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Abstract. Formed FAM4QS (Fuzzy Aggregation Method for Quality Service (software),
FAM4QS), has been created with modification of LSP (Logical scoring of preferences)
methods and SSSI (Six-Step Service Improvement method used LSP (Logical scoring of
preferences) algorithms. This had imposed a need for the support of the appropriate
software Given that FAM4QS is a new and unique approach to this issue, the proposed
software provides unique computer support for this method. With the support of
FAMA4QS, it is possible for the decision-maker to better demonstrate its own subjective
preferences in multi-criteria decision-making. An overview of a large number of results
allows numerous analyzes of the application of this decision-making method, as well as
an increase in the efficiency of the decision-making process itself. This makes it easier to
analyze and consider their solutions, while at the same time it provides managers to
use this method in deciding in easy way.
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1. Introduction

Companies in the modern market face global competition, but also with demands
for increasing profits, which is happening in times of constant change. In order for
companies to accomplish their task in relation to the mentioned challenges, it is
necessary to invest certain resources in reliable information technologies and in
specific software solutions for the given industrial branch. This also means
reorganizing own business with minimal changes when it comes to profitability and
transparency. (Gajic, 2013). End-user expectations for software services are
increasing.

It is common knowledge that today's society is developing into an information
society. This technology becomes an instrument in the service of information, so
information is knowledge, power, and money.
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The speed and success of the application of information technology will become
the basic factor of the strength and usability of today's managers (Ili¢ et al. 2017).
Managers who decide on a day-to-day basis determine and choose ways to solve the
problems they face, which will be in line with the set aims of the organization, but
also taking into account the circumstances in which the business takes place. On that
case, managers use all available sources of information and quality-processed data
on the problem or the conditions in which they need to be addressed, while in the
absence of the necessary information they rely on intuition and experience.

Professor Oldcorn in his book states that "managers must make decisions - that is
their responsibility”, according to which the decision-making phases are the
following (Oldcorn, 1998):

1. Identify the problem that needs to be solved

2. Discover the facts and find the cause

3. Develop some of the possible solutions to the problem

4. Narrow the choice of the alternative direction of action

5. Make a decision

6. Implement the decision made

7. Analyze the consequences of this solution.

The rapid development of information systems and computer technology,
introducing the decision making in the presence of a larger number of the most often
conflicting criteria. The specific approach to the application of information systems
in decision-making has imposed a decision support system that, together with expert
systems, provides support for decision-making.

Practical managerial problems set different and diverse requirements, often with
different relative significance, differently sensitive to changes in input and output
sizes. Therefore, managerial decision-making requires the application of multi-
criteria decision-making methods. A number of different and diverse criteria provide
a more comprehensive and objective picture in accordance with the requirements
that the decision-maker sets. Criteria can appear in different units, often with
different relative significance and different requirements for maximizing or
minimizing. This method makes it possible to better understand the underlying
causes of specific service behavior. Understanding the behavior of service is a key
prerequisite for improving services. The method encapsulates a systematic approach
in a comparative analysis of the defined parameters of each service, with the same
parameters of other services that belong to the same ranking.

In order to remain competitive, it is very important to constantly improve the
quality of software services and be able to meet new needs faster (to be more agile)
(Tomasevi¢, 2017). Below is proposed a software solution FAM4QS that can be used
in continuous improvement of quality.

2. The Method

Formed FAM4QS (Fuzzy Aggregation Method for Quality Service (software),
FAM4QS), has been created with modification of LSP (Logical scoring of preferences)
methods (Dujmovi¢ and Dujmovi¢, 2016; Dujmovi¢, 2018) and SSSI (Six-Step Service
Improvement method used LSP (Logical scoring of preferences) algoritama
(Markovi¢ and Maksimovi¢, 2012). This had imposed a need for the support of the
appropriate software (Tomaseiv¢ et al. 2018). The FAM4QS mathematical model for
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assessing the quality of the service provided is based on operations with fuzzy
numbers (Tomasevi¢, 2017; TomaseivC et al. 2018). By formulating the FAM4QS
method, a more accurate assessment of the quality of the service is done, choosing
different values for degrees in the aggregation used to estimate the parameters, or
groups of system parameters, and the service itself. Also contributing to a better
assessment, which is conditioned by the different nature of the parameters. That
difference implies more or less disjunctively, that is, the conjugacy of the form of the
chosen aggregation function (greater r disjunctive form, less r more conjunctive
form).

