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 Abstract - This paper describes an application of fuzzy set theory 
to real problems. These problems refer to concepts, policies, 
strategies and techniques of quality systems of industrial and services 
organizations. The paper focuses on the quality evaluation process 
used to verify if the quality level of productive processes, products, 
services and general resources (mainly human resources) are 
reaching better values. The parameters and criteria from the National 
Brazilian Quality Award are used as a reference. Basic concepts of 
fuzzy set theory were applied to these concepts and criteria. So it was 
possible to define a more adequate way to evaluate almost 40,000 
organizations, which are submitted, annually, to the evaluation 
process to conquer the Award. The obtained results show the 
theoretical and practical adjustment of fuzzy sets to quality systems 
and quality evaluation processes.  
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I. INTRODUCTION 
Evaluation is a process only applicable to functions, 
structures, mechanisms or situations which are dynamic, since 
it determines if there is progress in their actions. And also 
because it exactly tries to detect if progresses have occurred - 
i.e., improvements according to a certain parameter or a given 
referential - the evaluation just makes sense if it is applied to 
accompany the evolution of these elements. All these 
characteristics are applicable to the quality systems 
management. If considering quality concepts, it is evident the 
need of executing the quality evaluation not only because it 
emphasizes the continuous improvement, but also because it 
highlights how to reach these improvements: through a quality 
planning, whose development and application is analyzed in 
an evaluation process [1].       
 It has been easy to list reasons that justify the need and 
opportunity to develop, in a permanent way, the quality 
evaluation [2]. It can be identified general reasons: the quality 
importance requires a careful accompanying of its production 
process. It can be identified practical reasons too: the large 
number of variables which interferes in quality development 
requires a permanent analysis of the process, mainly because 
there are new elements appearing in the scenery [3]. The 
quality is evaluated because it is a subject of high relevance 
for the organizations survival. These arguments justify the 
need of evaluating Quality Management, it means, the process 
which makes the evaluation feasible, usually, in a system 
environment [4]. 

 If it is not difficult to justify the execution of Quality 
Management evaluation, the same does not occur to strategies 
utilized to do that. In fact, Quality Management has 
characteristics that often make complex the evaluation activity 
in the best way. Among these characteristics the following 
ones can be listed: (1) the Quality Management evaluation is 
not fixed in its actions, or decisions, but in the results they 
determine. It means that always exist clear and concrete 
indicators which can be used to determine if the Quality 
Management is considered succeeded or not. It also means 
that Quality Management has compromises with the results; 
(2) the range of Quality  Management evaluation is 
considerable - it includes not only the organization and its 
production processes, environments, objectives, people, but 
also suppliers, behaviors related to the concurrence and, 
mainly, it involves clients. Therefore, the evaluation can 
emphasize the internal area and the external area of the 
organization. The external environment (clients, suppliers and 
competitors) is, at the same time, the most important and 
complex. Finally, it must be considered the own Quality 
Management evaluation; (3) There is a large diversity of 
strategies to develop the Quality Management evaluation. The 
task of select the most adequate strategy to each situation 
tends to be a refined and relevant task; (4) Quality 
Management evaluation is a recursive process by excellence. 
Evaluation always is oriented to the client’s attending. From 
this point, the evaluation turns back to the organization giving 
attention to every element that can contribute to such objective 
- as the  productive processes, the people, the equipment, the 
sector targets, the environments, the support activities, etc. 
The suppliers are also included, since they are the extension of 
the productive process.     
 These elements give a methodology outline to Quality 
Management evaluation, exactly according to the 
characteristics that better identify it (differentiating it from 
other evaluations). In this paper, the following elements 
compose this methodology: (1) Quality Management 
evaluation is a process having wide objectives, involving the 
organization and its action in the environment. In order to 
reach this objective, specific indicators are always used. These 
indicators include sectors, areas, processes, functions, 
activities and, finally, individual and group contributions; (2) 
Evaluation starts from some parameters applied to the parts 
that compose the organization; after, aggregation methods are 
used and a global parameter is defined, which evaluates the 
whole organization. It can be observed that the methodology 
starts in the parts and finishes in the whole, with individual 
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parameters being aggregate gradually; (3) Evaluation 
parameters have critical importance in the whole evaluation 
process. Fundamentally, the basic parameter utilized will be 
the one from the relationship stimulus-answer. It is considered 
that, to each Quality Management action, resultant from basic 
decisions whose characterize and classify its way to act, 
corresponds a result, as a consequence of the stimulus that the 
action has produced in a group of organization resources; (4) 
Evaluation models proposed here consider that actions 
generate stimulus that does not always follow the same rules 
and does not always produce results in the same intensity. It is 
also considered that it is not always observed clear 
proportionality between the inputs and the consequences 
derived from them. The models have proposed proceedings in 
which this proportionality has not been consolidated. 
 Therefore, Quality Management results originate from 
individuals processes of stimulus-answer. These processes are 
evaluated by indicators, aggregated later according to well 
defined parameters. The final aggregation determines the 
global result.       

