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In highly competitive and uncertain environments, organizations are
compelled to make simultaneous decisions regarding project selection and
scheduling under resource constraints and exposure to complex risks. Many
existing models in the literature consider project risks independently and
overlook the networked interactions among them. However, in real-world
settings, the occurrence of one risk may amplify the likelihood and severity
of others. This study aims to develop a novel mathematical framework to
support managers in selecting the optimal portfolio of projects and
scheduling activities in a way that maximizes financial returns, minimizes
overall completion time, and mitigates the adverse effects of interdependent
risks. Accordingly, a multi-objective mixed-integer programming model is
proposed for the integrated project portfolio selection and scheduling
problem, incorporating risk networks and resource constraints. To model
the dependencies among risks, a Bayesian network is employed, and the
conditional probabilities of risks are embedded within the decision-making
structure. Due to the nonlinear nature and computational complexity of the
model, nonlinear relationships are first linearized. The model is then solved
using a Genetic Algorithm combined with the Enhanced Epsilon-Constraint
Method. Performance evaluation through numerical experiments at
different scales demonstrates that the proposed approach can generate a
diverse and high-quality Pareto frontier and plays an effective role in
improving the trade-off among profit, project duration, and risk exposure.
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1. Introduction

In today’s highly competitive and rapidly evolving
environment, project selection and scheduling have
become critical challenges for organizations and
decision-makers (Vieira et al., 2024; Abbasi et al.,
2020; Aghajani et al., 2023). These processes play a
decisive role in project success or failure, directly
influencing efficiency, costs, and overall project
duration. Appropriate project selection and precise
scheduling not only optimize resource utilization
and enhance productivity but also contribute to the
achievement of strategic organizational objectives.
Selecting the right projects can foster innovation and
organizational growth, whereas inappropriate
choices may result in resource waste, schedule
delays, and adverse effects on overall performance.
Furthermore, accurate project scheduling is essential
for ensuring timely project delivery, controlling
costs, and mitigating associated risks. (Askarifard et
al., 2021).

Project selection at the organizational level typically
involves analyzing multiple criteria, including
economic returns, risk levels, strategic alignment,
and optimal use of available resources. The challenge
becomes even more significant when organizations
face many proposed projects under limited
resources, particularly in dynamic and unpredictable
environments (Harrison et al, 2022). Alongside
project selection, proper scheduling is essential.
Many projects experience substantial delays due to
ineffective scheduling, leading to increased costs and
reduced quality. Since projects consist of multiple
interdependent activities, effective scheduling is
crucial to ensure that all project objectives are
achieved on time (Arratia-Martinez et al., 2021).

A major challenge in project portfolio management is
the presence of various risks and uncertainties,
which can substantially affect performance. Most
existing models in the literature consider project
risks independently and neglect their networked
interactions. In reality, the occurrence of one risk
may amplify the likelihood and impact of other risks.
This highlights the need for sophisticated decision-
making models that can capture risk dependencies
and integrate them into project selection and
scheduling processes.

This study addresses these challenges by proposing a
mathematical model for the integrated problem of
project portfolio selection and scheduling under risk
and resource constraints. The objectives include
maximizing project portfolio profit, minimizing
overall project duration, and reducing risk by
evaluating the effects of project risks on costs and
durations of activities. In this study, a Bayesian
network is applied to model risk dependencies and
interactions, incorporating conditional probabilities

into the decision-making process. Due to the
nonlinear and computationally complex nature of
the problem, the model is linearized and solved using
a genetic algorithm combined with an enhanced
epsilon-constraint method. The main contributions
of this study are as follows:

1. Simultaneous consideration of project
selection and scheduling decisions within
an integrated framework.

2. Incorporation of risk factors and their
interdependencies within the project

portfolio.
3. Development of a mixed-integer
mathematical  formulation for  the

integrated problem.

4. Application of Bayesian networks to
construct and evaluate the project risk
network.

5. Explicit
constraints in the decision-making process.

6. Integration of both internal and external
risk dependencies into the proposed
decision model.

This research provides a practical tool for managers
to select optimal projects and determine appropriate
schedules while accounting for limited resources and
interdependent risks. The study aims to answer
several key research questions, including:

e Which projects should be selected to
maximize portfolio profit?

consideration of resource

How should selected projects be scheduled?

What risk response actions should be applied
to maximize portfolio benefits?

e How can multiple conflicting objectives be
optimized simultaneously?

e How can risks and resource constraints be
effectively modeled in the selection and
scheduling process?

Addressing these questions lays the foundation for
developing advanced models in project portfolio
selection and scheduling, offering practical insights
for decision-makers in complex and high-risk
environments.

2. Methodology

The project portfolio selection and scheduling
problem refers to decision-making on selecting an
appropriate set of projects from available
alternatives and determining the optimal schedule
for each project’s activities. The goal is to achieve
project objectives, such as minimizing completion
time and maximizing profit, while satisfying
resource, budget, and risk constraints. This problem
is highly complex due to uncertainties arising from
internal risks, such as activity delays or execution
failures, and external risks, such as market
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fluctuations or environmental conditions, in
addition to resource limitations including human
resources, equipment, and budget.

