schemas.  Schemas will most often be used as documentation between the PDS and data providers in developing labels for data products.  PDS will be providing generic versions of schema for typical datatypes that can be tailored to specific needs of missions, instruments, or individual data products.  The schemas will provide a recipe for the generation of the label files (.xml) that will be associated with the data submitted to the PDS for archiving.

Labels – These will be the actual XML (.xml) documents associated with the data products.  This is roughly analogous to the Label (.LBL) files from PDS3.  These will house all the metadata necessary for describing the data.  The labels are more important than previous .LBL files in many ways.  In PDS4, everything in the archive will be treated as a product.  ALL products will have an .xml label.  These labels/products will be ingested not only at the individual nodes, but also into the PDS Registry so that every product can be searched on in web-based search tools.  (Think of a Google-style search.)  The XML labels contain information about the product just like the old PDS3 labels but they will also hold information about the relationships between the product, its parent collection, mission, instrument host or observing system, etc. — ALL of which can be used to build more intricate search criteria. 

NOTES:

A drawback of this approach involves human readability.  XML labels are not the easiest to read from a human’s perspective.  You can open XML labels in most text editors and web browsers and still preserve the formatting but the labels are cluttered with open/close tags for each element in the label. 

The drawbacks for the user are mostly cosmetic. The benefits to using a system like this outweigh the detractors because of the flexibility and usability for the computer, which allow more interfaces with search engines and other applications.  Software development over the next several years should also be able to address some of the problems with XML syntax by building web translation routines that parse and display only some of the necessary fields for a “web-quick-look” to make sifting through the data easier. 
