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Abstract. In the given article:
1) describes the main groups of optimization methods relations «time-cost»;
2) determined the most optimal and efficient method of optimization;
3) the principle of the genetic algorithm is given;
4) the analysis of the work of J. Magalhdes-Mendes, as an example of the effectiveness of GA.

Object of study — genetic algorithm.

Objective — perform analysis of genetic algorithm and experience of its use as a method of
optimization of relations — «time-cost» to ensure successful implementation of BRMC for the operational
maintenance of highways of Ukraine.

Research method — analytical, historical, terminological, functional.

In this article the analysis of groups of methods that are used to optimize the relationship of "time-
cost». As a result of analysis, it was determined that genetic algorithm (GA) is the most optimal and effective
method of optimization. Analyzed the operation principle of GA. The work of the GA consists of the following
steps (blocks): problem statement; creation of the initial population; to calculate or estimate the fitness of a
population; selection; crossing; mutation; creation of a new population (NP); check the new population;
selection of the final optimal answer. To obtain the final optimal result, a new population (new generation) is
a test of fitness again. If the NP meets the set requirements then it is accepted as the final optimal solution. If
NP does not meet the requirements of the task - passes the stages of selection, crossing, mutation and test again
until meet the requirements of the task. For a better understanding of the effectiveness of using GA for opti-
mization of relations — «time-cost», was performed review and analysis of HA, which was proposed by J.
Magalhdes-Mendes. The author compares his model with two contemporary models developed by the authors,
Gen M., Cheng R. and Zheng D. X. M., Ng S. T., Kumaraswamy M.M. A comparative analysis was performed
based on real tasks, which consisted of seven operations, and several modes of execution. In the result of the
analysis, it was determined that the model proposed by J. Magalhdes-Mendes gave the best answer already for
three generations, whereas the other two models in only six. This model solved the task with the lowest ultimate
cost, which amounted to 225 500 $. On the basis of this work it can be concluded that GA can be quite effective
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method of solving the optimization problem of the relationship of "time-value", which in turn will allow us to
fulfil the BRMC in the road sector of our state.
Key words: based road maintenance contracts, operational road maintenance, optimization, genetic algorithm.

Formulation of the problem.

For successful use performance based road maintenance contracts (in the future - BRMC) in the
maintenance of roads (in the future - MR) of Ukraine, you must perform a thorough and quality optimization
the main indicators of the contract. These include the time required for the implementation of the contract and
its cost. Optimization of "time-cost" is a very complex process, therefore there is a need to analyse the main
methods that are used currently in the industry. In previous studies were analyzed, three major groups of opti-
mization methods: mathematical, heuristic and metaheuristic. As a result of the analysis showed that the most
effective and progressive is metaheuristics methods (evolutionary algorithms), namely genetic algorithms
(hereinafter GA). For effective use of GA as an optimization method «time-cost» with the aim of introducing
BRMC in the field of MR Ukraine, there is a need for a detailed study of its features and properties.

Analysis of recent researches and publications.

As a result of the analysis and study of major publications and literary sources, it was determined,
that the following researchers used the use of genetic algorithms to substantiate managerial decisions: Trivedi,
M.K., Sapan, N., Panchenko, T.V., Yeremeev, A.V., Kanin, O.P., Lantukh-Lyashchenko, A.l. and other.
However, it was discovered that it is precisely the application of genetic algorithms to justify the relation "time-
cost" insufficient attention was paid to researches of domestic scientists.

Setting objectives.

The main task of this article is to analyze the foreign experience of using genetic algorithms to
optimize the «time-cost» ratio with the purpose of effective use and successful implementation of the BRMS
in the road sector of Ukraine.

Presenting main material.

To optimize the "time-cost" relationship, there are such basic methods as: mathematical, heuristic
and metaheuristic.

Mathematical methods are based on the definition of the main parameters of the problem and solving
it using linear, nonlinear, integer, and dynamic programming. The advantage of this method is the high level
of accuracy and accountability, the disadvantage is the need for a large number of calculations and significant
time costs.

Heuristic methods solve problems using successive algorithms. This method is very simple and al-
lows you to quickly make the necessary decision, but this method lacks mathematical validity, and the lack of
global optimization.

Metheuristic methods, in contrast to the previous ones, are more flexible due to the harmonious com-
bination of the previous ones. This creates the evolutionary algorithm. Such evolutionary algorithms include:
genetic algorithm, optimization algorithm "ant colony", optimization of "particle swarm", algorithm "search
harmony", multipurpose optimization approach and others. A large number of GA studies indicate its great
efficiency in resolving the issue of optimization.

