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ABSTRACT: Time-cost trade-off analysis is one of the most challenging tasks of construction project
planners. Project planners face complicated multivariate, Time-Cost Optimization (TCO) problems,
which require simultaneous minimization of total project duration and total project cost, while
considering issues related to the optimal present value of profit. Also, the complexity of construction
projects in recent years has risen the importance of clever management in cases of project financing and
scheduling. There are choices and limits that make it difficult to project planners to develop a proper
financing plan considering project time status. Therefore, the methods of financing affect the project
plan. Therefore, a skilled planner should consider various effective parameters for scheduling projects.
This study presents a hybrid meta-heuristic algorithm to solve a multi-objective optimization problem in
construction project planning and finance. Because of the ability to get out of local optimization points,
meta-algorithms can provide satisfactory results in complex problems in a short time. First, the model is
compared with common meta-heuristic algorithms in a simple case study. Then it is applied to a complex
case study and it shows the optimal solutions which have time, cost and the net present value of profit.
It is shown that the proposed model is superior to the existing optimization algorithms to find better
project planning solutions with less total project duration, less total project cost, and optimal profit in
the construction project problems. The cumulative results are shown in a three-dimensional Pareto front.
Also, the proposed model improves the solutions through generations and provide optimal solutions in
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1. INTRODUCTION

Increasing wide-spreading and complexity of new-
fashioned construction projects needs intense management.
The necessity of reducing both the cost and duration of project
execution is one of the most important aspects of contractors.

The method of financing may give the contractors ensures
that at any period of the project, their liability will not exceed
the limits of credibility [1]. For optimizing objectives such
as profit, time and cost decision-makers need to analyze and
select the best executive method for each activity. Many project
planners monitor project parameters during the construction
period and use optimization solutions to reschedule the
project to obtain maximum profit. In some real projects, these
methods are applied and the results are significantly suitable,
but these methods suffer a large amount of processing time to
reach optimum answers. Thus, fast and advanced methods of
solutions are needed to be applied to these difficult problems.

Over the past 25 years, many types of research have been
done in the field of optimization. These researches include a
variety of problems such as time-cost tradeoff [2], resource
leveling [3], resource allocation [4], or a combination of the
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mentioned problems [5].

The hybrid and improved meta-heuristic algorithms
are used to increase the convergence rate and quality of the
solutions. Tsai et al. (2006) used 2-dimensional crossover and
mutation to solve the scheduling problem [6].

The time-cost tradeoff (TCTO) problem is one of the first
issues raised in the optimization problems. In addition to
time and cost variables, cash flow is one of the challenging
variables in the literature because of its distinctive feature.
Elazouni and Gab-Allah [7] originated the finance-based
scheduling to solve the cash flow problems.

Although there are significant improvements in each
mentioned categories of optimization problems and its
solutions, there are rarely studies which combine stated
categories to actualize the problems and its solutions. This
matter can be a suitable background for concurrent using of
optimization objectives (time, cost, and the net present value
of profit) in a complex project and with hiring an improved
hybrid algorithm to reduce computing time and increase the
quality of solutions.

The objective of this paper is to present an improved
hybrid algorithm model for solving a compound multi-
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objective time-cost-profit construction problem. The model
can calculate cash flow parameters and the net present value
of the final profit of the project in a reasonable time.

2. RESEARCH METHODOLOGY

Activity Relationships of the proposed model is acquired
from the Liu and Wang model [8]. It supposes that only
Finish-to-Finish relation connects the activities. The total
cost for a project equals the sum of direct costs, indirect costs,
mobilization cost, and bond premium cost.

The cash flow model is inspired by the cash flow model
of Elazouni and Metwally [9], and it contains a variety of
cash outflows and inflows. It is assumed that the contract is
unit price. So, the progress payments are through calculating
the worth of work items based on the unit prices. These unit
prices comprise the direct cost plus a proper part of the project
overhead, tax, profit, and bond. Also, a markup multiplier is
used to add the proper part to the periodical expenditures.

The positive outcome of all the inflows and outflows
represents the profit. But it has to be considered that the
inflows and outflows occur not at the same time but in
different sections of the project period. The profit estimation
of the project is calculated in Equation 1.

