The Voting-Type Technique to Handle the Multiple Expert Knowledge

The goal of this topic is to study methods to handle knowledge elicited from multiple sources based on object-concept-source knowledge representation and voting technique of knowledge acquisition.

Reference: Puuronen, S., Terziyan, V., The Voting-type Technique in the Refinement of Multiple Expert Knowledge. In: Sprague, R. H., (Ed.), Proceedings of the Thirtieth Hawaii International Conference on System Sciences, Vol V, IEEE Computer Society Press, 1997, pp. 287-296.
Knowledge is represented using predicates that define relationships within three sets:

· domain objects,

· concepts,

· knowledge sources.

Sources express their comprehension of the use of each concept to describe each object by giving their votes: yes, no, and no-op.

We derive and interpret internal relations between any pair of subsets of the same type taken of the three sets: objects, concepts, and sources.

Intersections between the sets are interpreted as multilevel structures of knowledge and they are used for knowledge refinement.
The refinement technique presented is based on the derivation of the most supported opinion of the group of experts and refining it further using a multilevel structure of knowledge sources.

Basic Concepts

Knowledge about a certain domain is represented by a quadruple:

 

,

D     is the set of the domain objects D1, D2,..., Dn ;
C      is the set of the concepts C1, C2,..., Cm , that are used to describe the domain objects;

S    is the set of the knowledge sources S1, S2,..., Sr , who describe domain objects using concepts;

P   is the set of semantic predicates that define relationships between   D, C, S   as follows:




Deriving External Knowledge Relations 




The value of the relation between each pair (Di,Cj) of elements shows the total support among all the knowledge sources from S for using (or refusing to use) the concept Cj to describe the domain object Di.

The value of the relation between each pair (Sk,Di) of elements shows the total support which the knowledge source Sk receives using (or refusing to use) all the concepts from C to describe the domain object Di.

The value of the relation between each pair (Sk,Cj) of elements shows the total support which the knowledge source Sk receives using (or refusing to use) the concept Cj to describe all the domain objects from D.

Deriving Internal Knowledge Relations 




The value of the relation between each pair (Di’,Dj’’) of the two objects from D shows the support for the neighbourhood (“similarity”) of these domain objects via set S, or via set C or via both S and C.

The value of the relation between each pair (Cj’,Cj’’) of the two concepts from C shows the support for the neighbourhood (“similarity”) of these concepts via set D, or via set S or via both D and S.

The value of the relation between each pair (Sk’,Sk’’) of the two knowledge sources from S shows the support for the neighbourhood (“similarity”) of these sources via set D, or via set C or via both D and C.

Knowledge Refinement 




The value of the external relation between each pair (Sk,Dj) from the non intersected parts of S and D can be refined as a composition of two internal relations via the 

 set. Such knowledge refinement takes into account possible multilevel structure of knowledge sources.

Deriving External Relation   DC






The definition of the value of the relation between each pair (Di,Cj) of the elements of the sets D and C sums up the total support among all the knowledge sources for using (or refusing to use) the concept Cj   to describe the domain object  Di .

Deriving External Relation   SC






The definition of the value of the relation between each pair (Sk,Cj) of the elements of the sets S and C uses the value of the relation DC  and represents the total support that the knowledge source Sk obtains using (or refusing to use) the concept Cj   to describe all the domain objects.

Deriving External Relation   SD






The definition of the value of the relation between each pair (Sk,Di) of the elements of the sets S and D uses the value of the relation DC  and represents the total support that the knowledge source Sk obtains using (or refusing to use) all the concepts to describe the domain object Di .

Min and Max Values of External Relations























 EMBED Equation  




Standardizing External Relations

Goal of standardizing is to make the values of external relations to be within the closed interval [0,1]. 

Main standardizing formula:




Standardizing DC relation:




Standardizing DC relation:




Standardizing DC relation:




Knowledge Sources Quality Evaluation

The quality of each knowledge source from the support point of view is calculated using the standardized total support values.

For each source Sk , we define:

· a quality value QD(Sk ) that measures the abilities of the knowledge source to describe the domain objects:



;
· a quality value QC(Sk ) that measures the abilities of the knowledge source to use concepts in his description:



.