Genetic algorithms are efficient global algorithms and methods of search and optimization, which
are based on the laws of natural selection and the further use of the best possible solutions to problems through
the accumulation of information from the search space and adaptation to the most optimal option [1,2].

For the first time the GA was proposed by John Holland in 1975, he based his method on the principle
of natural selection of Charles Darwin [3]. GA solves a number of such tasks: optimization tasks; scheduling;
definition of the shortest way to solve the problem; layout tasks; bioinformatics; creation of artificial life and
others [4].

Since GA is based on the principle of natural selection, Charles Darwin, for solving the optimization
problem, operates with such basic concepts as population and its chromosomes. That is, the GA operates on a
population of individuals in the chromosome (the genotype) which introduced the possible correct answer
(phenotype) that is a solution to the problem [4]. The working principle of GA is shown in figure 1.

32



ABTOMOBUIBHI JIOPOT'U I JOPOXXHE BYAIBHULITBO. BUIL. 108. 2020
AUTOMOBILE ROADS AND ROAD CONSTRUCTION. Iss. 108. 2020

Problem statement

!

The initial population (IP)

v

— Calculation of fitness
—
l _——— -l ------ l
Compliance .
. ! — Best option
NO with the : YES P
! criteria !

§ »  Selection > Crossing
s | |
2 E F--—-=- o Bl r Fo=-ms-m-- T mmmms--- |
=g '
S g B 'l Personl | —»| Person 1 Descendant 112
= oa 1 1 T
8 ! ! ! ! i Ly
o | Person2 | Person 1 Descendant 112 g
= =
= : | \ i 1 i | %‘

" ,

| Person3 | Person 2 Descendant 114 =

: : ; . ; |

I 1

| Person4 | »| Person 4 \ Descendant 114

1 1 T

Y J |, .|_____|_______|

1 1
IP NP
~ A new population of (NP)

Figure 1 — The principle of the genetic algorithm [adapted from 1,4,5]
Pucynoxk 1 — IIpuHIMI reHETUYHOTO AITOPUTMY [aganToBaHo 3 1,4,5]

In General, the work of the GA consists of the following steps (blocks) [1,4,6]:

1. Problem statement. This step defines the basic requirements and the conditions of the problem
on the basis of which will form the requirements for populations. The final answer and solution of the problem
must satisfy the set requirements.

2. The formation of the initial population. After the task is set up, an initial population, which
has a source chromosome, is randomly formed.
3. Calculation of fitness or population estimation. In order to determine the correspondence of

the population of the population to the requirements, the initial population (IP) must pass the unit "calculation
of fitness" or "population estimation". If the IP meets the fitness criterion, ie, it corresponds to the optimal
solution, then this model is accepted as the final answer, if there are no following GA operators such as selec-
tion, crossing, mutation.

4, Selection. At this stage, based on the evaluation of IP selects the fittest of her face for the
passage of the operator "the crossing". This operator and its properties greatly affect the average time to receive
results and the scatter in independent stages of the process of evolution.

5. Crossing. After the selection of the most suitable persons in the operator crossover is per-
formed crossing between persons of the IP resulting in the formation of the so-called descendants (new off-
spring). The genetic information data of the descendants created by the combination and intersection of the
information of the chromosomes between their "parents".

6. Mutation. After passing the crossing, a new descendants form a new population (NP), part of
which is mutated with a random change in their genotype.
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After the "mutation" of NP is again the block of "calculation of fitness", which assess the criteria of
fitness of NP demands. If the requirements are met, the resulting model is the final and most optimal if no —
NP is again an operator "selection", "crossing" and "mutation". Thus all actions are performed until obtaining
the desired result.

For a better understanding of the effectiveness of using GA in the optimization process, consider an
example based on the study «Multiobjective Genetic Algorithm-Based for Time-Cost Optimization» author's
J. Magalhdes-Mendes. For optimization, the author used a hybrid (multi-objective) genetic algorithm. GA is
responsible for the procedure of development of chromosomes.

