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Abstract. A review of the existing methods applied to multi-criteria decision aiding has been made as well as the multi-criteria approach to 

a class of problems in the field of material science has been defined. The multi-criteria decision aiding has been successfully applied to 

determine appropriate compromise decisions about the examined parameters of a number of technological processes of welding, chemical 

thermal processing, iron covering, etc. The approach presented determines the values of technological factors satisfying the requirements 

of users simultaneously to a number of values examined and proposes a solution for the relatively highest thresholds at one and the same 

time 
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1. INTRODUCTION  
The modern problems of examining the parameters of new 

and conventional materials and technological processes are multi-

criterial and conflict in principle. This nature of the problems is 

grounded by the fact that, with there examination, it is necessary to 

provide a certain set of parameters that have to satisfy users’ 

requirements. The solution sought usually consists in determining 

those combinations of controlling parameters that provide the set of 

quality parameters specified. The choice of the assessment system 

of criteria and their rating according to the degree of significance is 

a problem difficult to formalize. It does not have unambiguous 

interpretation inevitably causes subjective decisions.  

The problem of multi-criteria decision aiding could be most 

generally defined as a process with:  

- a great number of parameters of the solution with a complex 

interaction among themselves;  

- complex cause-and-consequence relations of the solution 

parameters and the attributes or aims;  

- a set of alternatives, which could be reduced to a limited 

number and in this case the form of cause-and-consequence has to 

be used.  

Due to that reason, looking for an appropriate model to solve 

a certain multi-criteria problem, one should define first the type of 

the situation, which is most suitable for solving the problem. An 

important element of the information base is the component 

implementing the method of planning the experiment. The main 

instrument and means of the modern scientific technologies is 

modeling as by it one can formulate the multi-criteria problem. The 

models of the complex objects and phenomena are often integrated 

including contents-describing and formal mathematical parts. 

Hence, the study mainly emphasizes on different indices of 

quality providing including the following groups of criteria: 

strength (with static and dynamic loading), stiffness (E-module) 

and toughness (of the material/article), wear-out resistance and 

hardness, high temperature resistance, appropriate primary cost, 

compatibility with environment and the possibility of recycling.  

 

2. ANALYSIS OF EXISTING METHODS  
An approach to solving the problem (1) is to find the complete 

set of effective points on the basis of which the decision maker 

/DM/ chooses one solution. Such algorithms of linear continuous 

multi-criteria problems have been developed [1], [2]. They have a 

complex structure and operate slowly. On the other hand, the 

number of the effective points could be very big and thus make 

difficult the choice of a decision by the DM.  

Another possible approach is to interact directly with the user 

and his/her preferences to obtain different compromise decisions. 

In that case, the DM should have a possibility to assess and 

compare the different solutions obtained. Independently of the 

method used to find out an effective point, this point has to reflect 

the DM's preferences to a certain extent. That is why in the multi-

criteria decision aiding (MCDA) generally there are two stages: the 

stage of a dialog with the DM and the stage of computing the 

effective point. They are interactive procedures [3], which 

comprise great part of the well-known methods of solving a 

MCDA problem.  

 

The criteria thus formulated are directly connected with high 

serviceability (functionality) and quality (constructional and 

operational properties) as well as economic efficiency.  

The optimal matching of all these trends defines the efficiency 

of materials, i.e. their capability to meet the challenges of 

engineering in the best way on each stage of its development. Thus 

a set of problems of multi-criteria compromise decision-making 

could be formulated also by multi-criteria compromise 

optimization of one and the same class for which to is necessary to 

build an appropriate modern instrument in the process of study. 

According to the information available about the DM's 

preferences, the methods of solving MCDA problems can be 

divided into three main groups:  

1. when the DM is able to give a complete information about 

his/her preference;  

2. when there is not such information available;  

3. when this information is given by the DM in the process of 

solving the problem.  

The criteria thus formulated are directly connected with high 

serviceability (functionality) and quality (constructional and 

operational properties) as well as economic efficiency.  

The optimal combining of all these trends defines the 

efficiency of materials. The optimal matching of all these trends 

defines the efficiency of materials, i.e. their capability to meet the 

challenges of engineering in the best way on each stage of its 

development. Thus a set of problems of multi-criteria compromise 

decision-making could be formulated also by multi-criteria 

compromise optimization of one and the same class for which to is 

necessary to build an appropriate modern instrument in the process 

of study.  

