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ABSTRACT

This article considers the use of fuzzy logic to support the evaluation of
project status. A brief description of fuzzy set theory, fuzzy logic and the
process of calculation is given. The major goal of this paper is to present
an expert decision-making fuzzy model for evaluating project status. The
model results from the application of the Fuzzy Logic Toolbox. This fuzzy
model is based on two basic indices, schedule performance index (SPI) and
cost performance index (CPI), of earned value management (EVM). The ad-
vantage of the fuzzy model is the ability to transform the input indices SPI
and CPI into linguistic variables, as well as linguistic evaluation of over-
all project status (output). With this approach it is possible to simulate
the risk and uncertainty that are always associated with real projects. The
scheme of the model, rule block, attributes and their membership functions
are mentioned in a case study. The case study contains real data on the
development of values of indices SPI and CPI for one project in the field of
IT (data file). The analysed project ran from March 2012 to July 2012. The
indices SPI and CPI were obtained from control project milestones. There
are 5 control milestones in total. The parameters of the model are adjusted
on the basis of the data file for each of the variables. The use of fuzzy logic
is a particular advantage in decision-making processes where description by
algorithms is extremely difficult and criteria are multiplied.
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La logica difusa: un instrumento
para la evaluacion del estado del proyecto

RESUMEN

El articulo trata sobre el uso de la légica difusa como soporte para la evalua-
cion del estado de un proyecto. Se describe brevemente la teoria de conjuntos
difusos, la légica difusa y el proceso de calculo. El objetivo principal de este
trabajo es presentar un modelo difuso para la toma de decisiones por parte
de expertos para la evaluacién del estado de un proyecto. El modelo es
resultado de aplicar la libreria de 16gica difusa de MATLAB. Este modelo
difuso se basa en dos indices bésicos, el indice de desempeno de progra-
macién (IDP) y el indice de desempeno de costos (IDC), de la gestién del
valor ganado (GVG). La ventaja del modelo difuso reside en su capacidad de
traducir los indices de entrada IDP e IDC en variables lingiiisticas, asi como
en proporcionar una evaluacién lingiiistica del estado general del proyecto
(output). Con este enfoque es posible simular el riesgo y la incertidumbre
que siempre estd asociado con los proyectos reales. El esquema del mode-
lo, su bloque de reglas, sus atributos y sus funciones de pertenencia, son
mencionados en un estudio de caso, el cual contiene datos reales sobre el
desarrollo de los valores de los indices IDP e IDC para un proyecto en el
ambito de las TT (archivo de datos). El proyecto analizado duré desde marzo
de 2012 hasta julio de 2012. Los indices IDP e IDC se obtuvieron de los hitos
del proyecto de control. En total, hay 5 hitos de control. Los parametros
del modelo se ajustan basandose en el archivo de datos para cada una de
las variables. El uso de la légica difusa es una ventaja, especialmente en
los procesos de toma de decisiones ya que, en éstos, resulta muy dificil una
descripcién mediante algoritmos y se multiplican los criterios.

Palabras clave: gestién de proyectos; gestién del valor ganado (GVG); soft
computing; logica difusa; toma de decisiones.

Clasificacion JEL: C44; M19; M21.

MSC2010: 90C70.

IE =) ==l ===



1. INTRODUCTION

Project management is a widely discussed disciphbhethe present time. This fact is
substantiated by numerous scientific articles, Boakd publications dealing with these
problems (Bergantifios, Vidal-Puga, 2009; Pérez, iam, Garcia, 2005; Rosenau, 2007;
Smejkal, Rais, 2013; Schwable, 2011; Dolezal, MAdbecko, 2009). This discipline is also
included in the courses of numerous faculties fgun economics both in the Czech
Republic and abroad. Experts are also affiliatedvamious professional organisations and
associations (Spalaost pro projektovéizeni Ceska republika, 2011; International Project
Management Association, 2011).

Project managers and other members of the praaot use different tools, techniques
and methods in project management. Earned Valuealyganent (EVM) is an extremely
important technique in project management. It sdu® measure project progress and to assess
its effectiveness. The EVM technique is also sufgobby software for supporting project
management (e.g. MS Project, Primavera) todaynteoe detailed information about the EVM
technique see related publications (Project Managénmnstitute, 2013; Lacko, Svirakova,
2013).