Instead of standard real numbers, the model looks at fuzzy numbers and
corresponding operations defined over them shown in (Stevi¢, 2017; Puska et al.
2018; Stevic et al. 2018; Stevic et al. 2019; Chatterjee et al. 2019). Justification for the
introduction, i.e. replacing crisp numbers with fuzzy numbers consists of the fact
that the estimates of the parameters considered in the system are either vague
(imprecise) or can range in a range.

Below is a shown in detail of how to calculate the quality of service using
FAMA4QS.

In experimental data processing, the use of the fuzzy method includes the
following steps:

e e data fuzzification;

e e processing the fuzzy data;
e o defuzzification the results.

The first step shows that data which is vague, for example, about 20%
fuzzification, i.e. we present the fuzzy set (fuzzy number) (Klement et al. 2000). The
second step is to work with these fuzzy objects, for example, the addition of two
fuzzy numbers (Klir et al. 1995). The result of the second step is the fuzzy number,
and it is usually required to answer to the solution of problem be a crisp number, and
in the third step, it is performed defuzzification of that number, that is, assigned a
crisp value.

Depending on the nature of the data, i.e. professional assessments (whether
precisely determined or not) are applied fuzzy numbers and the fuzzy operations of

them, for imprecisely determined or not accurately estimated weights W, on the
following way:

1

A
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The parameter estimation is first calculated using equation (2):

1

T
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A
Wi =(, ,m, ,r,
(qu’ Wig ! qu) joins its & section according

A
€ia = (Ieiq 'mejq ! rejq)

by each of the fuzzy numbers

W, W,
to (Tomasevié, 2017): [ la Jq], and each of fuzzy number

b
joins its section according to (TomaS$evi¢, 2017); 197 "1ad,

* Hk

Now & section of €1 can be calculated by the following way:

a, K ) 1
L * *%k X * *%k j rJ
€= (Z[qu’qu] [ejq’ejq] )7 (3)
o1

After that we using equation (4):
LN k fj i k f i
* *k * * r: *k *k r:
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By applying previous equations formule (1) assessment of service is calculated as
fuzzy value, so the final assessment of service in form of section is:

LIUN k 1
£ =l wi ey ey ]y )
=1
In analogy to the previous use of the rules for working with intervals, we get:
7N k 1 & 1
E=[EE7]=| w6y w7 | ©)
j=1 =t

A

Especially if €iis crisp value equal to €i.

a . R k . ; 1 k — . 1
E=[EE"]=| O wel) (Cw e )|, o
-1 i1

With the FAM4QS method, the ranking of the service from the lowest C, middle B and
highest rank A was done according to the following criterion:

[E"E"]i=1.n,

Observing the mean value interval
1 4 * 1 n **
E:|:_ZEi’_ZEi } (8)
ni= Nz

Adding for example. +10% or £9% (UCL 1.05, LCL 0.95) on left and right border
of interval:
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UCL= 1.1-1iEi*,1.1-12n“E§* ;
L Nz nia

LCL= 0.9-%ZE5,0.9-%ZE;** , 9)
L i=1 i=1

getting the criterion of choosing whether a service belongs to the highest-ranking (A)
or the lowest (C) is obtained. Those services that have a core (dots) (ie & section for

o :1) higher than the right border UCL have the highest-ranking (A), and those
services that have a core less than the left-hand LCL have the lowest ranking (C).
Services with a core within the left-hand LCL and right-hand side of UCL are middle-
level services (B).

3. FAM4QS Implementation

FAM4QS is written in the programming language C#. Defined operators facilitate
basic operations with fuzzy numbers and alpha cross-sections (Figure 1).

public static AlphaSection FromFuzzy(FuzzyNumber fuzzy)
var alpha = new AlphaSection();
alpha_Start = Alphavalue * fuzzy.Middle + (1 - AlphaValue) * fuzzy.left;
alpha.End = Alphavalue * fuzzy.Middle + (1 - alphavalue) * fuzzy.Right;
return alpha;

Y

public static alphaSection operator +(AlphaSection al, AlphaSection a2)
return new AlphaSection(al.Start 4+ a2.Start, al.End + a2.End);

Y

public static AlphaSection operator +(AlphaSection a, FuzzyNumber )

{

var alpha = FromFuzzy(f);
return alpha + aj

gublic static AlphaSection operator +(FuzzyNumber ¥, AlphaSection a)