II. STRUCTURE OF THE QUALITY  EVALUATION PROCESS 
Quality Management has specific characteristics. From these 
characteristics it was defined some points that identify a 
methodology to evaluate the Quality Management. Based on 
these two sets - characteristics and methodological 
proceedings - it were proposed several models, that integrate 
the global evaluation system, centered in the analysis of 
Quality Management reflexes in the organization. It will be 
presented just one model here. 
 It was used, basing on the evaluation system we are 
proposing, the global parameters and criteria of the National 
Brazilian Quality Award and the methods proposed from the 
Award indicators. These methods try to measure Quality 
Management evolution in Brazilian companies.   
 The National Brazilian Quality Award has seven 
categories. Each one of them is composed by a variable 
quantity of items, totaling twenty eight items receiving 
punctuation. These categories are:  
1. Leadership: it involves (1.1) high direction leadership; 

(1.2) management for the quality and (1.3) public 
responsibility and the relations of the enterprise with the 
social community;  

2. Information and analysis: it involves (2.1) range and 
data and information management about quality and 
performance; (2.2) comparisons with the concurrence and 
also with  excellence references; (2.3) analysis and use of 
data;  

3. Strategic planning and Quality: it involves (3.1) 
strategic planning process of quality and performance of 
the enterprise and (3.2) plans for Quality and performance 
improvement;  

4. Development and management of human resources: it 
involves (4.1) planning and management of human 
resources; (4.2) employees involvement; (4.3) employees 
education and training; (4.4) performance of the 
employees and recognizing them and (4.5) employees 
welfare and satisfaction;  

5. Quality Management  processes: it involves (5.1) project 
and introduction of products and services in the market;  
(5.2) processes management - production and provision of 
products and services processes; (5.3) processes 
management -business and support (to clients) services; 
(5.4) suppliers quality and (5.5) quality evaluation process;  

6. Results obtained related to the quality and operations: 
it involves obtained results (6.1) related to the quality of 
the products and services; (6.2) related to the enterprise 
operations; (6.3) related to the business and the support (to 
clients) services and (6.4) related to the quality of the 
suppliers’ products and services;  

7. Focus on the client and the satisfaction: it involves (7.1) 
clients’ expectation: present and future; (7.2) clients 
relationship management; (7.3) compromise with clients; 
(7.4) determination of the clients’ satisfaction; (7.5) results 
related to the clients’ satisfaction and (7.6) comparison of 
the clients’ satisfaction. 

 Each category has several evaluation items. Each item has 
specific punctuation. The method application includes the 
evaluators and instrument definition; the selection of the 
facilities to evaluate; the evaluation instrument filling from the 
collect of evidences and mechanisms of results summary and 
presentation. Every item is described in details in the Award 
rules and discussed in [5].   