Quality Balance Theorem




Proof:
























Selecting Relations Using Threshold Value

There are situations where it is reasonable to pick out the most supported relations as a “common opinion” of the knowledge sources.  We use a threshold value as a base for calculating the cutting points used to select the values of relations. These cutting values are applied to the standardized support arrays. First we select the threshold value T that belongs to the closed interval [0,1] and then we calculate the cutting points and apply them to the standardized values of relations as follows:







where: 

  is the average and 

 is the standard deviation of the values of a matrix [A],  [A]T  is an operator of selecting the relations within matrix A according to the threshold value T.
An Example

Let us suppose that four referees have to classify three papers submitted to a conference according to five conference topics.

The referees express their opinions about the conformity between each paper and each conference topic.

The final goal is to form a common opinion of all the referees concerning the paper-topic relation.

An Example

Concepts   are conference topics:

	Concepts - conference topics
	Notation

	AI & Intelligent systems
	C1

	Analytical technique
	C2

	Real-time systems
	C3

	Virtual reality
	C4

	Formal methods
	C5


An Example

Referees are knowledge sources:
	Knowledge sources - referees
	Notation

	A. Broggi
	S1

	H. Rewini
	S2

	M. Lynn
	S3

	R. Sprague
	S4


An Example

Papers are domain objects:




An Example: Opinions of Referees

	D1

	P
	C1
	C2
	C3
	C4
	C5

	S1
	1
	-1
	-1
	0
	-1

	S2
	0
	-1
	0
	1
	-1

	S3
	0
	0
	-1
	1
	0

	S4
	1
	-1
	0
	0
	1

	D2

	P
	C1
	C2
	C3
	C4
	C5

	S1
	-1
	0
	-1
	0
	1

	S2
	1
	-1
	-1
	0
	0

	S3
	1
	-1
	0
	1
	1

	S4
	-1
	0
	0
	1
	0

	D3

	P
	C1
	C2
	C3
	C4
	C5

	S1
	1
	0
	1
	-1
	0

	S2
	0
	1
	0
	-1
	1

	S3
	-1
	-1
	1
	-1
	1

	S4
	-1
	-1
	1
	-1
	1


For example, the referee Rewini has expressed an opinion that paper 1 fits into the topic “Virtual reality” and does not fit into the topics “Analytical Technique” and “Formal methods”. He has not expressed any opinion about paper 1 concerning the topics “AI & Intelligent systems” and “Real-time systems”.

An Example: Total Support Values of External Relations

	a)

	SC
	C1
	C2
	C3
	C4
	C5

	S1
	1
	3
	7
	4
	3

	S2
	0
	4
	2
	6
	4

	S3
	1
	3
	5
	8
	5

	S4
	3
	4
	3
	 6 
	2

	b)

	CS
	S1
	S2
	S3
	S4

	C1
	1
	0
	1
	3

	C2
	3
	4
	3
	4

	C3
	7
	2
	5
	3

	C4
	4
	6
	8
	6

	C5
	3
	4
	5
	2

	c)

	CD
	D1
	D2
	D3

	C1
	2
	0
	-1

	C2
	-3
	-2
	-1

	C3
	-2
	-2
	3

	C4
	2
	2
	-4

	C5
	-1
	2
	3

	d)

	DC
	C1
	C2
	C3
	C4
	C5

	D1
	2
	-3
	-2
	2
	-1

	D2
	0
	-2
	-2
	2
	2

	D3
	-1
	-1
	3
	-4 
	3

	e)

	SD
	D1
	D2
	D3

	S1
	 8
	4
	6

	S2
	6
	4
	6

	S3
	4
	6
	12

	S4
	4
	2
	12

	f)