¢ return a + f;

public static AlphaSection operator -{AlphaSection al, AlphaSection a2)
return new AlphaSection(al.Start - a2.Start, al.End - 22.End);

gubnc static AlphasSection operator *(alphaSection al, AlphaSection a2)
return new Alphasection(al.Start * a2.Start, al.End * a2.End);

[)Jublic static AlphaSection operator *(alphaSection a, Fuzrzylumber f)

var alpha — FromFuzzy(f);
return a = alpha;

¥
public static AlphaSection operator *(FuzzyMumber f, AlphaSection a)

var alpha = FromFuzzy(f);
return a * alpha;

¥

public static AlphaSection operator *(AlphaSection a, double d)
return new AlphaSection(a.Start * d, a.End * d);

public static Fuzzyhumber operator *(FuzzyNumber fuzzy, double score)
var res = new FuzzyNumber();
res.Left = fuzzy.Left * score;
res.Middle = fuzzy.Middle * score;
res.Right = fuzzy.Right * score;

return res;

¥
public static Fuzzyhumber operator +(FuzzyNumber fl, Fuzzyhumber f2)

return new FuzzyHumber(fl.Left + f2.Left, fl.Middle + f2.Middle, f1.Right +
f2.Right);

Figure 1. Basic operations with alpha sections and fuzzy numbers

Basic operations include: addition, subtraction and multiplication. For example,
the addition of an alpha cross-section with a fuzzy number is done by converting the
90
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first fuzzy number into an alpha cross-section, and then the operation of the addition
of two alpha cross-sections is performed, which collects the initial boundaries of the
interval with the initial, that is shown in Figure 2.

public static AlphaSection operator *(FuzzyNumber f1, Fuzzylumber f2)

1
AlphaSection res = new AlphaSection();
res.5tart = fl.Left * f2.left + AlphaSection.AlphaValue * (fl.Left * f2.Middle - 2.0
* fl.Left * f2.Left + f2.Left * fl.Middle) + Math.Pow(AlphaSection.AlphaValue, 2.0)
* (fl.Middle - fl.left) * (f2.Middle - f2.Left);
res.End = f1.Right * f2.Right + AlphaSection.Alphavalue * (f1.Middle * f2.Right -
2.0 * fl.Right * f2.Right + fl.Right * f2.Middle) +
Math.Pow(Alphatection.AlphaValue, 2.@) * (fl.Middle - fl.Right) * (f2.Middle -
f2.Right);
return res;

public static AlphaSection operator *(AlphaSection alpha, double pow)

1

return new AlphaSection(Math.Pow(alpha.Start, pow), Math.Pow(alpha.End, pow));
h
public static Fuzzylumber operator *{FuzzyNumber fuzzy, double pow)
1

var res = new FuzzyNumber();

res.Left = Math.Pow(fuzzy.Left, pow);

res.Middle = Math.Pow(fuzzy.Middle, pow);

res.Right = Math.Pow(fuzzy.Right, pow);

return res;
I

Figure 2. Complex operations with alpha cross-sections and fuzzy numbers

private wvoid CalculateFaM4Qs()

CollectScores();
war subgroups Groups .Keys.Where(x => !x.Equals{Const.MainGrouphName)}).ToList(};
Fforeach {(war subgroupName in subgroups)

wvar subgroup = Groups|[subgroupName];
wvar selectedR = subgroup.RList.Where(x => x.IsSelected).Tolist():
if (selectedR.Count <— @)

return;

¥
var services = subgroup.Services;
foreach (var service in services.Walues})
i
service.KrispCalculation.Clear();
service.FuzzyCalculations.Clear();
foreach (var r in selectedR}
if (subgroup.kWeightType == NumberType.Krisp)
{
KrispweightCalc(service, r, subgroup.Weights);
else
FuzzyWeightCalc(service, r, subgroup.Weights, subgroup.ScoreType);
¥
¥
¥
List<List«string>> combinations = new List<list«string>>();

Fforeach (var group in Groups.Values)
combinations.add(group.RList.Where(x => x.IsSelected)
.Select(x => x.DisplayName)
~Tolist()):

Console.WriteLine{combinations);
var product = combinations.CartesianProduct();

Figure 3. Calculation of FAM4QS method
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Method Calculate FAM4QS () calculating imprecise data in a way that
CollectScores () collecting the values of the ratings entered by the user in the rating
table (Figure 3). var subgroups = Groups.Keys.Where(x =>
Ix.Equals(Const. MainGroupName)). ToList(); is a code that filters all the groups and
only names the subgroups. With these names, for loops, it goes through all
subgroups. First, check whether the user has selected r values for each subgroup. If
not, the error message is printed and the code execution is stopping.

