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Abstract
The new approach to project planning assuminglsdés between activities and
imprecise cost of activities execution is consideta that context, the method
allowing one to estimate the duration and the coBtproject execution is
proposed. The illustrative example emphasizingatiheantages of the approach
proposed is enclosed.

1. INTRODUCTION

The inside and outside conditions of contemporatermrise are full of uncertainty caused
of changing customer requirements, economical tartme, resource utilization, personnel
mobility and their creativity. Under such condit®othe enterprises have to manage several
different projects overlapping in time as well a&$ng the same set of resources. In that context
such imprecise data as duration time of activitsst of each activity, utilisation rate of
resources, and so on, have to be taken into accatiiie responding to the growing needs to
solve uncertainty in project planning [1]. The dittances occurring usually lead either to
project makespan extension or to project’s budgealation or to both of them simultaneously.
Such cases may be avoided, however under assuntb@rmany alternative scenarios of
project execution are enabled. It means that afigwdifferent alternative precedence
relationships in project's activity network as welk alternative resources for activities
execution may result in more than one possibleandiof project execution.

Therefore, special techniques are needed to proaiddmple wayof project planning
updating in order to reflect the impactabfange on project duration and project cost. Tlie so
logic [10] allowing considering more than one pbBsisequence of activities in activity
network follows these expectations. Such model lisymovides more than one feasible
variants of considered project execution. Eachrrdtitve can be then evaluated from the point
of view of its duration and execution cost.
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In this paper the model combining the precise riand imprecise (fuzzy) values of
decision variables as well as hard and soft aretivity network are considered. Such model
allows considering the possibility of “weakeningf celations in activity network and
imprecise character of operation times activities duration and cost of project execution
while providing opportunities similar to the contep agile project management.

The rest of the paper is organized as follows:i8e@ provides the problem statement. An
approach to modelling of soft links between adtgtand imprecise cost of activities execution
aimed at estimation of duration and cost of progatcution is presented in Section 3. In
Section 4, an illustrative example showing advagsagllowing from the approach proposed is
discussed. Conclusions are presented in Section 5.

2. PROBLEM STATEMENT

Consider project containing a set of “n” independactivities. The project is represented
by an activity-on-node network. That is assumed; thuration time of each activity is
represented as a crisp value as well as each tgctignnot be preempted. The relations
between activities can be hard and soft. Each naoh project activity network results in
possible variant of project execution. That meamsnfthe one side activities share and
compete for the same resources, from the otherrgdever only a part of the resources can
be used for the project’s execution.

That means a project can be executed in differketnative ways. Such alternative ways
can be seen as opportunity to react to changestefral factors such as recession on the
market, limited resources, and changes of cliergguirements. Therefore the precedence
relations in activity network could be adjusted dige changed occurred as to be more
appropriate to the new conditions.

The changes in the activity network can delay arebarate the project duration time.
Moreover the updating of activity network can leadtotal cost reduction or increase of
project. So, the changes in the project executaomlead either to better or worse resources
exploitation. Therefore, in order to obtain altéivea variants of project execution some
changes in the soft links of activity network shbble introduced. Of course, the results of
changes in project network model should be evatliate

Let us assume the activities cost are uncertainsaadified by a fuzzy numbers estimated
by experts. The problem considered regards of ailfsaactivity network that follow the
constraints imposed by the hard and soft precedexiatons. The objective is to find such a
solution which guarantees the project duration praject cost of project execution satisfy
assumed values.

The approach proposed seems to be attractive aitezrto the traditional one concerning
only to unique scenario of project execution. A ddtvariants can ensure the best available
solution from the considered possibilities. That because assuming searching among
alternative project scenarios provides the framéwallowing one to deal with the project
management uncertainty.



3. MODELLING

3.1. Precedence relationship in activity network

In practice some sequences between activities timitgcnetwork may be changeable or
soft. Therefore, special techniques are neededadde a simple way of network updating in
order to reflect the impact of logic change on gcbjcompletion date and on the critical path
[10].

Network models of undetermined logical structure @éneralized Analysis Network
(GAN) provide possibility of multi-variant way tos&blish relations between activities and
creative selection of other proceedings duringizatibn of undertaking than previously
arranged [7]. The concept of weak relations sterosnfthe network planning method of
Graphical Evaluation and Review Technique (GERTe GERT method enables us to display
the course of the project and its possible varianthe form of stochastic network by inserting
into the structure of the network of alternativesences of possible variants of operations,
also all activities, even those of little possifilio arise and search for the course of the ptojec
according to one of the possible scenarios.