III. FUZZY APPROACH TO QUALITY  EVALUATION PROCESSES 
The described evaluation uses tests. This proceeding can 
suffer restrictions. In fact, the results can not always be 
determined in terms of “attended parameter” or “unattended 
parameter”. Frequently, it is necessary to use a continuous 
scale, expressing positions that are not extremes, but 
intermediate, revealing, for example, if managers or 
organizations present evolution in their basic activities or if 
they are stabilized or even if they seem to recede. 
Undoubtedly, the Quality Management evaluation would be 
strongly impoverished if it would be fixed just extreme values. 
And besides, it can be inadequate to confer just subjective and 
arbitrary grades to the positions that are not identified with the 
extremes. Evaluation would become “fragile” if it depends on 
such grades. At the same time, Quality Management 
evaluation includes several parameters. And these parameters 
must be aggregated. There is no organization that can attend 
in a uniform way every fixed parameter. Besides that, 
deficiencies in some parameters can be compensated by the 
complete attending to other parameters; not well attended 
parameters can not be considered since other elements and 
other parameters are attended in a satisfactory way. Such 
analysis requires, at the same time, the evaluation of 
individual parameters and the evaluation of some general 
parameters, in an accurate way. 
 In order to minimize these restrictions, it is proposed to 
use, in this evaluation system, the fuzzy set theory, whose 
basic concepts are used according to situations in which there 
are parameters that are not completely attended; parameters 
aggregation; comparison among different grades of how 
people or organizations attend some parameters. The basic 
fuzzy set theory concepts used here are those also established 
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by Zadeh and also by the basic technical literature about this 
theory ([6], [7]; [8]). In the analyzing organizations, for 
example, we have: X: set of the organizations under study; x: 
particular organization under study; A: subset of the 
organizations under study which attend a certain parameter A 
(for example: specific investments in Quality); U/A(x): 
membership grade of the subset A (organizations satisfying 
the parameter A).  
 The parameters aggregation is necessary to provide the 
organization evaluation as a whole and even compare it to 
other organizations. In fuzzy set environment, this aggregation 
can be represented by intersection and union operators to 
fuzzy sets defined by parameters which compose the 
evaluation. It can (or not) exist compensation for them. The 
following aggregation models are used in this paper:  
⇒ Non-compensatory aggregation: given the fuzzy sets A 

and B, Zadeh [3] proposes the following operators for this 
kind of aggregation: (1) intersection - min operator 
(selection of the membership grade of the minor value 
among the ones under study) and (2) union -max operator 
(selection of the membership grade of the maximum value 
among the ones under study – [4]).   

⇒  Compensatory aggregation: given the fuzzy sets A and B, 
Zimmermann [5] proposes the following operators for this 
kind of aggregation: (1) intersection - the operator 
involves the membership function product and (2) union - 
the operator is the sum of membership grades and from 
this sum it is subtracted the product resulting from these 
grades. 

 It can be fixed minimal attending conditions for any 
parameter in the evaluation process. To do that it is 
determined a limit L in a way that, if U/A(x) < L, it will be 
characterized the organization or manager deficiency related 
to this parameter. It can be observed that 0 < L  < 1, and if L is 
near to zero, the parameter is taken as not so important; if it is 
near to 1, it is a very important parameter. If this restriction is 
not attended, it does not invalidate the parameter - just 
exposes it as basic organization lack in a given situation.  

IV. EVALUATION MODEL 
In this model the described 28 items are utilized. Each item 
includes four references to be considered, for which it is 
attributed values from 0 to 100 (percentage). Therefore, the 
evaluation provides to the organization a posture according 
many specific situations. Once defined the percentage to each 
item, this percentage is multiplied by the fixed weight. It must 
be noted two evaluation activities: At first the alternative is 
selected and it is given a grade to it. After that, considering its 
weight, it is obtained the “weighted grade”. The maximum 
evaluation value just can be obtained if the maximum weights 
to the 7 areas are attributed. It just occurs if it is selected, in 
every item of each question, the alternatives “d”. As example 
of formulated question, it is considered the first question (1.1.) 
of the area 1: 
AREA 1: Leadership -  
1.1. High direction Leadership 
A. The direction does not take part in the quality leadership; 

the team tries to adopt the quality practicing by itself. 

B. The direction requires that the team adopt the quality 
practicing because other companies has been adopting.  

C. The direction does recognize Quality importance for the 
enterprise’s success and, systematically, gives the example 
in its actions and targets, such as participating in training 
programs, interacting and advising other employees. 

D. Quality practices centered in the client are normally 
divulged and reinforced by the direction. It does not just 
deal with the Quality in its environment: it extends its 
actuation for the whole society. 

 Hence, it is noted that a well defined set of questions 
composes this model. For instance, for the area 1, data are 
showed in the Table 1, below, which describes each item 
percentage. 
 It is used, here, a variable t, associated to 8 basic 
membership functions according to the classification 
described by a variable y. The table 2 describes these 
functions. In the table 3, for the example above, it is described 
the intervals of t, whose selection is made as the original 
model, and the respective membership functions, selected by 
the evaluation process consultants, in the terms of the National 
Brazilian Quality Award. The variable y represents the several 
model situations, in terms of the relationship stimulus-answer. 
It can be observed that:  
1. y > 1 and y ∉ Z (f1 to f4):  The incentive overcomes the 

answer in the interval beginning. After that, the tendency 
is reverted; low reaction capacity to the action taken; 
return higher in the beginning;  

2. y < -1 and y ∉ Z (f5 e f6): The incentive is lower than the 
answer in the interval beginning. After that, the tendency 
is reverted; high reaction capacity to the action taken; 
return higher in the final;  

3. -1< y < 1 and y ≠ 0 (f7  e f8) : It occurs a tendency 
alteration in the interval;  

4. y = 1 (f0): The actual model reproduces the original model; 
the incentive is equal to the answer in every application 
moments; the action capacity tends to be equal to the 
reaction capacity; the same return during the interval and 
(5) y ≠ 1, y ≠ 0, y ∈ Z: The model turns as linear. Here, Z 
represents the integer number set. 

