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Abstract. This paper aims at solving the problem of minimising the construction project duration in deterministic
conditions when the accessibility of renewable resources is limited and changeable in time (workforce, machines and
equipment). Particular construction processes (with various levels of complexity) must be conducted in the established
technological order and can be executed in different technological and organisational variants (different contractors,
technologies, and ways of using resources). To solve this problem the authors are using evolutionary algorithm. For the
assessment of solutions generated by evolutionary algorithm, the authors have worked out a heuristic algorithm (of
resources allocation and project duration calculation). This methodology seems to produce similar outcomes when jux-
taposed with other solutions obtained by research works carried out using comparable methodologies. The paper con-
tains an example of practical application of evolutionary algorithm for construction project planning within resources
and time constraints.
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SCHEDULING CONSTRUCTION PROJECTS WITH RESOURCES ACCESSIBILITY

mal solution, minimising project duration.

1. Introduction

The process of planning how to execute a construc-
tion project on every stage should take into account the
existing conditions (eg feasible technological-
organisational variants) and limitations (resources acces-
sibility limits). As the result of planning, the optimal
project schedule should be developed.

The approaches in resources constrained project
scheduling can be divided into:

a) searching for optimal solutions using integer pro-
gramming, branch and bound technique, dynamic
and binary programming;

b) searching for suboptimal solutions using heuristic
algorithms, including:

— specialised heuristics,

— metaheuristic methods — taboo search method, simu-
lated annealing, genetic algorithms.

The artificial intelligence methods are also applied
in the form of expert systems, neural networks and hy-
brid systems.

2. Literature review

The issue of scheduling is often described as the
task of integer programming. In such tasks the vector of

decision variables usually takes the form of binary vec-
tor [1-6]. Precise procedures of single-criterion optimi-
sation of schedules are mainly based on the branch and
bound method [2, 7]. Branch and bound algorithm al-
lowing to determine a set of active schedules was worked
out, among others, by Dorndorf et al. An active sched-
ule is one in which no process can begin earlier without
violating technological or resource limitations, or delay
another process. The algorithm takes account of limita-
tions and uses them to reduce the area of search. As a
result, a set of possible dates for starting processes and
thereby a set of feasible solutions (only feasible solu-
tions) is restricted.

Using precise algorithms to solve serious practical
problems is impossible because of length of time needed
for calculations and due to the limited memory capacity
of the computer [4, 9, 10]. This has resulted in the for-
mation of several approximation methods employing the
heuristic approach. The methods can be divided into two
groups: specialised heuristic and metaheuristic.
Specialised heuristic methods are used to solve only one
optimisation problem. In previous researches in the sub-
ject there are many examples for concrete problems and
algorithms. For example, R. Marcinkowski [4] worked
out a heuristic algorithm of project scheduling with vari-
ous process technologies (multi-mode), time constraints
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and existing limits of renewable resources availability.
To solve the problem the author used B. F. Talbot’s idea
of algorithm [6]. M. Prystupa [5] worked out a heuristic
algorithm for allocation of contractors and scheduling
construction projects for situations where utility is
maximised. He analyses the case where carrying out tasks
will bring the investor profits which will depend on the
time of their completion (usefulness is function of the
completion date). This algorithm is based on iterative
allocation of contractors for tasks.

Among the most popular heuristics solving sched-
uling problems are priority heuristics. These methods
include two phases. In the first one, a so-called priority
list, a list of processes is prepared and arranged accord-
ing to decreasing values of priorities calculated on the
basis of an assumed rule. In the other, the start and fin-
ish times of these processes are calculated so as to keep
all the constraints. In this phase, one of the two methods
of tasks scheduling is used: parallel or serial, which dif-
fer in the way of solving resources conflicts. In the se-
rial methods [11-14] only one process is considered at
a time, the one with the highest priority, in order to de-
fine its start time. If a process cannot be started at a
given moment because of the lack of resources, then its
execution is put off till the earliest time possible when
resources are available. The procedure ends with the last
element in the list. In a parallel method [9, 10] more
processes are considered simultaneously. In the succes-
sive steps of the algorithm, a set can be defined includ-
ing processes with the highest priorities and which can
start at the moment because all their predecessors were
carried out. There are no best priority rule producing
best results for different problems and structures of
projects. For this reason, H. Khamooshi [15] has modi-
fied the existing approach to establish process priorities.
The procedure worked out by him consists in dividing
a project into parts and using different priority rule for
each part. He presents this approach in the form of a
dynamic programming model. R. Slowinski, B. Soniewski
and J. Weglarz [10] suggested employing a cluster of
many rules instead of one priority rule, and then choos-
ing the best one.

