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Abstract: - The knowledge acquisition is major research field in knowledge engineering and still the most difficult and error-prone task for knowledge engineer while building an expert system. This situation influences the performance of the knowledge due to the quality of information and the reduction of error possibility.

The Ternay Grid technique has potentiality to achieve the above mentioned performance of the knowledge. It is proposed in [1] as a potentially new technique for knowledge elicitation/acquisition. Meanwhile we have developed a suitable process of the knowledge acquisition and developed the knowledge acquisition tools based on the Ternary Grid technique and knowledge model that is called KasTerGrid.
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1   Introduction

Knowledge acquisition is considered by many to be the most difficult and precarious stage in the knowledge engineering process [4]. One of the most fundamental and still unsolved problems in knowledge acquisition goes by the name of knowledge acquisition bottleneck which is coined by [5]. [6] noted that this was because knowledge acquisition involves communications between people with completely different backgrounds, human experts and knowledge engineers, who must formulate the concepts, relations and control mechanisms needed for the expert system.

Different Knowledge Acquisition and Elicitation techniques have been developed in order to obtain knowledge [9], [10]. They can be classified in many dimensions. The most common one used is "direct" versus "indirect", where direct techniques are used to obtain information that is easily verbalized and indirect techniques are used to obtain information that is not easily verbalized [11]. Classification can also be based on the type of interaction with the subject and the type of knowledge most commonly obtained. 

The difficulties of knowledge acquisition can appear during transferring the knowledge from human expert into the computer or machine and structuring the knowledge [12]. Many various techniques for knowledge acquisition do not consider the quality of the knowledge itself, even though there are possible lacks of knowledge that can decrease the knowledge’s usability or the performance of the inference machine. There are some reasons that are considered as causes for these lacks [13]: 
· The expert may have lacks in know-how technique, 

· The expert is unable to verbalize the knowledge, 

· The expert may provide irrelevant knowledge, 

· The expert may provide incomplete knowledge, 

· The expert may provide inconsistent knowledge

· The expert may provide redundant knowledge

This paper describes an acquisition process for rule-based knowledge that uses a new technique and knowledge model that we have called “Ternary Grid”. The goal of this technique is to guarantee a good quality of the acquired knowledge and to reduce or avoid the error possibility of knowledge. The Ternary Grid is a model of rule-based knowledge in a grid format where every field represents the relation between a rule and a fact. The fields of the grid can only contain ternary value i.e. “0”, “1” or “2”. The rule-based knowledge is represented in the IF-THEN format.
The idea of this work is inspired and can be traced back to knowledge acquisition systems using grid- or matrix-based technique, like the Repertory Grid Analysis [14], Repertory Grid [15], the Formal Concept Analysis (FCA), first developed by [16] and improved by [17], Multiple Classification Ripple Down Rules (MCRDR) [18], Knowledge Acquisition Tool based on Personal Construct Psychology [19], WebGrid [20], Troika [21] and Epistemics Matrix-based Techniques [22].
2. Ternary Grid Structure
The type of knowledge used for this acquisition technique is the production rule. The term production rule is derived from the production system as it was developed by [23]. A production system is a model of cognitive processing, consisting of a collection of rules (called production rules, or just productions). Each rule has two parts: a condition part and an action (conclusion) part. The meaning of the rule is that when the condition holds true, then the action is taken. The typical form of a production rule is:

IF <condition> THEN <conclusion>

The condition and conclusion may consist of many logical terms that represent facts and every possible rule can be broken down to a form like.

IF <Fact_1> and <Fact_2> and … THEN <Fact_9>

We take an example:

Rule 1: IF <F1> and <F2> THEN <F9>

In mathematical form:

Rule 1: F9 = 
true, if <F1> and <F2> equal true

Don’t care 

The organization of production rule in this form can be easily represented in a Ternary Grid that has the following structure in Fig. 1.
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Fig.1. Ternary grid basic structure

Rn: Rule n (n is the number of rule)

Fm: Logical term m (m is the number of logical term)

n = {1, 2, 3…}

m = {2, 3, 4…}, m >= n + 1

The Value of every grid box is 0, 1 or 2

0 = unused, is represented by empty grid box.