The major goal of this paper is to present a nepes>xdecision-making fuzzy model for
evaluating project status. This fuzzy model is Hasa the earned value methodology. The
advantage of the fuzzy model is the ability to $fanm the input indices SPI and CPI into
linguistic variables, as well as linguistic evaketoverall project status (output). Using this
approach it is possible to simulate the risk areduhcertainty that are always associated with
projects.

The application of fuzzy logic (Dostél, 2008; DogkoK{iz, Koch, 2009) is based on
the fuzzy set theory (Zadeh, 1965; Zimmermann, 189t Yuan, 1995). Many authors have
also focused on the theory of fuzzy sets and agpdics of fuzzy logic in project management
(Relich, Muszyiski, 2014). The EVM technique is also a scientiical for some authors
(Naeni, Shadrokh, Salehipour, 2011; Lipke, Zwikaéténderson, Anbari, 2009; Khamooshi,
Golafshani, 2014; Noori, Bagherpour, Zareei, 2008his article, the athor Rowe presents
the basic facts about what EVM was in the past,tvithis today, and what has been
done for a better understanding of its current fmaacross various industrial sectors
and geographic regions. A search of the literatas revealed that EVM has been
recognised for its value to project managementith ithe defence industry and private
industry in the USA and a number of other countf@smore than forty years. EVM
has been accepted as a best practice for perfoenrranoagement (Rowe, 2010). The
article by the authors Chuo, Chen, Hou and Lin ¢m&s a web-based visualised



architecture, design and implementation for assgss$i project performance by
integrating EVM and a database management systeBM@). The management
information system (MIS) developed provides an cibje measure of completed work
that can be used to monitor project progress (Cl@men, Hou, Lin, 2010). The
research by the authors Siu and Lu proposes atkfipproach based on discrete event
simulation (scheduling simulation) to tackle coropted resource-constrained
scheduling. A case study is used to demonstrateapisications on a resource-
constrained schedule under postulated delay sosndtiis shown that this approach is
conducive to truthfully reflecting the project pamhance status given a resource-
constrained schedule subject to complicated agtpuivject delay (Siu, Lu, 2011). The
authors Acabes, Pajares, Galan and Lépez-Paredssnpra new methodology for
project control under uncertainty in their arti¢k new approach for project control
under uncertainty. Going back to the basics”. Thethodology integrates EVM with
project risk analysis. The steps taken to implentieatmethodology are shown in three
case studies (Acabes, Pajares, Galan, Lopez-Par2d@d). The author Czemplik
proposes application of the method together witlhglementary — dedicated for EVM
— known approaches, making the method well adjusteduse on dynamic and
multidisciplinary construction projects (CzemplQ14). The authors Chou and Chong
present how to lay out a visualised architecturgroject performance measurement
that integrates earned value analysis and coniitbima web-based system that would
allow construction personnel to track, modify armtlate cost and time-based data of
project status on-line (Chou, Chong, 2008). Théanst Moslemi Naeni and Salehipour
present an approach for dealing with fuzzy earradevindices including developing
new indices under fuzzy circumstances and evalgdtiem using the alpha cut method.
The proposed model (illustrated in the case stuiygroves the applicability of the
earned value techniques under real-life and unoexanditions (Moslemi Naeni,
Salehipour, 2011). Theuthors Kuchta, Chanas and Zielinski, Oliveros aagielk, Bushan
and Shankar, Doskid and Doubravsky have presented fuzzy sets usirzgyf numbers to

obtain critical project paths (Kuchta, 2001; Chaaad Zielinski, 2001; Oliveros, Fayek, 2005;
Bushan and Shankar, 2012; DoskdDoubravsky, 2013).



2.

