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Abstract 

This paper regards to the scheduling of a construction project under ill-defined constraints of 

time and resources for the execution of works. Fuzzy numbers are used for modelling the 

imprecision of constraints. Two methods of the measurement of fuzzy constraints satisfaction 

are presented. The first method uses the possibility measures based strictly on the 

assumptions of the fuzzy sets theory. The second method uses the measure based upon the 

concept of the α -cuts of a fuzzy number and the probability theory. The numerical examples 

are given for the comparison of both methods.  The results confirm that the use of the 

probabilistic measure provides the neutralization of the assessment of the fuzzy constraints 

meeting and improves the construction schedule. 
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INTRODUCTION 

 

The planning data used in the scheduling of construction projects are often 

imprecisely defined with regard to the required project completion time and the availability 

of renewable resources (key personnel and construction equipment) required for the project 

execution. This is caused by the various circumstances, e.g.:  

– the uniqueness of the any given construction project makes it difficult or even impossible 

to use the statistical methods for the assessment of the project makespan; 

– the acquisition of contracts in the tendering procedure does not allow for the precise 

planning of  the owned renewable resources distribution  to the individual projects; 

– conditions of contract provide for a time interval between the completion time preferred 

by the client (due-to date) and the completion time required by the client under the 

penalty of the contract termination of contractor’s fault (deadline); the existence of such a 

time interval allows the contractor for the flexible planning of the sufficient time for the 

completion of the works.  

As a result, the planning data for the planner are often defined imprecisely [3], with 

the use of a natural language, e.g.: "about two weeks", "about two to three weeks," “a little 

over two weeks”, "about fifteen to twenty workers" and alike [14]. In the literature dealing 

with the problems of project scheduling on the basis of imprecisely defined planning data, 

there is a common approach to use the fuzzy sets theory for modelling the imprecision of 

project data, in conjunction with the various schedule optimization methods, as for example 

the branch-and-bound method, e.g. [16], priority heuristics, e.g. [4], [15], [18] and 

metaheuristic methods, e.g. [5], [11], [15], [18]. However, the most of the literature under 



consideration take into account only the imprecision of durations of works and the 

imprecision of time available for the execution of works. The availability of any renewable 

resource is treated as well-known, which in the case of a real construction project rarely holds 

true. The assessment of the fulfilment of imprecisely defined time constraints is done with the 

use of possibility measure for the comparison of two fuzzy numbers or the real number and 

the fuzzy number, one representing the planned project makespan and the other representing 

the project makespan limit. The comparison is done with the Hurwicz criterion, e.g. [8], [17], 

[18] and the result is highly affected by the specific risk attitude of the assessor. In result, two 

or more persons may express different opinions about the degree of meeting the fuzzy limit 

of the project makespan.  

In this paper, the principles of the fuzzy modelling of imprecisely defined planning 

constraints and the principles of the assessment of the fuzzy constraints satisfaction are 

presented. The problem of the neutralisation of the assessment of meeting the fuzzy time and 

resource constraints is resolved with the use of the α -cuts of a fuzzy number and the 

probability theory. The paper also presents a numerical example showing the advantages of 

the use of probability measure for the optimization of the construction schedule with regard 

to the imprecisely defined time and resource constraints. 

 

 

THE MODELING OF THE PROJECT CONSTRAINTS USING FUZZY SETS 

 

To model the imprecision of the availability of the k-th resource, a planner can use a 

trapezoidal fuzzy number kR
~

in the form of the ordered four ),,,(
)4()3()2()1(

~

kkkkk rrrrR = , 

where real numbers 
)(i

kr (i = 1, …, 4) should satisfy the condition:
)4()3()2()1(

0 kkkk rrrr ≤≤≤≤ . 

Fig. 1 shows an example of a trapezoidal fuzzy number modelling imprecisely defined 

resource constraints, expressed as “from about 
)2(

kr to about
)3(

kr , but not less than 
)1(

kr and not 

more than
)4(

kr ”. 

