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Purpose: The proposed model is a time-cost-quality trade-off model with three objective functions: minimizing project
completion time, minimizing total project cost, and maximizing total quality of activities in a PERT network with multi-mode
activities.

Methodology: After presenting the appropriate mathematical model, based on the design of the experiments, the possible
levels of each decision variable were determined. Then, using the simulation process, random values of decision variables and
response variables were obtained each time, and by using neural networks, we established a neural network model. To solve
this model, two algorithms NSGA-II and MOPSO were used.

Findings: To evaluate the efficiency of the model, the designed model was implemented in the maintenance department of
Abtin Ardakan Steel Company. According to the results, it is found that the NSGA-II algorithm has better performance than
the MOPSO algorithm.

Originality /Value: In this paper, a model was presented that by eliminating unrealistic assumptions and taking into account

the realities of the project is closer to reality than the models presented in this field and has more application in practice.
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Table 2- Neural network parameter levels.
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Table 3- Parameters and characteristics of the neural network used in this study.
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Figure 1- Project network with simulated model in ED software.
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Table 4- Activities related to the maintenance project.
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' Goodness-of-Fit Hypothesis Testing
* Chi-Square
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Table 5- Estimation of statistical distribution and parameters of maintenance network.
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Act2  Actl Lognormal(10,2) 100 95 Lognormal(9,1.5) 110 92 0.0152 0.45 >0.15 ;3
Act3  Act2 Normal(11,1) 100 85 Normal(10,2) 110 80 0.018 042 >0.15 3
Act4  Act3 Normal(12,1) 100 85 Normal(10,2.2) 110 80 0.0195 0.299 >0.15 ;
Act5  Act4 Tria(4.2,5,7) 50 75 Tria(5,6,8) 48 85 0.0632 0323 >0.15 §
Act6  Actl Negexp(10) 100 80 Negexp(8) 120 75 0.0306 0.389 >0.15 3
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Table 6- Simulation results.

ko }T ACT ACT ACT ACT ACT ACT ACT ACT ACT ACT ACT ACT ACT ACT ACT
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

testl 29.67 1215 1151 1296 54 10 384 238 371 1241 225 4 3 3 10.60
test2 3793 10.71 11.37 11.82 54 10 208 214 383 1039 393 6 4 4 9.90
test3 33.09 9.68 1150 1366 6.33 8 251 367 406 1127 291 6 4 4 946
test4 33.04 1311 1197 12.06 6.33 8 382 250 309 1104 469 4 3 3 11.30
test5 31.06 6.77 880 11.34 5 8 354 326 459 1206 3.24 4 3 4 799
test6 30.75 9.00 11.37 11.47 5 8 265 370 315 1129 281 6 4 3 10.36
test7 3830 1022 830 9.63 6 10 380 395 388 915 515 6 4 3 11.05
test8 22.19 8.45 8.91 12.08 6 10 317 215 294 1100 279 4 3 4 6.60
test9 3545 984 448 9.84 5.5 8 215 271 432 1158 353 4 4 3 651
test10 34.39 8.03 10.19 11.04 55 8 397 268 291 955 3.69 6 3 4 10.13
test11 33.96 10.88 9.96 8.90 5.2 10 267 338 390 1205 525 6 3 4 1117
test12 3149 862 1145 7.34 5.2 10 281 373 263 11.70 3.30 4 4 3 10.86
test 13 39.02 839 10.33 11.01 6.1 10 229 347 3.67 779 273 4 4 4 10.75
test14 3458 7.82 1091 1218 6.1 10 300 250 372 1215 531 6 3 3 6.83
test15 33.07 11.03 13.46 3.97 54 8 315 374 479 1214 3.27 6 3 3 8.12
test16 3831 656 9.71  9.33 54 8 177 272 250 1059 3.19 4 4 4 903
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Figure 2- Neural network trained to estimate the objective function.
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Figure 3- Validation and verification of data.
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Table 7- Parameters related to NSGA-11 and MOPSO metaheuristic algorithms.
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NSGA - 11 Carror o3ls] N, 100 150 200
bl Jlazs! P, 0.7 0.8 0.9

o Jlex| Py 0.1 0.15 0.2

o,y 1SS slaws ,iSTa> Max Iteration 20 50 100

MOPSO s alibl> ys y2gs o ¢ 1 15 2
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Main Effects Plot for SN ratios
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Figure 6- Pareto front solution by NSGA-II algorithm.
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Table 8- Results from the implementation of NSGA-11 and MOPSO evolutionary algorithms.
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Table 9- Results from pairwise comparisons.
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Table 10- Paired comparison matrix.