To solve single-criterion optimisation project sched-
uling problems, metaheuristic algorithms are used as well.
They define only a certain pattern of optimisation pro-
cedure which must be adapted for particular applications.
The most frequently used metaheuristic methods are as
follows: simulated annealing, taboo search and evolu-
tionary algorithms. Both simulated annealing and taboo
search methods belong to the group of neighbourhood
local search algorithms [16]. They search the area of
feasible solutions passing from a current solution to
a neighbouring one (the definition of ,,neighbourhood”
and a way of neighbouring solutions generation, depend
upon the nature of the problem). In taboo search method,
the notion of neighbourhood refers to a given solution
and to the algorithm step. In successive iterations the

best solutions found last are removed from
neighbourhood. Such solutions are called taboo solutions,
ie forbidden in next iterations. It makes easier to find
global optimum and eliminate the area of local optimum.
This approach also limits cycles in algorithm perfor-
mance. In simulated annealing algorithms, if the
neighbouring solution is better than a current one, it be-
comes a new current solution in the successive iteration.
If it is worse, it can become a current solution in the
successive iteration with certain probability dependent on
the deterioration value of criterion function.

The idea of imitating processes taking place in na-
ture used in local search methods, is also used in evolu-
tionary algorithms. Evolutionary algorithms work as com-
puter systems for solving problems according to rules
observed in the evolution of live organisms. The rules
involve system structure, and ways of their functioning
and adapting to existing conditions. A characteristic fea-
ture of this approach in solving optimisation problems is
creating a population of individuals representing solu-
tions in a form of chromosomes. As in nature, better
adapted individuals — solutions better from the point of
view of an objective function — stand a better chance of
survival and development. Some examples of employing
evolutionary algorithms for solving scheduling projects
in industry (both in problems of job-shop type and net-
work planning) were worked out by P. Husbands [17].
H. Li et al [18] use improved genetic algorithm to facili-
tate time-cost optimisation. M. Pawlak [11] uses evolu-
tionary algorithm for resources levelling in scheduling
of industrial production. He employed direct solutions
in the form of chromosomes in which successive genes
mark the beginning data of carrying out a process. It
required working out a procedure repairing solutions
(chromosomes) which would meet model limiting condi-
tions (order dependencies between processes).

Evolutionary algorithms are classified by many au-
thors [3, 7, 17, 19] as methods based on artificial intel-
ligence, ie algorithms acting like human behaviour. Apart
from evolutionary algorithms, there are also artificial
neural networks [20], expert systems [21] and hybrid sys-
tems [19], using evolutionary algorithms employed for
solving scheduling problems.

Because of the fact that practical application of ac-
curate methods of project scheduling is limited (high level
of complexity of the practical problems), and due to im-
perfection of heuristic methods, the authors search in the
present study for the suboptimal schedules of construc-
tion projects basing on evolutionary algorithms. The
method proposed by the authors does not provide the
optimal solution, the results are close to the optimum
and obtained in a short computation time. Because the
evolutionary algorithms may be easily adapted to solv-
ing any type of problems, the proposed method is versa-
tile and allows defining the case conditions and con-
straints freely.
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Fig 1. Diagram of the method of construction project
scheduling

3. Description of a problem solution method

A schematic diagram of the proposed method of
solving construction project scheduling problems is shown
in Fig 1.