 

 

 

 

 

 

 

 

 

 

Figure 1: An example of using a trapezoidal fuzzy number for modelling the imprecisely 

defined availability of the renewable resource constraints. Source: Own 

 

In the more specific case, a planner is able to narrow the area of imprecision and to 

express his opinion about resource constraints as “about
)2(

kr , but not less than 
)1(

kr and not 

more than
)3(

kr ”. To express this imprecision mathematically, a planner can use a triangular 
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fuzzy number kR
~

 in the form of the ordered three ),,(
)3()2()1(

~

kkkk rrrR =  or a trapezoidal 

fuzzy number kR
~

 in the form of the ordered four ),,,(
)3()2()2()1(

~

kkkkk rrrrR = .  

Similarly, to model the imprecision of the project makespan limitation one can use a 

trapezoidal fuzzy number ),,,(
)4()3()2()1(

~

ddddd ttttT = , where real numbers 
)(i

dt (i=1, …, 4) 

satisfy the condition:
)4()3()2()1(

0 dddd tttt ≤≤≤≤ . One can determine the components of this 

ordered four, assuming for example: 

– as the real number 
)1(

dt : the shortest feasible project makespan, determined as the result 

of the network model analysis without the renewable resource availability constraints; 

– as the real number 
)2(

dt : the lower limit of the project makespan, evaluated by the 

scheduler as having the greatest chance under the given circumstances; 

– as the real number 
)3(

dt : the upper limit  of the project makespan, evaluated by the 

planner as having the greatest chance under the given circumstances; 

– as the real number
)4(

dt : the project completion time required by the client. 

 

 

ASSESSMENT OF THE PROJECT FUZZY CONSTRAINTS SATISFACTION  

 

Application of the possibility measures 
If the maximum consumption of the k-th renewable resource must not exceed the 

imprecisely defined resource availability limitation, the schedule must satisfy the following 

relation: 

 kk Rr
~

max ≤         (1) 

The satisfaction of the relation (1) means that the maximum consumption of the k-th 

renewable resource, expressed by the real number max

kr , should not exceed the limit, which is 

the unknown (yet) output of the fuzzy number kR
~

. 

Similarly, if the works must be completed within the imprecisely prescribed time period, the 

schedule must satisfy the following relation: 

 dTt
~

≤ .  (2) 

The satisfaction of the relation (2) means that the planned project makespan expressed 

by the real number t, will not be longer than the time limit, which is the unknown (yet) output 

of the fuzzy number dT
~

. 

Using the theory of possibility [1], one should assess the degree of fulfilment of the 

relation kk Rr
~

max ≤  and evaluate of the veracity of the statement: "the real number 
max

kr  will 

not be greater than the unknown (yet) output of the fuzzy number kR
~

” using the necessity 

measure )N(
~

max
kk Rr ≤  and the possibility measure )(

~
max

kk Rr ≤Π . The necessity measure is 

used to assess how much the occurrence of the relation kk Rr
~

max ≤  is obvious throughout the 



state of the knowledge of the planner of the circumstances which are limiting the availability 

of the k-th renewable resource. The possibility measure is used to assess how much the 

occurrence of the relation kk Rr
~

max ≤  remains in compliance with the state of knowledge of the 

planner of the circumstances which are limiting the availability of the k-th renewable 

resource. According to [1] and [8], the appropriate formulas are as follows: 

 )(sup)( ~
max

~
max

rRr
k

k
Rrr

kk µ=≤Π
≥

, (3) 

 )(sup)( ~
max

~
max

rRr
k

k
Rrr

kk µ=≥Π
≤

, (4) 

 )(1)N(
~

max
~

max
kkkk RrRr ≥Π−=≤ , (5) 

where )(
~

r
kR

µ is the membership coefficient of the fuzzy set kR
~

. 

It should be noted that the possibility measure )(
~

max
kk Rr ≤Π  does not have the 

property of complementarity, i.e. )(
~

max
kk Rr ≤Π does not have to be equal to )(1

~
max

kk Rr ≥Π− . 

Using the necessity measure and the possibility measure for assessing the credibility 

of the statements given above, one should consider the cases shown in Fig. 2. 