Alternative-ruling networks enable modelling of iars variants of accomplishment of
projects with variable structure and scope. Ratatizetween activities may be of both “strong”
and “weak” character. For example, one may notegpkaconcrete mix without prior boarding
and reinforcing of the construction (type of redati "hard"). This kind of relation cannot be
changed. However a relation: “starting to make priovat after making plaster” may be
reverted. It is an example of a “weak" relation.

A modification of the Critical Path Method (CPM)stéting in an algorithmic procedure
SOFTCPM has been developed to handle the soft ingietwork analysis [10]. SOFTCPM is
a microcomputer program deals with the soft logicCPM networks. It has the capability of
updating the CPM network logic when any unexpeaednt occurs that prevents working
according to the scheduled activity sequence.

Another work [12] contains examples of using theOS®OFT method, which is based on
three types of weak relations defined by El-sefi@y.present soft logic in a project network
model the following types of relations are used:

» OR relation — means that two activities linked by €lation may be performed one after
another, i.e. after the previous activity was endéé other permissible possibility is
parallel performance of both activities, OR relatis marked with a circle on an arc,

« EXCLUSIVE-OR relation — means, that reverse seqeefcactivities belonging to the
same type of relation is permissible, the symboEXCLUSIVE-OR relation is marked
by two vertical lines on an arc.

» SOFT relation — permits three types of performingeg activities, i.e. one after another,
one after another but in a reverse sequence olgda@OFT sequence is marked with a
broken line on an arc.

Figure 1 presents highlighted types of sequenegioak. The OR relation between activity
X and activity Y denotes that activity X can preeedcitivity Y or the activities can be
performed simultaneously. The second alternativpieseces means that the relation between
activities is ignored. The EXCLUSIVE-OR arc fromtigity X to activity Y indicates that
activity Y can precede activity X, but both actie cannot be executed simultaneously. The
last type of not fixed relations SOFT arc from waityi X to activity Y implies that activity Y
can precede activity X or the activities can becexed simultaneously.
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Fig. 1. Hard and soft relations [12]

An example of an activity network with highlightédrd relations and a single soft relation
is shown in Fig. 2. Introduction of the SOFT tymédation leads to creation of two alternative
variants of activity networks, see Fig. 3, and HigThe alternative variants enlarge the amount
of possible ways to perform a given project. Silce choice of the way the project is
accomplished influences the total time of projectization and its cost, hence specification of
basic parameters of particular variants before simgothe way of project execution is of
crucial importance.

Fig. 3. Network project model after ignoring the A2A4 arc
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Fig. 4. Change in network project model due to reing the A2< A4 arc

3.2. Cost estimation

Cost management includes among others: determneismurces necessary to accomplish
the project, estimation of given resources in qtiast needed to accomplish the project,
budgeting and control over changes in the budgké dbjective of cost management is to
guarantee accomplishment of the project accordingtended budget. Project cost estimation,
so fundamental to all project, is determining oddicted costs of use of resources engaged in
accomplishment of the given project. Due to R. Keglthe set of resources engaged into
accomplishment of projects includes [11]:

. Money.

. Material.

. Merchandise.

. Machinery.

. Manpower.

. Management, professionals and specialists.
. Movement.

Since the availability of information during therlgastages of a project is quite limited,
since managers leverage their knowledge, experiandesstimators to estimate project costs.
In other words, they usually rely on their inturtioln practice there are many methods of
estimation of costs of project accomplishment. Md#h used to set project costs may be
divided into three groups [9]:

1. Approximation methods.

- assessing by experts,
- conscious guessing,
- rough estimation,
- empirical,
- by analogy.
2. Parametrical methods:
- cost estimation equations,
- statistical,
- probabilistic,
- mathematical models.

3. Detailed methods:

- on the basis of job batches,
- on the basis of work preparation methods,
- other detailed methods.

~NOoO O~ WN B
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That should be noted however that methods of alestiond kind may be helpfull in
achieving general estimates of project cost, but faé facing with uncertainty. The question
arising is: How to perform estimation of uncertphoject cost?

So, taking into account the disadvantage the egsthethods of cost estimation suffer
from, a new concept of project cost estimationrigppsed, i.e. the concept which takes into
consideration uncertainty in assessment of cositewsing fuzzy sets. Of course, because
fuzzy numbers are used to express the cost ottilitées in the project, the total project cost
is also a fuzzy number. Short introduction tofilnezy set formalism employed in the paper is
available in the APPENDIX attached.

3.3 Decision making

The fuzzy decision making procedure consists dbfahg elements: fuzzification, fuzzy
database rules, fuzzy decision making, and deficatién, see Fig. 5.