	DS
	S1
	S2
	S3
	S4

	D1
	8
	6
	4
	4

	D2
	4
	4
	6
	2

	D3
	6
	6
	12
	12


An Example: Calculating Value  DC3,4 




	D3

	P
	C1
	C2
	C3
	C4
	C5

	S1
	1
	0
	1
	-1
	0

	S2
	0
	1
	0
	-1
	1

	S3
	-1
	-1
	1
	-1
	1

	S4
	-1
	-1
	1
	-1
	1





An Example: Calculating Value   SD1,1  



	DC
	C1
	C2
	C3
	C4
	C5

	D1
	2
	-3
	-2
	2
	-1

	D2
	0
	-2
	-2
	2
	2

	D3
	-1
	-1
	3
	-4 
	3


	D1

	P
	C1
	C2
	C3
	C4
	C5

	S1
	1
	-1
	-1
	0
	-1

	S2
	0
	-1
	0
	1
	-1

	S3
	0
	0
	-1
	1
	0

	S4
	1
	-1
	0
	0
	1





An Example: Calculating Value   SC4,4




	DC
	C1
	C2
	C3
	C4
	C5

	D1
	2
	-3
	-2
	2
	-1

	D2
	0
	-2
	-2
	2
	2

	D3
	-1
	-1
	3
	-4 
	3


	P
	C1
	C2
	C3
	C4
	C5

	D1

	S4
	1
	-1
	0
	0
	1

	D2

	S4
	-1
	0
	0
	1
	0

	D3

	S4
	-1
	-1
	1
	-1
	1





An Example: Standardizing Values of External Relations

	a)

	[SC]
	C1
	C2
	C3
	C4
	C5

	S1
	0.39
	0.5
	0.72
	0.56
	0.5

	S2
	0.33
	0.56
	0.44
	0.67
	0.56

	S3
	0.39
	0.5
	0.61
	0.78
	0.61

	S4
	0.5
	0.56
	0.5
	0.67
	0.44

	b)

	[CS]
	S1
	S2
	S3
	S4

	C1
	0.39
	0.33
	0.39
	0.5

	C2
	0.5
	0.56
	0.5
	0.56

	C3
	0.72
	0.44
	0.61
	0.5

	C4
	0.56
	0.67
	0.78
	0.67

	C5
	0.5
	0.56
	0.61
	0.44

	c)

	[CD]
	D1
	D2
	D3

	C1
	0.75
	0.5
	0.375

	C2
	0.125
	0.25
	0.375

	C3
	0.25
	0.25
	0.875

	C4
	0.75
	0.75
	0

	C5
	0.375
	0.75
	0.875

	d)

	[DC]
	C1
	C2
	C3
	C4
	C5

	D1
	0.75
	0.125
	0.25
	0.75
	0.375

	D2
	0.5
	0.25
	0.25
	0.75
	0.75

	D3
	0.375
	0.375
	0.875
	0
	0.875

	e)

	[SD]
	D1
	D2
	D3

	S1
	0.6
	0.47
	0.53

	S2
	0.53
	0.47
	0.53

	S3
	0.47
	0.53
	0.73

	S4
	0.47
	0.4
	0.73

	f)

	[DS]
	S1
	S2
	S3
	S4

	D1
	0.6
	0.53
	0.47
	0.47

	D2
	0.47
	0.47
	0.53
	0.4

	D3
	0.53
	0.53
	0.73
	0.73


An Example: Selected Relations with Threshold Value  T = 0.75

	a)

	[SC]0.75
	C1
	C2
	C3
	C4
	C5

	S1
	-1
	0
	1
	1
	0

	S2
	-1
	1
	-1
	1
	1

	S3
	-1
	0
	1
	1
	1

	S4
	0
	1
	0
	1
	-1

	b)

	[CD] 0.75
	D1
	D2
	D3

	C1
	1
	0
	0

	C2
	-1
	-1
	0

	C3
	-1
	-1
	1

	C4
	1
	1
	-1

	C5
	0
	1
	1

	c)

	[DC] 0.75
	C1
	C2
	C3
	C4
	C5

	D1
	1
	-1
	-1
	1
	0

	D2
	0
	-1
	-1
	1
	1

	D3
	0
	0
	1
	-1
	1

	d)