 

 
 

 

 
 

Figure 2: The alternative schemes of relations between the fuzzy number kR
~

and the real 

number
max

kr . Source: Own 

 

On the basis of the formulas (3), (4) and (5), one can conclude that: 
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1) For the case shown in Fig. 2a: )(
~

max
kk Rr ≤Π = α , )N(

~
max

kk Rr ≤ = 0; the evaluated 

statement may be true to a degree of α , but the obvious truth of this statement is zero; 

2) For the case shown in Fig. 2b: )(
~

max
kk Rr ≤Π = 1, )N(

~
max

kk Rr ≤ = 1 – α ; the evaluated 

statement is possibly true, but the obvious truth of this statement is 1 – α , 

3) For the case shown in Fig. 2c: )(
~

max
kk Rr ≤Π = 1, )N(

~
max

kk Rr ≤ = 0; the evaluated 

statement is possibly true, but the obvious truth of this statement is zero. 

The meaning of the assessment presented above may be sometimes difficult to 

understand for the planner. Therefore, for the assessment of the degree of fulfilment of the 

relation kk Rr
~

max ≤ , there is a sought after the synthetic measure (marked here as ST), having – 

in line with the intuition of the planner – the property of complementarity: 

 )ST(1)ST(
~

max
~

max
kkkk RrRr ≥−=≤ . (6) 

Using the approach shown in [4], [17] and [18], one can implement the Hurwicz 

criterion for the assessment of the degree of domination of the fuzzy number kR
~

over the real 

number max

kr : 

 )N(β)1()(β)ST(
~

max
~

max
~

max

kkkkkk RrRrRr ≤−+≤Π=≤ , (7) 

where )0.1;0.0(∈β  is the coefficient of optimism, which characterizes the risk attitude of 

the planner. For example, assuming the neutral risk attitude of the planner (β = 0.5), one can 

obtain: 

 















≥

≤≤

≤≤

≤≤−+

≤

=≤

.0,0

,5,0

,5,0

,)1(5,05,0

,0,1

)ST(

)4(max

)4(max)3(

)3(max)2(

)2(max)1(

)1(max

~
max

kk

kkk

kkk

kkk

kk

kk

rrorf

rrrorfα

rrrorf

rrrorfα

rrorf

Rr  (8) 

In a similar way one can assess the degree of fulfilment of the relation dTt
~

≤ . 

As can be seen from the formula (7), the result of the assessment of the degree of 

fulfilment of the relations kk Rr
~

max ≤  and dTt
~

≤  strongly depends on the value of coefficient 

β , which characterizes the risk attitude of the planner. 

 

Application of the probabilistic measure 

It should be noted, after [2], that the necessity measure and the possibility measure 

determinate the lower bound and the upper bound of the probability: 

 ),()P()N(
~

max
~

max
~

max
kkkkkk RrRrRr ≤Π≤≤≤≤  (9) 