The project schedule is the result of calculations
carried out by means of two algorithms described be-
low. The evolutionary algorithm is used for searching
the minimal project duration. The heuristic algorithm
enables resource allocation for which the accessibility is
limited and changeable in time and project duration cal-
culation. Successive steps of evolutionary algorithm are
shown in Fig 2. In Table 1 basic notions used in de-
scribing evolutionary algorithms are explained.

Initiation consists in creating initial population —
a specified number of individuals (chromosomes). In the
article the authors used individuals’ representation (fea-
sible solutions) in the form of genes’ string containing
information about ways of carrying out processes and
values of priorities (Fig 3).

Table 1. The notions used in evolutionary algorithm descrip-
tion

Notion Explaining notions

Population Set of individuals (solutions)

Individuals Solutions encoded as chromosomes (strings
of bits with information about ways of
carrying out processes and processes
priorities values)

Chromosomes | String of genes

Gene Also called a feature, mark, detector; in the

study genes encode ways of carrying out a
given process or/and value of process
priority depending on placing the gene in a
chromosome

Fitness function | It is the amount of adaptation of a given
individual in population; it enables the
selection of individuals best adapted in
accordance with an evolutionary rule of

surviving ,.the strongest”

Generation A successive iteration in the algorithm

Individuals assessment — calculating
value of objective function using
heuristic algorithm of project
duration calculation

v

Remembering / protection of the best individual

v

Calculating value of individual fitness function

S termination condition

mety

no
A 4

yes

Selection

v

Cross-over

v

Mutation

Fig 2. Evolutionary algorithm

Process
number 1 2 .. N I 2 ... N

1 3 (.. 2)4]13]...]5

Codes of the way of
carrying out processes

Values of processes
priorities

Fig 3. Representation of feasible solutions (individuals)
in the form of chromosomes

In the assumed way of individuals’ representation,
the number of process is identified through the position
of a gene in chromosome.

Initial population is created randomly. The process
consists of creating a number of chromosomes defined
in advance. Particular genes assume values chosen ran-
domly with equal probability from their variability inter-
val. The procedure individual assessment is used to cal-
culate the project duration for each individual of current
population and thus it enables chromosomes assessment
ASSES[i]. The algorithm of project duration calculation
is shown in Fig 4. It consists in interactive allocation of
renewable resources for processes and in setting dates



270 P. Jaskowski, A. Sobotka / JOURNAL OF CIVIL ENGINEERING AND MANAGEMENT — 2004, Vol X, No 4, 267-276

1)
TIME:=0

=
2)

Setting a set of processes SET which can be
alloted with resources at a moment TIME.

3)
Selecting NRPROC process with the
highest priority from the set SET

)

4)
Are the remaining resources for
carrying out NRPROC process
available?

eS

9)

Project
duration ¢
calculation 5)

Change in resources availability engaged in
carrying out NRPROC process

v

6) v

Removing NRPROC process from the set SET )
Removing NRPROC
process from the set SET,
adding it to set SET2
no
yes 8)

7) Processes i, for which
Change in value of TIME variable O<TFPROC][i]<=TIME]Ji], are
acknowledged to be finished

Fig 4. Algorithm of project duration calculation

for their completion at the earliest moments resulting from 1. The variable defining the moment when resources
meeting the condition of resources availability and pre- will be allocated (TIME) takes zero value.

cedence relations among processes. Resources are first 2. A set SET of processes which can be allotted re-
allocated to these processes that have the highest prior- sources at a given moment 7/ME is fixed. The pro-
ity. The algorithm establishes the shortest project dura- cesses must meet two conditions:

tion with defined ways of carrying processes and pro- — they will not begin until the moment TIME,

cesses priorities (the information is encoded in the chro- — all the predecessors of each process were finished
mosome representing a given feasible solution). (at the moment TIME at the latest).

Each successive step of the algorithm is explained 3. Out of the set SET, if it is not empty, the NRPROC
as follows: process with the highest priority is chosen. In case
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of several processes having the same value of pri-

ority, the one having the smallest number is chosen.