With the problems in the field of material science, the DM 

does not have information about his/her preference and for that 

reason the methods developed within the first group cannot be 

used.  

The second group of methods is characterized by generating 

the whole set of effective solutions. The set of effective solutions is 

presented partially or entirely by the DM. Such methods are: the 

method of weight coefficients or Р problem [4],[5],[6], the method 

of limitations [7],[8]; the method of weighed Chebishev's standard 

[9]. These methods are able to generate the whole set of effective 

solutions of the MCDA. However, their disadvantage lies in the big 

calculation resources necessary for generating and the impossibility 
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or difficulty of the DM to choose a solution from that set. 

However, they serve as a base of the interactive methods.  

The third group of methods does not require knowledge on the 

function of preference by the DM. They are the base of the 

interactive man-computer procedures. The DM interacts with the 

computer (the algorithm set) on the purpose of clearing and giving 

additional information about the way of reaching a compromise 

decision.  

The methods consist of three basic steps:  

1. Giving the DM’s requirements;  

2. Finding a compromise solution;  

3. Checking if the solution found satisfies the DM.  

These methods have been developed most intensively for the 

past few year and are the base of further studies on the problem of 

MCDA. 

The method of limiting planes [10]  is very useful for the 

peculiarities of the problems in the field of material science. This 

method can be examined as a variation of the method of the 

admissible destinations. The methods of this class are unique with 

the approach, which they use to find the best compromise decision. 

They reduce the area of criteria iteration reflecting the planes and 

thus eliminating the stage of looking for a destination. Here precise 

information about trade-off coefficients is required.  

 

3. APPROACH TO SOLVING MULTI-CRITERIA 

PROBLEMS IN THE FIELD OF MATERIAL SCIENCE.  
The multi-criteria approach [10] proposed is characterized 

with the peculiarity of defining only one effective point of the 

whole set, which, according to its nature, turns to be fully sufficient 

for the different processes examined. That solution is characterized 

with the peculiarity of the problem class being solved and the 

solutions are with the highest thresholds of the quality indices 

examined. Their determination is usually assisted by the nature of 

the multi-criteria problem defined by the regression models of 

particular parameters of quality. In the field of material science, the 

latter require relatively one and the same preferences to all criteria 

as a whole. The solution presented meets the requirements 

mentioned and corresponds to the maximal effective point. It is 

determined after the discretization of the variables with certain 

exactness and building a transformation containing the lowest 

value of the criteria examined.  

Applying this computation technology, technological 

solutions important for a number of technologies have been 

obtained and proved in practice [11]-[14].  

The approach has been developed in the form of suitable 

software [10] that automates the calculations and determines the 

solutions necessary in a extremely easy way.  

Before being visualized, the criteria have been put on a 

normally distributed scale by finding the discrete extremes and 

excluding the areas where the function has infinite or indefinite 

values. The movable limits move along this scale filtrating the 

visualized multi-dimensional spaces and giving a possibility to 

focus exactly on the decisions, which the researcher is interested 

in. The multiple criteria approach is used to visualize the numerical 

transformation of criteria and this visualization is called a filter. 

Experiments have been made with geometric mean, arithmetic 

mean, max and min filters and all decisions found out by these 

filters are non-dominated. The approach visualizes the symbolic 

data, transforming it into geometric information that helps to form 

a real picture of the data. The movable limits are a tool, which is 

used to focus on some details of the picture, thus finding the 

decisions looked for. The approach helps the decision-maker to get 

access to the limits as much as possible from the point of view of 

criteria. This information aids the participation of the decision-

maker’s intuition towards the problem and helps him/her to 

identify and fulfill the aim intentionally  

 

In previous studies, team members conducted research that is 

summarized in Fig. 1 - Fig.4. 

 

References.  
1. Zeleny, M., “Linear Multiobjective Programming”, 

LNEMS, vol. 95, Springer Verlag, Berlin, (1974).  

2. Steuer, R., “Multiple Criteria Optimization: Theory, 

Computation and Application”, John Wiley, N.Y., (1986).  