To solve the problem, each chromosome undergoes the following phases [7]:

1. The parameters of the transition.

2. Transition process.

3. The decoding between the first and second level.
4, The quality of chromosomes.

Each chromosome represents a solution for the problem and generates a vector of random keys (num-
bers). Each solution encoded as the initial chromosome (initial level) and has mn+n genes, where 7 is the
number of assets and m is the number of execution modes [7]. The transition between the first and second
levels is to select options for the construction of mj for each j activities for each asset. Due to the transition of
the resulting chromosome, which consists of 2n genes (second level). In this vipadku we do not consider re-
quirements for type, quantity and quality of resources necessary to implement the tasks [7]. The structure of
chromosomes and the transition to the second level are given in table 1.

Table 1 — Structure of chromosomes and transition to the second level [adapted from 7]
Tabmuist 1 — BymoBa XpoMOCOM Ta Mepexia Ha APYTHi piBeHb [aganToBaHo 3 7]

First level Transition Second level
Action | Regime 1 Gene 13 » | Action 1 | Regime 1 Gene
1 Regime 2 Gene 12 \]_‘
Regime m Gene im 5
Delay 1 Gene imi - > Delay 1 Gene im+1
Action | Regime 1 Gene 2 : Action 2
2 Regime 2 Gene » > Regime 2 Gene 2
Regime m Gene om ’—‘
Delay 2 Gene i 2 > Delay 2 Gene i
Action | Regime 1 Gene » | Actionn | Regime 1 Gene q
n Regime 2 Gene n 1
Regime m Gene nm 5
Delay n Gene nmi1 - > Delay n Gene nm:1
Note:1 — gene is selected with the highest priority; 2 — automatically goes to the second level.
Decoding is performed using formula 1 [7]:
_ LLP; 1+genen;
PRIORITI; = ==L x [=29522ml) (1)

where, LLP; — is the longest path from the start of activity j to the end of the contract; LCP — is the
length of the critical path of the contract; m; — is the selected mode of activity j; gene jm+1 - is the delay when
planning activities; j=1,...n.

The delay time needed for each activity is determined by using the formula 2 [7]:
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Delay time = genejy,,q X 1,5 X MaxDur, )

where, MaxDur — is the maximum duration of all activities; 1,5 — the coefficient of a delay
(determined experimentally).

Scheme of generation schedules is the basis of most heuristic approaches. There are several species
of them, in [7] the author proposes to use a parameterized active schedule. In this case, the layout consists of
charts that take into account that none of the resource is not idle more than a pre-specified period. If the period
is zero will receive a schedule without delay.

Local search is moving from solution to solution in the space candidates in the direction of the opti-
mal solution or the stopping criterion. In [7] proposed to use the inverse and direct search path. Moving forward
from the beginning of the contract then act in the opposite direction trying to find the best solution.

In [7] proposed to use the proportional model (roulette wheel). This approach is characterised by a
stochastic selection process. If fi is the fitness of individual in the population, the probability of election is
determined by formula 3:

o _fi
pl Z{:\lefi’ (3)

where, j=1,...n.

After nominees are chosen, the crossing taking place between the re-sampled (selection)
chromosomes randomly. The mutation operator is applied to each offspring of the population with a pre-de-
termined probability, which in this example is 5%. Not paying attention to the complexity of the parameter
settings of genetic algorithm research [7] it is proved that using this method you can be get high accuracy data
with low error calculations: population size — 5 x number of activities; the mutation probability is 0.05; 1% of
the previous chromosomes move on to the next generation; stopping criterion of 50 generations.

Performing an objective assessment and verification of the effectiveness of this method can be
carried out by comparing with similar methods of other leading specialists, by conducting optimization of the
real problem. For comparison selected two models of authors Gen M., Cheng R. [8] and Zheng D. X.M., Ng,
S.T., Kumaraswamy M.M. [9]. To compare for the source data took the table that was specified actions, re-
gimes and their corresponding duration and cost of the work (table 2).

The results of calculations by the first and second method are 6 generations when the third 3-gener-
ation costs 225 5008, which is lower than in the previous year. Analyzing obtained data we can conclude that
the proposed model J. Magalhdes-Mendes [7] already for 3 generations gives better results than other methods.
Therefore, this method is quite effective for solving the issue of optimization of the relationship of "time-cost".

As you can see, GA is a very progressive and effective method of solving the issue of optimization
of the relationship of "time-cost". In recent years, more and more researchers use GA for solving various
problems, and to optimization problems. For example, studies of J. Magalhaes-Mendes is possible to note that
GA is a very flexible method, even despite a certain heaviness of making the settings of the model. The prop-
erties of GA can be used to solve the optimization problem of the relationship of "time-value" in BRMC,
because of their length and a feature run MR require a flexible enough model to account for the many factors
that can influence the cost and time of implementing contracts.