THEORETICAL BACKGROUND

2.1. Earned Value Management (EVM)
The EVM method is based on the following indic

Planned value (P\4 budgeted cost of work scheduled (BCWS)
The total PV of a task = thesk’s budget at completion (BAC)
Earned value (EV) budgeted cost of work performed (BCWP)
Actual cost (AC) — etuél cost of work performed (ACWP)

EVM usesthe following basic indicefor describing project schedule and cosformance:

Schedule variance (S\- shows whether and by how much your work is aheadr
behind your approved scheduMathematically: SV = EV — PV

Cost variance (CV} shows whether and by how much yae ainder or over yot
approved budget. Mthematicall: SV = EV — AC

Schedule perfornmece index (SPI- shows the relative amount the project is ahee
or behind scheduldathematically: SP1 = EV / PV. Interpretation:

SPI < 1:the project is behind schedule (finish r than expected)

SPI > 1:the project is ahead schedule (finish sooner than expected)

SPI = 1 the project is on schedL(finish according to schedule)

Cost performance index (Cl—shows the relative value of work done comparedhé
amount paid for itMathematically: CPl = EV / AC. Interpretation:

CPI < 1: the pract is over budg

CPI1 > 1:the project is under bud

CPI > 1:the project is within budg

A graphical representation PV, EV, AC, BAC, SV and CV is given ifRig. 1

Budget at completion (BAC)
Assessment date ——— '_sg __}*_
=
Time behind schedule = 1 month | , < \th
Expenditures (EV) # Schedule variance
{Behind schedule)
(AC)
Costvariance
(Under budget)
s
5 End
of project

Time after project start

Fig. 1: Graphical representation of basic EVM iles (SourceEarned ValutManagement

Terms and Formulas for Project Managers, 2



2.2 Fuzzy modelling
2.2.1 Fuzzy set theory
A fuzzy set is a set whose elements have degreeewibership. The fuzzy set was introduced
by Lotfi A. Zadeh in 1965 as an extension of thessical notion of sets and can be applied in
many fields of human activity. The degree of merabigr to fuzzy sets determines “how much”
the element belongs to the set. This is the basiciple of fuzzy sets.

A fuzzy set can be defined as follows: Rébe a non-empty set andg;: X — [0; 1].
Then fuzzy sefl is a set of all ordered paifs, 11, (x)) therefore

A= {(x, 1a(0)):x € X, uz(x) € [0;1]}. (1)

whereX is a universe of discoursgz is a membership function of fuzzy sét(see Fig. 2 for
two examples of the shape of membership functiandy ;(x) is a grade of membership xf

wz is defined for alk € X anduz(x) = 0 for x & A.

Ll
1

Fig. 2: Triangular and trapezoidal type of membigrétinction

A fuzzy setd = (R, u;) is called a real fuzzy number on a set of real mensR when

it fulfils the following conditions:

Fuzzy setd is convex (uz is a convex function)
Fuzzy se# is normal (hgd = 1)

Uz is a piecewise continuous function

Let a be a number forrf0; 1] thena level cut of fuzzy sed is a classical set

Ay ={xeX: uz(x) = a}.

10
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Basic binary operations are used with fuzzy numbeig +, —,%,/. Let * be a binary
operation orR then an extended binary operationsdnwhereA is a set of all fuzzy numbers,
means an operatid@, €.0.9, 8, Q, @.

ties(z) = sup min{uz(x), s ()} 3)

X*y=2Z

Practical computing of the extended binary openatis often realised by level cut
(2). For increasing binary operation the extendedry operations are

A®§=LJaAa®&. (4)

a€l0;1]

If we denoted, = [a,4; ayq] @andB, = [by4; b,,] then the extended binary operation

for increasing binary operaticnis
Aq ® By = [a145 A2¢] ® [b1g; bagl. (%)

Eacha level cut of a fuzzy number can be regarded agtieeval number. The interval

number means intervit; b] wherea < b, a andb are real numbers (KarpiSek, 2009).

Arithmetic operations on interval numbers are dedifiollowing relationshipgDostal,
2008)
[a;b] + [c;d] =[a+c; b+ d]
[a;b] — [c;d] =[a—d;b—c]
[a; b] - [c; d] = [min{ac, ad, bc, bd}; max {ac, ad, bc, bd}]
la; b] / [c;d] = [min{a /c,a/d,b/c,b/d};max{a/c,a/d,b/cb/d}

2.2.2 Fuzzy logic

Fuzzy logic measures the certainty or uncertaifithoasv much the element belongs to the set.