If the check r value is passed, the code continues by going through all the services,
using the other for the loops. First, all previous calculations are canceled. Then, the
third for loop goes through all the selected r values.

Depending on the selected weight type (Crisp or Fuzzy), the estimation of each
subgroup is calculated. By calling the CartesianProduct method (), combinations of
selected r values are obtained for all groups.

using (SaveFileDialog saveDialog = new SaveFileDialog())

saveDialog.Filter = "FAMAQS Data|*.tfcd”;
saveDialog.Title = "Save data to file";
saveDialog.ShowDialog();

[/if (saveDialog.FileName != null)
if (!string.IsNullOrEmpty(saveDialog.FileName))

f/if location is valid, save data as blob
var fs = (FileStream)saveDialog.OpenFile();
Tools.SaveObject(Data, fs);

fs.Close();

Stream myStream = null;
OpenFileDialog openDialog = new OpenFileDialog();

openDialog.InitialDirectory = "c:\\";
openDialog.Filter = " FAMAQS Data|*.tfcd”;
openDialog.FilterIndex = 2;
openDialog.RestoreDirectory = true;
if (openDialog.ShowDialog() == DialogResult.OK)
try
if ((myStream = openDialog.OpenFile()) != null)
{
using (myStream)

Data = Tools.LoadObject<DataHolder>(myStream);

¥
¥
catch (Exception ex)
{
MessageBox.Show("Error: Could not read file from disk. Original error: ™ +
ex.Message);
i

Figure 4. Save and loading data
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The standard way of storing objects in a file in the C # programming language is
specified in the Windows Forms environment, as well as loading them from files
(Figure 4).

The first step defines the number of services that are evaluated and the
percentage accuracy of the results is entered (Figure 5).

|5+ FAMAQS PRD Milovan Tomagevid

Start Services Walues fw.e.r) Results Help

Formula FAM4GS ~ Settings

MNo. services Uneti broj serivsa

Load previous Save data

Figure 5. Entering initial data
In the example, it is shown case for three services and a probability of accuracy of
90% (Figure 6).

%) FAMAQS PRD Milowan Tomagevid

Start Services Values fw. e.r) Results Help

Farmula FAM4GS ~ Settings

Blpha 0.9

Load previous Save data

Figure 6. Example of entering data
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In step 2 (Figure 7) we enter the names of the services we want to compare.
FAPALCS PhD Milovan Tomagevic

Stat  Services  Values (w.e.r) Resuts  Help

Mo. Mame

1 Ime servisa 1

Ime servisa 2

Ime servisa 3

Figure 7. Entering the names of the services

In step 3 (Figure 8), the parameter values for the groups are selected, whether the
correct value or the fuzzy number.
FAMAQS PhD Milovan Tomasevié

St Services Valuesw.e.) Resuts Help

Middle Right Parametar Ime servisa 1 Ime senvisa 2 Ime senvisa 3

Replaceabity - Very Sirong - D++
Replacesbilty - Strong - D+
Replaceabiity - Medium Strong - D+ |5,
Replaceabity - Medium - DA
Replaceabity - Medium Weak - D+ |2,
Replacesbilty - Wesk -D-
Replaceabilty - Very Weak - D~
Neutralty - A

Simukanedty - Very Weak - C-
Simulanety - Wesk -C-
Simuttanety - Medum Weak - C+
Simutanety - Medium - CA

Ly ! V

OooOooooooooOono

Figure 8. Selection of the parameter type

In step 4 (Figure 9), group parameters are entered.
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FAMAQS PhD Milovan Tomasevic X
St Senices Vaes (w2, Resuts Hep

Middle: Parametar Ime servisa 1 Ime servisa 2

Replaceabity -Very Strong - D+
Replaceabity - Strong - D+
Replaceabity - Medum Stong - Ds- 5,
Replaceabity - Mediun - DA
Replaceabiity - Mediun Weak -D+
Replaceabilty - Weak - D-
Replaceabilty - Very Weak - D-
Neutralty - A

Simuanety - Very Weak -C-
Simutanety -Weak - C-
Simutanety - Medium Weak -C+
Simutanety - Medum -CA

V

Figure 9. Entering parameters for groups

New parameter

Phrametar 1

L]
]
]
O
]
O
]
O
]
[}
]
]
a

In step 5 (Figure 10), values for the parameters are entered.