Fuzzification stage:At this stage the measured value of the inputatéeiis converted in
to the fuzzy set of variables. This operation idedafuzzification. The fuzzification is done by
giving values to each of a set of a membershiptioncThe value for each fuzzy number is
determined by the variable and the shape of meripersinction [17]. The triangular
membership function is the simplest one and givesdgesults. An example of the triangular
membership function was shown on Fig. 20 in an ARPK.

Ciisp Cisp
nput output
vatiable Fuzzification data

Fig. 5. The structure of fuzzy decision making egst

Fuzzy database rules:The fuzzy database rules consist a set of fuzigsrof the
following form “If-Then-“. Variables may adopt both values estimated imdspe.g. “small”,
“medium”, “high”, and numerical values. Single ruie the base of rules may have the
following form:

IF {Project Time is MediumAND {Project Cost is Low}JTHEN {Attractiveness of
the Project is Medium}

Rules are created by experts on the basis of kilpelpossessed by them and experience
acquired in the given field.

Fuzzy decision stage:The decision making is similar to simulating humdecision
making in inferring fuzzy control actions basedtba fuzzy rules of inference in fuzzy logic.

12



At this stage the knowledge base and implementethads are used to solve the given
problem. An example of inference mechanism baseti@nule with two inputs and one output
so called Min Inferencing, is presented in FigTBe entire strength of the rule is considered as
the minimum membership value of the input variableembership values. In case of larger
number of rules in the knowledge base, obtained Ineeship functions for all rules are
aggregated, in order to achieve final function eimbership.

PROJECT TIME PROJECT COST
VSl(-V. Shosrt) M(MedlLﬁm)La\r/Le(V. Large) }(LOVQ M(%m) H}-Iigh)
0,8 0,8
45(/\/ 062
04t ----04 0,4 - X
el AN/ N\
, L N/ N\

——————— 120
: Min |
| Inferencing!_

~
—
~o -

ATTRACTIVENESS OF THE PROJECT

L (Low) M(Medium) H (High)
1

N /\_/
08
sl N/ \/

04 — —o4 X . X

0,2,%jﬂ%/ﬁe obtained membership function
0

Fig. 6. Implementation of fuzzy rule set

Defuzzification stage:At this stage the fuzzy variables generated byfilaey logic rules are
turned into a non-fuzzy value. The fuzzy logic mes which does this is called defuzzifacation
because it combines the fuzzy inputs to give aespwnding real (non-fuzzy or crisp) output
which can be used to perform some action. The défez combines the information in the
fuzzy inputs to obtain a single crisp (non-fuzzytput variable. Among many methods of
defuzzification, the most common one is the Cenfr&ravity Method (COG), see formulae
(4) [6, 17].

m
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y =So—— @)

;ﬂm

where:
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Yy, —i-th value of output variable,

Moy — value of obtained membership functioniféh value of output variable,
m— a number of discrete values of output variable.

4. ILLUSTRATIVE EXAMPLE

There exists a project represented by the acthétyork G = (V, E), where: V - is a set of
nodes, and E - is a set of arcs. As an examplegamsider the A-O-N network depicted in
Fig. 7. Nodes of a network are assigned to thevitie8. The project network consists of 15
activities. The arcs in the project represent ptenee relations. According to precedence
relations, the relations in the set of activities de fixed or soft. In the project network OR,
SOFT and EXCLUSIVE-OR soft relations types are used

EXCLUSIVE-OR
1l
LIL|

Fig. 7. Precedence relations for the project

Initial analysis of the project network model ofetldiscussed project shows, that the
sequence of performing some activities is precisieliermined, whereas other activities may
be performed in other way. Variable character afusatial relations are of hard or soft
character.

4.1 Project duration

The case the activity O1 precedes the activity O@enoted by: OX O2. It means, that the
sequence of performance of particular activitiespiscisely determined and may not be
changed. Another example of hard relations is #iationship between activities: G205,
02<04, 05<09, 06<010, 09<012, 0103, 0307, 03<08, 0O7<011,
011< 014, 010013, 012< 015.

Two activities can begin at the same point in theef for example 04 ad O5, in symbols
04 ~ 05. Apart from hard relations there are thyges of soft arcs: OR, EXCLUSIVE-OR,
SOFT. Soft ars allow different way of realizatiohaativities.