 ).()P()N(
~~~

ddd TtTtTt ≤Π≤≤≤≤  (10) 



This arises the question whether it is feasible to neutralize the assessment of the 

fulfilment of relations kk Rr
~

max ≤  and dTt
~

≤ , through the direct use of the probabilistic 

measure. The resulting problem can be described as follows: 

– there are two numbers given: (1) a real number m, representing the maximum 

consumption of some renewable resource or the planned project makespan, and (2) a 

fuzzy number 
~

N , modelling the limit of resource availability or the limit of the project 

makespan; 

– assess the probability )P(
~

Nm ≤  that a real number m, resulting from the construction 

project schedule, will be not greater than the unknown (yet) output of a fuzzy number
~

N . 

The idea of the assessment of the probability )P(
~

Nm ≤  presented below is based 

upon the use of the α -cuts of a fuzzy number
~

N  for a finite number of levels of certainty of 

the imprecise estimation of the given constraint. For the any given α -cut of a fuzzy 

number
~

N , an interval number ][ ul

iii
n,nN αα=

α
 is obtained. Symbol i is an index of a sequent 

α -cut. An example of an interval 
i

N
α

 is shown in Fig. 6.3.  

 

 

 

 

 

 

 

Figure 3: An example of an interval 
i

N
α

. Source: Own. 

 

On the basis of Fig. 3 one can conclude that if ul

ii
nmn αα << , then an interval 

i
N

α
is 

divided further into subintervals ][
l

αi
m,n  and ][

u

αi
n,m . The probability that a real number m 

will be not greater than the unknown (yet) output of an interval number 
i

N
α

 can be 

determined geometrically as: 
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If 
l

αi
nm ≤  then 1)P( =≤ αi

Nm and if 
u

αi
nm ≥  then 0)P( =≤ αi

Nm . The aggregation 

of probabilities )P(
i

Nm α≤  for the finite number of α -cuts of a number
~

N , leads to the 

following formula: 
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where i = 1,…, I is an index of sequent α -cut of a number
~

N . 

 

SCHEDULE OPTIMIZATION PROBLEMS FORMULATION 
 

In this paper, an activity–on–node network model with finish–to–start relations 

between activities is adopted to represent the construction project. The start date of the 

project is set to zero. Only the imprecision of the schedule constraints is considered. 

Therefore, the formula for calculating the scheduled project makespan can be expressed as: 

,,...,2,1},{max nidst ii =+=  

where is is the start date of activity i, id  is the duration of activity i, and n is the total number 

of activities. 

The following two alternative optimization problems can be formulated, based upon 

the two alternative measures of the compliance with the fuzzy limit of the project makespan:  

– find the start dates of activities so as to maximize the degree of compliance with the fuzzy 

limit of the project makespan:  

 )ST(ST:STmax
~

dTt ≤= , (13) 

– find the start dates of activities so as to maximize the probability of compliance with the 

fuzzy limit of the project makespan:  

 )P(P:Pmax
~

dTt ≤= , (14) 

where t is the real number, representing the planned project makespan, and dT
~

 is the fuzzy 

number, modelling the imprecisely specified constraint for the project makespan.  

Taking into account the relations of type finish–to–start between the activities, the 

solution of the problem (14) or of the problem (15) must fulfil the following condition:  

 )},({ jPrecidss iij ∈+≥  (15) 

where )( jPrec  is the set of predecessors of an activity j in the project network model. 

The solution of the problem (14) or of the problem (15) must also take into account 

the fuzzy constraints of the renewable resources availability. The maximum consumption of 

the k-th resource can be determined as: 

 }max{
)}({

max ∑
∈

=
τAp

kpτk rr , (16) 

where {A (τ)} is the set of operations executed in a time period τ, τ = 1,...,t, rkpτ is the 

consumption of the k-th renewable resource for the execution of an activity p in a time period 

τ, and t is the planned project makespan. According to the two alternative measures of the 

compliance with the fuzzy resource constraints, the planner should assess the required degree 

STkr of compliance with the fuzzy constraint of k-th resource availability or the required 

probability Pkr of compliance with the fuzzy constraint of k-th resource availability.  This 

leads to the following conditions:  

– for the solutions of the problem (14): the condition of meeting the required degree of 

compliance (STkr ) with the fuzzy limit of availability of the k–th renewable resource: 

 ,ST)ST(
~

max

krkk Rr ≥<  (17) 



– for the solutions of the problem (15): the condition of meeting the required probability of 

compliance (Pkr ) with the fuzzy limit of availability of the k–th renewable resource: 

 .P)P(
~

max

krkk Rr ≥<  (18) 

 

SCHEDULE OPTIMIZATION PROBLEMS SOLVING 

 

