Handling the Multiple Expert Knowledge Based on the Most Supported Opinions

The goal of this topic is to study methods to handle knowledge elicited from multiple sources based on the most supported parts of this knowledge.

Reference:  Puuronen S., Terziyan V., Modeling Consensus Knowledge from Multiple Sources Based on Semantics of Concepts, In: Albrecht M.& Thalheim B. (Eds.),  Proceedings of the Workshop Challenges of Design, 15-th  International Conference on Conceptual Modeling ER’96, Cottbus, Germany, October 1996, pp. 133-146.
An approach is considered to inference with knowledge obtained from  multiple sources. 

The sources are grouped into multilevel hierarchical structure, according to the type of knowledge obtained. The first level consists of experts who have knowledge about the basic objects and their relationships. The second level of experts includes those who have knowledge about the relationships of the experts at the first level and each higher level accordingly.

It would be  shown  how to derive the most supported opinion  among the experts at each level. This is used to order the experts into categories of their competence defined as the support they get from their colleagues.

Deriving most supported knowledge 

How to derive as good and complete knowledge as possible when there exists knowledge acquired from different sources that describes some domain attributes?

To solve these problem the most supported knowledge among experts   should be derived.




Horizontal hierarchy of competence

How to order the experts according to their supported competence concerning each domain relation and object ?

Which expert (or group of experts) opinion for each attribute it is necessary to prefer to obtain the best results ?

To solve these problem the   horizontal hierarchy of expert competence   should be derived.

Handling this problem means to distribute all described domain attributes among the most competent experts.




Vertical hierarchy of competence

How to use opinions of experts about each other to build hierarchy of experts ?

How to handle cross-expertise among experts to derive the level of each expert competence ?

To solve these problem the   vertical hierarchy of expert competence   should be derived.




Basic Concepts

Knowledge  is an information about properties of objects and their relations and it is presented by a set of semantic predicates.

Object  has unique identifier (for an object we use notation  A with index) and zero, one or more properties.

Relation  has four attributes. These are: the two objects between which the relation holds, the concept which indicates semantic contents of the named relation (we will use notation L with index) and source from which the information about this relation was acquired (we will use notation Ex  with index).

For example, the fact: “Mary told that Bill contacted to his friend Tom by phone”, is presented using two objects <Bill> and <Tom>, two relations defined by the concepts <to be friend> and <to contact by phone>, and the source <Mary>.

Property  describes an object separately from other objects. It may be interpreted as a special relation where the two objects between which the relation holds are the same object. Concept in such relation is the name of property.

For example, the fact: “Bill is forty years old black man”, is described using one object <Bill> with three properties: <to be male>, <to be black>, <to be 40 years old>.

Indexes:  s, t = 1,...,n  (n objects)   are used for objects;

i, j = 1,...,r   (r concepts) are used for concepts;

k, l = 1,...,m (m sources)  are used for sources.

Basic Concepts

Semantic predicate describes a piece of knowledge (relation or property) by the expression:




if there is knowledge acquired from source Exk that a relation with concept Li holds between objects As and At ,        and




if there is knowledge acquired from source Exk that a relation with concept Li does not hold between objects As and At .

Example: “Pete says that Bill hates poor Mary”.

Ex1 : <Pete> 




- source;

A1 :   <Bill>; 
A2: <Mary> 

- objects;

L1: <to hate>; 
L2: <to be poor> 
- concepts;



   - relation;



            - property;

Knowledge: 




Basic Concepts

Semantics   of certain concept  Li acquired from the knowledge source Exk   is a matrix:

 

 
(n is number of objects), where:




“Santa-Barbara” Example

Objects and Concepts:

	Objects and their ids.
	Concepts and their ids.

	<Mejson>  - A1
	<to respect>  - L1

	<Iden>       - A2
	<to help>       - L2

	<Julia>      - A3
	<to love>       - L3

	<Victoria> - A4
	<to envy>      - L4


“Santa-Barbara” Example

Expert (spectators) opinions:

Spectator 1: “Mejson loves, respects and envies Victoria. Iden respects, helps and envies Mejson. Iden envies Victoria. Julia loves Mejson, and she helps Victoria and Iden. Victoria loves and envies Mejson and she respects Julia.”