1 = Fact Fm belongs to the condition part of rule Rn (LHS= Left Hand Side)

2 = Fact Fm is part of the conclusion part of Rn (RHS = Right-Hand Side)

3. Optimisation Stage
In designing expert systems, the process of eliciting information has been termed knowledge acquisition. According to [7], knowledge acquisition, also known as knowledge elicitation, involves extracting problem-solving expertise from knowledge sources, which are usually domain experts. [8] defines knowledge acquisition as the process of extracting, structuring and organizing knowledge from several sources, usually human domain experts, so it can be used in a program. [4] noted that knowledge acquisition involves the elicitation of data from the expert, interpretation of the data to deduce the underlying knowledge and creation of a model of the expert's knowledge in terms of the most appropriate knowledge representation. The acquisition process using Ternary Grid can be viewed as a process of knowledge optimisation as well.
The knowledge optimisation process in this work is carried out into following steps, i.e. collecting, interpreting and analysing and designing the knowledge. Fig.2 shows the block diagram of the optimisation stage.
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Fig.2. Optimisation Stage
The vehicle for applying this developed knowledge acquisition system has been CongaXpert [2], [3]. It is a web-based expert system that is used for consultation system in academic area in the University of Duisburg-Essen, Germany.

4. Optimising the Knowledge
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Fig.3. Example of rule
Some data sets (rules) in Fig. 2 are given as an example. The Knowledge engineer converts the notation in Fig. 3 into the Ternary Grid as it is shown in Fig. 4. All facts that are elements of a condition part are represented by the value “1” whereas all elements of a conclusion part are represented by the value “2”. If an element is part of a condition part as well as of a conclusion part, the value is summed up and yields the value “3”. The Value “0” which is represented as an empty box means that there is no relation between the rule Rn and the fact Fm
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Fig.4. Filled Ternary Grid
The Knowledge engineer analyses the organization of knowledge and forms it into an optimal structure. The analyzing process consists of following steps:

4.1. Consistency and Attainability

An inconsistent or unattainable Rule has the following formula structure:



IF <…> & <…> & <Y> 


THEN <Y> + <…> + <…>

Using Ternary Grid these phenomena can be immediately recognized by evaluating the value of the grid’s fields, see Fig.5. If the value is “3”, it means that the rule is inconsistent or unattainable. Rule R6 is an inconsistent or unattainable rule because the value of F2 is “3”. Rule R6 can therefore be eliminated.
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Fig.5. Inconsistent or unattainable rule

4.2. Redundancy

Analyzing redundancy deals with evaluating and eliminating or adding redundant rules that can appear in the form of:

· Repeating facts

· Repeating rules

· Rules with Unnecessary Condition

· Transitive Rules [24]
1) Repeating Facts

A repeating fact is the same fact that appears within a condition part of a rule. Using the Ternary Grid, repeating facts will never occur. For example:

R17: IF <F1> AND <F2> AND <F1> THEN <F3>

F1 appears two times in rule R17. This repeating fact can be avoided by using logic operator “OR” for assigning value into Ternary Grid.
2) Repeating Rules

A repeating rule is a rule that is identical with another rule. Using the Ternary Grid, a repeating rule can easily be recognized by evaluating the rows that contain the same values. In the example, Rule R3 and R9 are identical. R9 is eliminated.

3) Rules with Unnecessary Condition

Redundant rules can appear if for the same conclusion part, the number of consecutive values “1” of a rule has more than other rule. It occurs to rule R4 and R5 in Fig.5. The number of values “1” in rule R5 is more than the number of values “1” in rule R4.
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Fig.5. Rule with unnecessary condition

4) Transitive Rules

Due to the principle of equality (if a=b, b=c then a=c), in Fig. 6, the effect of rule R2 is only caused by the conclusion part of rule R1. We can determine that rule R2 is caused by the condition part of rule R1 as well. This statement results in a new rule R10 that has the same conclusion part as rule R2 and the same condition part with rule R1.
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Fig.6. Transitive Rule