            Despite the specific measure adopted for the assessment of the fuzzy constraints 

satisfaction, optimization problems presented above are the resource – constrained project 

scheduling problems, which belong to the class of NP-hard problems [4]. For solving such 

problems, the use of heuristic or metaheuristic methods is well justified. Their detailed 

description is omitted here. The surveys appropriate for the construction project scheduling 

has been done by the others, e.g. [6], [7], [9] – [13], [16]. In this paper, the considered 

schedule optimization problems were translated into numerical optimization problems solved 

with the use of Genetic Algorithm (GA). To preserve the required technological precedence 

relationships among activities in the project network model, the general idea was to use the 

GA technique to establish the additional resource relationships among some activities. Those 

additional relationships were based upon the selected priority rules.  On the basis of the 

solution presented by the m-th chromosome, the start dates sj of each activity were calculated 

using the following formula: 

 })({max)(
)}({

ii
jPreci

j dmsms +=
∈

. (19)  

The following fitness functions were used to assess the resulting construction 

schedule:  

1) for the problem of maximization the degree of compliance with the fuzzy limit of the 

project makespan: 

 ∑
=

−=
K

k

kFmmf
1

)ST()( , (20) 

2) for the problem of maximization the probability of compliance with the fuzzy limit of the 

project makespan: 

 ∑
=

−=
K

k

kFmmf
1

)P()( , (21) 

where: 

f(m) – the value of fitness function for the solution presented by the m-th chromosome;  

ST(m) – the degree of compliance with the fuzzy limit of the project makespan, resulting 

from the schedule drawn upon the solution presented by the m-th chromosome:   

 ))(ST()ST(
~

dTmtm ≤= ; (22) 

P(m) – the probability of compliance with the fuzzy limit of the project makespan, resulting 

from the schedule drawn upon the solution presented by the m-th chromosome:   

 ))(P()P(
~

dTmtm ≤= ; (23) 

t(m) – the planned project makespan, resulting from the schedule drawn upon the solution 

presented by the m-th chromosome;   

Fk – the penalty (large enough positive real number) for the failure to meet the required 

degree of compliance with the fuzzy limit of availability of the k-th renewable resource;  

Gk – the penalty (large enough positive real number) for the failure to meet the required 

probability of compliance with the fuzzy limit of availability of the k-th renewable resource; 

K – the number of types of renewable resources with limited availability.  

 



NUMERICAL EXAMPLES 
 

The scope of the exemplary construction project covers modernization of an existing 

housing estate. This includes the renovation of existing buildings A and B, the renovation of 

the existing estate road, car parking, and the construction of new buildings C and D with the 

ancillary facilities.   The network of the project activities is shown in Fig.4. The network data 

are given in Table 1. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: An example of a construction project network model. Source: Own 

 

Neglecting the limit of workforce availability, the shortest feasible project makespan 

is ts = 37 weeks, with the maximum employment of maxr  = 49 workers per week. The 

contractor assumes that the number of available workers will be probably limited to 30 – 35 

workers. In any case it will be not less than 25 and not more than 40 workers. The 

imprecisely specified limit of workforce availability can be modeled by the fuzzy trapezoidal 

number
~

R  = (25, 30, 35, 40). 

            The client requires that the project has to be completed within a maximum period of 

50 weeks from the date of commencement. On the basis of his past experience, the contractor 

assumes that he should be technically able to execute the works within about 40 – 42 weeks. 

Due to the commitments of the contractor to the other clients, the project makespan should 

not exceed 45 weeks, and the owner of this project will absolutely not accept the project 

makespan exceeding the period of 50 weeks. The imprecisely specified limit of time available 

for the execution of the works can be modeled by the trapezoidal fuzzy number dT
~

 = (37, 40, 

45, 50). 

 

 

 

 

Table 1. Data for the project network model shown in Fig. 4. Source: Own 

 

1 

3 

2 

4 

5 

6 

7 

8 

9 

10

11

12

13

14

15

16

17

18

19

20



Earliest feasible  
Activity 

No 
Description  

Dura-

tion 

(weeks) 

Required 

number 

of 

workers 

start 

date 

 

finish 

date 

1 
Construction site 

preparation 
4 8 0 4 

2 
Earthworks for buildings 

C and D 
4 17 4 8 

3 
Renovation of 

foundations of building A 
3 12 4 7 

4 
Renovation of an existing 

estate road 
3 8 7 10 

5 
Renovation of the roof of 

building A 
4 10 7 11 

6 
Renovation of internal 