Spectator 2: “Mejson envies Iden, he respects Iden and Victoria and loves Julia. Iden helps Mejson and Julia and envies Victoria. Julia helps Iden. Victoria loves Mejson and respects Julia.”







Spectator 3: “Mejson loves Julia. Iden respects Mejson and Victoria. Julia helps Iden, and she helps, loves and envies Victoria. Victoria respects Mejson and Iden and envies Iden.”




“Santa-Barbara” Example

Semantics of concepts:

	L11
	A1
	A2
	A3
	A4

	A1
	0
	0
	0
	1

	A2
	1
	0
	0
	0

	A3
	0
	0
	0
	0

	A4
	0
	0
	1
	0

	L21
	A1
	A2
	A3
	A4

	A1
	0
	1
	0
	1

	A2
	0
	0
	0
	0

	A3
	0
	0
	0
	0

	A4
	0
	0
	1
	0

	L31
	A1
	A2
	A3
	A4

	A1
	0
	0
	0
	0

	A2
	1
	0
	0
	1

	A3
	0
	0
	0
	0

	A4
	1
	1
	0
	0

	L22
	A1
	A2
	A3
	A4

	A1
	0
	0
	0
	0

	A2
	1
	0
	1
	0

	A3
	0
	1
	0
	0

	A4
	0
	0
	0
	0

	L32
	A1
	A2
	A3
	A4

	A1
	0
	0
	0
	0

	A2
	0
	0
	1
	0

	A3
	0
	1
	0
	1

	A4
	0
	0
	0
	0

	L12
	A1
	A2
	A3
	A4

	A1
	0
	0
	0
	0

	A2
	1
	0
	0
	0

	A3
	0
	1
	0
	1

	A4
	0
	0
	0
	0

	L23
	A1
	A2
	A3
	A4

	A1
	0
	0
	1
	0

	A2
	0
	0
	0
	0

	A3
	0
	0
	0
	0

	A4
	1
	0
	0
	0


	L13
	A1
	A2
	A3
	A4

	A1
	0
	0
	0
	1

	A2
	0
	0
	0
	0

	A3
	1
	0
	0
	0

	A4
	1
	0
	0
	0

	L33
	A1
	A2
	A3
	A4

	A1
	0
	0
	1
	0

	A2
	0
	0
	0
	0

	A3
	0
	0
	0
	1

	A4
	0
	0
	0
	0


	L34
	A1
	A2
	A3
	A4

	A1
	0
	0
	0
	0

	A2
	0
	0
	0
	0

	A3
	0
	0
	0
	1

	A4
	0
	1
	0
	0


	L14
	A1
	A2
	A3
	A4

	A1
	0
	0
	0
	1

	A2
	1
	0
	0
	1

	A3
	0
	0
	0
	0

	A4
	1
	0
	0
	0

	L24
	A1
	A2
	A3
	A4

	A1
	0
	1
	0
	0

	A2
	0
	0
	0
	1

	A3
	0
	0
	0
	0

	A4
	0
	1
	0
	0


“Santa-Barbara” Example

Semantics 

 of the concept “to respect” taken from third expert



	L31
	Mejson
	Iden
	Julia
	Victoria

	Mejson
	0
	0
	0
	0

	Iden
	1
	0
	0
	1

	Julia
	0
	0
	0
	0

	Victoria
	1
	1
	0
	0


Deriving the Most Supported Semantics of Concepts

We build a matrix (CL)r(m  by a following way:




CL in “Santa-Barbara” example:
	CL
	Ex1
	Ex2
	Ex3

	L1
	3
	2
	1

	L2
	4
	4
	4

	L3
	1
	2
	1

	L4
	0
	1
	1

	L12
	A1
	A2
	A3
	A4

	A1
	0
	0
	0
	0

	A2
	1
	0
	0
	0

	A3
	0
	1
	0
	1

	A4
	0
	0
	0
	0

	L22
	A1
	A2
	A3
	A4

	A1
	0
	0
	0
	0

	A2
	1
	0
	1
	0

	A3
	0
	1
	0
	0

	A4
	0
	0
	0
	0

	L32
	A1
	A2
	A3
	A4

	A1
	0
	0
	0
	0

	A2
	0
	0
	1
	0

	A3
	0
	1
	0
	1

	A4
	0
	0
	0
	0





Deriving the Most Supported Semantics of Concepts

Most supported semantics  of concepts is derived selecting only knowledge of most supported (most competent) knowledge sources and it is presented by matrix 

