
1     Introduction

Knowledge representation (KR) is the study of how knowledge about the world that can be symbolized for efficient processing and retrieval. The focus of this study is to examine the KR requirements for multiple levels of abstraction at which a piece of knowledge is often required. Intuitively, knowledge abstraction is inversely proportional to details. That is, higher abstraction levels have less detail. Lower abstraction levels have more precise and detailed information. Multiple levels of knowledge abstraction have interesting requirements for KR. Georges Anderla [1] observed that the amount of knowledge has been increasing rapidly. He takes the known information of the year AD1 to represent one unit of collective human knowledge. According to Anderla, humanity had doubled

its knowledge by AD1500. By 1750, it had become four units. By 1900 it had doubled its knowledge again.  The next doubling took only fifty years,  and the one after  that  only 
ten years. Then, it doubled again in the next seven years, and again in the following six years, reaching 128 units in 1973.  The past approaches in dealing with the ever increasing knowledge were inadequate, because they advocated providing excessive details in response to most queries. One of the greatest challenges in knowledge management is ensuring that an adequate level of detailed knowledge is provided in a timely manner in response to a query.   Excessive details are often inadequate for most circumstances. Just one level of abstraction seems to be inadequate for serving the wide variety of user needs in common applications.  In order to provide knowledge at various levels of details in a timely manner, preprocessing of the knowledge structure is required.  Dynamic processing of knowledge into different levels of abstraction is not practically feasible because of excessive processing loads.  Preprocessing knowledge into multiple levels of abstraction enhances the potential services to customers in a timely manner.    Needless details are barriers to communication.  Details should be supplied only if requested.  A preprocessor based knowledge abstraction hierarchy is proposed in this paper which is capable of dealing with large and complex bodies of knowledge.

         Knowledge abstraction has been studied widely from a variety of perspectives [2, 3, 4, 5].  Procedural knowledge abstraction in programs has been described since the early stages of computer science [5, 6].  Data abstraction in programs can be found in the later stages [7, 8, 9]. This study builds on earlier work and extends the concept of abstraction for organizing and representing knowledge in order to provide a wide variety of services.  It proposes ten levels of abstraction and demonstrates them through examples.  

2   Ten Levels of Abstraction 
The primary motivation for multiple levels of knowledge abstraction is to deal with the amount of knowledge. We describe the following ten levels of abstraction:  nominal, attributive, taxonomic, operational, analogical, definitional, relational, graphical, formal and exhaustive. The nominal level is the highest level of abstraction whereas the exhaustive level is the lowest. All other levels are, preferably, in the order they are presented; however their relative positions are not fixed. The nominal   level is usually included in other levels and the exhaustive level necessarily includes all other levels.  It is not necessary to have all the ten levels for all types of knowledge.  The proposed ten levels of abstraction would be useful as long as they are applicable to most knowledge types. We describe these levels with examples.

2.1   Nominal Level 
At the nominal level of abstraction a concept or an object is represented by its name only. All other details are removed from this level. We may call the concept of rectangle by its name “rectangle”. This is the highest level of abstraction.  The motivation behind this level of abstraction is that it allows maximization of brevity.  

2.2   Attributive Level
At the attributive level of abstraction the concept or object is described with its attributes. At least one attribute needs to be mentioned and preferably all attributes are described.  For example, the length of a rectangle is an attribute of the rectangle.  Thus, the following is an attributive level of abstraction:  “This rectangle is two inches in length”. 

2.3   Taxonomic Level 
The taxonomic level deals with the features of classification and specifies the super-classes and subclasses of the concept or object.  At least one super-class or one subclass needs to be mentioned. For example, the statement “A rectangle is a parallelogram” belongs to the taxonomic level of abstraction. 

2.4   Operational Level
The operational level includes the methods, services or operations pertaining to the concept or object.  For example, computation of area of a rectangle from the length and width of the rectangle belongs to the operational level of abstraction.  Procedural abstraction belongs to this level. 

2.5   Analogical Level
The analogical level of abstraction provides information about similarity of the concept or object with other concepts or objects. For example, a rectangle is similar to a surface of a box. 

2.6.  Definitional Level

This level provides a definition of a concept or object. For example, The Merriam-Webster Dictionary defines a rectangle as “a 4-sided figure with four right angles” [10].  This level presupposes nominal level and may overlap with attributive and operational levels. 
2.7   Relational Level
This level describes relationship of a concept or object to other concepts or objects. For example, a rectangle is closely related to squares and quadrilaterals.

2.8   Graphical Level
This level provides a graphical representation of the concept or object. For example, a rectangle is graphically represented as follows:
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Figure 1:  A graphical abstraction of a rectangle 

2.9   Formal  Level 

A mathematical model is provided at this level.  This level of abstraction may not be fully accessible to those who are unfamiliar with mathematics.  Rules for logical inferences are provided in this level.  For example, the following rule of inference is reasonable at this level: If Mathematician.Ancient & Mathematician.Nationality = “Greek”, then Studied: “Estimated PI to be 3.141…”.
2.10  Exhaustive Level

The exhaustive level includes all other abstractions plus any additional information that may be available.  At this level an exhaustive description is expected.  

3  Consequences 

An important consequence of multiple levels of knowledge abstraction is that appropriate KR and processing techniques need to be found. Another consequence of the multiple levels of abstraction is that knowledge related services can be provided at multiple levels. Preprocessing of KR at multiple levels of abstraction is required for efficiency.  Semantic analysis of knowledge provides additional support to this idea. Multiple levels of knowledge abstraction will allow us to restructure our learning strategies such that we can deal with the knowledge explosion adequately.  Based on our needs we can concentrate on learning a concept at some levels of abstraction ignoring other levels.  Learning everything at the exhaustive level of details is not feasible.  Similarly, teaching strategies need to be changed based on the learners needs about the levels of abstraction.  The traditional idea of data abstraction is related to the nominal, attributive, taxonomic and definitional abstractions described above. The traditional idea of procedural abstraction is adjusted to the operational level.  These adjustments are necessary for dealing with knowledge outside programming languages.  The multiple levels of knowledge abstraction have consequences for knowledge management strategies. 

4.   Future Research  

In order to provide services at multiple levels of abstraction automated or semi-automated processing of information is required. One of the goals is to automatically derive one level of abstraction from another.  For example, extraction of definition from exhaustive description is a reasonable goal.  Natural language analysis and related tools may help in the process [11, 12, 13]. We are particularly interested in semantic analysis of knowledge abstraction based on Tree Adjoining Grammars [13, 14].  An efficient representation of the knowledge abstraction levels is essential.  A language to create, modify, and selectively query the knowledge hierarchy must be determined.  The implication rules for knowledge querying may at first be defined by manual methods, although future research will explore ways of creating implication rules automatically.  A prototype of pre-processed knowledge hierarchies, capable of being queried at various levels of abstraction, will demonstrate the advantages of pre-processed knowledge querying.  A new model of digital library needs to be developed in order to take advantage of the multiple levels of knowledge abstraction. We used small examples in the current study of abstraction levels; more elaborate investigations with complex examples will be needed to clarify certain issues further.
5  Conclusions

Multiple levels of knowledge abstraction are well motivated. These levels are necessary for providing a variety of services. Dynamic processing of knowledge into different levels of abstraction is not practically feasible with current technology because of excessive processing loads.  Preprocessing knowledge into distinct levels of abstraction enhances the potential services to customers in a timely manner. A preprocessor based knowledge abstraction hierarchy is proposed in this paper which is capable of dealing with large and complex bodies of knowledge.  Semantic analysis of knowledge provides additional support to the proposed abstraction hierarch.
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