1 1
P =" (InFlow, x m) + Z/_ (OutFlow, x m) (1)

3. IMPROVED HYBRID MULTI-OBJECTIVE
ALGORITHM

The authors used the concept of shuffled frog leaping
algorithm as a base for the hybrid algorithm because of
its reasonable computing time. Also, GA was selected as
the second algorithm. However, some changes need to be
applied to GA operators to improve their efficiency. The
process of implementation is categorized into three main
phases (Initialization, Fitness Evaluation, and Generation
Improvement).

4. RESULTS AND DISCUSSION

In this paper, the hybrid algorithm is applied to a common
time-cost benchmark problem and its results are compared
with the other five mentioned algorithms (Test 1 & Test 2). A
large single-objective problem is then used to determine the
performance of the hybrid model and its accuracy in solving
two problems (Test 3 & Test 4). In the end, a novel complex
three-objective optimization problem is utilized and the
Pareto-front chart is presented (Test 5).

Test 1: An 18-activity problem which Elbeltagi et al.
[10] used and presented a comparison table among five
evolutionary algorithms is used to evaluate the hybrid
algorithm. The five algorithms in this paper showed better
performance than Elbeltagi’s algorithms. Also, the improved
hybrid algorithm result was better than the five algorithms.

Test 2: The objective of this Part is to plot a Pareto of
optimal solutions which have both minimum duration
and cost of the project. According to the results, the hybrid
algorithm obtains better non-dominated solutions which
show less total cost than the other algorithms. This shows the
hybrid algorithm is superior in obtaining optimum solutions.

Test 3: In this Part, the hypothetical project with 63
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Fig. 1. Test five results

activities is as a larger single-objective problem. The objective
of this scenario is to minimize the total cost of the project.
Compared to HA of Sonmez and Bettemir [11], the hybrid
algorithm results were more successful.

Test 4: This test is a single-objective problem to reach the
maximum net present value of project profit. The model was
able to reduce the search space after generations significantly.
This led to reaching optimum and near-optimum solutions in
a reasonable processing time. The average deviation (%) from
the optimal solution for both of two activity network projects
is less than 5%, which illustrates that the hybrid algorithm
provides near-optimum solutions with acceptable accuracy.

Test 5: The final purpose of this paper is to present a
3D Pareto front containing three axes (time, cost, NPV of
profit). Figure 1 indicates that the final generation improved
significantly compared with the initial population as the
duration and cost decrease over generations while the final
profit of the project increases.

5. CONCLUSION

This paper presented a hybrid meta-heuristic algorithm
that considers SFL as a primary algorithm and uses an
improved GA as a subsidiary one. The model allows planners
to make and evaluate optimal construction cash resource
utilization and scheduling plans. The proposed model
identifies an appropriate scheduling plan with its related cash
flow to satisfy contractor financial needs. It provides project
managers with an optimal plan to advance the projects as
best as possible. However, more complexity of the problem
such as considering negative cash flow limitation in projects
and the influence of financing projects through bank credits
on the final profit of the project, can be included in further
studies.
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Fig. 1. The hybrid algorithm flowchart
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Fig. 2. Activity network of the first case study (18 activities)
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Table 1. Results obtained from meta-heuristic algorithms in the first case study (18-activity)
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Fig. 3. Comparison chart of Pareto-front obtained from the integration of metaheuristic algorithms and the hybrid
algorithm
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Table 2. Activity relationships and implementation options of the second case study
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Table 2. Activity relationships and implementation options of the second case study
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Fig. 4. Activity network of the second case study (63 activities)
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Table 3. Comparison of the results obtained from the single-objective cost optimization problem with previous researches
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Table 4. Basic variables and assumptions of the model
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Table 5. Maximum profit results obtained from solving case studies by the improved hybrid algorithm
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Fig. 5. Pareto-fronts of the final proposed model of the research
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Table 6. Sensitivity analysis results (effect of indirect daily cost on other parameters)
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Fig. 6. Minimum cost and maximum profit change due to change in indirect daily cost