:




Most supported knowledge in “Santa-Barbara” Example
	L1msup
	A1
	A2
	A3
	A4

	A1
	0
	0
	0
	1

	A2
	1
	0
	0
	0

	A3
	0
	0
	0
	0

	A4
	0
	0
	1
	0

	L2msup
	A1
	A2
	A3
	A4

	A1
	0
	0
	0
	0

	A2
	1
	0
	1
	0

	A3
	0
	1
	0
	1

	A4
	0
	0
	0
	0


	L3msup
	A1
	A2
	A3
	A4

	A1
	0
	0
	1
	0

	A2
	0
	0
	0
	0

	A3
	0
	0
	0
	0

	A4
	1
	0
	0
	0

	L4msup
	A1
	A2
	A3
	A4

	A1
	0
	1
	0
	0

	A2
	0
	0
	0
	1

	A3
	0
	0
	0
	1

	A4
	0
	1
	0
	0


Deriving the Most Supported Semantics of Concepts

Most supported semantics of the concept “to respect” between Mejson and Victoria in the Example:

	CL
	Ex1
	Ex2
	Ex3

	L1
	3
	2
	1

	…
	…
	…
	…


	L11
	A1
	A2
	A3
	A4

	A1
	0
	0
	0
	1

	A2
	1
	0
	0
	0

	A3
	0
	1
	0
	1

	A4
	0
	0
	0
	0

	L21
	A1
	A2
	A3
	A4

	A1
	0
	1
	0
	1

	A2
	1
	0
	1
	0

	A3
	0
	1
	0
	0

	A4
	0
	0
	0
	0

	L31
	A1
	A2
	A3
	A4

	A1
	0
	0
	0
	0

	A2
	0
	0
	1
	0

	A3
	0
	1
	0
	1

	A4
	0
	0
	0
	0





Deriving the Most Supported Semantics of Concepts

Semantic network representation of the most supported knowledge:




Deriving Horizontal Hierarchy of Competence

The numerical value for expert’s competence concerning each possible relation is derived as 

 array:



,

 where  s, t = 1, ..., n; 
k = 1, ..., m.

Experts are grouped into categories of competence, relation by relation, according to the values of the CR-array. This can be described by the  Algorithm A:

Step 1: For each pair of objects As and At, (s, t = 1,...n) do step 2.

Step 2: Group the experts Exk, (k = 1,...,m) into categories CExs,t,l, (l = 1,..., n) so that the experts who have the same highest value of CRs,t,k, (k = 1,...,m) belong to the first category CExs,t,1 , the experts who have the same second highest value of CRs,t,k, belong to the second category CExs,t,2, and so on until all experts have assigned into some category.

Step 3: Return the grouping of experts into categories.

Deriving Horizontal Hierarchy of Competence: “Santa-Barbara” Example
	L1msup
	A1
	A2
	A3
	A4