bl sbesls NPS MID  CS SM DM CPU Time

NPS 1 2 1 2 05 2

MID 0.5 1 05 1 1 2

CS 1 2 1 2 2 4

SM 0.5 1 05 1 1 4

DM 2 1 05 1 1 2

CPU Time 0.5 05 025 025 05 1
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Table 11- Weights obtained by AHP method.
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MID 0.133
CS 0.267
SM 0.178
DM 0.167

CPU Time 0.067
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Table 12- Results from TOPSIS method.
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Table 13- The final weight of metaheuristic algorithms.
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Table 14- Optimization results with one goal.
o — [9V] ™ <t Yo}

— (V] (32} < Yo} © N~ [oe] (2] — — — — — — “~ q‘ —_

5 5 i3] i3] i3] 1= 1= i3] i3] 1= 1= 1= i3] 3] k3] 3 \% S
3 < < < < < < < < < < < < < < < D 3 s
< é ; o
82 3 & S 2
m >~ <) S &) ©

N N — — — — N [9V] — — N N (V] N — M~ — o —
e
<2 ~ < S
= O 0 = o B3
S o o @ ©
o< o~ o~ — — N N — — o~ N — — o~ o~ — ~ — o —

ool 3 5 e eceis - ¥

@yl 30l il (Sadie 4 Cod 05 5 (S Bly 03 905 Blodd 5 2319 8 Dling Hae o L oSl will Joe s ol o
S Sl 2L S5l dihe S Wl (pl 3 0l ) Je LSl s 55 (6 2w 3,018 Jos 53 5035 5005 Codls 4
o J Sl e eses SO A dulss pled ey 5 S 2 sl gl Sl i 35 s 55 L PERT la
2Lzl MOPSO 5 NSGA- I ssoa i (51815 15501 55 31 03,65 oo )13 NP-hard agie 5 a5 550 alivs 45 LT 51 ke
odal o 4 ey bl Sele )l lagie wlie 53 PERT oS &G ) codds byl e _gllS (03,8 jaseis 5y .S
s ol S 55b 4 5513 MOPSO (5 il 1 35801 4 s 5 42 2DIS NSGAI (i1 15501 o5 ol s
Gyl a8 gl Jomoly Al g0 dlins o= (5l (sl Lo s, ) 5 03s S Auley Somme )3 dlge a0l Gladde anw s JLis &
Ol ol Juol gl 5 ngy Slaadly (ol s S dali Conlls 4 5005 5 g Slaclr ol Lol Sl s
2 el Sty 5 ol 2y 45 b iy 350 &) T o cpiman 5 885 DaBS3 5 ol Olerke Sl by (ool
oS Ga s 5o Esl ol cpl cdas Hl 3 50 S 1) e ilites Gl g e cilzies o)) slaldl> 55 Cls
Slp 035 S0l ) 03 Sy 788 5 5 ol ply B HUESI I 93 Ll (83 53 CodS 5 aupa e At 53 o8 ol



Oz AL e 039 Ol pde Jaol Gl 51 kS (55 S ailin 54 38 5 le) 055 aeS Gl 4 (s Sl 2oy Comns 5 25>
3o s Bl ] 3 o) 3550 gt s el Ll 5 e o ol S a1 31 5l Sy
J.!dlﬂ) ‘).>-| UT'-‘ du&ibjw )‘ é R 034 6})#[5 6)\.«4.:—.&} waSJ:.E;J U’i‘ B ;S'-lj”.\ U’:j) J)A.: sl U:“Aj}i

Al o oyl el 0 liws (51 (6 5500lS Gle3T SIS 5 o) cnl 03
&b

Aghdaee, E., & Husseinzadeh Kashan, A. (2018). An approach based on Leagues Championship Algorithm (LCA) and
Kalman Filter for multi-objective project scheduling problem and predicting the time progress. Journal of decisions
and operations research, 3(2), 99-113. (In Persian). http://www.journal-dmor.ir/article_65519.htmlI?lang=en

Aminbakhsh, S., & Sonmez, R. (2016). Discrete particle swarm optimization method for the large-scale discrete time—
cost trade-off problem. Expert systems with applications, 51, 177-185. https://doi.org/10.1016/j.eswa.2015.12.041

Amiri, M., Abtahi, A. R., & Khalili-Damghani, K. (2013). Solving a generalised precedence multi-objective multi-mode
time-cost-quality trade-off project scheduling problem using a modified NSGA-I1 algorithm. International journal of
services and operations management, 14(3), 355-372.