FAMAQS PhD Milovan Tomatevic «

Sist  Senvioss Vaes (w.e.) Resuts Hep

ey
Neme: Left Vidde Right Ime servisa 1 Ime servisa 2 Ime servisa 3 ect

Parametar 1 [os Parametar 1 u st -D=+00 =

Parametar 2 [0 |Repiaceabiity - Very Strong - D+ | 20,63
[0 | Replaceabilty - Sirong - D+ 9521
[0 |Replaceabilty - Medium Strong - D+ |5.802
[ | Replaceabllty - Medium - DA 3929
[ | Replaceabiy - Mecium Weak - D 2752
[ | Replaceabiity - Weak - D- 2018
[0 |Replaceabity - Very Weak - D~ |1498
O | Neutraity - A 1
[ | Smultanety - Very Weak -C~ 0619
[ | Simuktancty - Weak -C- 0261
[0 | Simutansty - Medium Weak -G+ | 0.148
[J | Simdtanety - Medium -CA 72

Lz s x

Figure 10. Entering values for parameters
In step 6 (Figure 11), a parameter is selected for entering data into subgroups.

FAMA40QS PhD Milovan Tomasevié

Stat  Services Values{w.e.) Resuts Help

=== <] wsum: 1

up
Parametar 1
Parametar 2

Parametar 2 ¥ . D.45 Parametar 2

| | e | == <

Figure 11. Selection a parameter for entering data into subgroups
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In the seventh step (Figure 12), the selection of the type of parameter in the
subgroup is made.

FAMAQS PhD Milovan Tomagevic

Thart Services Values fw, e, 1)  Results Help

|Pﬂ'i-nd.ﬂ'1 Vl wosum: 1

Middle

[Crisp w

&7
¢

Figure 12. Selection the type of parameters in the subgroup

In the eighth step (Figure 13) subgroup parameters and assign values are entered
(Figure 14):

e e« weight coefficients for parameters,
e e cachservice is evaluated by this parameter and
e e values forr are selecting.
The values for r are taken from the nature of the data, which is explained in more
detail in the previous section.

FAMAQCS PhD Milovan Tomagevic

Stat  Services Values (w.e.r) Results Help

| Parametar 1 | wsum: 1

Middle i Parametar

Parametar 11 Parametar 11

Mew parameter

| Phrametar 12

Add | ‘ Rem ‘ Fuzzy w ~ Crisp &

Figure 13. Entering parameters in a subgroup

96



Application solution to the stage of aggregation method for assessing the quality of service
provided

FAMA4QS PhD Milovan Tomagevic
Stat  Senvices Vaues(w.e.) Resuts Help

wsum: 1

Ime servisa 1L Ime servisa 1M Ime servisa 1R

Parametar 11

|

Replaceabily - Very Strong - Do~
Replaceabity - Strong - D+
Replaceabiy - Medium Strong - D+~ | 5.
Replaceabity - Medium - DA
Replaceabity - Medium Weak - D+
Replaceabity - Weak - D-
Replaceabity - Very Weak - D
Netralty -A

Simutanety - Very Weak - C-
Simutanety - Weak -C-
Simutanety - Medium Weak -C+
Simultanetty - Medium - CA

V

Figure 14. Assigning values to parameters from a subgroup

DEO0OD0OMRKOR’ O

This process (step seven and eight) is repeated for other groups of parameters.
When finished, click the Calculate button. In the ninth step, results are obtained as all
combinations of selected values for r. In relation to the data type, results, fuzzy
numbers (Figure 15) or intervals are obtained (Figure 16). The mean value of the
fuzzy number is the mean value - crisp.