	A1
	0
	0
	0
	1

	A2
	1
	0
	0
	0

	A3
	0
	0
	0
	0

	A4
	0
	0
	1
	0

	L2msup
	A1
	A2
	A3
	A4

	A1
	0
	0
	0
	0

	A2
	1
	0
	1
	0

	A3
	0
	1
	0
	1

	A4
	0
	0
	0
	0


	L3msup
	A1
	A2
	A3
	A4

	A1
	0
	0
	1
	0

	A2
	0
	0
	0
	0

	A3
	0
	0
	0
	0

	A4
	1
	0
	0
	0

	L4msup
	A1
	A2
	A3
	A4

	A1
	0
	1
	0
	0

	A2
	0
	0
	0
	1

	A3
	0
	0
	0
	1

	A4
	0
	1
	0
	0


	
	Ex1
	Ex2
	Ex3

	CR
	A1
	A2
	A3
	A4
	A1
	A2
	A3
	A4
	A1
	A2
	A3
	A4

	A1
	0
	0
	0
	1
	0
	1
	1
	1
	0
	0
	1
	0

	A2
	2
	0
	0
	1
	1
	0
	1
	1
	1
	0
	0
	0

	A3
	0
	1
	0
	1
	0
	1
	0
	0
	0
	1
	0
	2

	A4
	1
	0
	1
	0
	1
	1
	1
	0
	0
	1
	0
	0


Deriving Horizontal Hierarchy of Competence: “Santa-Barbara” Example
	
	Ex1
	Ex2
	Ex3

	CR
	A1
	A2
	A3
	A4
	A1
	A2
	A3
	A4
	A1
	A2
	A3
	A4

	A1
	0
	0
	0
	1
	0
	1
	1
	1
	0
	0
	1
	0

	A2
	2
	0
	0
	1
	1
	0
	1
	1
	1
	0
	0
	0

	A3
	0
	1
	0
	1
	0
	1
	0
	0
	0
	1
	0
	2

	A4
	1
	0
	1
	0
	1
	1
	1
	0
	0
	1
	0
	0


The categories of experts:

	
	First category
	Second category
	Third category

	CEx
	A1
	A2
	A3
	A4
	A1
	A2
	A3
	A4
	A1
	A2
	A3
	A4

	A1
	Ex1 Ex2 Ex3
	Ex2
	Ex2 Ex3
	Ex1 Ex2
	(
	Ex1 Ex3
	Ex1
	Ex3
	(
	(
	(
	(

	A2
	Ex1
	Ex1 Ex2 Ex3
	Ex2
	Ex1 Ex2
	Ex2 Ex3
	(
	Ex1  Ex3
	 Ex3
	(
	(
	(
	(

	A3
	Ex1 Ex2 Ex3
	Ex1 Ex2 Ex3
	Ex1 Ex2 Ex3
	Ex3
	(
	(
	(
	Ex1 
	(
	(
	(
	Ex2

	A4
	Ex1 Ex2 
	Ex2 Ex3
	Ex1 Ex2
	Ex1 Ex2 Ex3
	Ex3
	Ex1
	Ex3
	(
	(
	(
	(
	(


Deriving Horizontal Hierarchy of Competence

Expert’s competence concerning each object

We group experts into categories according to their competence about objects using their categories according to their competence about relations connected to each object. For each object and expert, we calculate the sum of the numbers of categories, they are included to, concerning the connected relations. The more competent experts have smaller sum.




Deriving Horizontal Hierarchy of Competence

Expert’s competence concerning each object

 “Santa-Barbara” example

	
	First category
	Second category
	Third category

	CEx
	A1
	A2
	A3
	A4
	A1
	A2
	A3
	A4
	A1
	A2
	A3
	A4

	A1
	Ex1 Ex2 Ex3
	Ex2
	Ex2 Ex3
	Ex1 Ex2
	(
	Ex1 Ex3
	Ex1
	Ex3
	(
	(
	(
	(

	A2
	Ex1
	Ex1 Ex2 Ex3
	Ex2
	Ex1 Ex2
	Ex2 Ex3
	(
	Ex1  Ex3
	 Ex3
	(
	(
	(
	(

	A3
	Ex1 Ex2 Ex3
	Ex1 Ex2 Ex3
	Ex1 Ex2 Ex3
	Ex3
	(
	(
	(
	Ex1 
	(
	(
	(
	Ex2

	A4
	Ex1 Ex2 
	Ex2 Ex3
	Ex1 Ex2
	Ex1 Ex2 Ex3
	Ex3
	Ex1
	Ex3
	(
	(
	(
	(
	(


	Sum
	Ex1
	Ex2
	Ex3

	A1
	10
	9
	12

	A2
	11
	9
	12

	A3
	11
	10
	10

	A4
	10
	10
	12

	COEx
	First category
	Second category 
	Third category

	A1
	Ex2
	Ex1
	Ex3

	A2
	Ex2
	Ex1
	Ex3

	A3
	Ex2, Ex3
	Ex1
	(

	A4
	Ex1, Ex2 
	Ex3
	(


Deriving Vertical Hierarchy of Competence

We introduce a new relation Exp that can exist between any two experts and it has the meaning that the first expert in the relation has expressed a statement about some of relationships of the second one.