Amiri, M., Azimi, P., Zandieh, M., & Hadi Nejad, F. (2017). Optimizing the reliability of military equipment and weapons
with a hybrid approach of simulation and meta-algorithms. Military management quarterly, 16(64), 125-164. (In
Persian). http:/jmm.iranjournals.ir/article_26719.html

Azaron, A., & Tavakkoli-Moghaddam, R. (2007). Multi-objective time—cost trade-off in dynamic PERT networks using
an interactive approach. European journal of operational research, 180(3), 1186-1200.
https://doi.org/10.1016/j.ejor.2006.05.014

Azaron, A., Katagiri, H., & Sakawa, M. (2007). Time-cost trade-off via optimal control theory in Markov PERT
networks. Annals of operations research, 150(1), 47-64. https://doi.org/10.1007/s10479-006-0149-x

Azaron, A., Perkgoz, C., & Sakawa, M. (2005). A genetic algorithm approach for the time-cost trade-off in PERT
networks. Applied mathematics and computation, 168(2), 1317-1339. https://doi.org/10.1016/j.amc.2004.10.021

Azimi, P., Ismati, A., Farajpour, M., & Farzin, E. (2013). Optimization via simulation with ED Software Comprehensive
Training. Qazvin Branch, Islamic Azad University. (In Persian).
https://www.qiau.ac.ir/PublicationCenter/publishCenter.aspx?key=book

Babu, A. J. G., & Suresh, N. (1996). Project management with time, cost, and quality considerations. European journal
of operational research, 88(2), 320-327. https://doi.org/10.1016/0377-2217(94)00202-9

Baradaran, S., Ghomi, S. F., Mobini, M., & Hashemin, S. S. (2010). A hybrid scatter search approach for resource-
constrained project scheduling problem in PERT-type networks. Advances in engineering software, 41(7-8), 966-
975. https://doi.org/10.1016/j.advengsoft.2010.05.010

Bouleimen, K. L. E. I. N, & Lecocq, H. O. U. S. N. I. (2003). A new efficient simulated annealing algorithm for the
resource-constrained project scheduling problem and its multiple mode version. European journal of operational
research, 149(2), 268-281. https://doi.org/10.1016/S0377-2217(02)00761-0

Chambari, A., Rahmati, S. H. A., & Najafi, A. A. (2012). A bi-objective model to optimize reliability and cost of system
with a choice of redundancy strategies. Computers & industrial engineering, 63(1), 109-119.
https://doi.org/10.1016/j.cie.2012.02.004

Charnes, A. C. O. O. P., Cooper, W. W., & Thompson, G. L. (1964). Critical path analyses via chance constrained and
stochastic programming. Operations research, 12(3), 460-470. https://doi.org/10.1287/opre.12.3.460

Cho, J. G., & Yum, B. J. (1997). An uncertainty importance measure of activities in PERT networks. International journal
of production research, 35(10), 2737-2758. https://doi.org/10.1080/002075497194426

Coello, C. A. C., Lamont, G. B., & Van Veldhuizen, D. A. (2007). Evolutionary algorithms for solving multi-objective
problems (Vol. 5, pp. 79-104). New York: Springer.

Coello, C. C., & Lechuga, M. S. (2002, May). MOPSO: A proposal for multiple objective particle swarm optimization.
Proceedings of the 2002 congress on evolutionary computation. CEC'02 (Cat. No. 02TH8600) (Vol. 2, pp. 1051-
1056). IEEE. DOI: 10.1109/CEC.2002.1004388

Czyzzak, P., & Jaszkiewicz, A. (1998). Pareto simulated annealing—a metaheuristic technique for multiple-objective
combinatorial optimization. Journal of multi-criteria decision analysis, 7(1), 34-47.
https://doi.org/10.1002/(SICI)1099-1360(199801)7:1<34::AID-MCDA161>3.0.CO;2-6

Deb, K., Agrawal, S., Pratap, A., & Meyarivan, T. (2000, September). A fast elitist non-dominated sorting genetic
algorithm for multi-objective optimization: NSGA-II. International conference on parallel problem solving from
nature (pp. 849-858). Berlin, Heidelberg: Springer.

