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METHOD FOR SELECTION OF PROJECT MANAGEMENT APPROACH BASED ON FUZZY
CONCEPTS

[IporoHy0TbCS MaTeMaTHYHA MOJEIb Ta METOJ BHOOPY IMIXOLY O YIPABJiHHS MPOCKTOM 3 YPaXyBaHHSIM HEUITKOCTI YSBJICHb LIOJ0 3aCTOCOBHOCTI
icHyrouMX migxoaiB. Bubip 3aiiicHioeThest 3 Takux migxoxiB sk: PMBOK, 1SO21500, PRINCE2, SWEBOK, Scrum, XP, Kau6an. BunineHo psa
apaMeTpiB MPOEKTy, IO BIUIMBAIOTh HA Pe3yJbTaT BUOOPY, Ta BU3HAYCHO CTEMiHb X BIUIMBY. PO3MISIHYTO HPHKIAJ] 3aCTOCYBAaHHS 3aIpOIIOHOBAHOI'O
METO/Y JUTs BHOOPY MiZAXOAY O YIPABIiHHS HPOEKTOM 3 PO3POOKH IPOrpaMHOro 3a0€3IeYeHHsL.

Kumio4oBi ciioBa: miaxin 10 ynpasiiHHS IPOEKTOM, BUOIP, HEWITKI ySBIEHHS, MOJENIb, METO, IPHKIIAL.

IpemiararoTcst MaTeMaTH4yeckasi MOZICNIb U METOJl BBIOOPA MOJXOJIa K YIIPABICHHIO MPOSKTOM C YUETOM HEYETKOCTH ITPEICTABICHUN O MPUMEHUMOCTH
CYILIECTBYIOLIMX MOJX00B. BbIOOp ocyrecTBisieTcs: u3 Takux noaxonos kak: PMBOK, ISO21500, PRINCE2, SWEBOK, Scrum, XP, Kan6an. Beinenen
Ppsio apaMeTpoB MPOEKTa, BIHMSIOLINX HAa Pe3yJbTaT BHIOOpA, M ONpENEieHa CTeNeHb X BIMSHMA. PaccMOTpeH mpuMmep MPUMEHEHHUs MPEAIOKEHHOrO
MeTo/1a JUIs BBIOOpA MOIX0/1a K YIPABJICHHIO POSKTOM 110 pa3paboTKe MpOorpaMMHOT0 00eCIICUEHHSL.

KuiroueBble ¢/10Ba: MOJX0/ K YIIPABICHUIO IPOSKTOM, BEIOOP, HEUETKHE MPENICTABIICHHUS, MOJIEIb, METO/I, IIPUMEP.

Literature analysis of works that devoted to research of the selection a project management approach and development of effective methods for this
problem solution is given. Mathematical model and method for selection of project management approach with fuzzy concepts of applicability of existing
approaches are proposed. The selection is made of such approaches as the PMBOK Guide, the 1SO21500 standard, the PRINCE2 methodology, the
SWEBOK Guide, agile methodologies Scrum, XP, and Kanban. The number of project parameters which have a great impact on the result of the selection
and measure of their impact is determined. Project parameters relate to information about the project, team, communication, critical project risks. They
include the number of people involved in the project, the customer's experience with this project team, the project team's experience in this field, the project
team's understanding of requirements, adapting ability, initiative, and others. The suggested method is considered on the example of its application for

selection a project management approach to software development project.

Keywords: project management approach, selection, fuzzy concepts, model, method, example.

Introduction. An approach applied to the project
management has a great impact on key project performance
indicators: budget, scope, schedule, quality of project
product and business benefits. Due to the variety of existing
project  management  guidelines, standards, and
methodologies, the task of selection a suitable approach to
managing a single project or all projects of a company
represents an independent problem. Numerous works of
domestic and foreign experts in the field of project
management are devoted to research of this problem and
development of effective methods for its solution.

Literature analysis and statement of the research
problem. In the resource [1] the most commonly used
software development methodologies are reviewed and
compared. Also, the approach for the development of a
strategy for applying the methodology to different types of
software projects is created. The main difficulty in software
project management methodology selection the authors
consider an impossibility of accurate determination of the
problem volume at the beginning of the project, since an
increase of its size may lead to the necessity of revise the
methodology. Key factors in the methodology selection are
criticality of the project, project objectives, priorities; scope
of the project; used development tools and implemented
systems; competence of team members; the geography of
development and implementation; culture and tradition of
the customer, and integrator companies and, values of the
development team.