	[SD] 0.75
	D1
	D2
	D3

	S1
	1
	-1
	1

	S2
	1
	-1
	1

	S3
	-1
	1
	1

	S4
	-1
	-1
	1


An Example: Result of the

Co-operative Paper Classification 

	[DC] 0.75
	C1
	C2
	C3
	C4
	C5

	D1
	1
	-1
	-1
	1
	0

	D2
	0
	-1
	-1
	1
	1

	D3
	0
	0
	1
	-1
	1





An Example: Evaluation of Expert Competence
	Competence to use concepts

	[SC]0.75
	C1
	C2
	C3
	C4
	C5

	S1
	-1
	0
	1
	1
	0

	S2
	-1
	1
	-1
	1
	1

	S3
	-1
	0
	1
	1
	1

	S4
	0
	1
	0
	1
	-1

	Competence to describe domain

	[SD] 0.75
	D1
	D2
	D3

	S1
	1
	-1
	1

	S2
	1
	-1
	1

	S3
	-1
	1
	1

	S4
	-1
	-1
	1


The arrays  [SC]0.75 and  [SD]0.75 describe the knowledge sources “competence” in the domain area and in the use of concepts from the support point of view. For example, knowledge obtained from the referee Broggi (S1) should be accepted if it concerns concepts C3 and C4  or domain objects D1 and D3 , and should be rejected if it concerns concept C1 or domain object D2 . In some cases it seems to be possible to accept knowledge obtained from referee Broggi if it concerns concepts C2 and C5 . All four referees are expected to give an acceptable opinion concerning paper D3  and only referee Lynn (S3) seems to be acceptable concerning paper D2 .

Deriving Internal Knowledge Relations : The Problem




a) deriving internal relation using one intermediate set;

b) deriving internal relation using two intermediate sets.




Part of External Relation

- is the external relation between subsets of the appropriate sets.

If,  for example, we have S’ as subset of the set S, and D’ as the subset of set D , then the external relation S’D’ is as follows:




Internal Relations Between Sources

D-based relation






where  (  is the symbol of multiplication of the appropriate matrixes.


  .
D-based internal relation between sources
Min and  max values are:












The standardized values of D-based internal knowledge relations between sources are:




Internal Relations Between Sources

C-based relation









C-based internal relation between sources
Min and  max values are:












The standardized values of C-based internal knowledge relations between sources are:




Internal Relations Between Sources

DC and CD-based relations












Internal Relations Between Concepts

S-based relation






Internal Relations Between Concepts

D-based relation






Internal Relations Between Concepts

SD and DS-based relations






Internal Relations Between Domain Objects

S-based relation






Internal Relations Between Domain Objects

C-based relation






Internal Relations Between Domain Objects

SC and CS-based relations






Interpreting Internal Relations as Evaluation of an Interface Between  Knowledge Sources

The interesting view to the role of intelligent interface in human society is presented in (*(. Three-level structure of information distribution inside society is presented: “brains”, “users” and “gatekeepers” between them. The gatekeeper does not have any specific area of knowledge only general information. The gatekeeper knows to which brain to address each question of a user and to which user to address the answer of a brain.

* Goto, S.,  Nojima, H.  Equilibrium   Analysis  of  the Distribution of Information in Human Society. Artificial Intelligence 75, 1 (1995), 115-130.




We use B to mark set of  “brains” as subset of S ,   

;

We use U to mark set of  “users” as subset of S ,     

.

Three Possible Types of Questions Addressed from Brains to Users:
1) find out domain objects that can be described by certain concept;

2) find out concepts that describe certain domain object;

3) find out value of conformity between certain domain object and certain concept.

We use  BUD interface to select brain to whom it will be better to address question of the first type from certain user.

We use  BUC  interface to select brain to whom it will be better to address question of the second type from certain user.

We use  BUDC  interface to select brain to whom it will be better to address question of the third type from certain user.

An Example of a “Brain-User” Interface Evaluation

Domain Objects:




Knowledge Sources:

	Bill
	S1

	John
	S2

	Poll
	S3

	Tom
	S4


Concepts:
	“ball”
	C1

	“box”
	C2

	“cell”
	C3

	“circle”
	C4

	“small”
	C5


An Example of a “Brain-User” Interface Evaluation

Opinions of knowledge sources:

	
	D1

	P
	C1
	C2
	C3
	C4
	C5

	S1
	1
	-1
	-1
	0
	-1

	S2
	0
	-1
	0
	1
	-1

	S3
	0
	0
	-1
	1
	0

	S4
	1
	-1
	0
	0
	1


	
	D2

	P
	C1
	C2
	C3
	C4
	C5

	S1
	-1
	0
	-1
	0
	1

	S2
	1
	-1
	-1
	0
	0

	S3
	1
	-1
	0
	1
	1

	S4
	-1
	0
	0
	1
	0


	
	D3

	P
	C1
	C2
	C3
	C4
	C5

	S1
	1
	0
	1
	-1
	0

	S2
	0
	1
	0
	-1
	1

	S3
	-1
	-1
	1
	-1
	1

	S4
	-1
	-1
	1
	-1
	1


An Example of a “Brain-User” Interface Evaluation

Basic external relations:

	DC
	C1
	C2
	C3
	C4
	C5

	D1
	2
	-3
	-2
	2
	-1

	D2
	0
	-2
	-2
	2
	2

	D3
	-1
	-1
	3
	-4
	3


	SC
	C1
	C2
	C3
	C4
	C5

	S1
	1
	3
	7
	4
	3

	S2
	0
	4
	2
	6
	4

	S3
	1
	3
	5
	8
	5

	S4
	3
	4
	3
	6
	2


	SD
	D1
	D2
	D3

	S1
	8
	4
	6

	S2
	6
	4
	6

	S3
	4
	6
	12

	S4
	4
	2
	12


An Example of a “Brain-User” Interface Evaluation

Result of cooperative domain description:




An Example of a “Brain-User” Interface Evaluation

Division of knowledge sources to 2 “brains” and 2 “users” (all cases):

	
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6

	B1
	Bill
	Bill
	Bill
	Poll
	John
	John

	B2
	John
	Poll
	Tom
	Tom
	Tom
	Poll

	U1
	Poll
	John
	John
	Bill
	Bill
	Bill

	U2
	Tom
	Tom
	Poll
	John
	Poll
	Tom


Let us consider deeply the first case

An Example of a “Brain-User” Interface Evaluation

Deriving domain-based brain-user interface BUD:

=
	BD
	D1
	D2
	D3

	B1
	8
	4
	6

	B2
	6
	4
	6


(
	DU
	U1
	U2

	D1
	4
	4

	D2
	6
	2

	D3
	12
	12


=
	BUD
	U1
	U2

	B1
	128
	110

	B2
	120
	104


Standardized values of  BUD:

	(BUD(
	U1
	U2

	B1
	0.404
	0.394

	B2
	0.4
	0.391


We use BUD interface to select brain to whom it will be better to address the request of a type “ to find out domain objects that can be described by certain concept”. In the example such questions from all users U1 and U2 it is better to address to the first brain. Quality of a “brain-user” contact in that case will be better for first user than for the second one.

An Example of a “Brain-User” Interface Evaluation

Deriving concept-based brain-user interface BUC:

	BC
	C1
	C2
	C3
	C4
	C5

	B1
	1
	3
	7
	4
	3

	B2
	0
	4
	2
	6
	4


(
	CU
	U1
	U2

	C1
	1
	3

	C2
	3
	4

	C3
	5
	3

	C4
	8
	6

	C5
	5
	2


(
=
	BUC
	U1
	U2

	B1
	92
	66

	B2
	90
	66


Standardized values of  BUC:

	(BUC(
	U1
	U2

	B1
	0.419
	0.3944

	B2
	0.417
	0.3944


We use BUC interface to select brain to whom it will be better to address the request of a type “to find out concepts that describe certain domain object”. In the example such questions from user U1 it is better to address to the first brain. The same question from user U2 has to be addressed to both of brains.
An Example of a “Brain-User” Interface Evaluation

Deriving domain-concept-based interface BUDC:

	DC
	C1
	C2
	C3
	C4
	C5

	D1
	2
	-3
	-2
	2
	-1

	D2
	0
	-2
	-2
	2
	2

	D3
	-1
	-1
	3
	-4
	3


(
	BD
	D1
	D2
	D3

	B1
	8
	4
	6

	B2
	6
	4
	6


(
	CU
	U1
	U2

	C1
	1
	3

	C2
	3
	4

	C3
	5
	3

	C4
	8
	6

	C5
	5
	2


=
(
	BUDC
	U1
	U2

	B1
	-44
	-104

	B2
	-32
	-100


Standardized values of  BUDC:

	(BUDC(
	U1
	U2

	B1
	0.331
	0.328

	B2
	0.332
	0.329


We use BUDC interface to select brain to whom it will be better to address the request of a type “to find out value of conformity between certain domain object and certain concept”. In the example such questions from all users U1 and U2 it is better to address to the second brain.
Knowledge Refinement:

Experts Grouping 




Let us suppose that 



.
We define subsets
 S1, S2,..., Sw 
of the set S as follows:



 …


,



, 

, and  

 might be empty or nonempty. We say that a knowledge source Sk belongs to the level a when it is included to the set Sa.