By means of fuzzy logic, it is possible to find g@ution of a given task from rules, defined for

analogous tasks. The calculation of fuzzy logiassesis of three basic steps: see Fig 3.

1. Fuzzification — transforms real variables into ligjic variables using their attributes. The
variable usually has from three to seven attributé® attribute and membership functions
are defined for input and output variables. Thereegof membership of attributes is

expressed by a mathematical function — membersinigtion (1, Z, S, etc.) (Dostél, 2008).

11



2. Fuzzy inference — defines the behaviour of a systgmnsing rules of type <When>, <Then>
on a linguistic level. Conditional clauses typigdiave the following form:
<When> [Input_al <And> Input_a2 <And> ... <And>unpan] < And > [Input_bl <And>
Input_b2 <And> ... <And> Input_bm] <Then> Output_1.
Each combination of attributes of input and outmariables, occurring in condition
<When>, <Then>, presents one rule. The rules aated by the user or expert himself
(Dostal, 2008).

3. Defuzzification — transfers the results of fuzzyfemence (numerical values) on output

variables by linguistic values. It describes resuéirbally (Dostél, 2008).

— 3| fuzzification defuzzification

\ 4

fuzzy inference

\ 4

Fig. 3: Decision-making — solved by fuzzy proceggi@ource: Dostal, 2008)

A system with fuzzy logic works as an automatideys The user must enter input data

only. These can be represented by many variabtethair attributes.

4. METHODOLOGY RESEARCH
The case study presents the use of fuzzy logibérevaluation of project status on base on the
basis of Earned Value management (EVM).

The analysed project is in the field of IT. The jpod ran from March 2012 to July
2012. The aim of the IT project is to design an ligafion that allows to optimize the
communication between the other two applicatiortse indices SPI and CPIl were obtained
from a checkpoints project. In total there are Bagipoints projects (control milestones), i.e.

data file was formed based on indices SPI and &8d.Table. 1.

Table 1: Data file

Checkpoints project SPI CPI
End of March 2012 0.89 0.94
End of April 2012 0.97 1.18
End of May 2012 0.93 1.15
End of June 2012 0.89 1.10
End of July 2012 1.00 1.05

Source: Mertl, J., 2014

12



The practical application of EVNs usually defined by certain tolerances which
represented i@ graphic circle cered in point (1,1). These circles are tlelevant size of th
problem n which the project is locate— problem of project status (PS). The closer to #rgie
(point (1,1)) the smaller the problems of project st are. The furtheaway from the cere

(point (1,1))the greater the problems of project st: See Fig. 4.

CPI
15

0,5

Fig. 4:Status chart SPI, Cl(Source: own research)

Deviations from the cere (point (1,1)) were calculated from the input deSee
columns 2 and 3 of Table Five attributes has been set for output varialproblem of projec
status (PS):

VS — very smalldeviations from the (poin(1,1)) within 5%, i.e. intervdl0,95; 1,05]

S — smalldeviations from the (poir(1,1)) within 10%, i.e. intervdl0,90; 1,00]

M — medium(deviations from the (poir(1,1)) within 15%, i.e. intervdl0,85; 1,15]

L —large (deviations from the (poi(1,1)) within 20%, i.e. intervdl0,80; 1,20]

VL — very larg (deviations from the (poii(1,1)) more than 20%. i.e. abo®,80 and1,20.

For each interval is calculated deviation from p¢inl): 0; 0,05; 0,10; 0,15; 0,20;0,:
From these values are defined following new intkstv[0; 0,05), [0,05;0,10), [0,10;0,15),
[0,15;0,20), [0,20;0,25). The cerre of each intervals represemtameric representative
attributes of output variable PAttribute VS = 0,02, S = 0,07, M =0,12, L = 0,11, ¥ 0,2Z.
See column 4 of Table Zolumrs 5, 6 and 7 in Table 2 present normal data of SPI, CF

and PS into the randé; 100]. This range is used in the creation of thzzy model

13



Table 2: Data file — modified for fuzzy model

Checkpoints SPI_deviation| CPI_deviation| PS_deviation|SPI_normalied|CPI_normalied PS_normalise
ro'ectp from the point| from the point| from the point| to the range | totherange | to the range

pro) (1.1) (L.1) (L.1) [0; 100] [0; 100] [0; 100]