Santa-Barbara Example:













In terms of Exp-relation:






.

Graph of cross-expertise. Arrows mean Exp - relations.




Deriving Vertical Hierarchy of Competence as Multilevel Structure of Experts







Deriving the Most Supported Knowledge at all Levels of Competence in the Example










Colleague-Oriented Interpretation of Knowledge 

When a knowledge-based system makes inferences with the most supported knowledge of the experts involved, who will interpret results?

Reference:   Puuronen S., Terziyan V., Colleague-Oriented Interpretation of Knowledge Acquired from Multiple Experts, In Patterson, D., Leedham, G., Warendorf, K., and Hwee, T.A. (Eds.), The Joint 1997 Pacific Asian Conference on Expert Systems/Singapore International Conference on Intelligent Systems (PACES/SPICIS 97), Conference Proceedings, Posters chapter, The Nanyang Technological University, 1997, pp. 737-741.
Often another, maybe less experienced expert.

However any person interprets knowledge from his own point of view because he has his own relationships to the domain attributes and to other experts. To be able to help a person to benefit the results, there is a need to know these relationships, isn’t it ?

Of course nothing can be done if there is no information about these relationships. We assume that something is known about these, and that any person feels inclined to interpret situation in a similar way as the experts who have similar kind of relationships to the domain attributes and other experts. We propose to select opinions of those experts with similar constituents and then derive the most supported knowledge using only the selected opinions.

Colleague-Oriented Interpretation of Knowledge 

Colleague-oriented situation   Col of the knowledge source   

:





 means that, according to the most supported knowledge, the expert  

  is connected with the expert  

  by the relation named    

.

For example, the statement 




means that expert 

 respects some other expert (or possibly himself) from the most supported point of  view.

Colleague-Oriented Interpretation of Knowledge 

We derive colleague-oriented interpretation   

 of the named relation 

 using knowledge of all experts, whose situation includes the named relation 

, as follows:




where 

 is the most supported knowledge about the named relation  Li  obtained from the group  

 of  knowledge sources.

For example, the statement:




means that experts with property “to be male” and experts with property “to be female” interpret semantics of concept “to love” in a different way.

It means, for example, that if one knows events of “Santa-Barbara” listening different opinions and wants to convey the main idea of this film to his wife, he needs to select only females’ opinions. To be understood he even has to select those females who have most similar situation with his wife.

Colleague-Oriented Interpretation of Knowledge:

Continuing the “Santa-Barbara” Example

Statements of experts about their colleagues:

Expert 1: “I help to the Expert 2  and I love him but Expert 2  loves himself ”;
Expert 2: “Expert 3  loves himself ”;

Expert 3: “Expert 1  loves me and I love myself”.







Most supported expert opinions about their colleagues:





 EMBED Word.Picture.6  

Colleague-Oriented Interpretation of Knowledge:

Interpretation of the concept “to love”:

	L3msup
	A1
	A2
	A3
	A4

	A1
	0
	0
	1
	0

	A2
	0
	0
	0
	0

	A3
	0
	0
	0
	0

	A4
	1
	0
	0
	0


	


	A1
	A2
	A3
	A4

	A1
	0
	0
	0
	1

	A2
	0
	0
	0
	0

	A3
	1
	0
	0
	0

	A4
	1
	0
	0
	0


	


	A1
	A2
	A3
	A4

	A1
	0
	0
	1
	1

	A2
	0
	0
	0
	0

	A3
	1
	0
	0
	1

	A4
	1
	0
	0
	0


Conclusion:




Discussion

1.  Is the most supported knowledge always the best one ? In which situations it seems to be so ? In which definitely not ?

2.  Where it seems to be reasonable to use “less supported knowledge” ?
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We don’t like it !







This is cold and yellow







This is cold yellow and tasty 







This is very tasty !
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