3. Rosinger, E., “Interactive algorithm for multiobjective 

optimization”, Journal of Optimization Theory and Applications, 

vol. 35, No. 3, (1985).  

4. Geoffrion, A. M., “Proper efficiency and the theory of 

vector maximization”, J. of Mathem. Analysis and Appl., vol. 22, 

No. 3, pp. 618-630, (1968).  

5. Geoffrion, A. M., “Strictly concave parametric 

programming. Part I Basic Theory”. Mgmt. Sci. No. 13(5), pp. 

244-253, (1966).  

6. Geoffrion, A. M., J. S. Dyer, and A. Feinberg, “An 

Interactive Approach for Multicriteria Optimization with an 

Application to The Operation of an Academic Department”, 

Management Science, 19, pp. 357-368, (1972).  

7. Bacopoulas, A., I. Singer, “On convex vectorial 

optimization in linear spaces”. J. Optimization Theory and Applic. 

21, pp. 175-188, (1977).  

8. Yu, P. L., “Cone convexity, cone extreme points, and 

nondominated solutions in decision problems with 

multiobjectives”, Journal of Optimization Theory and 

Applications, No. 49, pp. 430-468, (1974)  

9. Bowman, V., “On the relationship of the Chebishev’s norm 

and efficient frontier of multiple-criteria objectives”. In: Thiriez H., 

S. Ziontis (eds.) Multiple criteria decision making (LNEMS vol. 

130), Springer, Berlin, pp. 76-85, (1976).  

10. Tontchev, N. T. & D. L. Dimitrovski.(1997) Software 

Providing of Compromise Optimization of Technology processe, 

Scientific Collections , Vol.1, Aviation and Spaceship, pp.583-589.  

11. Toshkov. V., Tontchev, Ziumbilev. A.On Some Aspects 

of Minimizing the Energy Expenses at Nitriding of Steels in Glow-

Discharge, Jubilee Scientific Session on 50th anniversary of the 

Technical University in Sofia, 1995, pp.32-36 /in Bulgarian/.  

12. Dragolov D. N. Tontchev, Multi-factor Optimization at 

Technological Regimes Allowing Maximum Precipitation of 

Manganese and Nickel in Electrolytic Iron – Manganese – Nickel 

Coverings, Proceedings of the Maritime Scientific Forum, Varna, 

Volum 1, 1996, pp. 272-277 /in Bulgarian/.  

13. Tontchev, N., Toshkov, V & A. Zyumbilev. Multi-Criteria 

Approach and Computer System of Defining Properties of Alloys 

Processed Thermally and Chemically-and-Thermally, Proceeedings 

of АМТЕСН, 97 Scientific Conference, Gabrovo, 1997, pp. 175-

182 /in Bulgarian/..  

14. Tontchev, N. & G. Valtchev. Multicriterial Optimization 

of the Properties of Plasma-Spraued Coatings, Proceedings of 

Transcom’ 97, University of Zilina, pp. 241-244 

15. Dimitrov D., Implementation of Contemporary 

Technologies in Virtualization and Construction of an Information 

Cloud of Systems for University Needs in the Field of Transport 

Education, , Proceedings of International Conference on 

Application of Information and Communication Technology and 

Statistics in Economy and Education – ICAICTSEE-2014, UNWE, 

Sofia, 2014г. 

16. T.Razmov Т., D. Dimitrov , Laboratory Exercise and 

Course Design on "Project  Management" - Third Edition, Todor 

Kableshkov University of Technology, 2012.

 

 

 

 

596

INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS." WEB ISSN 1314-507X; PRINT ISSN 1313-0226

YEAR XI, ISSUE 12, P.P. 595-598 (2017)



 
 

Fig 1. Electrolyte coats on worn-out details done by iron-covering [12] 

 

 

 

 

 
 

Fig. 2. Homogeneous-making thermal treatment of casted aluminum alloys developed for American Eagle Wheel Co. /Ordered 

Company Survey/ 

597

INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS." WEB ISSN 1314-507X; PRINT ISSN 1313-0226

YEAR XI, ISSUE 12, P.P. 595-598 (2017)



 
Fig 3.  Coats obtained by plasma pilling [14] 

 

 

 

 
Fig 4.  Ion-nitriding treatmentin low-temperature plasma of tool steel  [11, 13] 
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