 A team of consultants, hired to analyze the matter, decided 
and affirmed that there were compensatory and non-
compensatory parameters among the 28 items. The paper’s 
author does not agree, necessarily, with these compensations. 
However, here they are accurately transcript, according to the 
list of item 2. Hence, according to item 2, it is considered: (a) 
Non-compensatory parameters: 1.2.; 2.2.; 3.1.; 3.2.; 4.5.; 5.3.; 
5.4.; 5.5.; 6.3.; 6.4.; 7.3.; 7.4; (b) Compensatory parameters 
(the rest) according to the table 4. 
 The same thinking was used in the global parameters 
elaboration. So, the items 1, 4 and 7 were considered non-
compensatory. The item 2 was compensated by the item 3, and 
the item 5, was compensated by the item 6. In fact, the 
consultants judged that the processes of collecting and 
analyzing information are basic for the strategic planning. If 
one of them has occurred, the other can eventually be 
compensated. In the other hand, the process management can 

INTERNATIONAL JOURNAL OF COMPUTERS
Issue 4, Volume 1, 2007

230



  
be evaluated by results. The emphasis in one of them implies 
taking the other into account.   
 We can consider these arguments as discussible. The 
model, nevertheless, aggregated them, by reasons concerning 
the fidelity to the “hired” consultants for the evaluation of the 
enterprises. Resulting from these positions, the model 
aggregation functions are the following:  
 (a) Function to each item: U1/A(t) = min { U1.2./A(t); 
U1.1./A(t) + U1.3./A(t) - (U1.1./A(t)*U1.3./A(t))}; 
U2/A(t) = min { U2.2./A(t); U2.1./A(t) + U2.3./A(t) - 
(U2.1./A(t)*U2.3./A(t))}; U3/A(t) = min { U3.1./A(t); 
U3.2/A(t)}; U4/A(t)=min{U4.5/A(t);U4.2./A(t)+U4.3./A(t)-
(U4.2./A(t)*U4.3./A(t));U4.1./A(t)+ U4.4/A(t) - (U4.1./A(t) 
*U4.4./A(t))}; U5/A(t) = min { U5.3./A(t); U5.4/A(t); 
U5.5/A(t); U5.1./A(t) + U5.2./A(t) - (U5.1./A(t)*U5.2./A(t))}; 
U6/A(t) = min { U6.3./A(t); U6.4./A(t); U6.1./A(t) + 
U6.2./A(t) - (U6.1./A(t) *U6.2./A(t))}; U7/A(t) = min { 
U7.3./A(t); U7.4./A(t); U7.1./A(t) + U7.2./A(t) - (U7.1./A(t)* 
U7.2./A(t)); U7.5./A(t) + U7.6./A(t) - (U7.5./A(t) 
*U7.6./A(t))} 
(b) General Aggregation Function:  
U/A(t) = min  { U1./A(t); U2./A(t) + U3./A(t) - 
(U2./A(t)*U3./A(t));  U4./A(t); U5./A(t) + U6./A(t) - 
(U5./A(t)*U6./A(t)); U7./A(t)} 

V. PRACTICAL APPLICATIONS 
 Two industrial companies were invited, and kindly 
accepted, to make possible the experimental implantation of 
the proposed models. The companies have been actuating in 
the metal-mechanic sector. Their importance is similar and 
they are installed in the same region. Three consultants 
integrate the evaluation commission. The consultants analyzed 
the 28 items suggested by the National Brazilian Quality 
Award to give values to the variable t, basic parameter of the 
fuzzy model. The analysis process was an agreement reunion, 
according to the patterns defined by the Award evaluation 
process. This process, also called “American jury”, given the 
similarity with the USA justice decision model, has 
determined the values of t, listed below. Applying the 
respective membership functions, it was obtained the 
complete table data on table 5.  
   Taking the specified aggregations suggested by the 
consultants into account, it is obtained the following results 
(see table 6) by item and by company.  
 From the last line of the table it can be observed that the 
final result for the company A is 0.4858 and the company B is 
0.2182. Therefore, the result for the company A is better. It 
also can be noted that the critical items are: for the company A 
the item 7 (focus on the client); for the company B, the item 4 
(human resources). It also occurs that the company B has 
other items below the minimum value of A (0.4858) which are 
0.3963 (resulting from the item 7 - focus on the client) and 
0.4135 (resulting from the parameters 5 - Process 
Management and 6 - Results, which were analyzed together 
by compensation). Thus, it can be considered that four items 
put the company B in an inferior position comparing it with 
the company A. Considering a level set, it can be observed 
that most attended parameters are, for the company A, by 

