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Abstract: 

Complex customer requirements (CR) enforce the companies to make cheaper products with better performances on the global market in the shortest time. In that sense, a large number of the companies try to improve their products through anew, variable, innovative or adaptive design. However, old fashion sequential approach to product development is avoiding today. Modern product development concept is based on the product as a technical system. Such a development demands integrated solution and logistic approach through whole product life cycle. Therefore, it is necessary to map specified customer requirements on the particular design parameters (DP). This is arbitrary for the success of the product on the global market. 

Developed model in this paper connects the product as a technical system and designer as the member of the development team in the environment. Proposed decision-making model based on the mathematical formalisms analyses the acceptability level of n variant solutions (VS) related to CR as functional requirements (FR) by two different grading models. 

It is possible to estimate the level of the fulfilment of particular DP for any variant solution referred to different hierarchic structures of the evaluators team. One team of evaluators is organised on the centralised model and the second is based on the antagonistic approach. 

Through this analysis is it possible to rank particular variant solutions and determinate which solution is most acceptable comparing to CR. This model presents how to map CR via DP into VS with the aim that developed product satisfied the market demands identificated in DP extracted from CR. 

* corresponding author

1
Introduction

Evaluations of different design options for a complex engineering product often need to take into account many performance attributes so that the economic and technical aspects of the product can be comprehensively assessed. Design process includes all phases of design task, from initial idea of possible design solution to final solution using needed analysis and synthesis procedures. Design solution presents generated answer of the design process on given design task inside some technical system. In this process transformation, from idea to principally variant solution, interaction between technical system characteristics and process of solution generating is present. Technical system is defined with exterior and interior properties, which are determining the complexity of the influence on the design solution (1, 2, 3(. Interior properties are determining the domain of principled variant solutions, which are managed by designer. External properties present the domain of definition of all design solutions and they are in interaction with interior properties. 

Design process is directed toward connection between functional product’s structure and its shape. The basis for interact connection between function and shape of the product make demands and desires, which are described by words and graphically. Described requirements are defined in the rule as a function and/or functionality. Graphical requirements are defined as a shaped model or as known technical system. Functional demands are accepted and defined as axioms in axiomatic design. Therefore, influence parameters of the design process are defined by axioms. Design parameters are defined as design properties. These design parameters have the influence on the design effectiveness and product development through next properties:

· minimising of all parts of design solutions,

· modul development and modularity princip use,

· using of standard components,

· designed parts have to be multi-functional,

· product design for multi-purpose use,

· design of the product has to be technological,

· simple assembly and disassembly,

· maximising of compatibility and

· single application.

Axiomatic design is presented by three domains, which take completely the part in the flow of the design process. Design process in axiomatic design is usually presented by transformation of customer requirements (CRs) to functionality domain requirements (FRs), domain of physical requirements (DPs) and process variables domain (PVs), as is schematically depicted in Fig. 1 (4(. Axiomatic design enables mathematical formalism of design process. 
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Fig. 1 Design process according to axiomatic theory (4(
The product structure as a design solution is determined by relations between functionality and physical domain, while design process is defined by relations between physical and process domain.

Defined axioms are usually given in matrix form using vector algebra. Design process as interaction between defined domains is given by matrix equation 
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 according to (4(. Axiomatic design theory offers systematic approach to design. In this way formal description of design process is good tool for product development as a technical system. Design process itself begins with design goals defining, which have to satisfy customer requirements set. Continuously information processing between different domains (Fig. 1) creates variants of principally solutions (VS) associating requirements in one domain to the same in the other domain. Each functional requirement (FR) is independent inside its domain. These FRs should be associated to design parameters (DP) in physical domain. The number of possible solutions in creative phase of design for each set of FRs depends on designer knowledge and experience. 

2
Criteria preference model and grades assignment

Most decision problems involve multiple attributes (criteria). Weights may also be assigned to attributes to represent their relative importance. To assess an alternative on attributes, numerical values or subjective judgements can be used to differentiate one alternative from another. In this section, we use a belief structure to describe subjective assessment information. To this purpose, the model for procedural evaluation the importance of some criteria in conceptual phase of design has been developed. Criteria set (Kk) is conditioned by set of design properties (DPs). The grade of any criteria gives the answer about utility level of some design property. Preference of one variant solution to another is based on the criteria assessment. The evaluation model includes complete analysis of all alternatives assessing any particular solution according to the same criteria. This overall assessment should enable us to choose the best quality solution with the highest total grade value. The multiattribute decision analysis demands clear and argued mathematical procedure for criteria selection and grades assignment. Interactive model between variant solutions and criteria set may be presented as in Fig. 2.
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Fig. 2 Relations between variant solutions and criteria set

Each principally variant solution 
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(2.1)

where relation matrix is given by:
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(2.2)

The mapping 
[image: image8.wmf](

)

rk

rk

rk

r

j

j

r

®

 enables us to write equation (2.1) in a matrix form:
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(2.3)

what is proven in (5, 6, 7(.

3
Evaluation grades scale and preferences definition


This chapter defines and describes the scale of grades and preferences as a set of qualitative and quantitative attributes. The assignment of grades and preferences to attributes leads to assessment of goodness of any variant solution. Quantitative attributes may be measured by using exact numbers, while qualitative attributes are those that may not be readily assessed by using exact numbers in the first instance due to their subjective nature. The preference of any criteria is derived from its importance for variant solution. There are more than one evaluation grades scale and according to (8( 26 different scales are tested and compared. 