4. Checking the availability of renewable resources in-
dispensable in carrying out NRPROC process. If any
resource is unavailable, NRROC process is removed
from set SET and attached to SE72 set. SET2 con-
tains processes whose demand for resources in a
given iteration exceeds their availability.

5. If resources are available, the start time for the pro-
cess NRPROC is settled for a moment T/ME. The
resources availability engaged in carrying out
NRROC process is changed. The process consists
in creating a new availability interval or intervals,
or requires correction of the number of resources
units available in one or several time intervals.

6. The process NRPROC which was allotted resources,
is removed from SET set. The start time of the pro-
cess is settled for a moment TIME. Steps from 3—6
are repeated for all the processes belonging to set
SET.

7. As there are no processes belonging to set SE7, it
is necessary to change the value of TIME variable.
There An original procedure is used developed by
the authors. A new moment of time when resources
will be allotted, is defined in the following way:

— searching the earliest finish time 77 (7/>TIME) among
processes which were allotted resources,

— for processes from SET2 set, the earliest H date is
looked for (TIME<H<TI) in which the number of
resources available enables us to begin carrying out
any process. If SET2 is empty, TIME variable takes
TI value, otherwise the smallest value of H or 77 is
taken. The suggested procedure enables shortening
the time of completing a construction project when
resources availability is either constant or change-
able in time.

8. Processes [i/ which meet the condition
0<TFPROCJi] < TIME are acknowledged to be fin-
ished. The algorithm is repeated from step 2 and a
new set SET is marked.

9. If all the processes have had their resources allo-
cated, the date of completing project is calculated
as the maximum deadline among all direct prede-
cessors of the apex END.

The individual (chromosome) from the initial popu-
lation for which the objective function value is the best
(the shortest project duration) is remembered.

Evolutionary algorithms are used to look for the best
adapted individuals for which the fitness function value
is the highest. In the study it is necessary to convert
minimised objective function into maximised fitness func-
tion:

FITNESS[i] =
max ASSES] X] — ASSES]i] + GAMMA
X

1
max ASSES[x] — min ASSES[x] + GAMMA’ M
X X

where: Min ASSEY x],max ASSEY X] — minimum and

) X . X . .
maximum value of objective function in a given popula-
tion,

GAMMA — factor which allows to reduce differences
among individuals in a population (calibrating fitness
function) and ensures that denominator in formula (1)
does not equal zero.

Calibrating fitness function prevents premature con-
vergence of evolutionary algorithm, which would result
in finding a local optimum and not a global one.

The action of algorithm can be stopped in two cases
(the termination conditions):

— after performing a specified number of iterations
(when the number of current generation is greater
than the maximum value assumed),

— when after some number of iterations there are no
better solutions than in previous generations.

If the termination condition is not met, a selection
of individuals is carried out as the next step. Chromo-
some selection consists in choosing these individuals that
will take part in producing offsprings for the next gen-
eration. Chromosomes having the highest value of fit-
ness function are the most likely to produce new indi-
viduals. In the study the method of roulette wheel is used
in selecting procedure [22]. Selection runs as follows:

— entire fitness SUM of population is calculated as
the sum of fitness function values of all individuals,

— for each individual i relative fitness FITNESSREL][i]
is calculated, corresponding to the probability of
chromosome selection for reproduction

FITNESS]i]
M )

— and then total fitness FITNESSTOT/i] (cumulative
distribution function of selection probability) by re-
current dependence:

FITNESSTOT[0] = FITESSREL[O]

FITNESSTOT[i] = FITNESSTOT[i -1] + 3)

FITNESSRELJi],

FITNESSREL[i] =

— a random number r within is generated. An indi-
vidual for which the condition

FITNESSTOT[ j -1] < r < FTNESSTOT[ j]
(forindividual j = Owhenr < FITNESSTOT[0]) (¥

is met, is selected for a new parental generation.