In the work [2] the main features of the heavy plan-
driven and flexible Agile project management methods are
highlighted. Selection of approach to a particular project is
based on the identification and analysis of risks that arise in
the case of applying Agile or plan-driven methods to
manage the project. Depending on the risk analysis, one of

these approaches or their combination is selected. The
analysis takes into account such critical factors of Agile and
plan-driven methodologies as: size (number of personnel),
criticality (loss due to impact of defects), dynamism
(percent requirements change/month), personnel (the level
of qualification of the personnel), and culture (the team's
ability to work effectively in conditions of freedom or
regulation).

The authors of [3] compared five project management
methodologies: Agile Development Methods, Microsoft
Solution Framework (MSF), PRINCE2, Rational Unified
Process (RUP), and the Information Technology
Infrastructure Library (ITIL) with the PMBOK Guide
(PMI, 2004). As a result, they identified the main criteria of
methodology selection: work experience, expert opinion,
government regulation, preferences of stakeholders and the
client, the client's location.

In [4] methodology is selected according to the
answers on questions in four key areas: speed of project
completion and product delivery, the necessity of
complying formal processes and procedures, the resources
available for the project and, finally, the complexity of the
project. The resulting output radar chart shows which of the
two groups of methods plan-driven or Agile is the most
appropriate.

The author of [5] proposed an approach for
methodology selection in accordance with the size,
sensitivity, and priority of the project. There are definitions
of the methodology size (the number of control elements,
including operations, standards, stages, processes, etc.),
project size (number of people involved in the project), and
project sensitivities classification.

In the article [6] a model and method for synthesis of
management methodology for a specific project by
selecting the processes of the "full* methodology are
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suggested. "Full" methodology is proposed to create based
on the PMBOK guide, supplementing it with the processes
of most popular Agile and plan-driven methodologies. The
above method for synthesis of project management
methodology allows choosing the best combination of
project management processes for conditions of a specific
project in terms of such criteria as the cost and the
laboriousness of management, as well as risks associated
with the use of this combination. It is assumed that the
initial data for the task is fuzzy.

In [7] areas of application and main characteristics of
30 well-known methodologies for projects creation and
project management are defined. Areas of application
include the branch of use and size of the project. Such
characteristics of the methodology are given: the risk of
problems appearance, the complexity of implementation,
the intensity of use of resources, frequent changes in the
project, support for changes in the scope, support for
reporting, document management system, the use of
information technology, the accumulation of experience,
the process approach, the scenario approach, the project-
based approach. This data is recommended to use for pre-
selection of methodologies before introducing them into the
organization.

The authors of the research [8] compared main
characteristics of project management approaches such as
PMBOK, CMMI and Agile from the viewpoint of
suitability for projects in the microelectronics field. They
concluded that it is the best to choose an approach
depending on the size of the project and its possible
changes in the implementation process. For projects with
minor changes, the best approach is considered PMI
approach that depending on the size of the project can be
used in full (with all fields of knowledge), or in abridged
form. For small projects that accompanied by many
changes, Agile methods are recommended. For medium
and large projects with a large number of changes, the
combinations of Agile and PMI methods are most suitable.

In [9] three methods for selecting a project
management methodology are proposed. In the case when
the project team is not enough familiar with existing
methodologies, it is recommended to fill out a
questionnaire. According to results of processing the
responses, recommendations on the application of
methodology are offered. Evaluations of the laboriousness,
management costs, and the risks associated with the
application of the specific methodology for alternative
methodologies allow making more grounded choice. The
more in-depth study suggests optimization of project scope
subjected to the application of the particular methodology
by criteria: profit, time, cost, quality, and risks. The most
effective methodology is selected from alternatives
considering all given criteria.

Based on the above analysis of the literature, we can
conclude that at this stage it is important to identify key
factors that influence the choice of management approach
for a specific project and development of a formalized
method for such approach selection. This task is
complicated by the fuzziness in existing recommendations
regarding the applicability of different approaches in
various cases.

Objectives. The aim is developing a model and
method for selection of management approach for a
specific project taking into account relevant project
parameters and fuzziness of information about the
applicability of existing approaches.

Mathematical model and method for selecting of
project management approach based on fuzzy concepts.
To solve the given problem the questionnaire proposed in
[9] is used. In this case, it is somewhat modified and
supplemented (Table 1-6). Questions of the questionnaire
relate  to information about the project, team,
communication, critical project risks. The questionnaire
should be filled out by the project manager or involved
experts.