Generally, the scale of quantitative grades may be given as a set:
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where particular numerical value from the set S for one criteria and one variant solution means the grade of its relation. 

The scale of evaluation grades may be defined as a set of qualitative attributes S ' also:
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(3.2)

The mapping of quantitative values from the set S into set of qualitative values S' is a trivial proof of set elements equality if the next condition is fulfilled:
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(3.3)

The matrix of relations R has the components as the relations between criteria and variant solutions. 

Any grade component (Hij) is conditioned by elements of S i S'(
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. Key role in this evaluation grades model plays the procedure of assignment the grades to attributes, what is usually done by one or more evaluators. Evaluator (E) is in the rule widely educated expert from the multidiscipline team, who is deeply involved in the development of the evaluated product. Each evaluator from the set of n evaluators (
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In this work, two decision models for grade assignment and preferences definition are compared, according to hierarchic organisation structure:

· centralised decision making model (one alone or one before all – unit structure),

· antagonistic decision making model (everybody for itself or one related to all – quasi-satisfied structure).

4
Grading of attributes in centralised model
Evaluators belong to the team with central organised structure, which is composed from two levels: 

- presentation level, which is presented by the leader of evaluators team and

- level of grade analysing, which is presented by evaluators analysts for grade assignment.

The presentation level has the task to unite the common grade of hierarchic structure of evaluators for each evaluation criteria related to some known solution. The level of grade analysing presents substantial character of the model, i.e. all of that what analysts have to know about evaluation problem. Characteristic of this model is an obligation of the evaluator analyst to clear and explain assigned grade to the leader of the team. Between different decision levels an interaction is permanent present with the aim to control are the evaluation rules are following. The validity of the model has to be checked before its application to determinate the consistency in evaluating process.

The relation between grades and evaluators has been performed as a surjection relation, not the bijection. Note that evaluators have not the constraint by choosing the grade type according to proposed scale related to considered evaluation criteria of given variant solution. It means that is possible to have the case where certain number of evaluators give the same grade to some alternative. The final criteria grade is composed from different grade values with different weights. Grade weight factor presents the frequency of appearing of the same grade in evaluation procedure. Generalising such a weight formulation, we can assume a set n of grades 
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(4.1)

It follows by normalising of all evaluators weight factors:


[image: image22.wmf]

 EMBED Equation.3  [image: image23.wmf]

 EMBED Equation.3  [image: image24.wmf](

)

n

i

p

p

p

p

p

p

f

n

i

k

i

n

i

i

,...,

2

,

1

,

...

1

2

1

=

=

+

+

+

=

å

=




(4.2)
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Real numbers 
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 are normalised weight factors of criteria grade for particular variant solutions. Regarding aforementioned expressions the real grade weight of any particular criteria 
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(4.4)

For 
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For 
[image: image33.wmf]k

K

 and 
[image: image34.wmf]r

V

:


[image: image35.wmf](

)

1122

1

...

n

rknrkrkrknnrkiirk

i

QHfHfHfHfH

=

=×+×++×=×

å




(4.6)

Grades matrix for r-variants and k-criteria created from n evaluators and n (
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(4.7)
that is:
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Upper equation could be shortly written as:
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One can conclude that equation (4.9) presents mathematical formalisms in matrix form needed to describe evaluating of k criteria for r variant solutions by n evaluators. 

Taking equations (2.1) and (2.2) into consideration, it is possible to identify the evaluation procedure for any particular criteria and variants as:
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(4.10)
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(4.11)

It is necessary to encircle all decimal numbers by analytical calculation of matrix components. 

5
Antagonistic decision making model

When evaluators belong to the team, which applies antagonistic model of decision making, every member of the team determinate the grades absolutely independent for itself. Are the grades good estimated might be visible assessing the goodness of the variant solution. In this way one incoherent and unconnected team with opposite means is created. 

Characteristic of such an antagonistic model is the freedom of decision making without constraints and mid-phase control. The reasons for incoherency might be different interests to the assessment of evaluated variant solutions, but also cultural, educational, personal etc. reasons inside the evaluators team. 

Each evaluator defines two numerical values for each criteria grade independently:

- the first numerical value presents so-called minimal level (reservation) of grades factor, pointed as 
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- the second numerical value, which presents maximal level (aspiration) of grades factor. This value has to be converged as one desired value, pointed as 
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The matrix of grades on the reservation level is given by:
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        (5.1)

The matrix of grades on the aspiration level is given by:
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Derived grade value presents the arithmetical meanvalue:
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(where are j – the number of criteria (
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This solution is quasi-satisfied solution, because it presents the compromise in variant solutions evaluation between minimal and maximal grades values. 

6
Conclusions


In this work mathematical formalisms of the goodness of some variant solution toward given criteria in the conceptual phase of product development is presented. Proposed model assures clearly defined procedure for grades assignment, with the aim to rank all variant solutions. Highest value of the grade obtained by evaluation procedure means the best solution. Both presented models of grading make more easily the choice of the acceptable alternative, make the time of product development in the conceptual phase shorter and accept the different structures of evaluators team. Working examples of applying these grading models may be found in the reference (9(.
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