The last step is repeated as many times as the popu-
lation size. Because of that, in the selection process the
parental population is of the same size as the current
population. In the population some individuals (better
adapted) can appear many times.

The task of crossover is to recombine chromosomes
by exchanging strings of genes between parents’ chro-
mosomes. The one—point crossover was employed in the
study. The procedure is carried out in two stages:

1. For each chromosome from parental population
a random number x within <0,1) is generated. If
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x<PCROSS where PCROSS is crossover probability (sys-
tem parameter), then a given chromosome is selected for
recombination. Selected chromosomes are then paired.

2. For each pair of chromosomes (parents) a ran-
dom number is generated, defining the point of "cross-
ing" chromosomes. Strings of genes in parents' chromo-
somes ahead of the point of crossing are not changed,
only genes behind that point are exchanged between par-
ents.

New individuals created in this way are included in
a new generation, subject to mutation operator at a fur-
ther stage. Mutation consists in random change of one
or more genes of the selected chromosome, with prob-
ability equal to mutation frequency PMUTAT. In the
study, regular mutation was used in which probability of
mutation of each gene is identical, and operator's action
does not depend on the number ("age") of a generation.
For each gene in a chromosome, a random number y
within <0,1) is generated. If y<PMUTAT, a given gene j
undergoes, mutation ie takes any value (selected ran-
domly) within its variability interval.

The best individual protection (so-called exclusive
strategy) is a special additional reproductive procedure.
The best adapted individual among all former genera-
tions, does not always passes to a new population. Ex-
clusive strategy is used as the protective step against the
loss of that individual - it is included into a new popula-
tion. If the best individual from the current generation is
worse than the best from the previous generation, then
the latter replaces the worst individual in the current
population.

Calculation of the fitness function value for each
individual in a new generation, the best individual pro-
tection, selection, crossover and mutation procedures are
repeated cyclicaly until the termination condition of the
algorithm is met. Then the result of algorithm's action is

Table 2. Calculation results of test examples
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given, ie the solution to the problem - the way of using
resources and carrying out particular processes, the short-
est project duration and, for the best solution - start and
finish times of each process. The best solution corre-
sponds to the individual having the best (lowest) value
of the assessment function (the shortest or minimal project
duration).

4. Verification of results

Verification of results received from the developed
computer system was carried out using ten test examples
taken from PSPLIB library [3]. These examples include
from 12 to 16 processes. Each of them can be carried
out in three ways with a different duration and with a
different demand for renewable resources. The verifica-
tion results are shown in Table 2.

For each example the best result, equal to optimum,
was obtained. The solutions were found at the initial stage
of the algorithm performance (the highest number of gen-
eration — 59), ie after searching less than 2950 feasible
solutions at the most from among 43 min possible — ne-
glecting priority selection. Thus the developed computer
system finds quickly good quality solutions for selecting
ways of carrying out processes with a demand for lim-
ited resources.

All test examples examined so far concerned to the
case when available number of renewable resources is
constant in time. The necessity to correct the resources
availability during the scheduling process results in
changes in number of available resources units in time.
In order to confirm the correct performance of the algo-
rithm, the authors used it to solve an example from [4]
concerning scheduling a construction project. The example
(22 processes, 11 of them can be carried out using two
methods, 2048 variants altogether, 13 renewable

Example Optimum | Number of | Number of | The number Solution (T—To)/

marking solution Ty | processes possible of generation | obtained by To [%]
(according to [days] variants of | with the best means of

[10]) (according carrying out solution evolutionary
to [10]) project obtained algorithm
T [days]
1 2 3 4 5 6 7

n010 1.mm 19 12 531441 7 19 0.00
n010 10.mm 15 12 531441 25 15 0.00
n010 2.mm 18 12 531441 28 18 0.00
n013 4.mm 27 12 531441 18 27 0.00
n016 3.mm 24 12 531441 5 24 0.00
n019 9.mm 17 14 4782969 20 17 0.00
n022 2.mm 30 14 4782969 21 30 0.00
n024 10.mm 22 14 4782969 3 22 0.00
n028 1.mm 27 16 43046721 9 27 0.00
n030 5.mm 27 16 43046721 59 27 0.00
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resources) belongs to the class of multi-mode resource
constrained project scheduling problems. Additionally,
some processes can only be carried out within definite
time intervals. R. Marcinkowski [4] arrived at the solu-
tion for which completion time is 45 shifts (41 with un-
limited resources availability).