oud my Jod 4y (g Gl 0 om0 9,50 50 5 00 00510
Gl Do A dgw e ey OlinS b aglie o ol
1 esen Byl Wlsh o9 4 B oad aid S L s e Lalls
O drsls 3 1y o &5 Sl o955 wled ol Gled 0L
Sgus yolyly i Slllae jo oS el o cpl 05 L o
S Al o) Jle Glsie 4 el oals 8 6,500 g9 @
Dygo 4 ol dmslre jo (LlalBl o po b g eais aid S Ll o o
laaisa a5 judx e coi i pd Sl ond ad S L 0 2B
0595 S (sl £ g Coll Jdo 4y S oy Gal38) erdiins

A wssn oloy Gl ©yge 5 rizan 3L anly Gl

S0 dieS A g dion dgw Ol s Jloged £ IS (0 g
Y bl oo samlive LB ailjy, euiiue e sloai i o 0
e juf dinie s S0 ejgn sl lej &S el S 4

S ol yess Al

w8l g iledde 09> 0 ead Byme hagh (5y9ly
» 1 @bcoie oj9> 90 (pl 51 S s j0 a5 wbb e 5,008
3 sl Jde 09> 40 .l 00,5 sloul 4LidS Slidss b anwlae

L“"’jﬁ)i SN Y Coonl 6‘)“> 90329 )"“"‘)L’ BN O‘?’Lc 4 Sgw )”"‘)l‘

Iy



WEY B YY) docio OYAR Jlo  0,led DY 095 ¢3S ol () yo (saobiee 4yl

S5 gl il g0 o (6l sl )58 gz 5 gurbline
o3l 51l eolaiul il oals ooly axwgr Dlool jo 4 adus
w295 ke b aslio 5 (b)) jekate 4 b a8l Sgne (o5 5
A oolatuwl adun SO (glwaigs dlus g0 pl j0 cad 00 1wl
5l e 4Blbdg (oS p)sl &S was e i b
Obey 5 Cabge Glie > ol CodeS Bl 5l oa 05,0l o y55)
om0 o Sl cosd (Brma (6090 adlllas 93 50 (Sl
255 05,55 Ul ) (5l otz (5950 dalllas S
d,8 158 oolawl 890 (glodory Jlus cpiz J> j0 aBlioggs
diz 5 (o Jlab A 53l (sl At aban 5 s 50
Obej il aneS g 3gm (ad Lalls (3] (5le ain) ddae
il Sgne (o5 5 i esdl )l ln (Oloyer jsbo a anze
Jo 5l esel sty b 5l (B dalol 0.8 )5 )18 a0 050
il 00l 0Ll Piluce

o s olows iolisl sl o gslwags dlue g0 0y ¢
Jsize yle) o 50 sdnl Cawsy slaly> o s b6 oeu
JRESSPRRPRVIPUR TPV QRCHIS TR NISERNCR
s Hlis g, loges riomed el Sty i p slaclge sl
B jsb w58 2l lads Jsb 5o laclyz o8 el ()]
Cowds gl avglie jloolanl b Jow 25,1l oo S9e 2o
Sl iy ,0 0ol a8l slaJas 5l ol Cavss i b ] 51 ool
ol ooy bl yiion

3 sl 536 Al v Sz les il g Joe jo 0
Sy Alass cpl om0 las |y Olawlre Cds 5 e 20]538]
D9 ooliiwl Al ;o ool ige Sles 5l aS 08 0 attiee

o 5 fogad 3 el ey gl 5 (ol 005 (08 Jao
Flly s o35 Sz b aS siluse (pdg, 1) €55 Gl T g
5 ol a4 ki axg Cole Gleelsn ile ange Jlee (o0
Srd g oy n Slp el Jlore Wl ool 059 plnl 4 je
aS 059, slo,eS B 1y St 3l (S A azgi 1Al 059, s,
by pozed 2o it plojen Sl 355 lade g 3,1 b g
ol pdU s 50l 0,05 o5 00 F 5 A3