Table 1 — Number of people involved in the project

Questions Possible answer Score
Number of people | More than 100 persons 1
involved in the From 30 to 100 persons 2
project, X; From 10 to 30 persons 3

Less than 10 persons 4
Table 2 — Customer’s experience of working with this
project team
Questions Possible answer Score
Customer’s | Has never worked with this team 1
experience Worked with some members of the 2
of working | team
with this Worked with the project team leader 3
project One or more common projects with the
team, X, whole project team 4

Table 3 — Evaluation of the Project Team’s Expertise by the
Project Manager

Bicnux HTY «XIII». 2017. Ne 2 (1224)

Questions Possible answer S(;or
1 2 3
Work No work experience 1
experi-ence | Experience of working in the field for 2
inthe given | less than 2 years
field, X5 Experience of working in the field from 3
2to 5 years
Experience of working in the field for 4
more than 5 years
Under- Almost do not understand the
standing of requirements; require frequent 1
require- explanations and constant control
ments, Understand the requirements, can follow 2
adapting them, but require regular control
ability, Understand the requirements, can follow 3
initiative, them, do not require regular control
X4 Have good understanding of the
requirements; can follow them without 4
regular control; can suggest better
alternatives
Experience Have never worked together 1
of . Worked together on the creation of a 2
cooperation, | product but in the different field
Xs Worked together on the creation of one 3
product in a field of interest
Worked together on the creation of 4
several projects in the field of interest
9
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Tne end of the Table 3 Tne end of the Table 4

1 2 3 1 2 3
Knowledge Tools and methods, applied in the given Understand-ing There is a full list of works; further 1
of applied project, have never been used before 1 the scope of alternation is impossible
tools and and are unknown to the team works, X, There is a detailed list of works, 2
methods, X, | Tools and methods, applied in the further alternation is possible

project, are known to the team but have 2 There is an approximate list of project 3
never been used before works
Tools and methods, used in the project, The team understands the project goal |,
are known to the team but are rarely 3 and several ways for its achievement
Elj.zegl s and methods are known o the Table 5 — Proj ect Manager’s Respgnsibility and Main
team and have been widely used before 4 Requirements to the Project
Learning It is hard for the team to learn new Questions Possible answer Score
ability, X, | knowledge and technologies, and to 1 Consequences | Loss of life 1
adjust to changes in case of Loss of irreplaceable sum of money 2
For some members of the team, it is unsatisfactory —— 3
hard to learn new information and 2 project Loss of insignificant sum of money
g\c;nrgélsogles, but the team can adjust to outcome, X,, | Loss of comfort in work 4
Easily absorb new knowledge, can Project cost, More than 1 min. $ 1
adjust to changes 3 Xis From 300 thousand — 1 min. $ 2
The team can easily absorb information, From 100 —300 thousand $ 3
always tries to learn something new; 4 . Less than 100 thousand $ _ 4
can well adjust to the changes Requwements nghest_mternatlopal requirements 1
Team’s Can’t clearly formulate ideas and rarely to th.e project Inte.mat'onal |teqU|rements 2
ability to express them 1 quality, Xy National requirements 3
clearly Can clearly formulate their ideas but ) : Local requirements. 4
formulate and | rarely express them Requirements | The period is unlimited 1
openly Can clearly formulate their ideas and 3 tothe Not very urgent 2
express ideas, | openly express them real_lzgmlz':h Urgent 3
X Can clearly formulate, openly express period ot the 4
’ and justifyytheir ideas Pty 4 project, X,; Very urgent
Ability to Don’t admit making mistakes and can’t 1 Requirements | The deadline should be strictly met 1
admit learn from them to the precise Insignificant deviation from the 2
mistakes, Xy | Rarely admit their mistakes but try to 2 compliance deadline is allowed
never make them again with a Considerable deviation from the 3
Openly admit making mistakes and try 3 deadline, X,g deadline is allowed
to never make them again Compliance with the deadline is not 4
Openly admit making mistakes and 4 strictly required
always learn from them Requirements | Less than 7% 1
Team's Able to work effectively in full order 1 change percent | From 7 to 25% 2
ability to Able to work effectively in middle 2 /month, X4 From 25 to 45% 3
work _ _ order More than 45% 4
effectively in | Able to work effectively in partial order 3
freedom or Able to work effectively in full freedom | Table 6 — Risks Probability
order, Xao Questions Possible answer Score
. 1 2 3
Table 4 —Reporting Probability of Risk is not likely to occur 1
Questions Possible answer Score occurrence of (10%)