EndofMareh) 0.1 0.06 0.12 45.83 25.00 54.55

End of April

2012 0.03 0.18 0.12 12.50 75.00 54.55

End of May

2012 0.07 0.15 0.12 29.17 62.50 54.55

End of June

2012 0.11 0.10 0.12 45.83 41.67 54.55

End of July

2012 0.00 0.05 0.02 0.00 20.83 9.09

The Fuzzy Logic Toolbox in MATLAB software was usédl create the decision-
making model. The developed expert decision-makunzgy model system (EDMS_PS)
consists of two input variables, one rule box and output variable. The inputs are represented
by two variables: SPI_deviation (SPI) and CPI_d&wa(CPI). The output from the rule box

(Source: own research)

and the output variable is PS_deviation (PS). $ge5F

.
FIS Editor: EDMS_PS

oo S |

File Edit View

XX

SRl

XX

\
/

EDMS PS

(mamdani}

P
CPl
FIS Mame: EDMS P FI= Type: mattEzni
Andd methodd min B current Yariahle
o method i o Mame SP|
Tvpe it
Implication i ¥ 1P R
Rande [O100]
Adgregation ma 15
Defuzzification e o 2 Help Closa
System "EDMS. PS" 2 inputs, 1 output, and 25 rules

Fig. 5: Build up model (Source: own research)
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The input variable SPI has five attributes: VS snamall, S — small, M — medium, L —

large, VL — very large. A membership function gbey1 (trapmf) was used. The input variable

CPI has five attributes: VS — very small, S — spidl- medium, L — large, VL — very large. A

membership function of typé&l (trapmf) was used. The output variable PS has with five

attributes: VS — very small, S — small, M — medium; large, VL — very large. A membership

function of typell (trapmf)was used. See Fig. 6.

r ™
Membership Function Editor: EDMS_PS S
File Edit View
. : g plot points:
FIZ Variables Membership function plots 181
. - . - ; . -
Vs & M L VL |
XA
A,
B
CPi ==
output variable "PS”
Current Yariakle Current Membership Function (click on tF to select)
Ratme PS Mlame WS
Type altpLt Fype trapmf =
Params
Range 0100} [-212-1.1873.8222.6]
Displa';.f Range [0 100] Help Close
|

Selected variakle "PS"

|

Fig. 6: The attributes and membership functionsusput variable (PS)
(Source: own research)

The parameters of membership functions are adjustethe basis of the data file (see

Table 2) for each of the variables (see Fig. 7).
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[Inputi]

MNam=='3PI'

Pange=[0 100]

HNumMFs=5

MF1='V3':'trapmf',[-22.5 -2.5 8.33 22.5)]
MFz='3':'trapmf',[-1.73 18.3 29 43.3]
MF3='"M':'trapmf', [30.4 47.2 £3.E £3.E]
MF4='L':'trapmf',[52.5 72.5 77.5 97.58]
MFE='VL':'trapmf',[77.5 20.9 103 123]

[Inputz]

MNam=='CPI'

Pange=[0 100]

HNumMFs=5

MF1='W3':'trapmf',6 [-17.473544973545 2.52£45502£45503 7.52£45502645503 27.526£455026455]
MF2='3':'trapmf',6 [-0.145502£4550264& 129.8544973544974 24.8544873544974 44.59544973544974]
MF3='"M':'trapmf', [27.7 45 58.& £7.0&£34920£3492]

MF4='L':'trapmf',[52.5 72.5 77.5 27.5]

MF5='WL':'trapmf',[77.5 88.2 103 123]

[Cutputl]

MName='P3"'

Bange=[0 100]

HNumMF=s=5

MF1='W3':'trapmf', [-21.2 -1.18 3.82 22.E]

MF2='3"':'trapmf',6 [£.47544873544973 2£.5354497354487 31.4354497354497 47.7354497354497]
MF3='"M':'trapmf', [32.1428571428571 48.& 70.3 7&.£]

MF4='L':'trapmf',[£8.1 7&£.7 81.7 101]

MF5='WL':'trapmf', [77.5 294.3121£93121£93 103 123]

