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Abstract. The present report aims to develop a mathematical model of parametric identification of additive multi-factor evaluation models and to develop a method of choosing a solution for interval model parameterization. The model is based on the theory of interval mathematics and the model of comparator identification.
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1. Introduction
Any determined effort, as a means of goal achievement, must contain decision making procedure which is aimed to make an informed choice of a specific method of goal achievement (realization) out of many possible alternatives. At the same time, most often every alternative is characterized not by one but by a number of factors (criteria). Therefore, the main difficulty is to solve the problem of parametric identification of multi-factor evaluation models, this is further complicated by interval model parameterization. There are two main approaches to solve the problem of multi-factor evaluation: introspective (to induce decision maker to understand, structure, formalize their knowledge) and formal (based on the ides of comparator identification). Comparator identification model was used in this paper [1].

The general statement of the comparator identification of evaluation model can be formulated in the following way:

Let’s assume there is a multitude of alternatives A, each of them is characterized by 
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 which allow objective quantitative measurement. In this case decision maker (DM) evaluates alternatives, i.e. there exists mapping A to a multitude of individual assessments B
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Then 
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 is a model of alternatives multi-criteria evaluation. Values of elements of multitude B are not available for quantitative measurement, but can be analyzed qualitatively.

For multitude B two assumptions must be fulfilled:

· multitude B must not contain incomparable elements, this is achieved by the correct specification of the multitude A;

· there is preorder relation for multitude B. This means that reflexivity and transitivity axioms are fulfilled. In this case multitude B analysis allows to form factor-multitude
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 on it by combining 
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elements in one class for which conditions 
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 are fulfilled simultaneously which means that 
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. At the same time, some or all classes of factor-multitude 
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 in general case can contain one element each. As we know [1], preorder relation for multitude B induces order relation on factor-multitude 
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. This means that taking into account assumptions made 
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 could well be put in order, i.e. specify the order of element precedence and extreme elements (the best and the worst) in the chain.

2. Problem Solving
Initial data for the comparator identification model is a multitude of alternatives 
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, which is characterized by particular criteria values and preference of each alternative. Alternative with maximum value is chosen among the whole multitude of alternatives.

Based on the above information comparator identification standard model of weight coefficients 
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where the values of utility are determined using formula  
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 ‑ normalized values of particular criteria.
The system of inequalities (2) is transformed to the following 
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The system excludes all agreed solutions, i.e. solutions where all coefficients are non-negative or non-positive, and the remaining solutions form Pareto multitude 
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Mathematical model (4) can be interpreted in the following way. Equality 
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 describes 
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 ‑ dimensional hyperplane in in the positive octant of the coordinate system where inequalities in the model form a convex polyhedron. The borders of this polyhedron determine the intervals of possible (admissible) values of variables 
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 satisfying the model constraints.

The indicated intervals for each coefficient 
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 are determined by solving the following optimization problems.
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Since all the relations in (5) and (6) are linear this is the standard problem of linear programming. As a result, interval values of weight coefficients of relative importance are determined 
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 [2] can be calculated according to the formula (3). In this case alternatives 
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should be ranked according to the interval values 
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To compare the intervals of utility functions it is necessary to use the theory of interval mathematics. According to [3], interval numbers are compared in the following way. Let’s assume 
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 are random interval numbers. According to existing principles of interval mathematics the operations of 
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 (disjunction) and 
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 (conjunction) over intervals are determined according to the formulas
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The inequalities of the intervals are defined similarly to the ratios of the inequalities of real numbers.
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However, the problem is that not all intervals can be compared in such a way. To make intervals  
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 comparable in relation to 
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 and in the ration of 
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 it is necessary and sufficient for the system of inequalities to be fulfilled 
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Therefore, the problem of alternatives ranking according to interval values can only be solved in particular cases [4], when intervals coincide (fig. 1а), or are shifted relative to each other along the numerical axis (fig. 1b). In this case, the interval shifted to the right left) is larger (smaller). It is not possible to compare the intervals in such a way if one interval overlaps the other (fig. 1c)
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Fig. 1. Variants of interval location

Theorem. For two random intervals 
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 to be in the same ratio as real numbers [4].

As this theorem shows, comparison of random intervals comes down to a comparison of the interval centers. (3) follows that interval centers 
[image: image53.wmf](

)

(

)

[

]

i

i

x

P

x

P

max

min

;

 are defined by the interval center 
[image: image54.wmf][

]

max

min

;

i

i

a

a

. That is, interval centers 
[image: image55.wmf]i

a

~

can be considered as point values 
[image: image56.wmf]i

a


	
[image: image57.wmf](

)

2

max

min

i

i

i

a

a

a

+

=

, 
[image: image58.wmf]n

i

,

1

=

.
	(9)


For the condition 
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 to be fulfilled it is necessary to apply the following normalization function
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3. Model Verification
We will use methodology based on the comparison of values calculated according to the comparator model (2) with test values [5] to analyze accuracy and adequacy of the 
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 point values identification model.

As a test situation, we will consider the selection case taking into account five particular criteria. We will generate a set of 20 alternatives.

We will generate a vector of test weight coefficients 
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We will generate a set of particular criteria from 20 alternatives, build the system of inequalities (2) and based on it we will solve ten optimization problems (5) and (6) respectively. Calculation of the exact values of weight coefficients is carried out sequentially according to the formulas (9) and (10). In this case model will look like 
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4. Conclusion
Comparison of the order ratios of standard and calculated coefficients shows that they coincide:

	
[image: image67.wmf]м

1

м

3

м

4

м

5

м

2

T

1

T

3

T

4

T

5

T

2

a

a

a

a

a

a

a

a

a

a

>

>

>

>

>

>

>

>

,
	(11)


and consequently, the preference of particular criteria coincides
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In this regard, we can make a conclusion that the results obtained during the computational experiment, confirmed the efficiency and effectiveness of the proposed model of point values identification of DM’s preferences.
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