order, the item 1 (administration) and the union of the items 2 
(information) and 3 (strategic planning) and for the company 
B, the single value for a level set 0.7 is the item 1 
(administration). Therefore, it is concluded that the company 
A is superior to the company B and the strong and weak 
points of each one are identified. 

VI. MODEL APPLICATION RESULTS 
 After the model application, each company we have 
analyzed will have a value between zero and one (in the case 
of the example, they got 0.4858 and 0.2182). Results close to 
one indicate good situations; results close to zero indicate 
poor systems and deficient in terms of quality. Knowing these 
results, it can be done what follows: (1) classify the 
companies in an objective form; (2) create groups of 
companies (for instance, the ones that are between 0.6 and 0.8 
- intermediate ones); (3) define individual situations (for 
example: between 0.1 and 0.3, we have enterprises whose 
quality system is in an initial phase of the systemic focus, 
coming from the reaction process toward the prevention 
process; the system application is restrict to some important 
areas of the company and the results present some positive 
tendency). It is also can be defined operation minimum levels 
of the enterprises (in order to accept as suppliers only those 
firms that had grades equal or bigger than 0.6 for example).       

VII. CONCLUSIONS 
 From the model applications in at least 140 real situations, 
we have obtained several interesting practical conclusions. 
Initially, it must be denoted that the idea of applying fuzzy 
sets to Quality Management proceedings came from the 
practical observation. Thus, it is a proposal of strong empirical 
content.  The model operational structure assumed the global 
parameters of National Brazilian Quality Award and the 
evaluation methods proposed from the Award indicators. We 
concluded that the option by this referential has been adequate 
by some reasons: firstly by being a methodology accepted at 
national level, considered as referential for Quality 
Management in Brazil; secondly by being an implantation 
methodology relatively simple; and besides, it is considered an 
adequate method to Quality Management objectives. 
 Analyzing from the practical point of view, the fuzzy 
approach seemed to be, in its use, easier than its theoretical 
outline suggests. It can be assumed that, in the implantation 
process, these theoretical elements become transparent to the 
users, and do not compromise its utilization. And besides, the 
fuzzy logic has easy acceptation, it is not oppose users’ 
intuitive actions. It can be concluded that the fuzzy set theory 
is an adequate, useful and relevant tool to structure quality 
evaluation models.   
 It is possible to diverge from the consultant opinions 
concerning the proposed questions and the evaluations, but 
this is not fundamental, because it is just showed how the 
models operate. We could not observe contradictions and that 
there was relative easiness in the questionnaires filling and in 
the information processing by the consultants. 
 Considering the utilization of fuzzy logic in the models, it 
is observed that some operation natural restrictions became 
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minimized. In the described application of the model, a 
selection process, always subject to errors, is replaced by 
selection mechanisms of the variable t. Even if the selected 
value is somehow mistaken, the model has enough sensibility 
to support short errors and its results do not vary significantly 
if the variable t is in a certain interval. Thus, the chances of 
error are decreased, because it is not probable that the 
evaluator makes some mistake when estimating the interval - 
in this case, the mistake would be very large. And besides, the 
decision taken impact is softened by the membership function, 
which ponders the real influence of each element in the 
management process as a whole. Therefore, the model correct 
mistakes in the decision formulation, by inserting decisions in 
a context which clearly makes evident the relationship 
between cause and effect.  An additional protection given by 
the fuzzy approach to the models is the fact that, in several 
cases, the variable t results from calculations, and not from the 
value selection for this variable. It is possible that these 
performance indicators, added to the aggregation operations, 
are great fuzzy approach advantages. Such approach involves 
the nonlinear focus advantages of Quality Management 
analysis. Among other reasons, by showing that decisions in 
the quality area do not have a clear relationship stimulus-result 
and also that depend on many aspects, as involved elements, 
the context in which the decision is considered, the evaluation 
items and so on. 
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Table 1 – Percentages 
 

Item Percentages Total Question 
A B C D Weight 

(%) 
(Area 1) 

1.1 
1.2 
1.3 

0 
0 
0 

30 
30 
20 

80 
80 
60 

100 
100 
100 

4,8 
2,4 
2,4 

 
 

9,6 
 

Table 2 - Functions. 
 