Al Glaclex loe 4 Hlg co 0als aige slacls> 5l e

Sy by Copas a |y oUly ol bolg> cpl ogad colaiul

1YY

Sy e o Sy i 455,585 3 loaiyia led alls i)
LS 0gis plail (Cody 4 Suo5) (Hls Ojso 4 gl U
Slaass mls b oawglie )0 ol (Bpee iogh ool Cowdy
1 ke atg e (glisb b i e olyl | Sl ol 428
o g g 00,5 S8 > ad FioaBly Caew 4 059 g (o) 2
slaezg,> 5l Glya B ogd @l eolisial 5,90 5 (28ly slaogy
(05550 S3 Shod LA (35)) (o 5 0590 Sk 0l O
Sgad oolaiuwl

8,5 Oyge ek (nl 50 2lessly 5 prepsll i 5o
5 Laclysd iz m )Xl S 5 4 Gl of alex 5l 48
oolaiwl b aS" & jgo (s ged o Ll Aldl Sguge SIS pi,eN|
o, )0 i CublB piomen g laacl; 98 v, oSl ey
Ozt b co (8l Al Glaolez A o) e s (SIS
Sl E S 5 i, jo L @b j0 ol (Bpre Dl
2 ae sloclex 4 o) 50 00,8l Had Saiedse cge
ALS Sladsd b daglie )0 0gd o0 gewy (97 (glad
S Jlao 0 1) 5580 9 Jeo s anlxe SUlgs o oS (]
oS 3 it Sladsd (o dored 040 gt pl 0 eald
Oloyed & g0 o Lo )9Sl 51 (SO dguge uizmen g ;6N 90
opeh ol bl (idu jo el (Bpee Pl .ol oauid oolaiul
lop ol 8529 ol b sl ailas 0g2g pion Oladoy o
A Cod (G rs 0 ,Sles fluw cpl > 0 @.l) 0dls By
O30 s iS50 )0 gy (pl (6,015 (S e 55N
adlaiils laolg> cuaS

aglis jo a5 oS o Ll allue (pl 4 gl o 4> O jg0 4

Sgei oanlin lg g0 Lg% (pl 4o

G5 At -V
Slas 1y adl oge (oS 5 6 N3 oSl SO Al (ol
S5 o953l 5l g b o650 (lgie a eadly ;o8 i o 555!
S > ln S (oo oolital (S5 o681 Glgie 4y a8l Sgnge
30 Cewlosls &l dguman o ley adus Wi (glwags dles

13 5 ys5 e lFiyy ol (S Lol o ysSI e ot



Slewlre hyls g oduzen Jluw J> @ "\"‘5"6" G500 sl g,
S S YL

Ololgauion 9 Ludguzxo —A
bl 5 Ghegn ol SR slagiagy (sl wsles
e dle jism 0 bl 0 el slcasgass
5 Pl 45 e Wlase 3 Gizmen Wgd 2] (See ol
aloads B yai oj9n 50 U L Jem Sl Gl b
S ol ol o Al o e G 3 53 b
Jid 52 Comez s (55, p 48T O jge Olyess (b0
)l GlFee JB (A )0 0ad ke 9)le 4 azg L
O35 Fely liwl) )0 w8 S Do gk Son Cux )
Ot 55 Jae @bl s eizer 5 siluang dles

-0 god

OB 5k 5 6l s slaghe) b g 53l 6,95 5l eolanal ¢
59959 uLC)Ua‘ L w&]ﬁ.@ ﬁJ.C

2 Bleny (e (Sual (b Cudgaze (85 L 0
ojon szl o>

&9, Olej lmlr (llss 95381 5 bl slaaz 3 5l ool »
0395 % 39790 42 B Ol 4 4y Ll Jled

o Gl 55 4 £5,2) (Sl e oy s 5 esliz -
63,50 sradlllas ;o (. g o,ony <Ll

05555 ply L i e [Silany 45 sbge cal 3,5 Sk s e
Sl sl 5 095 039 0t E55 4 azgi b ol sloygs 3oy
5 ply B mizmes el plpa 1) 395 (chie (Kol 5 03503
Sgw Al 03] 50 Wlg oo Jar 00 Al ol jar 4y SNy
adly NS Soley (2l