Summary

On the basis of this study and the work performed we can draw the following conclusions:

1. To solve the optimization problem of the relations of time value you can use the following
methods: a mathematical, heuristic and metaheuristic.

2. The most modern and efficient methods are metaheuristics, in particular, evolutionary algo-
rithms, among which the most progressive and flexible is genetic algorithm, which by its nature is a method
of search and optimization that is based on the laws of natural selection and further use of the most optimal
solutions to problems using the accumulation of information from the search space and adaptation to the most
optimal variant. For the first time genetic algorithms proposed by John Holland in 1975, which was based on
the principle of natural selection of Charles Darwin.

3. Traditionally, the operation of the genetic algorithm consists of the following stages (blocks):
statement of the problem; create initial population; calculate or estimate the fitness of a population; selection;
crossbreeding (crossover); mutation; new population; check for new populations; the selection of the final
optimal answer.
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Table 2 — Timing and cost of each option and mode of operation [adapted from 7]
Tabnuus 2 — TepMiHu Ta BapTiCTb KOKHOTO BapiaHTy Ta pekuMy poOOTH [aganToBaHoO 3 7]

Number of the action Regime Variant Direct cost, $
(work)

1 2 4

I - 23000
18000

12000

3000
2400
1800
1500
1000

4500
4000
3200

45000
35000
30000

20000
17500
15000
10000

40000
32000
18000

= WIN | = | B[ WIN =W =W =N |W|IN|—= | WN[— W

30000

2 24000
3 22000

Data from Table 2 was used to perform calculations and compare methods (Table 3).

Table 3 - Results of calculations [adapted from 7]
Tabnuus 3 - Pe3yapTaT po3paxyHKiB [azanToBaHo 3 7]

Method Population number Time, days Cost, $
1 2 3 4

Gen M., Cheng R. [8] 0 83 243 500
1 80 242 400

2 80 261 900

3 79 256 400

4 79 256 400

5 79 256 400

Zheng D. X. M., Ng, S.T., Kumaraswamy 0 73 251500
M.M. [9] 1 73 251 500
2 73 251 500

3 66 236 500

4 66 236 500

5 66 236 500

J. Magalhdes-Mendes [7] 0 73 233 000
1 68 225 500

2 63 225 500
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4, The genetic algorithm proposed by J. Magalhaes-Mendes for the solution of the optimization
problem indicates the flexibility of genetic algorithms and the complexity of their settings. However, this work
points to the significant efficacy of HA in comparison with the models presented in the works of Gen M.,
Cheng R. and Zheng D. X. M., Ng S. T., Kumaraswamy M.

5. The analysis of foreign experience of the use of genetic algorithms to solve optimization prob-
lems of the relationship of "time-value" indicates its flexibility and efficiency, which may allow to solve the
optimization problem in BRMC for their successful use in MR in the road sector of Ukraine.
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B naniii crarTi:

1)  pO3TISHYTI OCHOBHI TPy METOIB ONTHMI3allii BITHOIIICHHS «9ac-BapiTCThy;

2) BHU3HAUYCHUI HAHOUTBIN ONTHMAaThHUM 1 €)eKTUBHUIN METOJ ONITUMI3allii;

3)  HaBeneHWH NPHUHIMI POOOTH TEHETUIHOTO aJITOPUTMY;

4)  BHKOHaHO aHami3 poooTa J. Magalhdes-Mendes, sik npukian edpexruBHoCcTi ['A.

OO0’ €eKT AOCHTIKCHHS — TEHETHYHUI aJTOPUTM.

Merta poOOTH — BUKOHATH aHali3 TCHETUYHOTO AJITOPUTMY Ta JAOCBiy HOTO BUKOPHCTaHHS, K Me-
TOAY ONTHMI3allii BIIHOIICHHS «9ac-BapTiCTh» 3 MeTor0 ycmintHoro BupoBampkerns JIKKII xnsa excruryara-
LUiIHHOTO YTPUMAaHHS aBTOMOOIIBHUX JOPIr YKpaiHu.