Variation 
of t 

Y Basic 
Function 

Membership 
function 

0 ≤  t  ≤ 1 y = 1 f0 f(t) = t 
0  ≤ t  ≤ 1 y > 1 and 

y ∉ Z 
f1 
f2 
f3 

f(t) =  (t3)/ (2 - t2) 
f(t) = t3 
f(t) = t2 

0  ≤ t   ≤ 1 y < -1 and
y ∉ Z 

f4 
f5 
f6 

f(t) = t3/2 
f(t) = t1/2 
f(t) = t1/3 

0  ≤ t  ≤ ½ -1 < y < 0 f7A f(t) = 2t2 
½  ≤ t ≤ 1 -1 < y < 0 f7B f(t) = -2t2 + 4t - 1 
0  ≤ t  ≤ ½ 0 < y < 1 f8A f(t) = -t2 + (3/2)t 
½  ≤ t  ≤ 1 0 < y < 1 f8B f(t) = 8/3t2 - 3t + 

4/3 
 
Table 3 - t intervals and respective membership functions 
 

Ranges to t Membership 
function 

Item Answer 
A 

Answer 
B 

Answer 
C 

Answer 
D 

 

1.1 
1.2 
1.3 

0 
0 
0 

0 - 0,3 
0 - 0,3 
0 - 0,2 

0,3 - 0,8 
0,3 - 0,8 
0,2 - 0,6 

0,8 - 1 
0,8 - 1 
0,6 - 1 

f6 
f5 
f3 

 
Table 4  - Compensatory Items 
 

The 
parameter 

is compensated 
by 

Justification given by the 
consultants 

1.1. 1.3. The social sense stresses 
the organization toward the 
Quality adopting. 

2.1. 2.3. The large information 
analysis demands data from 
the company. 

4.1. 4.4. The planning must include 
evaluation and recognizing 
mechanisms. 

INTERNATIONAL JOURNAL OF COMPUTERS
Issue 4, Volume 1, 2007

232



  
 
4.2. 4.3. The human resources 

involvement requires and 
activates education and 
training mechanisms. 

5.1. 5.2. The key processes must be 
defined from the market 
requirements. 

6.1. 6.2. The same above: Process 
results must be measured by 
results in terms of market.  

7.1. 7.2. Well knowing the market, 
the organization can 
determine how to attend it 
(decisions at operational 
level).  

7.5. 7.6. Satisfaction indicators can 
be organized by 
confronting values.  

 
Table 5 – Data 
 

 Company  A Company B 
Item T Membership 

function 
t Membership 

function 
1.1. 0.65 0.8662 0.52 0.8041 
1.2. 0.65 0.8062 0.58 0.7616 
1.3. 0.60 0.3600 0.49 0.2401 

 
Table 6 – Final results 
 

Item Company A Company B 
1 0.8062; 0.9144 0.7616; 0.8511 
2 0.6403; 0.4729 0.5657; 0.3886 
3 0.8963; 0.5362 0.8434; 0.4079 
4 0.8367; 0.8217; 

0.6820 
0.7071; 0.4527; 

0.2182 
5 0.7022; 0.8124; 

0.3583; 0.9372 
0.3536; 0.7810; 
0.2519; 0.7545 

6 0.5314; 0.9434; 
0.9045 

0.2160; 0.9055; 
0.8842 

7 0.8707; 0.8832; 
0.4858; 0.7859 

0.7663; 0.8367; 
0.3963; 0.6875 

General MINIMUM: 
0.8062; 0.4729; 
0.5362; 0.6820; 
0.3583; 0.5314; 

0.4858 
COMPENSATORY 
AGGREGATION: 

0.8062; 0.6820; 
0.4858; 0.7555; 

0.6993 

MINIMUM: 
0.7616; 0.3886; 
0.4079; 0.2182; 
0.2519; 0.2160; 

0.3963 
COMPENSATORY 
AGGREGATION: 

0.7616; 0.2182; 
0.3963; 0.6380; 

0.4135 
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