4.3. Multiple Conclusions

This part of the analysis concerns the situation that multiple rules have identical condition parts. This situation will actually not lead to a serious problem, but it means that the knowledge base is bigger than necessary. The conclusion part of those rules can be merged and yields a new rule with multiple conclusions. Fact F14 in Fig. 7 is moved into rule R1 and rule R8 is eliminated.
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Fig.7. Rule with multiple conclusions

4.4. Rotating Chain

The Rotating chain is a very crucial problem. If the chain of rules rotates, it will lead to endless loops, producing wrong decisions. This situation will also put the reasoning process of inference engine at risk. A correct chain of rules will never rotate. It must have at least one “end-rule” or “top-rule”. This is a rule of which the conclusion part does not appear in any other rule’s condition part. 
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Fig.8. Rules with correct chain. Rule R3 is an end-rule

In the Ternary Grid representation an end-rule can be found by finding columns in which only the value “2” appears. A rule is only an end rule, if the rule’s fields only contain the value “2” within these columns. Fig. 8 shows a set of rules with a correct chain. Rule R3 is an end-rule because in column F6 only the value “2” of rule R3 appears. Even though value “2” appears alone in column F14; rule R1 is not an end-rule because it has another conclusion in column F4. In this column for F4 the value “1” appears as well.
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Fig.9. Rules with rotating chain
The figure Fig. 9 shows a set of rules with rotating chain. The illustration of rotating chain can be seen in the figure Fig. 10.
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Fig.10. Illustration of rotating chain

5. Implementation - KasTerGrid
The whole concept mentioned above are implemented in the form of software application that is called KasTerGrid. It is abbreviation of Knowledge Acquisition System based on the Ternary Grid (technique and knowledge model).
5.1. System Architecture
Fig.11 shows the system architecture of knowledge acquisition system. The knowledge acquisition system consists of three main parts, i.e. knowledge elicitation (KE) system, expert’s interface and knowledge transformer. Additionally the system provides the knowledge base (KB) in Ternary Grid format that can be directly connected to the Ternary Grid format supported inference engine (under development).

[image: image12.jpg]Knowledge Acquisition System

Expert's Interface KE System
o
Tornary Grid
Factual Knowledge Eanleare
fom
Tornary Grid
Krowlecke
Base
Other Cantral >
Funchen: Other Formatted
Koovwladge Bases





Fig.11. System architecture
5.2. Database Development
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Fig.12. Database
Fig.12 shows developed database for Ternary Grid knowledge base. They consist of rules and facts in the Ternary Grid format. The rules are shown inside the oval circle. The facts are shown inside the circle. In the down-right corner we see the fact-connection table that is important for Factual Knowledge Processor.

5.3. User Interface
The following figures show developed user interface that provides communication between human expert and expert system. Fig.13 shows the fact editor that has task to collect facts from human expert. Fig.14 shows the rule editor. The rule editor enables the expert to build rules in arbitrary format and converts to Ternary Grid format. Both editors facilitate also the creation of the new knowledge and modification of the existing knowledge.
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Fig.13. Fact editor
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Fig.14. Rule editor
6.  Conclusion

The Ternary Grid technique and knowledge model are convenient for handling and optimizing the knowledge. This technique can optimize not only logical terms within a rule but also logical relations between rules. 

The representation may be directly viewed as domain and production rule structure or as intermediate stage for optimization. The grid has elements as problem-solving domains that can be derived into sub domains or group of rules, rows as rules, columns as facts and values as IF-THEN syntax.

The organization and logic of expert knowledge in Ternary Grid can be easily inspected and analyzed. Completion and recognition of patterns, which consists of “0” or empty, “1”, “2” values in the grid, are facilitated by the structure and relative compactness of the matrix representation. Representation in the Ternary Grid not only facilitates optimizing and testing for conditions of ambiguity, redundancy, completeness [25] and correctness but also allows these tasks to computable.

According to existing knowledge acquisition techniques, the Ternary Grid technique has potential to give a new contribution in developing knowledge model or representation and knowledge acquisition techniques that are important parts for building expert systems.
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