services in building B 
5 11 7 12 

7 Foundation of building C 6 9 8 14 

8 Foundation of building D 6 11 8 14 

9 
Renovation of the 

existing parking 
3 6 10 13 

10 
Renovation of internal 

services in building A 
6 9 14 20 

11 
Redecoration of building 

B 
5 10 14 19 

12 
Superstructure of building 

C  
4 12 14 18 

13 
Superstructure of building 

D  
6 7 14 20 

14 
Redecoration of building 

A 
4 9 20 24 

15 
Internal services in 

building C 
5 10 20 25 

16 
Internal services in 

building D 
5 11 20 25 

17 
Repair of auxiliary 

facilities 
3 6 13 16 

18 
Finishing works in 

building C 
7 6 25 32 

19 
Finishing works in 

building D 
4 8 25 29 

20 
Construction site removal 

5 9 32 37 

 

 

            In the first example, the planner is obliged to schedule the project to the highest 

degree of compliance with the imprecisely specified time limit for the execution of the works. 



The planner is risk–neutral (β = 0,5). Moreover, the schedule should guarantee the degree of 

compliance with the fuzzy limit of workforce availability not less than STwr = 0,50. 

The problem given above is described by the formula (13): 

 )ST(ST:STmax
~

dTt ≤= , 

with the condition (15), concerning the finish–to–start relations among the activities in the 

project network model:  

 )},({ jPrecidss iij ∈+≥  

and with the condition (17), concerning the required degree of compliance with the fuzzy 

limit of workforce availability: 

 .50,0)ST(
~

max ≥≤ Rr  

The resulting construction schedule is presented in Fig. 5. The planned project 

makespan is t = 44 weeks and the degree of compliance with the fuzzy limit of time available 

for the execution of the works is )ST(
~

dTt ≤  = 0,50. The maximum workforce employment is 

35 workers per week and the resulting degree of compliance with the fuzzy limit of 

workforce availability is .50,0)ST(
~

max =≤ Rr It should be noted that the resulting degree of 

compliance with the fuzzy limit of time available for the execution of the works is rated 

significantly higher by the more optimistic planner (see Fig. 7). It should be also noted, that 

the shortening of the planned project makespan to the level of 40 weeks does not change the 

resulting degree of compliance with the fuzzy limit of time available for the execution of the 

works (see Fig. 7). Similarly, the reduction of the maximum workforce employment to the 

level of 30 workers per week does not change the resulting degree of compliance with the 

fuzzy limit of workforce availability.   
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Figure 5: Construction schedule ensuring the highest degree of compliance with the 

imprecisely specified time limit for the execution of the works. Source: Own 

 

In the second example, the planner is obliged to schedule the project to the highest 

probability of compliance with the imprecisely specified limit of time available for the 



execution of the works. Moreover, the schedule should guarantee the probability of 

compliance with the fuzzy limit of workforce availability not less than Pwr = 0,50. This 

problem is described by the formula (14):  

 )P(P:Pmax
~

dTt ≤= , 

with the condition (15), concerning the finish–to–start relations among the activities in the 

project network model:  

 )},({ jPrecidss iij ∈+≥  

and with the condition (18), concerning the required probability of compliance with the fuzzy 

limit of workforce availability: 

 .50,0)P(
~

max ≥≤ Rr  

The resulting construction schedule is presented in Fig. 6. The planned project 

makespan is t = 41 weeks and the probability of compliance with the fuzzy limit of time 

available for the execution of the works is )P(
~

dTt ≤ = 0,70. The maximum workforce 

employment is 32 workers per week and the resulting probability of compliance with the 

fuzzy limit of workforce availability is )P(
~

max
Rr ≤ = 0,56. It should be noted that any 

shortening of the planned project makespan improves the probability of compliance with the 

fuzzy limit of time available for the execution of the works (Fig. 7), regardless the risk 

attitude of the planner. Similarly, any reduction of the maximum workforce employment 

improves the probability of compliance with the fuzzy limit of workforce availability.   
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Figure 6: Construction schedule ensuring the highest probability of compliance with the 

imprecisely specified time limit for the execution of the works. Source: Own 

 

 

 

 

 

 



                                )ST(),P(
~~

dd TtTt ≤≤  

                      1,0 

 

 

                                                                                                                                                    

                                                                    )P(
~

dTt ≤  

                                                                         8,0)ST(