Introducing three soft relations leads to creatafnalternative, acceptable variants of
accomplishment of the discussed project, see FigOR and EXCLUSIVE-OR relation
generate one alternative respectively, whereas Si@kfion — two alternatives. Activity O8
may be performed before activity Oll or parallelthwiactivity O11 (OR relation).
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EXCLUSIVE-OR relation between activities O5 and Od@ans, that activity O5 may be
performed in a set sequence, i.e. before finishictivity O10 or in a reversed sequence, i.e.
activity 010 may be performed directly before aityi¥D5. Connecting activities O2 and O6 by
SOFT relation means, that given activities may beomplished in the adopted sequence
02<06, in a reversed sequence €62 or both of those activities may be performed
parallel.

Taking into soft arc from Fig. 7 leads to modifioat of activity network considered (see
Fig. 8).

Alternative of OR arc

Alternative of EXCLUSIVE-OR arc

Y
(] G [ G0 G U] ] G 0] G G2 B

Alternative of SOFT arc

Fig. 8. The tree of searching a feasible variahfgraject network model

EXCLUSIVE-OR

| 01 |—4 a3 |—4 010 l—{i 013 l—{i 015 |

| d |
o 4 014

Fig. 9. Feasible vaiant of project network modétaéctivating SOFT arc
One of the admissible scenarios of the project adéwnodel is shown in Fig. 9. It

results from it, that activities O2 and O6 may berfprmed parallel due to taking into
consideration SOFT link. Remaining relations betwaetivities were unchanged.
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Fig. 10. Feasible vaiant of project network modtraactivating EXCLUSIVE-OR arc

Figure 10 presents feasible variant of the progeetted after EXCLUSIVE-OR arc was
activated. It results from it, that activity O5performed in the reverse sequence, i.e. directly
after activity O10 was ended: OHIO5, activity O2 and activity O6 may be performed in
sequence OZ 06. Sequence of realization of other activitiesagmd unchanged.

Another variant (Fig. 11) indicates, that the cdesid project is feasible in different set of
sequence of activities. Activities O2 and O6 maybegormed simultaneusly (just like in Fig.
9) with inverse performance sequence of activii®sand 010.

Figure 12 is a graphical illustration of permissiblariant of accomplishment of the project
where O8 and O11 activities may be performed semeltisly, OR relation was taken into
account in this case.

In order to illustrate influence of soft relationn total time of the considered project,
net models were determined for each of the fivesgmeed variants, as well as critical paths and
planned time for performance of the project in eaehuential system. It was assumed, that
duration of activities is known and presented tsjrgle value — deterministic approach. Table
1 presents duration time for each particular aidigiin the conventional time units (c.t.u.).

Table 2 presents determined critical paths of palgr variants of project performance
and quantity of total time of project performaniteesults from it, that the shortest duration of
realization of the considered project amounts te@@8ventional units of time. Performance of
the project in variant first, second and fifth lead performance of the project in the shortest
time. Adopting minimization criterion of project dhtion time, first, second and fifth variants
are optimal. Variant No 4, which takes into considien SOFT relation (simultaneously
performance of activities O2 and 06) and EXCLUSI®R- link (reversed sequence of
activities O5 and 010), leads to prolonging timepadject by 8 conventional time units up to
36 c.t.u.The last variant presented in the workigwd No 3) is characterized by the longest
time of performing given project. In this case tbtl time of project performance is 38 c.t.u.
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Fig. 11. Feasible vaiant of project network modtraactivating SOFT i EXCLUSIVE-OR
arcs

|EIZI ‘«iEMI ‘«{DSI ’«{EHZI ’«{D15|

Fig. 12. Feasible variant of project network moaféér activating OR arc

Tab. 1. Duration time for each activity in projeetwork model

Numberofactivity| 1 | 2 | 3|4 | 5| 6| 7| 8| 9|10|11|12(13|14| 15

(UIEHLE 3(2|3| 1| 5| 6| 4 2 § 4 7 5
time[c.t.u.]

[d%]

4.2 Project cost

Subsequent stage of project variants analysis deslucost estimation. Costs of
accomplishment of activities of the project are eltl with the use of triangle fuzzy
numbers. Three experts joined the process of atisha&tion. Their task is to estimate value of
particular works. The costs of performance of ativitlg estimated by the experts were
averaged. Averaged triangle numbers representingrage costs of activities were
subsequently subjected to defuzzification. As altes defuzzification the value of real cost
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of performance of given activities was obtained ahdn the value of real cost of the
considered project.

Tab. 2. Comparison list of results of particulagrsarios of project performance

Number N”'.””ber e .

of flggre ' Total t'lme
project project Crital path of project

; network [c.t.u]
variant

model

1 Fig. 7 01 02<05<09<012< 015 28

2 Fig. 9 01 02<05<09<012< 015 28

3 Fig. 10 O 02<06<010<05<09<012< 015 38

4 Fig. 11 OK 06<010<05<09<012<015 36

5 Fig. 12 0K 02<05<09<012<015 28

Number 1 of project variant is considered at stafyproject cost estimation. In Table 3
assessments presented by experts were included:h wietermine performance cost of
particular activities of the project in conventibrast units (c.c.u.). The table also includes
comparison list of averaged performance costs dfqodar activities. The last column in the
table concerns real cost of given project variatednined with the use of chosen method of
defuzzification.

