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Improvement Optimization Algorithm for Stochastic Discrete Time—cost

Trade—off Problems of Construction Projects
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Abstract: To address the stochastic discrete time—cost trade—off problems in construction projects, a double
loop optimization procedure, which utilizes Genetic algorithm and monte Carlo simulation respectively in the outer
and inner loops, is usually implemented. To reduce computational resources in the inner loop, an effective and
dynamic strategy for allocating computational resources is proposed based on the statistical properties of the Monte
Carlo simulation estimator. As shown by an illustrative example, the improved optimization algorithm can efficiently
and stably solve the stochastic discrete time—cost trade—off problems in construction projects.
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AE DX (A 7 10 S 0.95, [ b AN RE$2 AL 2 ol 45 1R 1Y

A EEFN T, PLAT MCS J5 A 00 2020 it , e A
U N=5 000 i, 7150 H A MCS 7 2 2 30 Bl 46 78 &2
[0.943,0.956] , i /& 48 4 P i B Bk . IRk, B 2540
A1 5 s T i S50 B NV=200 F1 N, =5 000. % v 5 55
(T SEAE BE I, W 5 N, BB AR HE BT X i ()
MCS J5 12 2 8500 il 4 75 28 T 4252 1) E AR 1]

W98 %48 T R LR S 800 d U AL Sk sk
ffE b B L TR T — R BT SR A P R A bR R AL
EREE AR B A Ak . i1 7 ol WL, 5k 200 140 18
Jei B SR e A, Xob 7 B £ E A R B (B 434.175 T
TG BT RESR A b BIE S 220 14 026 Ml BF 9 83T T 2
AN R IR BT Bh A5 4 L 1 MCS FEARER, IF 2 4 4
TS [RIRE AR B30 DX 0 56 7 1) 5 45 i 1) EL A1) . P 35 4
AJAT, 14 026 % 2 M, 98.97% W43 L T 458 /0 1)
MCSFEAREL N, = 200. 145 5 U8B KB 525 42 i 1
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Tab.3 Data of the activities at different execution modes
T ?}Lﬁ FrLL ki) o/d A ¢/78 T ?}Lﬁ FREE ] 1/d B e/t
ik a, m, b, a,, m;, b, , Bk a, m, b, a; , m; b..,
1(19,37,55) 1 13 14 16 2160 2 400 3000 2 16 18 21 220 240 300
2 14 15 17 1940 2150 2 690 3 18 20 23 160 180 230
3 14 16 18 1710 1900 2380 4 21 23 26 140 150 190
4 19 21 25 1350 1500 1 880 5 23 25 29 90 100 130
5 22 24 29 1080 1200 1500 | 10(28,46,64) 1 14 15 17 410 450 560
2(20,38,56) 1 14 15 17 2700 3000 3750 2 20 22 25 360 400 500
2 16 18 22 2160 2 400 3 000 3 30 33 40 290 320 400
3 18 20 24 1620 1 800 2250 | 11(29,47,65) 1 11 12 14 410 450 560
4 21 23 28 1350 1500 1880 2 14 16 18 320 350 440
5 23 25 30 900 1 000 1250 3 18 20 23 270 300 380
3(21,39,57) 1 14 15 17 4050 4500 5630 | 12(30,48,66) 1 20 22 25 1800 2000 2500
2 20 22 25 3 600 4 000 5 000 2 22 24 28 1580 1750 2190
3 30 33 40 2 880 3200 4 000 3 25 28 34 1350 1500 1880
4(22,40,58) 1 11 12 14 40500 45000 56250 4 29 32 38 900 1000 1250
2 14 16 18 31500 35000 43750 | 13(31,49,67) 1 13 14 16 3600 4000 5000
3 18 20 23 27000 30000 37500 2 16 18 21 2880 3200 4000
5(23,41,59) 1 20 22 25 18000 20000 25000 3 22 24 28 1620 1800 2250
2 22 24 28 15750 17500 21880 | 14(32,50,68) 1 8 9 10 2700 3000 3750
3 25 28 32 13500 15,000 18750 2 14 15 17 2160 2400 3000
4 27 30 36 9000 10000 12500 3 16 18 21 1980 2200 2750
6(24,42,60) 1 13 14 16 36000 40000 50000 || 15(33,51,69) 1 14 16 18 3150 3500 4380
2 16 18 21 28 800 32000 40000 | 16(34,52,70) 1 18 20 23 2700 3000 3750
3 22 24 29 16200 18000 22500 2 20 22 25 1800 2000 2500
7(25,43,61) 1 8 9 10 27000 30000 37500 3 22 24 28 1580 1750 2190
2 14 15 17 21600 24000 30000 4 25 28 34 1350 1500 1880
3 16 18 21 19800 22000 27500 5 27 30 36 900 1000 1250
8(26,44,62) 1 13 14 16 200 220 280 17(35,53,71) 1 13 14 16 3600 4000 5000
2 14 15 17 190 215 270 2 16 18 21 2880 3200 4000
3 14 16 18 180 200 250 3 22 24 28 1620 1800 2250
4 19 21 24 180 195 240 18(36,54,72) 1 8 9 10 2700 3000 3750
5 22 24 28 110 120 150 2 14 15 17 2160 2400 3000
9(27,45,63) 1 14 15 17 270 300 380 3 16 18 21 1980 2200 2750