~

=β≤ orfTt d  

 

                                  5,0)ST(
~

=β≤ orfTt d   

 

 
 

   

                                                                                                                              T                                      

                                                                                                                                                                   
                                 37   38   39   40   41   42   43   44    45   46   47   48    49    50 

Figure 7: Comparison of the functions )(
~

dTtST ≤ and )(
~

dTtP ≤ . Source: Own 

 
 

  Suppose now that the workforce is divided into two main trades: construction 

workers (Trade I) for items 1 – 5, 7 – 9, 11 – 14, 17 – 20 and installers (Trade II) for items 6, 

10, 15, 16.  

The imprecisely specified limit of construction workers availability is “about 30”, but 

not less than 28 and not more than 32 workers.  This limit can be modelled by the fuzzy 

trapezoidal number I

~

R  = (28, 30, 30, 32). Furthemore, the imprecisely specified limit of 

installers availability is “about 20”, but not less than 18 and not more than 22 workers.  This 

limit can be modelled by the fuzzy trapezoidal number II

~

R  = (18, 20, 20, 22). The imprecisely 

specified limit of time available for the execution of the works remains as before: dT
~

 = (37, 

40, 45, 50). 

The planner is obliged to schedule the project to the highest probability of compliance 

with the imprecisely specified limit of time available for the execution of the works. 

Moreover, the schedule should guarantee the probability of compliance with the fuzzy limit 

of construction workers availability not less than PIr = 0,50 and the probability of compliance 

with the fuzzy limit of installers availability not less than PIIr = 0,50. This problem is 

described by the formula (14):  

 )P(P:Pmax
~

dTt ≤= , 

with the condition (15), concerning the finish–to–start relations among the activities in the 

project network model:  

 )},({ jPrecidss iij ∈+≥  

and with the conditions (18), concerning the required probability of compliance with the 

fuzzy limits of construction workers and installers availability: 

,50,0)P( I

~
max

I ≥≤ Rr  



.50,0)P( II

~
max

II ≥≤ Rr  

The resulting construction schedule is presented in Fig. 8.  
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Figure 8: Construction schedule ensuring the highest probability of compliance with the 

imprecisely specified time limit for the execution of the works in the case of  two trades with 

limited availability. Source: Own 

 

In this case, the planned project makespan is t = 40 weeks and the probability of 

compliance with the fuzzy limit of time available for the execution of the works is 

)P(
~

dTt ≤ = 0,84. The maximum employment of construction workers is 30 workers per week 

and the resulting probability of compliance with the fuzzy limit of workforce availability is 

)P( I

~
max

I Rr ≤ = 0,50. The maximum employment of  installers is 19 workers per week and the 

resulting probability of compliance with the fuzzy limit of workforce availability is 

)P( II

~
max

II Rr ≤ = 0,97. 

 

CONCLUSIONS 
 

The theory of possibility allows for the modelling of imprecisely defined planning 

constrains by means of trapezoidal or triangular fuzzy numbers. If trapezoidal fuzzy numbers 

are used, some difficulties arise in determining the proper numerical value of coefficient 

β characterizing the risk attitude of the assessor. This may cause the different assessments of 

the degree of satisfaction of fuzzy planning constraints, formulated by planner and by the 

decision maker. In addition, the result of evaluation remains constant when the planned 

project makespan or the planned resource consumption takes the value from the core of the 

trapezoidal fuzzy number, modelling the given planning constraint. This adversely affects the 

optimality of solutions to scheduling problems with imprecisely defined constraints. If 

triangular fuzzy numbers are used, there still remain difficulties in the numerical 



characteristics of the attitude towards risk.  The approach presented in this paper combines 

the elements of the theory of possibility and the elements of theory of probability. The 

imprecision of project constraints is modelled by fuzzy numbers, while the level of 

satisfaction of fuzzy planning constraints is assessed by the use of probability measure. It has 

been demonstrated that the use of probability measure neutralize the assessment of 

compliance with the fuzzy constrains. Moreover, the results of the optimization of 

construction schedule are improved. The approach presented in this paper can be adopted 

when also the uncertainties of project activity durations are modelled by fuzzy numbers. 
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