Alacs J> slp oS 5 ool 5l oolain] Goree )0 yuizron
S o bolgr Sl caeal" a5 1) gaose pl lei co (o3l ags
et P Gizmen g Moy aaled AeSe Lol s » e
"o walyt aisky Sl ples lai s x Slex e slag

Sl 18y 0,50 cs‘]*—‘ F s

Ol 5l ookl Syse o 393 efgn Coddse (I B e e 039
Ozt hled Jol> | pliebl iSTas ol dige slacls>
Sl (Koo a5 sloasy 335 Sl 51 aled co (633,400 0 o
Al Clual wnled siie 1) 059, Sgu

Gomole; Slr S 5 Joe rlin (2l Kow Cae s (iioran ¢
b 2l o9 50 45 3900 Ual g 2Bl 0 dio Wrojg o cSlo
WS 50 A0S SaS o9 oljydel s laccled 1 gob; olass
by ud by b el guinple) aslp SO (goloiig Joo
590 (il 035 oo (e |y S0ley Jlo slosls o)l sl 0T
Sty ysbiie a4y digy adliy SG L ojon Glnse lp |y Ll
o odd Al Jae xS oo walf (See 928 (nie 4 b 039
Ol g 409 (anass lp el (ol 5 4l Glgie 4y wilgs
g 485l o cSle (8ly sla 03y o Jle

SYlges Foly i 4 plgioe ol Cosny i 4 Az L
(V) Ulgw a4 gewly 2090 Sl 1) 5udoed Bad jidn ;0 ool = ylas
Sre Joe g oggn (Suall 0l 4 pliws 4 arg b
21 eden el Glazsys g gy Cundy (e conds
Sl ool 4y lg QT oobwl i 5 s g iy L]
Ot 50 1) (Ko el by ply <8l )0 asile) ofg
5o 45 & 4z b (V) g 4y grasly 5505 03lel (e >
28 Al )l asle 00l (B ae Joe (gilwesly Slaal 5l
G5l Ol ation Olgies o3an E9y0 5l B 1Nl dgw
Cody Joo Lanogi 1) TL Sblie an o g olo g ogw Jad alls
5 285 Ol |y o3an €955 ly peea T ol 5 05
(1) Jlgw 0 gl 28l Glebl 0590 (085 Sgm Sl (izeen
aiptp baolsr oad (Brme oo b 5l edsl Cosay g5y 105l
Olfss ojon Lt 4 g b calply aes e plas 1) ead
Sged DLl 95,L jloges bl slaigS 1) 059 i 5 (e
BB sty s nd aBl s gloge i sils 45
Sl Ghe) e sl s oloj o ol 2 B oy aaalss
55k loged ane slaclsz lee 5 0T 109w 5 0395 o ey
S bl

bl slacuse Jds a2 Gla by, 5l oolial @
@ Samd YL S g ome dge B I 12 CobB Gozeen

IYYA



WEY B YY) docio OYAR Jlo  0,led DY 095 ¢3S ol () yo (saobiee 4yl

concepts for owners, engineers, architects, and
builders, Chris Hendrickson, 1989.

[11] A. Pagnoni, Project engineering: computer-oriented
planning and operational decision making, Springer
Science & Business Media, 2012.

[12] M.S. El-Abbasy, T. Zayed, A. Elazouni, Finance-based
scheduling for multiple projects with multimode
activities, in: Construction Research Congress 2012:
Construction Challenges in a Flat World, 2012, pp.
386-396.

[13] J.W. Fondahl, A non-computer approach to the
critical path method for the construction industry,
(1962).

[14] W. Prager, A structural method of computing project
cost polygons, Management Science, 9(3) (1963)
394-404.

[15] N. Siemens, A simple CPM time-cost tradeoff

17(6) (1971)

algorithm, science,

B-354-B-363.

Management

[16] O. Moselhi, Schedule compression using the
direct stiffness method, Canadian Journal of Civil
Engineering, 20(1) (1993) 65-72.

[17] K. El-Rayes, O. Moselhi, Resource-driven scheduling
of repetitive activities, Construction management &
economics, 16(4) (1998) 433-446.