Fi 3 5¢ THER B 230 FHE 0.95 #8318 , A b /b 1 4y
BCAE AU DA A 1 58 T AR 2 3 S A4 1) ] &
W . [RIT, HAAG 1.039% B BT 43 B0 B RE AL, 1
i F N=200 Fl N,,=5 000 = [a] , 5o iF 1 #¢ ) 5¢ THER
LY PIRAF I S S K50 7k B R

SR A58 Sh 2 43 T SR s XoF e A B T AN RS
PR RZIA , A TR AL Sk S A Ak Sk (5
AR AL AL AF R R FH Bh A A B SR, 29
ARG B0 R FH T 2 AEAR K S 000 T A9 MCS 5 1% ) SR
fife AT LA . RIEE, SR HEBR B Uh AR TR () 5% 0, G
TPV SR VAR [R] (R 0] G REAS PR . PR 0K W A B3 1k

(X Bl 7 R AT T 30k, S kiE 1T i AR e A ek v B
P BRI BRI FN A 30 58 T RE R 4n 18] 8 i, Je it H A bR
BAE G255 R an e S Wi .t B 8 Mk 5 nl i, 4
WA S5 FVBLA e A B0k () SR A 245 SR 3 AR AL,
30 WA AT 45 v, fefit B b o B 1 B R AE L e/
(B I A vfE 22 ARAR T . L, R Bh 850 ic R
W, P PR AR5 B O Ak ST AL 1 R ik v A R R
SEVE . TR, AR B () BB T TRERT 204 0.54 h,
MTA DAL LGB T RERT 290 7.12 /N6 . 5 30
A PR L, SR sh S 40 e 5w 1 A 5
TR CRIE T T2 1345
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Fig.6 The most probable range for the MCS estimator

with N =200
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Fig.7 Optimal objective function value at different stages in a

typical run of using the proposed method
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Tab.4 The ratio of examined solutions

at different ranges of N,

N, X JiFF {5 149 L A5/ %
200 98.97
(200, 1 000 0.63
(1000,2 000 ] 0.15
(2000,3000] 0.04
(3000,4 000] 0.05
(4 000,5000] 0.16

7 %
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B FR A I, RSB AT

it

56 TRE#E Py
B8 Fh Ik ak 54T 30 RATAF AR ALAY B AR S 4
Ao diz B 7 T
Fig.8 The objective function value and the completion reliabil-
ity for the optimal solutions obtained by the 30 independent runs

of using two different methods
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Tab.5 Statistical results of 30 independent runs using two

different methods
SR f Y B bR R A R o
. MYRIES T
R 0, )T
Fhik (0 )T i /h
BRME B/ME FHE bR
AL E Y 44857 43286 440.02  5.151 0.54
WAEALE: 44850  431.92 44047  5.565 7.12

1) AJEIEIR R SR 2 BT kG 50 1430
58 TR IR AE I, a] ] 230 5 T A3 (i
RN R AT RE DX ], REAT TS B IR A B 2 LR A e

2)ETXESNEIEIA P AL FL P R AR etk
MR, TR Al A B S BE A BEATLIE 317 19 B R ] 2R
FESERFR B I70E , LIS m Qe R RRIEAY 7 AE 200R

3) 38 i S SIE , 5 B AR L, R U
P B SRR R0 JEE ARG RE VAR, T SRR A
BRI (L1 1345).

S22 3Lk

[1] VANHOUCKE M. New computational results for the discrete
time/cost trade—off problem with time—switch constraints [J] .
European Journal of Operational Research, 2005, 165 (2) :
359-374.

[2] ALOTHAIMEEN I, ARDITI D. Overview of multi-objective
optimization approaches in construction project management [ M |/
Multicriteria  Optimization—Pareto—Optimality and Threshold—

Optimality. London:IntechOpen,2020.



238 RS R4l (A SR B2 RR) 2023 4
[3] HINDELANG T J,MUTH J F. A dynamic programming algorithm 34(8):1646-1651.

(4]

[10]

[11]

[12]

[13]

[14]

for decision CPM networks [J] .
(2):225-241.
AKKAN C,DREXL A,KIMMS A. Network decomposition—based

Operations Research, 1979, 27

benchmark results for the discrete time—cost tradeoff problem[]] .
European Journal of Operational Research, 2005, 165 (2) :
339-358.