1 2 3 technical, Probability of risk 2
Means of Written reports. Formal record- 1 manufacturing or occurrence is equal (50%)
communicati | keeping qualitative risks, X, Risk is highly likely to occur 3
on, Xy, Voice communication (telephone ) (75%) _

connection, Internet-conference) Risk will most probably 4
Means of On-line communication (ICQ, E- 3 _ oceur (=95%)
communica- mail) Probability of Risk is not likely to occur 1
tion, Xy, Direct communication (meetings, 4 occurrence of external | (10%)
video conferences) risks (disruption of Probability of risk 2
Frequency of | Reports on every operation 1 work by contractors, occurrence is equal (50%)
reporting to Reports on completing the blocks of unfavorable political, | Risk is highly likely to occur 3
the Customer, | work 2 economic situation in | (75%)
X1, Reports on the readiness of a the country, market Risk will most probably 4
component of project’s product 3 changes, etc.), X occur (=95%)
Reports about project finish 4
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Tne end of the Table 6

1 2 3
Probability of Risk is not likely to occur 1
occurrence of (10%)
organizational risks Probability of risk 2

(disruption of funding, | occurrence is equal (50%)

delivery of resources, | Risk is highly likely to occur 3

inaccurate prioritizing, | (75%)

etc.) X,, Risk will most probably 4
occur (>95%)

Probability of Risk is not likely to occur 1

occurrence of (10%)

managerial risks Probability of risk 2

(inefficient planning, occurrence is equal (50%)

controlling, Risk is highly likely to occur 3

communication (75%)
problems, etc.), X, Risk will most probably 4
occur (>95%)

Each question in the questionnaire we denote as a
parameter X, ,k =1,K for evaluating the project, where k

— the ordinal number of the question, K — the number of
questions. For the given questionnaire K =23.

Xy ={Xye» Xopr-- Xy} — Set of possible values of the k th

parameter. Here x,,i=11 represents the score

corresponding to the i th possible answer to the k th
question in the questionnaire, 1 — the number of possible
answers to the k th question. In our case 1 =4 for all K
parameters.

We denote all alternative approaches as

A={A,A,..A}, where A ,r=1R —the r th project
management approach, R-— the number of alternative
approaches. The selection is made of such approaches: the
PMBOK Guide (A), the 1SO21500 standard ( A, ), the

PRINCE2 methodology ( A;), the SWEBOK Guide (A, ),
agile methodologies Scrum ( A, ), XP (Aq) and Kanban  (
A, ). Therefore, in our case the number of approaches

R=7.

Each approach is considered in terms of its
applicability to specific situations described in the form of
possible answers to the questions. However, this
information for given project management approaches is
fuzzy, that causes necessity of applying the mathematical
apparatus of fuzzy sets.

Afuzzy set A" in X ={x} is given by [10]:
AI={<X,MA‘(X)>|X€X}, (1)

where L, (X)e[O,l] is the membership function of the

fuzzy set A'.
Thus, the applicability of the r th approach to each of

specific situations corresponding values x,,i=11 of the
k th parameter X, = {X,, Xy,....X, }, will be regarded as
the fuzzy set A, .,k =1K:

A = {<X1kaAk (¥ )>'<X2k'uAk (X )>’---’<X||<!MAk (X )>} @

Membership function ., (x, Ji=11 determines the

degree of applicability of the r th approach to the situation
that corresponding the i th possible answer to the k th
question in the questionnaire. Membership functions of all
approaches are defined by experts. They are given in Table
7. A graphical representation of these functions for the
parameter X, (number of people involved in the project) is
shown in Fig. 1-7.

The project management approach A.,r =1R is
characterized by its applicability to each alternative answer

of all K questions in the questionnaire. That is
A=A AL A

Responses of a project manager or an expert on the
guestionnaire form the project evaluation

B={B,,B,.... B¢}, where B_,k=1K — the fuzzy set, that
determines the conformity of the project to situations
corresponding values X,,i=11 of the k th project

parameter X, = {Xy, o Xy }:

B = {<X1k Mg, (X )>'<X2k 'He, (X )>""'<Xlk He, (X )>} @)

Membership function pg (x, )i=11 determines the

degree of project compliance to the situation corresponding
the i th possible answer to the k th question in the
questionnaire.