Knowledge Refinement:

Calculating Refined External Relation 






, where:


,






Knowledge Refinement: An Example

Papers are domain objects:




Concepts   are conference topics:

	Concepts - conference topics
	Notation

	AI & Intelligent systems
	C1

	Analytical technique
	C2

	Real-time systems
	C3

	Virtual reality
	C4

	Formal methods
	C5


Referees are knowledge sources:
	Knowledge sources - referees
	Notation

	A. Broggi
	S1

	H. Rewini
	S2

	M. Lynn
	S3

	R. Sprague
	S4


An Example: Additional Knowledge Sources
	Additional knowledge sources
	Notation

	Conference Chair
	S5

	Co-chair 1
	S6

	Co-chair 2
	S7


Opinions of Chair and two Co-chairs concerning competence of referees:
	S1

	P
	C1
	C2
	C3
	C4
	C5

	S5
	1
	1
	0
	0
	-1

	S6
	1
	0
	-1
	-1
	-1

	S7
	1
	0
	1
	0
	0

	S2

	P
	C1
	C2
	C3
	C4
	C5

	S5
	0
	0
	1
	1
	0

	S6
	-1
	-1
	1
	0
	1

	S7
	0
	0
	-1
	0
	1

	S3

	P
	C1
	C2
	C3
	C4
	C5

	S5
	0
	1
	1
	-1
	1

	S6
	0
	-1
	1
	-1
	1

	S7
	1
	0
	0
	-1
	0

	S4

	P
	C1
	C2
	C3
	C4
	C5

	S5
	0
	1
	-1
	1
	-1

	S6
	-1
	0
	0
	1
	0

	S7
	-1
	1
	-1
	-1
	0


An Example: Intermediate Relations







	a)

	S1C
	C1
	C2
	C3
	C4
	C5

	S1
	3
	1
	0
	-1
	-2

	S2
	-1
	-1
	1
	1
	2

	S3
	1
	0
	2
	-3
	2

	S4
	-2
	2
	-2
	1
	-1

	b)

	S1S2
	S5
	S6
	S7

	S1
	6
	6
	3

	S2
	-1
	5
	1

	S3
	7
	7
	4

	S4
	6
	3
	5

	c)

	S2C
	C1
	C2
	C3
	C4
	C5

	S5
	3
	3
	5
	5
	5

	S6
	6
	1
	3
	5
	6

	S7
	6
	2
	1
	-2
	2


An Example: Refined DC Relation




	*DC
	C1
	C2
	C3
	C4
	C5

	D1
	1386
	532
	890
	928
	1310

	D2
	1098
	418
	708
	750
	1046

	D3
	2466
	1008
	1620
	1596
	2310


Processed Values:

	[*CD]0.75
	Paper 1
	Paper 2
	Paper 3

	AI & Intelligent Systems
	1
	0
	1

	Analytical Technique
	-1
	-1
	-1

	Real-Time Systems
	-1
	-1
	1

	Virtual  Reality
	-1
	-1
	1

	Formal Methods
	0
	0
	1


An Example: Comparison of results

Without use of  refinement

	[CD]0.75
	Paper 1
	Paper 2
	Paper 3

	AI & Intelligent Systems
	1
	0
	0

	Analytical Technique
	-1
	-1
	0

	Real-Time Systems
	-1
	-1
	1

	Virtual  Reality
	1
	1
	-1

	Formal Methods
	0
	1
	1


Using refinement

	[*CD]0.75
	Paper 1
	Paper 2
	Paper 3

	AI & Intelligent Systems
	1
	0
	1

	Analytical Technique
	-1
	-1
	-1

	Real-Time Systems
	-1
	-1
	1

	Virtual  Reality
	-1
	-1
	1

	Formal Methods
	0
	0
	1


Discussion:

How to interpret a case when:  
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