FAMAQS PhD Milovan Tomasevic

Stat  Senvices Values fw,e,r) Resuts Hep

pe b P e e 1 Ine senisa 2 tne seisa 3

DeDeC- | (DAGTSGNBRROIEND 05, 05ITIGRNTTIONGY) (0 46ISSI96662512, 05, OSTTIRFTITIONKE) |0 AGTEQA0SGEGIB12, 05, 0517363117190269)
2 DeDeC | (LGTSS3SGEGINIZ 05 05ITIRIITIONNY () AGISGAOSGRINIZ, 05, 05ITIRIIITIONGD) |(L46TSS3OSGRGISIZ, 15, 051736 ITISNED)
3 DeDeCe | (LGTSSSGEIINID 05 05ITIRIVITIONGS) () AGISSROSGROETY 05 0SITIRIIITIONGD) | (1ASTSSISGRGILS, 05, 0 51TIRINITIONES)
4 D-+D+C- (0.461593956693532, 0.5, 0,517363117130268) {0.461593956653532, 0.5, 0,517363117190268) | (0,461593956633532, 0.5, 0,517363117130268)
5 [DeDeC | DAGTSNGGEGISN 05, DSITRIIITIONGY (D AGISSAHRAIED 05 DITIENITIONGE | (0A6B90966693522, 05, 5I7IBTITIANS8)
€ DeDeCe  (Gtosisacealn 05 05ITEEEIITIONG) | (LAGISSRSGGESNSII, 05 DEITRGRIITIOUEY) | (L4GISOIUSEESI 05, DITEERITIONEY)
7 DeDAC- | (LGTSSIOSGEGISIZ 05 05ITIRIVITIONGE) | GISSA0SGROEI2, 05 0SITIRIIITIONGD) | (1ASTSSAOSGRGISIZ, 05, 0 51TIRNITINED)
b D-+DAC- (0.461593956693532, 0.5, 0,517363117130268) {0.461593956653532, 0.5, 0,517363117190268) | (0,461593956633532, 0.5, 0,517363117130268)
9 |DeDACe | DAGTEOGGEGISN, 05, DSITRIIITIONGY () AGISSASHRACEDD, 05 05ITIGINITIONGD | (46929666952, 05, 5I7TTTIAN80)
0 DDt (LATESETIRNNS5, 05, 0E24IBISEITT6T) (0 AATRERRTOROAS5, 05, DEOMIGIGRITTIGAY |(LAATGSGR7SR0SS, 05, 0S2AIRISEZTII6T)
TS (4765087920895, 05, D524IQIS6OTTO6T)|(0A47GERQTSRINGS, 05, 0SD4TGITTTIEAY) | (A4TGSARTSZOADS, 05, D54IGISR2TTEGAY)
12 D-D+C+ (0.,44765887920895, 0.5, 0,524181562772641) {0,44765887920895, 0.5, 0.524181562772641) (0,44765887920895, 0.5, 0,524181562772641)
1 DDeC- | (0ACRSIGTN 05 0SHIBISGITIIG) |(0ATESOGTIRONO5, 05 0S4IBISKITIIGY () ALTGSERTO20685, 05, 0EHIBIEG2TTIGNT)
e v

Figure 15. Results - fuzzy number

[ FAMAQS PhD Milovan Tomazevic

x

Sl | Services Vaues fw.e.r) Rewuks | Help

Ime servisa 1

Index i Parametar 1, e servisa 2 Ime servisa 3
Do DG [0478011885553268. 0.483202294967543] [0.4780118955532685, 0.483202204967549] | [0.47601 1685553265, 0,483202204967543]

2 Deec [0.478011885553268, 0.48320229496 7545) [0.478011885553268. 0.483202294967545] | [0.47801 1895553268, 0.483202294967545]
B DD [0478011885553269. 0.483202294967543] [0.478011805553265, 0.483202204967549] | [0.47601 1685553265, 0.483202204967541
4 DDeC- 10.478011885553268, 0.48320229496 7549) 10.478011885553268, 0,483202294867545) | (0,478011885553268, 0.483202294967549]
5 D (0,478011885553268, 0.483202254967549) (0.476011865553260, 0.483202294967549] | (0.476011685553265, 0.453202254967549]
s 10.478011885553268, 048320229496 7545) [0.478011835553268, 0,483202294567545) | [0,47801 1885553268, 0,483202254967545]
7 [0.470011885553268, 048320229496 7545] [0.470011835553268, 0,483202204567545] | [0,47801 1835553268, 0.483202254967545]
0 [0.47801188.553268, 048320229496 7549) [0.478011885553268, 0,483202294967545) | [0,47801 1885553268, 0.48320229496754]
9 [0478011885553268. 0.483202294967543] [0.476011895553268, 0.483202294967549] | [0.47601 1685553265, 0.483202204967549]
10 [0.463837307962625. 0.47691034736464] [0.46937307952625, 0 47691034736464] | [0.469837307952625, 0.47691034736454]
T o o o 2

0 1o 0 o o I 0, T
1 (0.469837307952625, 047691034736464) (0.469837307952625, 04769103736464) | (0.469837307952625, 0.476910M736464)
Furzy E ~

Savedata Save resits

Figure 16. Results - interval
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In step ten:
e « Ranking services by quality, showing them graphically,
e e Services are evaluated and
e ¢ Analyze the best and the worst.