In order to determine the most appropriate
management approach for a specific project is necessary to
estimate the distance from the project evaluation
B={B,B,,...Bc} to each of these approaches

A ={A;. Ay, Ac L, T=LR. To solve this problem, let
us consider the methods of determining the distance
between fuzzy sets.

The most widely used distances for fuzzy sets A, B in

X = {xl,Xz,..-,Xn} are [11]:

- the Hamming distance d(A,B):

(A, B)=g|uA<xi>—uB<xix; @)

- the Euclidean distance e(A, B):

hB)= [Tl vl ©

However, formulas for calculating Hamming and
Euclidean distances proposed in [11], do not fully reflect
the specifics of the problem. In this case, if the value of the
membership function for the approach is superior to the
value of the membership function for the project or equal to
it, the distance between these two coordinates should be
considered as zero. In other words, the membership
function for the project is covered by the membership
function for the approach or else, differently, the approach
is fully consistent with the project.

Bicnux HTY «XIII». 2017. Ne 2 (1224)
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For further use of Hamming and Euclidean distances,

the distance for the i th value of the k th parameter
between the given approach A, r=1R and project

evaluation B will be:

0, |f( (,k) uBk(xik))ZO
(A B)= {(M( Do b ese @

Then the total distance between the approach A, and

the project evaluation B in K parameters using the
Hamming distance d(A,,B) is:

d(A,B)=>>"|d\(A.B)r=LR. ©)

k=1 i=1

It should take into account that not all parameters for
solving the problem of choosing the project management
approach are equivalent. To display the degree of influence
of the k th parameter on the result of problem-solving let

us introduce weighting coefficients ock,kzl,_K which
satisfy conditions:

K R
k=1

Weighting coefficients values are defined by experts
(Table 8).

In view of weighting coefficients, the total distance
between the approach A, and the project evaluation B in

K parameters using the Hamming distance d_ (A, ,B) will
be:

da(Ar'B)szakZhik(Ar'BX'r=11_R' 9)

The best approach is the one for which the total
distance from the project evaluation B using the Hamming
distance and taking into account weighting coefficients

a, .,k =1,K is minimal:

A=argmin{d, (A B)}r =1R (10)

The total distance between the approach A, and the
project evaluation B in K parameters taking into account
weighting coefficients a, ,k =1,K and using the Euclidean
distance e, (A,,B) will be:

eu(AB)= Y0 [0, (A.B) T =IR (1)

k=1 i=1

The best approach is the one for which the total
distance from the project evaluation B using the Euclidean
distance and taking into account weighting coefficients

a,,k =1,K is minimal:

A=argminfe, (A ,B),r=1R. (12)

PMBOK

1 2 3 4
Number of people involved in the project (score), X,

Fig. 1 - PMBOK membership function (parameter X, )
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Fig. 2 — 1S021500 membership function (parameter X, )
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Fig. 3 — PRINCE2 membership function (parameter X, )

SWEBOK

1 2 3 4
Number of people involved in the project (score), X,

Fig. 4 — SWEBOK membership function (parameter X, )

Scrum
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Fig. 5 — Scrum membership function (parameter X, )
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Fig. 7 — Kanban membership function (parameter X, )
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So, the method for selecting of project management
approach based on fuzzy concepts about the applicability of
existing approaches could be represented as the following
steps.

1. For every questionnaire question (project
parameter) on the basis of a survey of experts membership
functions for all given project management approaches are
defined.

2. Experts determine weighting coefficients for all
parameters of the project considered in the questionnaire.

3. According to responses to all questions in the
project questionnaire, project evaluation membership
functions for each of its parameters are formed.

4. For all given approaches are calculated their total
weighted distances from the project evaluation using the
Hamming distance.

5. The approach for which the distance obtained in
the previous step is minimal is selected.

6. For all given approaches are calculated their total

7. weighted distances from the project evaluation
using the Euclidean distance.

8. The approach for which the distance obtained in
the previous step is minimal is selected.

The calculation results obtained in step 5 and in step 7
are compared and analyzed, the final decision on selecting a
particular project management approach is made.