MeToa pocnigKeHHs — aHaTITHYHUH, 1CTOPUYHHUN, TEPMIHOJIOTTUHIH, QYHKIIOHAIEHHIH.
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B naniii cTaTTi BUKOHAaHWI aHali3 TPYN METOJIB, K BUKOPUCTOBYIOTHCS Ul ONTHMi3auii BigHO-
LICHHS «4ac-BapiTicTey». B pe3ynbrati ananizy Oyno BU3HaUeHO, 0 reHeTHyHui anroput™ (I'A) € HaibinbIm
ONTHUMAJBHUM Ta €()EKTUBHMM METOJIOM OnTHMi3allii. Byjao BukoHaHo aHami3 npuHiumy podotu I'A. PoGota
I'A ckmamaeTnest 3 Takux erariB (OJIOKIB): TOCTAHOBKA 3a/1a4i; CTBOPEHHS ITOYATKOBO1 MOITYJISIIIT; pO3paxyHOK
a00 OIliHKa MPUCTOCOBAHOCTI MOMYJIALIT; CETEKILis; CXpElIeHHs (KpOCOBEp); MyTallisl; CTBOPSHHS HOBOI MOIIY-
sauii (HIT); mepeBipka HOBOT MOMyJIALil; BUOIp OCTATOYHOI ONTHMAJIBHOI BiamoBiai. [ OTpuMaHHS OCTaTO-
YHOTO ONTUMAJILHOTO PE3yJIbTaTy HOBA MOIYJIIis (HOBE TIOKOJIIHHS) MTPOXOAUTE OJI0K TIEPEBipKH IIPHCTOCO-
BaHoCTi 3HOBY. Skmo HII 3anoBonbHs€ mOCTaBICHI BUMOTH, TO BOHA IPHUUMAETHCS SIK OCTATOYHE ONTUMANbHE
pimeHHs. SIKIo He BiAMOBiIa€ BUMOTram 3aadi - IPOXOJUTh €Tallu CEIeKii, CXpeleHHs, MyTallii Ta mepeBi-
PKH 3aHOBO 0 MOMEHTY 3aJ0BOJICHHS BUMOT ITOCTaBJICHOI 3amadi. J{ms kparoro po3yMmiHHS e€(peKTHBHOCTI
BUKopucTaHHs ['A Ui onTuMi3alii BiIHOIEHHS «4ac-BapTicTh», OyJI0 BAKOHAHO po3riisaf Ta anani3 ['A, skuit
OyB 3anpononoBanuii J. Magalhdes-Mendes. ABTOp MOpiBHIOE CBOIO MOJEIIb 3 JBOMA CYYaCHUMH MOJEIISIMHU
po3pobaenumu aBropamu: Gen M., Cheng R. Ta Zheng D. X.M., Ng, S.T., Kumaraswamy M.M. [1opiBHsLib-
HUU aHaJli3 BUKOHYBABCsI HA OCHOBI PEaIbHO IMOCTABJICHOI 3a1adi, SIka CKJIaaajiacs 3 CEMHU OIepaIii Ta AeKi-
JIBKOX PEKUMIB BUKOHAHH poOiT. B pe3ynbrati mpoBeaeHoro aHanizy 0yino BU3Ha4€HO, L0 MOJENb 3aIpoIIo-
HoBaHa J. Magalhdes-Mendes fana onTuMalibHY BiJIIOBiIb BXKE 33 TPHU ITOKOJIIHHS, TOJII KOJIU 1HIII JIBI MOJIEII
JINTIIE 32 TIiCTh. J[aHa MozieNb BUpilIHiia 3a/1a4y 11€ ¥ 3 HAMEHIITMM 3HAYEHHSIM KiHIIEBOI BApTOCTI, IO CKIIAJIO0
225 500 nomnapis CHIA. Ha ocHOBiI BUKOHaHOT poOOTH MO>KHA 3pOOUTH BUCHOBOK, 10 'A Moxke OyTH JocTa-
THBO €(DEKTUBHUM METOJOM BHPILICHHS 3a/a4i ONTUMi3allil BiJHOIEHHS «4ac-BapTiCTh», L0 B CBOIO YEpry
T03BONHTH sIKicHO peanizyBatu JIKKII B mopoxHiif ramy3i HaIoi qepskaBH.

Kuiio4oBi cjioBa: TOBrocTpOKOBI KOHTPAKTH 3aCHOBaHI Ha KiHIIEBHX IOKa3HHMKaX, €KCILTyaTaIliiiHEe yTpH-
MaHHS AOPIr, ONTUMI3allis, TeHETUYHUH aJrOPUTM.
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