Tab. 3. List of project cost

Cost of activity estimated by expert

No of [c.c.u.] Averaged cost [c.c.u.] R[iil_ﬁf)]s'[
activity Expert 1 Expert 2 Expert 3
(|11 rnll ul) (|21 rT}Z! u2) (|3l nh! u3) (Iaverage; maverage; uaveraga #IZDEF
1 (2,5,7) (3, 4, 6) (2,4,5) (2,33; 4,33; 6) 4,22
2 (3,4,5) (2,3,5) (2,3,4) (2,33; 3,33; 4,67) 3,44
3 (10, 12, 14) (8,9, 10) (9,10, 11) (9; 10,33;11,67) 10,33
4 (1, 2, 3) (1, 2, 3) (2,3,4) (1,33; 2,33; 3,33) 2,33
5 (5,6,7) (4,6,7) (5,6,7) (4,67;6;7) 5,89
6 (4,5, 6) (4,6,7) (5,6,7) (4,33; 5,67; 6,67) 5,56
7 (8, 10, 11) (9, 11,12 (10,11,12) (9; 10,67, 11,67) 10,44
8 (6, 7, 8) (7, 8,9) (8,9, 10) (7, 8;9) 8
9 (11,12,13)| (10,112,12) (10,12,1B) (10,33;11,67;12,67) 11,56
10 (7, 8,9) (8,9, 10) (8,9, 10) (7,67, 8,67, 9,67) 8,67
11 (3,4,5) (5,6,7) (5,7,8) (4,33; 5,67; 6,67) 5,56
12 (3,4,5) (2, 3,5) (2,3,4) (2,33; 3,33; 4,67) 3,44
13 (12, 14,15)| (13,14,158) (12,13,1p) (12,33; 13,67;15) 13,67
14 (14,15,17)| (16,17,18) (14,16,18) (14,67;16;17,67) 16,11
15 (1, 2,3) (1, 2, 3) (2,3,4) (1,33; 2,33; 3,33) 2,33
Sum | (92,98; 112; 129,67) 111,55
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The cost of realization of the given project inigat one is provided with a triangular fuzzy
number (92,98; 112; 129,67) c.c.u. The single valuihe cost of project realization is 111,55
c.c.u. The cost does not deduct other values negudtom taking soft relations into account.

Changed order of realization of particular actestiimplies the necessity of additional
work. The work increases the demand for financiehns. Individual experts have estimated
the cost of additional work with the use of triatagfuzzy numbers. It has been assumed that a
change of a character of a relation by consideaingeak relation of the OR, EXCLUSIVE-
OR, SOFT type results in the increase of coststCafsadditional jobs provided in c.c.u. are
presented in Tab. 4.

Tab. 4. Costs of additional jobs

Cost of activity estimated by expert Real
[c.c.u.] Averaged cost [c.c.t.] | cost
Relation type Expert 1 | Expert 2 Expert 3 [c.c.u.]
(IL my, ul) (IZ: ny, Lb) (|31 m, lb) (Iaverage;rnaveragei Uaveraga ﬂIZDEF
OR simultaneously (2,5, 6) (3,5,6 (4,5,6 (3;5;6) 4,67
EXCLUSIVE-OR .
reversing (3,4,5) (3,4,5) (3,4,5) (3; 4;5) 4
SOFT | simultaneously| (1, 2, 4) (3,4,5 (2,3,6 (2;3;5) 3,33
reversing (4,5,6) | (3,4,5) (2,3,4) (3.4 5) .

4.3 Project selection

In relation to the above-mentioned variants ofizagibn of a given project resulting from
the use of defined soft relations, feasible costprojects realization have been determined.
The value of costs is listed in Tab. 5. The talleludes relevant alternative variants the
completion times.