[18] K. El-Rayes, D.H. Jun, Optimizing resource leveling
in construction projects, Journal of Construction
Engineering and Management, 135(11) (2009) 1172-
1180.

[19] T. Hegazy, Optimization of resource allocation
and leveling using genetic algorithms, Journal of
construction engineering and management, 125(3)
(1999) 167-175.

[20] W.-T. Chan, D.K. Chua, G. Kannan, Construction
resource scheduling with genetic algorithms, Journal
of construction engineering and management,
122(2) (1996) 125-132.

[21] K. El-Rayes, A. Kandil, Time-cost-quality trade-
off analysis for highway construction, Journal of

construction Engineering and Management, 131(4)

AAARS

&=l

[1] S.-S. Liu, C.-J. Wang, Profit optimization for
multiproject scheduling problems considering cash
flow, Journal of Construction Engineering and
Management, 136(12) (2010) 1268-1278.

[2] AM. Elazouni, EG. Metwally, Expanding finance-
based scheduling to devise overall-optimized project
schedules, Journal of Construction Engineering and
Management, 133(1) (2007) 86-90.

[3] A. Senouci, K. El-Rayes, Time-profit trade-off analysis
for construction projects, Journal of Construction
Engineering and Management, 135(8) (2009) 718-
725.

[4] D.X. Zheng, S.T. Ng, M.M. Kumaraswamy, Applying
a genetic algorithm-based multiobjective approach
for time-cost optimization, Journal of Construction
Engineering and management, 130(2) (2004) 168-
176.

[5]]. Son, T. Hong, S. Lee, A mixed (continuous+ discrete)
time-cost trade-oft model considering four different
relationships with lag time, KSCE Journal of Civil
Engineering, 17(2) (2013) 281-291.

[6] A. Kandil, K. El-Rayes, Parallel genetic algorithms
for optimizing resource utilization in large-scale
construction projects, Journal of Construction
engineering and Management, 132(5) (2006) 491-
498.

[7] V. Valls, E Ballestin, S. Quintanilla, A hybrid
genetic algorithm for the resource-constrained
project scheduling problem, European Journal of
Operational Research, 185(2) (2008) 495-508.

[8] S.-S. Leu, C.-H. Yang, GA-based multicriteria optimal
model for construction scheduling, Journal of
construction engineering and management, 125(6)
(1999) 420-427.

[9] J.E. Kelley Jr, Critical-path planning and scheduling:
Mathematical basis, Operations research, 9(3) (1961)
296-320.

[10] C. Hendrickson, C.T. Hendrickson, T. Au, Project

construction: ~ Fundamental

management for



WY B ATYY doio YR Lo @ oyl OY 093 pusS pual (3 yas (wsbites &yl

application in construction engineering, Journal of
Computing in Civil Engineering, 25(3) (2010) 192-
201.

[32] X. Yang, J. Yuan, J. Yuan, H. Mao, A modified particle
swarm optimizer with dynamic adaptation, Applied
Mathematics and Computation, 189(2) (2007) 1205-
1213.

[33] DX. Zheng, S.T. Ng, Stochastic time-cost
optimization model incorporating fuzzy sets theory
and nonreplaceable front, Journal of Construction
Engineering and Management, 131(2) (2005) 176-
186.

[34] O.H. Bettemir, M.T. Birgoniil, Network analysis
algorithm for the solution of discrete time-cost trade-
off problem, KSCE Journal of Civil Engineering,
21(4) (2017) 1047-1058.

[35] H.K. Park, S.H. Han, J.S. Russell, Cash flow
forecasting model for general contractors using
moving weights of cost categories, Journal of
management in Engineering, 21(4) (2005) 164-172.

[36] S.-S. Liu, C.-J. Wang, Profit optimization for
multiproject scheduling problems considering cash
flow, Journal of Construction Engineering and
Management, 136(12) (2010) 1268-1278.

[37] A.M. Elazouni, A.A. Gab-Allah, Finance-based
scheduling of construction projects using integer
programming, Journal of Construction Engineering
and Management, 130(1) (2004) 15-24.