Table 7 — Values of project management approaches membership functions

Parameter, X, | Score, X;, Ha, (xiy ) Ko, (xit ) Ha, (Xik) Mo, (i) Ba, (Xik) Koo, (Xik) B, (Xik)

1 1,00 1,00 0,50 0,50 0,15 0,00 0,00

X 2 1,00 1,00 0,75 0,75 0,25 0,00 0,00
! 3 0,50 0,50 1,00 1,00 0,50 0,15 0,00
4 0,25 0,25 0,25 0,75 1,00 1,00 1,00

1 1,00 1,00 1,00 1,00 0,00 0,00 0,00

X 2 0,75 0,75 0,75 0,75 0,25 0,15 0,00
2 3 0,50 0,50 0,50 0,50 1,00 1,00 0,75
4 0,25 0,25 0,25 0,25 1,00 1,00 1,00

1 1,00 1,00 1,00 1,00 0,00 0,00 0,00

X 2 1,00 1,00 1,00 1,00 0,25 0,00 0,00
8 3 0,50 0,50 0,75 0,75 0,75 0,75 0,25
4 0,00 0,00 0,00 0,00 1,00 1,00 1,00

1 1,00 1,00 1,00 1,00 0,00 0,00 0,00

X 2 1,00 1,00 1,00 1,00 0,00 0,00 0,00
4 3 0,00 0,00 0,00 0,00 1,00 0,50 0,25
4 0,00 0,00 0,00 0,00 1,00 1,00 1,00

1 1,00 1,00 1,00 1,00 0,00 0,00 0,00

X 2 1,00 1,00 1,00 1,00 0,00 0,00 0,00
5 3 0,25 0,25 0,00 0,00 0,75 0,50 0,25
4 0,00 0,00 0,00 0,00 1,00 1,00 1,00

1 1,00 1,00 1,00 1,00 0,00 0,00 0,00

X 2 1,00 1,00 1,00 1,00 0,25 0,00 0,00
6 3 0,50 0,50 0,25 0,25 0,75 0,50 0,50
4 0,00 0,00 0,00 0,00 1,00 1,00 1,00

1 1,00 1,00 1,00 1,00 0,00 0,00 0,00

X 2 0,75 0,75 0,75 0,75 0,25 0,00 0,00
7 3 0,00 0,00 0,00 0,00 1,00 0,75 0,75
4 0,00 0,00 0,00 0,00 1,00 1,00 1,00

1 1,00 1,00 1,00 1,00 0,00 0,00 0,00

X 2 0,75 0,75 1,00 1,00 0,50 0,25 0,25
8 3 0,50 0,50 0,50 0,50 1,00 0,75 0,75
4 0,25 0,25 0,25 0,25 1,00 1,00 1,00

1 1,00 1,00 1,00 1,00 0,00 0,00 0,00

2 0,75 0,75 1,00 1,00 0,00 0,00 0,00

Xq 3 0,50 0,50 0,50 0,50 1,00 0,00 0,75
4 0,25 0,25 0,25 0,25 1,00 1,00 1,00
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The end of the Table 7