Introducing additional resources, available only in
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the owner set a date of compltion of the sports field
(processes 11 to 18 — see Fig 5) on the 40" day of the
project, and the date of completion the sports hall (pro-
cesses 1 to 10) on the 70" day. The prospective con-

Table 3. Available number of renewable resources units

time intervals in which time-limited processes can be  Resource | Resource | Time interval Available
carried out, calculations were made using the designed marking name ofrésou.r.ce number Of.
computer system. The best solution was obtained in the Availability Respurc;e units
56" generation — project duration was 3 shifts shorter (pr.lanning in time interval
than in [4] and amounted to 42. horizon)

The conducted research proves that the developed Z1 bulldozer (0,H) 2
method and computer system is highly useful in construc- 72 loader (0.H) 1
tion projects scheduling and solving various class prob- 73 dump truck (0.H) 3
lems. Z4 road roller (0,H) 2

75 haul scraper {030) 1
5. Example ( \ 0

To illustrate how the algorithm works, it was ap- 76 excavator {0,H) 1
plied to plan the execution of a sports centre consisting 77 excavator (0,H) 1
of a hall and sports field, and design a set of machlnes 78 crane (0.20) 1
taken from the assembly owned by a construction com- ( \ 2
pany (contractor). Data for the example are shown in
Tables 3, 4, and in Fig 5. In the presented case study, 29 grader (0.H) 1
Table 4. Time of carrying out processes and demand for renewable resources

Process Name of process Method Time Demand for resources [production units]
number Z1 | 72 | Z3 | ZA | Z5 | Z6 | Z7 | Z8 | Z9
1 Removing humus 1 2 1 1 1 0 0 0 0 0 0
1 1T 1 2 1 1 0 0 0 0 0 0
2 Levelling 1 13 1 1 3 2 0 0 0 0 0
1 1T 9 0 0 0 0 1 0 0 0 0
3 Excavation 1 4 1 1 2 0 0 0 0 0 0
1T 2 0 0 3 0 0 1 0 0 0
4 Excavation 1 1 0 0 0 0 0 0 1 0 0
for service lines I 4 0 0 0 0 0 0 0 0 0
5 Foundation I 7 0 0 0 0 0 0 0 1 0
6 Service lines 1 4 0 0 0 0 0 0 0 0 0
7 Technological break 1 5 0 0 0 0 0 0 0 0 0
8 Site assembly of the 1 15 0 0 0 0 0 0 0 1 0
hall II 8 0 0 0 0 0 0 0 2 0
9 Finishing works I 28 0 0 0 0 0 0 0 0 0
10 Car park 1 14 1 0 1 2 0 0 0 0 1
11 Removing humus 1 2 1 1 1 0 0 0 0 0 0
2 I 1 2 1 1 0 0 0 0 0 0
12 Levelling 1 12 1 1 2 0 0 0 0 0 0
2 II 7 0 0 0 0 1 0 0 0 0
13 Smoothing the field 1 3 0 1 1 0 0 0 0 0 1
14 Embankment 1 5 1 0 1 2 0 0 0 0 0
1T 4 0 0 0 0 1 0 0 0 0
15 Soil compacting I 5 0 0 0 2 0 0 0 0 0
16 Track 1 6 1 0 1 2 0 0 0 0 0
17 Surface of the field 1 10 0 0 0 0 0 0 0 0 0
18 Grandstand 1 10 0 0 0 0 0 0 0 1 0
II 7 0 0 0 0 0 0 0 2 0
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Table 5. The impact of the execution time of the sports field on minimal project duration (in the example)