Deb, K., Pratap, A., Agarwal, S., & Meyarivan, T. A. M. T. (2002). A fast and elitist multiobjective genetic algorithm:
NSGA-II. IEEE transactions on evolutionary computation, 6(2), 182-197. DOI: 10.1109/4235.996017

Durieux, S., & Pierreval, H. (2004). Regression metamodeling for the design of automated manufacturing system
composed of parallel machines sharing a material handling resource. International journal of production economics,
89(1), 21-30. https://doi.org/10.1016/S0925-5273(03)00199-3

Haga, W. A., & Marold, K. A. (2004). A simulation approach to the PERT/CPM time-cost trade-off problem. Project
management journal, 35(2), 31-37. https://doi.org/10.1177/875697280403500205

Hosny, O., & Elbassuony, M. (2018). Stochastic time-cost-quality trade-off analysis: the PERT approach. Construction
research congress 2018 (pp. 346-355). https://ascelibrary.org/doi/10.1061/9780784481271.034

Jaferi, F., Sajadi, S. M., Alinaghian, M., & Beyranvand, M. (2014). Investigationof project communication managementin
project-basedorganizations using the PMBOK guideline. Journal of applied research on industrial
engineering, 1(3), 130-135.

\VY

{
3,
2
)
4
D
~
1
3
o
-
{!.
2
N
3
e
>
B
Es)
=
R
9
g
=


http://www.journal-dmor.ir/article_65519.html?lang=en
https://doi.org/10.1016/j.eswa.2015.12.041
http://jmm.iranjournals.ir/article_26719.html
https://doi.org/10.1016/j.ejor.2006.05.014
https://doi.org/10.1007/s10479-006-0149-x
https://doi.org/10.1016/j.amc.2004.10.021
https://www.qiau.ac.ir/PublicationCenter/publishCenter.aspx?key=book
https://doi.org/10.1016/0377-2217(94)00202-9
https://doi.org/10.1016/j.advengsoft.2010.05.010
https://doi.org/10.1016/S0377-2217(02)00761-0
https://doi.org/10.1016/j.cie.2012.02.004
https://doi.org/10.1287/opre.12.3.460
https://doi.org/10.1080/002075497194426
https://doi.org/10.1109/CEC.2002.1004388
https://doi.org/10.1002/(SICI)1099-1360(199801)7:1%3C34::AID-MCDA161%3E3.0.CO;2-6
https://doi.org/10.1109/4235.996017

\vY

—aypa-ole) S5lge gl Jhe b

BL

il Lt PERT o535

MOPSO s NSGA-I1 ¢, il 5 slagz ;651 5 g 5lwans 31 03

Jolai, F., Asefi, H., Rabiee, M., & Ramezani, P. (2013). Bi-objective simulated annealing approaches for no-wait two-
stage flexible flow shop scheduling problem. Scientia Iranica, 20(3), 861-872.
https://doi.org/10.1016/j.scient.2012.10.044

Karimi, N., Zandieh, M., & Karamooz, H. R. (2010). Bi-objective group scheduling in hybrid flexible flowshop: a multi-
phase approach. Expert systems with applications, 37(6), 4024-4032. https://doi.org/10.1016/j.eswa.2009.09.005

Kazaz, A., Ulubeyli, S., Er, B., & Acikara, T. (2016). Construction materials-based methodology for time-cost-quality
trade-off problems. Procedia engineering, 164, 35-41. https://doi.org/10.1016/j.proeng.2016.11.589

Kennedy, J., & Eberhart, R. (1995, November). Particle swarm optimization. Proceedings of ICNN'95-international
conference on neural networks (Vol. 4, pp. 1942-1948). |IEEE.