1 2 3 4 5 6 7 8 9
1 1,00 1,00 1,00 1,00 0,00 1,00 0,00
X 2 1,00 1,00 0,75 1,00 0,00 0,00 0,00
10 3 0,25 0,25 0,25 0,25 0,75 0,00 0,00
4 0,00 0,00 0,00 0,00 1,00 0,75 1,00
1 1,00 1,00 0,50 0,50 0,15 0,00 0,00
X 2 1,00 1,00 0,75 0,75 0,25 0,00 0,00
u 3 0,50 0,50 1,00 1,00 0,50 0,15 0,00
4 0,25 0,25 0,25 0,75 1,00 1,00 1,00
1 1,00 1,00 1,00 1,00 0,00 0,00 0,00
X 2 0,75 0,75 0,75 0,75 0,25 0,15 0,00
12 3 0,50 0,50 0,50 0,50 1,00 1,00 0,75
4 0,00 0,00 0,00 0,00 1,00 1,00 1,00
1 1,00 1,00 1,00 1,00 0,00 1,00 0,00
X 2 1,00 1,00 1,00 1,00 0,00 0,00 0,00
13 3 0,00 0,00 0,00 0,00 1,00 0,00 1,00
4 0,00 0,00 0,00 0,00 1,00 1,00 1,00
1 1,00 1,00 1,00 1,00 0,00 1,00 0,00
X 2 1,00 1,00 1,00 1,00 0,00 0,00 0,00
14 3 0,00 0,00 0,00 0,00 1,00 0,00 1,00
4 0,00 0,00 0,00 0,00 1,00 1,00 1,00
1 1,00 1,00 1,00 1,00 0,00 1,00 0,00
Xy 2 1,00 1,00 1,00 1,00 0,25 0,00 0,00
3 0,50 0,50 0,50 0,50 0,75 0,25 0,25
4 0,00 0,00 0,00 0,00 1,00 0,75 1,00
1 1,00 1,00 1,00 1,00 0,25 1,00 0,00
Xy 2 1,00 1,00 1,00 1,00 0,50 0,25 0,25
3 0,25 0,25 0,25 0,25 0,75 0,50 0,50
4 0,15 0,15 0,15 0,15 1,00 0,75 1,00
1 1,00 1,00 1,00 1,00 0,00 0,00 0,00
X, 2 0,50 0,50 0,50 0,50 0,50 0,50 0,50
3 0,00 0,00 0,00 0,00 1,00 1,00 1,00
4 0,00 0,00 0,00 0,00 1,00 1,00 1,00
1 1,00 1,00 1,00 1,00 0,00 0,00 0,00
X0 2 1,00 1,00 1,00 1,00 0,25 0,00 0,00
3 0,00 0,00 0,00 0,00 1,00 1,00 1,00
4 0,00 0,00 0,00 0,00 1,00 1,00 1,00
1 1,00 1,00 1,00 1,00 0,00 0,00 0,00
Xy 2 0,75 0,75 1,00 0,75 0,00 0,00 0,00
3 0,00 0,00 0,00 0,00 1,00 1,00 1,00
4 0,00 0,00 0,00 0,00 1,00 1,00 1,00
1 1,00 1,00 1,00 1,00 1,00 1,00 1,00
X0 2 1,00 1,00 0,50 1,00 1,00 0,00 0,00
3 0,50 0,50 0,25 0,50 1,00 0,00 0,00
4 0,25 0,25 0,10 0,25 1,00 0,00 0,00
1 1,00 1,00 1,00 1,00 1,00 1,00 1,00
Xy 2 1,00 1,00 0,50 1,00 1,00 0,00 0,00
3 0,50 0,50 0,25 0,50 1,00 0,00 0,00
4 0,25 0,25 0,10 0,25 1,00 0,00 0,00
1 1,00 1,00 1,00 1,00 1,00 1,00 1,00
X, 2 1,00 1,00 0,50 1,00 1,00 0,00 0,00
3 0,50 0,50 0,25 0,50 1,00 0,00 0,00
4 0,25 0,25 0,10 0,25 1,00 0,00 0,00
1 1,00 1,00 1,00 1,00 1,00 1,00 1,00
o 2 1,00 1,00 0,50 1,00 1,00 0,00 0,00
3 0,50 0,50 0,25 0,50 1,00 0,00 0,00
4 0,25 0,25 0,10 0,25 1,00 0,00 0,00
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Table 8 — Weighting coefficients values ¢, ,k = ZL_K

Para)r(rleter, Weightingzx ioefﬁcient, Parameter, X, Weightin% c:oefficient, Parameter, X, Weightingit ioefﬁcient,

Xy 0,07 Xq 0,03 X7 0,05
X, 0,02 X0 0,05 Xig 0,03
Xs 0,06 X1 0,04 Xig 0,07
X, 0,05 X1z 0,04 Xoo 0,04
Xs 0,02 X1s 0,04 X 0,04
X 0,04 X4 0,07 Xy 0,04
X, 0,03 X5 0,07

Xg 0,02 X1 0,04 Xz 0,04

An example of applying the method for selecting of
project management approach based on fuzzy concepts.
Let us illustrate the application of the above method on the
example of the «PTCQR Optimization» software
development project [12].

The designed questionnaire is proposed to the
Respondent. Respondent defines membership functions of
the project evaluation B for all given parameters on the
basis of the questionnaire. At that, an evaluation technique
is given below.

In the case when the Respondent entirely agrees with
the statement of the questionnaire, the membership function
for this statement is 1, while functions of remaining
statements of the question are zero.

For example, the project budget is 40000 UAH. So,
for the parameter X,. (project cost) the project evaluation

will be B ={Bys}={(1,0.00),(2,0.00),(3,0.00),(4,1.00)}.

In the case where the Respondent finds it difficult to
answer the question unequivocally, he determines the
degree of belonging the project to each statement of this
question.

For example, the project team members have a
different experience in the given field — X;. In the team,

that consists of 4 people, one member has no experience
(the tester), programmers work experience falls into the
category "from 2 to 5 years" and the project manager has
more than 5 years of experience in the given field. The
project evaluation on the parameter X, will be

B ={B,}={(10.25),(2,0.00),(3,0.50),(4,0.25)}

Project evaluation membership function values or all
given parameters are shown in Table 9.