Availability of the dummy resource [days] Unlimited
25 | 26 | 27 | 28 [29/30] 31 [32(33 34 [35/36| 37 [38]39) 40 | resources
Execution time of - 26 28 34 35 26
the sports field
Minimal project — 72 68 66 64 60
duration
4 6 9
HALL Excavation for —» Service Finishing
service lines lines work
1 2 3 5 7 8 10
Removing [P . Technolo- Site
humus 1 Leveling » £y cavation ) Foundation gical ) assembly Car park
! break of the hall
START 16
SPORTS FIELD
j Track
11 12 13 15
Removing » Levelling —p» Smoothing P> Soil
humus 2 2 the field compacting 17
Surface
% of the
14 18 field
Embankment I Grandstand

Fig 5. Graph of technological dependences among processes in the example

tractor had to analyse his capacities and resources and
develop a schedule of resources utilisation that would
meet the owner’s requirements. The algorithm developed
by the authors allows the scheduler to model the con-
straints in the form of deadlines for the work packages.
This can be done by introducing additional ,,dummy”
resources of certain availability (engaged in carrying out
processes: 16, 17 and 18; one unit per process). The
availability of the dummy resources was assumed to be
up to 3 units from the first to the 40" day of the con-
struction. With these assumptions, the execution time of
the whole project corresponds to the execution time of
the hall. Changing the dummy resources availability al-
lows to find the relationship between the field execution
time and the shortest project duration (Table 5). The
results of calculations show that the contractor disposes
of adequate resources and is able to complete the works

in time. There are three possible schedules. Assuming
that finishing ahead of time will result in an earlier pay-
ment, the optimal solution for the contractor was the one
presented in Fig 6, where the sports field is completed
on day 35 and the total duration of the project is 64
days. This is an ,,early start” schedule.

Analysing the schedule in Fig 6, it can be ascer-
tained that several variants for using disposable resources
can correspond to one duration time of the project, for
instance, removing humus 2 can be done with a haul
scraper and not a bulldozer, it will not influence the fi-
nal date. Selection of the schedule to be carried out re-
quires employing additional criteria, eg cost. As the
schedule is concerned with the earliest starting dates of
processes, at a further stage of planning one can aim at
compensating resources or maintaining continuity of their
work, changing dates within workable time reserve.
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—
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Fig 6. The project schedule (finish date of the sports field — 35th day; project duration — 64 days)

6. Conclusions

Resources constrained project scheduling problems
are solved using several methods. In view of great com-
putation complexity of precise methods, they are used
only for scheduling test problems with a small number
of processes and require simplifying assumptions. Prac-
tical problems require making allowances for many dif-
ferent situations, conditions and limitations in the plan-
ning process. In practical uses metaheuristic algorithms
are more appropriate methods. Possibility of employing
evolutionary algorithm to solve these problems was ex-
amined in the present article. Verification research car-
ried out enabled to evaluate positively practical charac-
ter of this method, particularly in reference to the possi-
bility of imitating complex conditions of carrying out a
construction project.
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Appendix. Notation

ASSES[i] — value of the objective function for the fea-
sible solution i

FITNESS[i] — value of the fitness function for the solu-
tion i;

FITNESSTOT]/i] — total fitness for individual i;
FITNESSREL][i] — relative fitness for individual i;

GAMMA — factor which allows to reduce differences be-
tween individuals in a population;

H —the earliest date in which the available number of
resources enables to begin carrying out any of the pro-
cess from the set SET2,;

NRPROC — process from the set SET with the highest
priority;

PCROSS — crossover probability

PMUTAT — mutation probability;

SET — set of processes which can be allotted resources
at a given TIME moment;

SET2 — set of processes whose demand for resources in
a given iteration exceeds their availability;

SUM — sum of fitness function values for all individuals
in population;

TFPROCYi] — finish time of process i

TI — the earliest finish time among processes which where
allotted resources and for which 77 > TIME,

TIME — variable defining the moment when resources
will be allocated.