Tab. 5. Total time and total cost project variant

Number
of Total time [c.t.u.] Total cost [c.c.u.]
variant
1 28 (92,98; 112; 129,67)
2 28 (94,98; 115; 134,67)
3 38 (95,98; 116; 134,67)
4 36 (97,98; 119; 139,67)
5 28 (95,98; 117; 135,67)

In the first variant the cost of project realizatits the smallest and equals appropriately
(92,98; 112; 129,67) c.c.u. The second varianthg anore expensive; in this case the span of
the cost of a project is (94,98; 115, 134,67) c.@be next variant is characterized by a
relatively low cost (95,98; 116; 134,67) c.c.u. &hnel longest time of project duration, which is
38 c.t.u. The fourth variant is the most expendivkas the highest cost of project completion.
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The cost is the result of considering the possibilif soft link and equals (97,98; 119;
139,67) c.c.u. The fifth variant is characterizgdtiie shortest time of project realization. The
cost of project realization in this variant is #ldi higher than the cost in a variant with the
lowest cost and equals (95,98; 117, 135,67) c.c.u.

The determined variants of project realization witidergo complete evaluation with the
use of the fuzzy system implemented in Matlab safevpackage. Two input variables are
considered: time of project variant realization fff'éR) and cost of project variant realization
(CofPVR). The output variable is only one, i.e.rAttiveness of project variant realization
(AofPVR). The value of output variable is deterndnitom the aggregation of impact two
input variable.

The input and output variables and their memberéimigtion are suggested by experts.
The experts defined the fuzzy numbers. They usedrihngular fuzzy numbers, because these
kind of fuzzy numbers are easy to implement an@ gjwod results. The variables were split
into five subset to fuzzify as follows:

1. VL -time/cost/attractiveness of project variardlization is Very Low.

2. L -time/cost/attractiveness of project variantizedion is Low.

3. M —time/cost/attractiveness of project variantizedion is Medium.

4. H - time/cost/attractiveness of project variantizagion is High.

5. VH - time/cost/attractiveness of project variardlization is Very High.

The Fig. 13, and Fig. 14 present the fuzzificatminthe input variables. In turn the
fuzzification of the output variable is shown irgFL5.

A fuzzy decision making system is obtained by wgta set of rules. The rules are based
on experts’ experience. Cause-and-effect depenetermli attractiveness of project variant
realization have been based on the pairs: timergjegt variant realization — cost of project
variant realization. Such a choice of knowledgeebas dictated by the ease of intuitive
determination of fuzzy inference resulf$ie combined impact of the TofPVR ad CofPVR on
attractiveness of project variant realization islaated, according to a fuzzy decision rule
(Tab. 6).

input variable TofPVR'

Fig. 13. The complete set of fuzzy of membershifion of time of project variant
realization
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input variable "CofPVR"

Fig. 14. The complete set of fuzzy of membershipfion of cost of project variant realization

I T I I T
L L ] H VH

output variable "AofPVR"

Fig. 15. The complete set of fuzzy of membershixfion for five levels fuzzifications of
ouput variable

Tab. 6. The knowledge base

Attractiveness of project variant realization (AofPVR)
Time of project variant realization (TofPVR) VL L M H VH
VL VH | VH H M L
Cost of project variant realization L VH H H M L
(CofPVR) M H H M L L
H M M L L VL
VH M L L VL | VL

Taking into account the above mentioned dependgndle system knowledge base
consists of twenty five conditional complex rulegiere there are two elements of the rule
combined by the logical conjunction AND in the amdent. Some examples of these IF-
THEN rules are presented below.

IF {TofPVR VL} AND {CofPVR M} THEN {AofPVR H}

IF {TofPVR L} AND {CofPVR H} THEN {AofPVR M}
IF {TofPVR H} AND {CofPVR VH} THEN {AofPVR VL}
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Fig. 16 presents an example of using fuzzy rul@iow:
IF{TofPVR L} AND {CofPVR L} THEN {AofPVR H}

Fig. 17 illustrates a complete set of fuzzy rulewlemanted in the application. The
evaluation of a fuzzy rule is based on computirgtthth value of its antecedent and applying
it to its consequent. This results in assigning fuzzy subset to each output variable true. In
Min Inteferencing where parts of fuzzy rules areeléed with AND logical operation then the
fuzzy AND is obtained as the minimum of the membgrsvalues of the input variables’
membership values.

Fig. 16. An example of using fuzzy rule

1. [ToPYR==+L] & [CofPR==vL] = [AafPvA=vH] [1)
2. [TofPyR==4L] & [CofPyR==L] = [4oPYR=vH] 1)
3 [TolPyR==4L] & [CofPyR==h] => [ofPVR=H) (1]
1 [TofF'\-fFi==VL]&[EZofPVF! H]—> [HofPy R M][1]

E [To & i) =» [AofPyYR=Y

7. [TofF’\-fFl =L & [CofF‘VFl L] = [&ofPYR=H] [1]

8. [TofPYR==L]& [CofPYR==M] = [2ofPYR=H] [1]

9. [TofFYR==L]& [CoffYR==H] => [AcfFYR=M] (1]