[38] AM. Elazouni, EG. Metwally, Finance-based
scheduling: Tool to maximize project profit
using improved genetic algorithms, Journal of
Construction Engineering and Management, 131(4)
(2005) 400-412.

[39] M.M. Ali, A. Elazouni, Finance-based CPM/LOB
scheduling of projects with repetitive non-serial
activities, Construction management and economics,
27(9) (2009) 839-856.

[40] M. Abido, A.M. Elazouni, Precedence-preserving
GAs operators for scheduling problems with

activities’ start times encoding, Journal of Computing

(2005) 477-486.

[22] M. Tsai, T. Hong, T. Liu, Two-dimensional encoding
schema and genetic operators, in: Proceedings of the
9th joint conference on Information Sciences, JCIS
2006, 2006.

[23] S. Shadrokh, E Kianfar, A genetic algorithm for
resource investment project scheduling problem,
tardiness permitted with penalty, European Journal
of Operational Research, 181(1) (2007) 86-101.

[24] M. Abido, A.M. Elazouni, Multiobjective evolutionary
finance-based scheduling: Entire projects’ portfolio,
Journal of Computing in Civil Engineering, 25(1)
(2010) 85-97.

[25] A. Alghazi, A. Elazouni, S. Selim, Improved genetic
algorithm for finance-based scheduling, Journal of
Computing in Civil Engineering, 27(4) (2012) 379-
394.

[26] S. Hossein Hashemi Doulabi, A. Seifi, S.Y. Shariat,
Efficient hybrid genetic algorithm for resource
leveling via activity splitting, Journal of Construction
Engineering and Management, 137(2) (2010) 137-
146.

[27] R. Sonmez, O.H. Bettemir, A hybrid genetic
algorithm for the discrete time-cost trade-off
problem, Expert Systems with Applications, 39(13)
(2012) 11428-11434.

[28] R.Sonmez, F. Uysal, Backward-forward hybrid genetic
algorithm for resource-constrained multiproject
scheduling problem, Journal of Computing in Civil
Engineering, 29(5) (2014) 04014072.

[29] TJ. Hindelang, J.E Muth, A dynamic programming
algorithm for decision CPM networks, Operations
Research, 27(2) (1979) 225-241.

[30] S.-S. Leu, C.-H. Yang, J.-C. Huang, Resource
leveling in construction by genetic algorithm-
based optimization and its decision support system
application, Automation in construction, 10(1)
(2000) 27-41.

[31] A. Khalafallah, M. Abdel-Raheem, Electimize:

new evolutionary algorithm for optimization with

)Y€,



WEY B YY) docio OYAR Jlo  0,led DY 095 ¢3S ol () yo (saobiee 4yl

of a construction project, KSCE Journal of Civil
Engineering, 20(6) (2016) 2170-2176.

[44] T. Au, C. Hendrickson, Profit measures for
construction projects, Journal of Construction
Engineering and Management, 112(2) (1986) 273-
289.

[45] A. Elazouni, M. Abido, Contractor-finance decision-
making tool using multi-objective optimization,
Canadian Journal of Civil Engineering, 40(10) (2013)

961-971.

in Civil Engineering, 24(4) (2009) 345-356.

[41] M. Abido, A.M. Elazouni, Multiobjective evolutionary
finance-based scheduling: Entire projects’ portfolio,
Journal of Computing in Civil Engineering, 25(1)
(2010) 85-97.

[42] H.-K. Park, Cash flow forecasting in construction
project, KSCE Journal of Civil Engineering, 8(3)
(2004) 265-271.

[43] J.-H. Ock, H.K. Park, A study on the algorithm of

cash flow forecasting model in the planning stage

Amirkabir J. Civil Eng., 52(5) (2020) 1221-1242.

DOI: 10.22060/ceej.2019.15163.5874

M. Tavakolan, S. Nikoukar, Developing a Hybrid Optimization Scheduling Model in
Construction Projects Using Comparative Analysis of Existing Meta-heuristic Algorithms,

b £l alis (1] 4 g5z

AAEA]