Khang, D. B., & Myint, Y. M. (1999). Time, cost and quality trade-off in project management: a case
study. International journal of project management, 17(4), 249-256. https://doi.org/10.1016/S0263-7863(98)00043-
X

Kulkarni, V. G., & Adlakha, V. G. (1986). Markov and Markov-regenerative PERT networks. Operations
research, 34(5), 769-781. https://doi.org/10.1287/opre.34.5.769

Maghsoudlou, H., Afshar-Nadjafi, B., & Niaki, S. T. A. (2016). A multi-objective invasive weeds optimization
algorithm for solving multi-skill multi-mode resource constrained project scheduling problem. Computers &
chemical engineering, 88, 157-169. https://doi.org/10.1016/j.compchemeng.2016.02.018

Martin, J. J. (1965). Distribution of the time through a directed, acyclic network. Operations research, 13(1), 46-66.
https://doi.org/10.1287/opre.13.1.46

Mrad, M., Al-Gahtani, K. S., Hulchafo, R., Souayah, N., & Bamatraf, K. (2019). Risk assessment for discrete stochastic
time-cost-quality trade-off problem using simulation-based integer linear programming approach. IEEE access, 7,
32453-32463. DOI: 10.1109/ACCESS.2019.2903229

Mungle, S., Benyoucef, L., Son, Y. J., & Tiwari, M. K. (2013). A fuzzy clustering-based genetic algorithm approach
for time—cost—quality trade-off problems: a case study of highway construction project. Engineering applications of
artificial intelligence, 26(8), 1953-1966. https://doi.org/10.1016/j.engappai.2013.05.006

Poli, R., Kennedy, J., & Blackwell, T. (2007). Particle swarm optimization. Swarm intelligence, 1(1), 33-57.
https://doi.org/10.1007/s11721-007-0002-0

Project Management Institute. (2018). A guide to the project management body of knowledge (PMBOK® Guide)-
(JAPANESE). Project management institute.

Rabbani, M., Aghamohamadi, S., Farrokhi-Asl, H., & Alavi Mofrad, M. (2017). A taghuchi based multi objective time-
cost constrained scheduling for resource availability cost problem: a case study. International journal of research in
industrial engineering, 6(4), 269-282.

Rogers, A., & Priigel-Bennett, A. (1999). Modelling the dynamics of a steady-state genetic algorithm. Foundations of
genetic algorithms, 5, 57-68.

Saif, A., Abbas, S., & Fayed, Z. (2015). The PDBO algorithm for discrete time, cost and quality trade-off in software
projects with expressing quality by defects. Procedia computer science, 65, 930-939.
https://doi.org/10.1016/j.procs.2015.09.065

Sajjadi, S. H., Rashidi Baghi, M., & Shiralizadeh, M. (2014). Predicting the relationship between stock returns and
information asymmetry using artificial neural networks. Accounting and auditing research 24.
http://ensani.ir/fa/article/350467/

Shahsavari Pour, N., Modarres, M., Aryanejad, M., & Moghadam, R. T. (2010). The discrete time-cost-quality trade-
off problem using a novel hybrid genetic algorithm. Applied mathematical sciences, 4(42), 2081-2094.

Tareghian, H. R., & Taheri, S. H. (2006). On the discrete time, cost and quality trade-off problem. Applied
mathematics and computation, 181(2), 1305-1312. https://doi.org/10.1016/j.amc.2006.02.029

Tran, D. H., Cheng, M. Y., & Cao, M. T. (2015). Hybrid multiple objective artificial bee colony with differential
evolution for the time—cost—quality tradeoff problem. Knowledge-based systems, 74, 176-186.
https://doi.org/10.1016/j.knosys.2014.11.018

Zitzler, E., Deb, K., & Thiele, L. (2000). Comparison of multiobjective evolutionary algorithms: Empirical
results. Evolutionary computation, 8(2), 173-195. DOI: 10.1162/106365600568202


https://doi.org/10.1016/j.scient.2012.10.044
https://doi.org/10.1016/j.eswa.2009.09.005
https://doi.org/10.1016/j.proeng.2016.11.589
https://doi.org/10.1016/S0263-7863(98)00043-X
https://doi.org/10.1016/S0263-7863(98)00043-X
https://doi.org/10.1287/opre.34.5.769
https://doi.org/10.1016/j.compchemeng.2016.02.018
https://doi.org/10.1287/opre.13.1.46
https://doi.org/10.1109/ACCESS.2019.2903229
https://doi.org/10.1016/j.engappai.2013.05.006
https://doi.org/10.1007/s11721-007-0002-0
https://doi.org/10.1016/j.procs.2015.09.065
https://doi.org/10.1016/j.amc.2006.02.029
https://doi.org/10.1016/j.knosys.2014.11.018
https://doi.org/10.1162/106365600568202