10 [TofPYR==L] & [CofPVR==YH] =» [AafPYR=L] (1]
11, [TofPYR==M] & [CofPVR==YL] = [AofPYR=H] (1]
12 [ToffYR==M] & [CofPVR==L] =: [&ofFvR=H][1]
13, [TofFYR==M] & [CofPVR==] = [AofFR=M] 1]
14 [ToffR==] & [CaffVR==H] = [&afFYR=L] 1]
15, [TofPWR==t) & [CofPVR==YH] => [&offvR=L] 1]
16, [TofPWR==H] & [CofFYR==YL] = [AofFYR =) (1]
17, [TofPWR==H] & [CofPR==L] => [&ofPYR=M] (1]
18, [TofPYR==H] & [CofPR==M] = [AofPVR=L][1]
13, [TofPR==H] & [CofPR==H] => [&cfFYR=L] 1)
20 [ToffYR==H] & [CofPYR=="H] => [&cfPVR=YL] (1]
21, [ToffYR==\H] & [CofFVR==YL1] = [&afPYR=t] (1]
22, [ToffYR==VH] & [Coff'VR==L] = [A&afFvR=L] (1]
23 [TofPYR==vH] & [Coff'VR==M] =» [&offvR=L] (1]
24 [ToffYR==VH] & [CoffVR==H] =» [&afPVR=YL] (1]
25 [TofPYR==wH] & [CofF'VR==vH] => [&afPYR=VL) (1)

Fig. 17.The set of fuzzy rules implemented.

The last stage in building fuzzy making decisiostsyn is defuzzification. The output
variables are defuzzified to get a crisp value. @éfizzification employs the centre of gravity
method, which is illustrated in Fig. 18.

The following variants of the project realizatioavie been evaluated by the developed
system. The calculations made for five projectiratibn variants are presented in Table 8.
Single, crisp marks of particular variants areatit.
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Fig. 18. The illustration of center of gravity meth

The first variant is characterized by the shortese and the lowest cost. The variant
received the highest mark, which is 0,821. Incrgagiroject cost by 3 c.t.u. and assuming
unchanged duration time provides the second re@mlizaariant of the project considered. The
note is lower and equals 0,775. A similar note gaen to the fifth variant, in which a OR
link was activated. As a result of the process tilnmaime of the project was still the shortest.
What increased was the variant realization cosiclmvas 117 c.c.u.

Significant extension of project realization tinmeviariants three and four results in the
lowest notes, accordingly 0,432 and 0,5. The twoanés are the least desirable in project
realization. The inference mechanism for variarg @presented in Fig. 19.

Tab. 7. The global evaluation of project variants

Number . Total cost with
Total time - . .
of 0=1 confidence Crisp value
. [c.tul]
variant level [c.c.u.]

1 28 112 0,821

2 28 115 0,775

3 38 116 0,432

4 36 119 0,500

5 28 117 0,744
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Fig. 19. Applying twenty five fuzzy rules and thetput variable
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5. CONCLUSIONS

The proposed approach combines in one model precideimprecise input data. The
considered activity includes hard and soft links, fakes into account three types of soft links
between activities in network project model introdd by El-sersy [12]. The activity costs are
assumed to be considered as fuzzy numbers. Assfraredwork seems to be very attractive
in cases the project realisation can change.

Proposed method of project planning was implemeritedVIATLAB system. The
employed fuzzy rules, i.e., the encompassing Mterfaring concept have been examined.
Table 8 presents the comparison of the proposechadetand the arbitrarily chosen
commercially available methods of project planning.

Tab. 8. Comparison of the proposed method andriiigraily chosen methods of project
planning

Scope CPM PERT GERT FCPM | FPERT| SOFTCPM| Proposed
method
Precise time of
activityfproject yes no yes no no yes yes
Prgglse cost of no no no no no no yes
activity/project
Imprecise time of
activity/project no yes no yes yes no no
Imprecise cost of no no no no no no yes
activity/project
Pregedenpe hard hard alternative hard hard hard and sdft hard and
relationship path soft
MUIt'Cr'te.”a no no no no no no yes
analysis
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APPENDIX

The term fuzzy logic originated in the early 196#@sen Lofti Zadeh [14] introduced the
concept of a fuzzy set [5]. Fuzzy set theory presich good mathematical methodology to
describe and handle the problem of imprecise ptajest. Fuzzy sets are used to define
uncertainty of project cost. Fuzzy set theory hasrbapplied to network-based planning
techniques by some scholars such as Chanas andukangki [2], Kuchta[8], Zare, Ghomi
and Karimi [15], Zhang, Tam and Li [16], Chen andudh [4] and others. In the network
techniques with fuzzy time (Fuzzy Critical Path kled FCPM, Fuzzy Program Evaluation
and Review Technique FPERT), the only fuzzy paramist the activity time, total duration
time, but others parameters like costs of actisjtest of project are certain.