Table 9 — Project evaluation membership function values, B

Parameter, Parameter, Parameter,
X, Score, X;, Hp, (xik) X, Score, X;, Mg, (xik) X, Score, X;, Hg, (xik)
1 2 3 4 5 6 7 8 9

1 0,00 1 0,00 1 0,00
2 0,00 2 1,00 2 0,00
X1 3 0,00 Xz 3 0,00 i3 3 1,00
4 1,00 4 0,00 4 0,00
1 0,00 1 0,00 1 0,00
2 0,00 2 0,25 2 0,00
X2 3 1,00 X 3 0,75 Xia 3 1,00
4 0,00 4 0,00 4 0,00
1 0,25 1 0,00 1 0,00
2 0,00 2 0,00 2 0,00
X 3 0,50 Xq 3 1,00 Xis 3 0,00
4 0,25 4 0,00 4 1,00
1 0,00 1 0,00 1 0,00
2 0,25 2 0,00 2 0,00
X4 3 0,75 X10 3 1,00 X 3 0,00
4 0,00 4 0,00 4 1,00
1 0,00 1 0,00 1 0,00
2 0,00 2 0,00 2 0,00

X : X ! X '
5 3 1,00 un 3 0,00 o 3 1,00
4 0,00 4 1,00 4 0,00
1 0,00 1 0,00 1 0,00
2 0,00 2 0,00 2 1,00

X : X ! X '
6 3 0,00 12 3 1,00 18 3 0,00
4 1,00 4 0,00 4 0,00
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The end of the Table 9

1 2 3 4 5 6 7 8 9
1 1,00 1 0,00
X 2 0,00 X 2 0,00 1 0,00
2 3 0,00 21 3 1,00 5 100
4 0,00 4 0,00 X :
1 0,00 1 0,00 2 3 0.00
X 2 0,00 X 2 1,00 :
21 3 1,00 22 3 0,00 4 0.00
4 0,00 4 0,00 :

We calculate total weighted distances between the
project evaluation and every approach using the Hamming
distance (9):

,(4,8)= >0, >0, (A, B)= 0,669,

k=1 i=1

da(AZ’B):ZK:ak_ZI:dik(AQ'B):0’669;
d,(4,,B)= kaZd,k(A3 B)=0,724;

d,(4,,B) ZakZd,k (A,,B)=0,639;

K

d,(4;,B)=2 a

k=1

Zdik(As,B):o,no;
d,(4,,B) ZakZd,k A,,B)=0,255;

d,(4,,B)= Zukzcl,k(/s~7 B)=0,325.

An approach will be selected according to the
expression (10):
0,669;0,669;0,724;
A=argmin{d, (A, ,B)}=arg min{ 0,639;0,110;0,255; ; =
0,325

=arg(0110)= A,.

Thus, as a result of the calculation distances between
the project evaluation and given approaches using the
Hamming distance, it is recommended to apply the Scrum
methodology for managing the project.

Let us perform the calculation of total weighted
distances for the same indicators using the Euclidean
distance (11):

eu(Au B): gak Zeik(Aiv B)’

/Ilzle,k A,,B), =0,659;
\/Ii

iZ:l:eik(Asv B),

=0,659;

e.(A,,B)=

e,(A,,B)= =0,724;

e.(A,,B)= Z Z':e,k( B), = 0,639;

e /ie,k =0,100;
e, /Z':e,k =0,268;
ea(A7,B)=Z:: Izll:elk( B), =0,337.

An approach will be selected according to the
expression (12):

0,659;0,659,0,724;
A=argmin{e, (A, ,B)} = arg min{0,639;0,100;0,268; \ =
0,337

=arg(0,100)= A;.

The result of the project management approach
selection obtained by calculating Euclidean distances
corresponds to the previous result. Scrum methodology is
considered to be the best in conditions of the given project.

Conclusions. A mathematical model and method for
selecting of project management approach based on fuzzy
concepts of applicability of existing approaches are offered.
They allowing to choose the best project management
approach for a particular project of such popular approaches
as the PMBOK Guide, the 1S021500 standard, the
PRINCE2 methodology, the SWEBOK  Guide,
methodologies Scrum, XP, and Kanban. A number of
parameters of the project and its environment that are
important for this choice are identified. It includes the
number of people involved in the project, the customer's
experience with this project team, the project team'’s
experience in this field and others. For every given
parameter its weight in the project management approach
selection is defined.

The above method is illustrated on the example of its
application to selection of a management approach for
software development project.
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