HAZIR O, HAOUARI M, EREL E. Discrete time/cost trade—off
problem: a decomposition—based solution algorithm for the budget
version[J]. Computers and Operations Research, 2010, 37 (4) :
649-655.

GEEM Z W. Multiobjective optimization of time—cost trade—off
using harmony search [J] . Journal of Construction Engineering
and Management,2010,136(6):711-716.

SRR R SRR RERA A TR F 2 AR R
Wrge[)]. TAAFEI2A4E,2017,31(6) : 101-106.

ZHUO J S, LU H M. A multi-objective optimization of
construction projects based on particle swarm algorithm [J] .
Journal of Engineering Management, 2017, 31 (6) : 101-106. (in
Chinese)

LI'Y C, WANG S R, HE Y S. Multi-objective optimization of
construction project based on improved ant colony algorithm [J].
Tehnicki Vjesnik, 2020, 27(1) : 184-190.

FENG C W, LIU L, BURNS S A. Using genetic algorithms to
solve construction time—cost trade—off problems [J]. Journal of
Computing in Civil Engineering,1997,11(3): 184-189.
YANGIT,LINY C,LEE H Y. Use of support vector regression
to improve computational efficiency of stochastic time—cost trade—
off [J].
2014,140(1):04013036.

PR INIFIIE, TR AR, 55 . 2R T - AR S 4G AL A
RIS ], 1 F A B 2016, 14(12) : 18-22.
YICS,SUNY Y,SHEN J L,et al. Fuzzy programming model of

Journal of Construction Engineering and Management,

multi—-mode time limit—cost equilibrium optimization[J].
Management Technology,2016,14(12):18-22. (in Chinese)
HE W,SHI'Y C,KONG D W. Construction of a 5D duration and

Project

cost optimisation model based on genetic algorithm and BIM [J] .
Journal of Engineering, Design and Technology, 2019, 17 (5) :
929-942.

LEE D E, ARDITI D. Automated statistical analysis in stochastic
project scheduling simulation [J] . Journal of Construction
Engineering and Management,2006,132(3) :268-277.

TERUHT, TYRE, XIWE, 45, T Monte Carlo /7351 PERT 45

KHEBEAIOCHEE ST 1], RE TR SR THA, 2012,

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

WANG Z F,DING J Y,LIU Y,et al. Analysis of critical path and
most critical activity in PERT networks based on Monte Carlo
method [ J].
1646-1651 . (in chinese)

BALLESTEROS-PEREZ P. M-PERT: manual project—duration

Systems Engineering and Electronics, 2012,34(8) :

estimation technique for teaching scheduling basics [J]. Journal
of Construction Engineering and Management, 2017, 143 (9) :
04017063

JUN D H, EL-RAYES K. Fast and accurate risk evaluation for
scheduling large=scale construction projects [J] . Journal of
Computing in Civil Engineering,2011,25(5):407-417.

KE H,MA W M,NI Y D. Optimization models and a GA-based
algorithm for stochastic time—cost trade—off problem[J]. Applied
Mathematics and Computation,2009,215(1):308-313.

fif gk, s — . BT BIM-I8 AR5 i i S T 2 AARiife
BOHT]. AR S A AR, 2019,36(4) :89-95.

HE W, SHI Y C. Multi-objective optimization design for
construction period based on BIM—genetic algorithm [J]. Journal
of Civil Engineering and Management, 2019, 36 (4) : 89-95. (in
Chinese)

AR B MR, S BT RIS 2 H AR
AL L] FEHIS R, 2007,22(2) : 164-168.

QIR B,QIAN F,DU W L, et al. Multiobjective genetic algorithm
based on elitist selection and individual migration [J]. Control
and Decision,2007,22(2) : 164-168 . (in Chinese)
EFRCARESC, TREEFAF . SRARAT AL ] Y 92 R
SRk gE ()], RS TR, 2019,34(5) :937-946.
WANG J Q, CHENG Z W, ZHANG P L, et al.

Research on

improvement of real-coded genetic algorithm for solving

constrained optimization problems [J] . Control and Decision,
2019,34(5):937-946. (in chinese)

RUBINSTEIN R Y, KROESE D P. Simulation and the Monte
Carlo Method[M]. Hoboken:John Wiley & Sons, Inc. ,2007.
Wl ARt B IR REAE T I L SAE[T]. BT AR
SR ,2007,43(15):59-62.

YANG P, ZHENG J H. Comparison and research over genetic
selection operators[J]. Computer Engineering and Applications,
2007,43(15):59-62. (in chinese)

BU g, 2 . KR4 M.
HiRAE,2015:53.

LUO H, YANG X Y, PENG G Q. College mathematics 4 [M] .
3rd ed. Beijing: Higher Education Press,2015:53. (in chinese)

3h. AT RAEHT