The method considered is based on Work Breakdownctite (WBS). Among others,
guantities of the necessary material, man-hourdabbur, equipment are determined for
particular activities of the project (Table 2). @nain character of costs of accomplishment of
particular activities is presented with the uséuaty sets.

Fuzzy numbers are the fuzzy sets that are nornthbirel convex. Accordingly triangular
fuzzy sets can be called fuzzy numbers [16].

An uncertain cost of each activity can be describgda fuzzy number defined by its

membership functiont/z (X), associated with numerical value in the intervia[@ 1], i.e.
K ={(% tz(x)); xO X, g (x) T [0,1]}. The fuzzy numberK is a fuzzy set whose
membership functiont/; (X) satisfies the following conditions [4]:

1. H(X) is piecewise continuous.

2. Hz(X) is a convex fuzzy subset.
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3. Mg (X) is the normality of a fuzzy subset, implying tfiat at least one elemerx,
the membership grade must be 1, jt&: (%) =1.

Tab. 2. Specification for Statement of Work

Item Work description Unit | Quantity
Description of elements of a building
1. RAW CONDITION
1.1. Earthwork

Removing up to 15 cm of layer of cultivated landhntihie
1 use of a bulldozer m? 144,64
Diggings and drifts done by push shovels with a puan 3 52723
single shovel of 0,40m3, group Il m '
Covering recesses by hand behind the walls of water

3 engineering plants while making an embankment abup m 18,955
4m in soil cat. IV
4 gllrzzzurements at foundation diggings in flat and-liging m? 71,678

It is obvious that each decision maker may havetemofuzzy number related to each
attribute [8]. This fuzzy number may have the shépection defined on various domains.
There are many types of membership function, femeple: trapezoidal membership function,
Gaussian membership function, bell membership fanct

In this paper, for practicality and ease of thggubcost calculations, we propose triangular
fuzzy numbers for the estimations. Fig. 20 showes ithembership function of a triangular
fuzzy number.

He(X) A

1 interval of project cost

Fig. 20. Membership function of positive triangulazzy number
Considered membership function is defined following

x=I

, I<x<mandl #m,

u-x )

m< x<uandm#u,

Hz(X) =

0, otherwise
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Costs of each activity in Work Breakdown Structare represented by triangle fuzzy
numbers (pessimistic, probable, optimistic). Triglag fuzzy sets are very often used in the
practice because the parameters defining them eaasily specified in linguistic terms [13].
Therefore, triangular fuzzy sets are applied t@diee uncertain cost of activities.

Input parameters cost estimations are positivendtitar fuzzy numbers (fuzzy cost of
activities of the project network). Output paramete. total project cost is also a triangular
fuzzy number — interval. The interval indicatesttthee project cost is estimated at this interval
with a-confidence ¢-cut). Thea-confidence of fuzzy number of project cdstis defined as
follows [3]:

}Zn ={xOX :/le(x) > at, O arpoar (3)

Note that K, is a crisp set rather than a fuzzy set. Usingonfidence, K, can be

represented by different levels of confidence wabs. Fig. 6 shows the shape of fuzzy number
with a-confidence level.

4
Hiz (X)

/ o 4 (x) -confidence level

a=1
0a=0,75

a=0,5

5 :5,6 65 :7,6' 8,5 cost
Fig. 21. The membership function of given fuzzytc?l% = (5,6,5;85) and itso-cut

In order to reduce uncertainty of decision makimy this case determining costs of
realization of particular activities of an undeital) it is suggested that experts take part in the
process. Experts's opinions may be useful in ddéténm each cost of activity. Experts
establish estimated costs of completing particatdivities constituting a given project. On the
basis of their knowledge and experience, the expuisfine costs of completing an activity with
the use of fuzzy numbers. Exemplary evaluationsosts done by three independent experts
are presented in Fig. 22.

Experts’ opinion may be different. For the expeitias to be convergent, fuzzy Delphi
approach can be used [15]. We proposed a simpleathetsing the average of experts’ ideas.
We calculate the average of the fuzzy numbers lasife:

n n

2 2m 2u 3)
fy o=[AL i s
Kavera ge n n n
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cost of activity

Cost estimated by the first expert

=———= Cost estimated by the second expert
=mmmm Cost estimated by the third expert

Fig. 22. Cost estimation done by experts with usiagy numbers
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