Fig. 7:Parametes of membership functions (input 1, input 2, outpt
(Source: own research)

Fig. 8 shows theule box with 25 rules and degree of support teaug the relaticship
between thénput and output variable
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2. 1f (SPlis V'S) and (CPlis S) then (PS is VS) (1)
(3.1f (SPlis V'S) and (CPlis M) then (PS is 5) (1)
|4 If (Pl is 5) and (CPlis VS) then (PS is VS) (1)
(I (SPlis S) and (CPlis S)then (FSis S) (1)
{6. If (SPTis M) and (CPIis VS) then (PS is S) (1)
7.1f (SPlis V/S) and (CPlis L) then (PS is M) (1)
8. If (SPlis S) and (CPlis M) then (PS is M) (1)
| 9. If (SP) is M) and (CPis S) then (PS is M) (1)

12,1 (3Plis S) and (CPLs L) then (PS is M) (1)
3. If{EF‘[IS M) and (CPlis M) then (PS is M) (1)

| 22.1f (SPlis L) and (CPlis /L) then (PS is VL) (1)

123, I (SPlis VLY and (CPlis M) then (PSis L) {1)

: If{SPTlsVL}M[CPFEL}M[PSLSUL}H]
the

Fig. 8: Rule box and rules (Source: own research)
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Fig. 9 shows the correlation between inputs anguiuSpecifically, this image shows
graphically the correlation between two input vales SP1 and CPI and output variable PS. The
user can change this variable for presentatiorraplts. In this graph, you can see extremely
important information about the fuzzy model.

=

Surface Viewer: EDMS_PS el 0 S
File Edit View Options

a0 . .-

B0
[y
®oand .o
1o
100 g |
100
Krinput): SR 22 Y (inpLt): R s L [autpit): Ps 2
W grids: 95  grics: l15 Evalusts
Ref: Input: Plot poirts: gy Help Close
Ready

Fig. 9: Correlation between variables (Source: osgearch)

5. RESULTSAND DISCUSSION

After the model is created, it must be tuned (toupethe inputs on known values, evaluate the
results and change the rules or weights, if necgssehe system can be used in practice after it
has been tuned. The validation of the fuzzy moded tested on real data (see data file). Fig. 10
shows the evaluation of project status (PS) inafrtbe checkpoints where the inputs are set up
(SPI = 29.2, CPI = 62.5). It leads to the result#S5,7 which means that the problem of
project status is middle.

18
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results of the validation show that the model pdesirelatively accurate results. See Table 3.

Fig. 10: Validation of the fuzzy model (Source: omsearch)

The model was tested on the remaining real datheérsame way (see data file). The

Table 3: Validation of the fuzzy model

grr;(jeé:gtpomts SPI CPI PS —real PS — model
End of March 201 45.83 25.00 54.55 53.10
End of April 2012 12.50 75.00 54.55 56.10
End of May 2012 29.17 62.50 54.55 55.70
End of June 2012 45.83 41.67 54.55 56.20
End of July 2012 0.00 20.83 9.09 11.10

6. CONCLUSIONS

(Source: own research)

The expert fuzzy decision-making model of projeatiss evaluation is only one of the possible

ways of using fuzzy logic to support decision-makiThis paper presents a new expert
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decision-making fuzzy model based on earned valmmagement (EVM). The advantage of the
fuzzy model is the ability to transform the inpotlices SP1 and CPI into linguistic variables, as
well as linguistic evaluated overall project stafoatput). With this approach it is possible to
simulate the risk and uncertainty that are alwagsoaated with projects. The case study
contains real data on the values of the indicesa8RICPI, including project status information,
and also on the development of the above-mentioaads for one project in the field of IT

(data file). The analysed project ran from Marcii2@ July 2012. The indices SPI and CPI
were obtained from control project milestones. €hare 5 control milestones in total. The
parameters of the model are adjusted based onadtze fie for each of the variables. An

executable file called M-file can also be createdriplement the fuzzy model in MATLAB. M-

file is used to enter the input values and autaralyi evaluate the status of the project. The
fuzzy model has many benefits for users (projechagars and others), including automation
and standardisation of the decision-making procgsseding up the decision-making process,

effective project management, simulation of possd#velopment project, etc.
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