4. Discussion

Unlike LSP (Logical scoring of preferences), in the newly introduced model here,
instead of the standard real numbers, the fuzzy numbers and the corresponding
operations defined over them are observed. Justification for the introduction, i.e.
replacing crisp numbers with fuzzy numbers consists of the fact that the estimates of
the parameters considered in the system are either vague (imprecise) or can range in
arange.

Similar to the LSP, where individual parameters are evaluated, as well as the entire
service, and here it is taken into account that each of the individual parameters does
not participate equally in the overall assessment, and therefore assign different
weights which are in this model triangular fuzzy numbers. And for the estimates for
individual parameters, the triangular fuzzy numbers are taken, which finally gives
the assessment of the service that is the fuzzy number (it does not have to be
necessarily triangular). For the purpose of this calculation, the apparatus fuzzy
arithmetic was used, ie the display of the results as an alpha cross-section (closed
interval), rather than a crisp number.

By selecting an alpha the degree of confidence in the assessment of the experts for a
particular parameter is chosen, and depending on this, the result obtained is vague.
The final result is mainly corrected by £5% (or 10% depends on the nature of the
parameters themselves) and the obtained interval values (UCL and LCL) that
determine the rank (quality) of the service.

The nature of the results determines the choice of the rank of the service, that is, if
the core is the fuzzy number corresponding to the estimated service, less than the left
limit UCL is assigned the worst rank, and if it is higher than the right limit, the LCL is
the highest ranking. All observed values of service ranges that are between these
borders are of the middle rank.

Numberr which occurs in the formula for estimating parameters as well as the
entire service and determines whether the given rating is more or less pessimistic or
optimistic, which is determined by the nature of the parameters.

In a model developed for parameter estimation, a fuzzy-aggregation function is
actually used, which in its nature works with imprecise data and generates a new
average value from more than one value. Therefore, this apparatus can be used to
model a decision that represents some sort of averaged value from several individual
imprecision decisions made, in any similar decision making where imprecise data
enters. The disadvantage of this model is that the result is not precise, but it is also a
result of the imprecision of the experts judgment.

5. Conclusions

Forming FAM4QS, imposed a need for the implementation of the appropriate

software for its support, which was the goal of the software application of this work

as well as the improvement of the support system for multi-criteria decision-making.
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Application solution to the stage of aggregation method for assessing the quality of service
provided

The software developed in this paper had the basic goal of automating the FAM4QS-
based calculation based on aggregation functions. In this way, a qualitatively new
approach to the FAM4QS budget is provided, and at the same time an analysis of the
solutions obtained by this software solution. In addition to the calculation, the
software provides a display of comparative results obtained by changing the
parameters r over certain groups and subgroups of the given service. This enables
the analysis obtained based on different parameter values r (whether the given
rating of a particular service is more or less pessimistic or optimistic, which is also
determined by the nature of the parameters).

The contribution of this application solution is reflected in a more faithful reflection
of reality and increasing the quality of decisions made, making this process faster
and more efficient. Also, the software solution is reflected in the possibility of direct
application of the developed software and providing new information for the
scientific and professional public, which can represent a quality basis for further
development of the model for decision making.

The presented solution is general and with certain settings and a higher level of
integration can be applied in different decision areas.

Research has shown that there are certain constraints that require attention and
should be the subject of further research in the future:

1) Extension and testing of methods with a larger number of parameters
2) Application of neural networks

3) Developing a web system that would make it easier to make a decision,
or whose result would not be a number, but a clear report based on a
large projection of parameters and knowledge base (the current state -
the standard).
In a mathematical view, the given model can be changed in several directions:

e By changing the aggregation function - one can observe a function that
depends not only on one parameter I', but more than that of which we can
adjust the criteria for evaluating the service.

e Presenting values not as triangular but as trapezoidal fuzzy numbers.
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