In this study, the problem is formulated as the
selection of a subset of projects and the scheduling of
their activities to minimize total completion time
and maximize overall portfolio profit. Each project
consists of a set of interdependent activities with
precedence relationships that require limited
resources. Moreover, each activity may be exposed to
various risks that influence the likelihood of project
success.

To manage these risks, mitigation actions—such as
allocating additional resources or improving
operational processes—are incorporated into the
model. These actions incur additional costs and must
be accommodated within the available project
budget. The primary objective is to determine the
optimal combination of selected projects, activity
schedules, and risk mitigation strategies that
minimizes total completion time while maximizing
portfolio profit, subject to resource and budget
constraints. The proposed mathematical model
provides a comprehensive framework for project
portfolio selection by explicitly considering
interdependent project risks, resource allocation,
and risk response strategies. The model is
formulated as a multi-objective mathematical
programming problem and employs Bayesian
networks to represent the probabilities and
interactions among risks.

3. Results and Discussion

In multi-objective mathematical programming,
multiple objective functions are considered
simultaneously, and typically no single solution can
fully optimize all objectives at once. Therefore,
instead of searching for an absolute optimal solution,
decision-makers aim to identify the best or most
preferred solutions. In this approach, the concept of
optimality is replaced by efficiency or Pareto
optimality. An efficient solution is one in which
improving performance in one objective is not
possible without deteriorating performance in at
least one of the other objectives.

Since multi-objective problems (MMPs) are often
highly complex and exact methods can be
computationally  expensive  or  impractical,
metaheuristic algorithms have become a widely
adopted and flexible approach. Among these
methods, genetic algorithms (GA) are particularly
prominent. Inspired by natural evolution and
Darwinian selection, GA explores the solution space
using operators such as selection, mutation, and
crossover to generate a set of Pareto-efficient
solutions. Due to its high capability in searching
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large and complex solution spaces, especially in
multi-objective problems, the genetic algorithm is
extensively employed in project portfolio selection
and scheduling. In conclusion, the developed model
demonstrates not only high stability and reliability
under various conditions but also exhibits economic
intelligence by focusing on key parameters while
remaining robust against less significant ones. These
characteristics make the model a powerful and
dependable tool for strategic decision-making in
complex and highly uncertain project management
environments.

4. Conclusions

Project portfolio management is one of the key
challenges in the field of project management in
complex organizations, where a set of different
projects must be managed simultaneously and in the
best possible way, while taking into account the
limited and strategic resources of the organization.
In today's world, where fast-paced change, high
uncertainty, and competitive pressures are common
in economic and business environments, project
portfolio management is essential for gaining
competitive advantage and achieving success in the
market. Optimal selection of project portfolios
requires not only evaluating and selecting
appropriate projects, but also considering other
aspects such as timing, resource allocation, risks, and
sustainability. This is especially important in
complex and uncertain environments where projects
have dependencies and interdependencies.

This study presents an integrated mathematical
framework for project portfolio selection,
scheduling, and risk management under resource
constraints and interdependent risks. The proposed
model simultaneously maximizes portfolio profit,
minimizes total completion time, and reduces overall
risk by considering complex interactions among
internal and external risks. Key innovations include
the integration of project selection and scheduling
into a single model, risk modeling through Bayesian
networks, the inclusion of resource and budget
constraints, and the application of a hybrid solution
approach  combining advanced linearization
techniques with multi-objective genetic algorithms
and an enhanced epsilon-constraint method.

The following results are highlighted:

e The results demonstrate that the proposed
approach provides managers with a
powerful and reliable tool for strategic
decision-making in complex and uncertain

environments. By considering
interdependent risks and optimizing both
project selection and scheduling

simultaneously, organizations can achieve
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better resource utilization, improved risk
mitigation, and higher overall portfolio
performance. Furthermore, the model offers
a set of Pareto-efficient solutions, enabling
decision-makers to select the most suitable
alternatives based on organizational
priorities and market conditions.

e  Future research may extend the model by

incorporating  fuzzy or  qualitative
uncertainties, dynamic resource
availability, sustainability objectives, and
competitive interactions among

organizations. Such extensions would
increase the model’s realism and
applicability in practical settings, providing
valuable insights into project portfolio
management in increasingly complex and
uncertain environments.

e Based on the results of this study, a set of
management recommendations can be
presented that can be effective in improving
the  decision-making  processes  of
organizations. First, managers should move
away from separate decisions regarding
project selection, scheduling, and risk
management and instead use integrated
models, because such models can provide
more consistent and efficient decisions by
considering real dependencies and
interactions. In addition, paying attention
to dependent risks and analyzing their
chain effects is of particular importance.
Many risks only show their real effect when
examined in combination with other risks;
therefore, using tools such as Bayesian
networks can make risk analysis more
accurate and practical. Managers should
also adopt a targeted approach in allocating
risk management budgets, because the
model results showed that a relatively small
increase in the risk management budget can
significantly reduce total risk. This shows
that risk management measures, if chosen
correctly, will have a very high impact.
Another issue is that managers should not
expect to achieve a single solution, because
the multi-objective nature of the problem
requires that a set of efficient options be
available to them so that they can choose
the best option based on organizational
priorities, market conditions, and existing
constraints. Finally, the use of meta-
heuristic  algorithms for large-scale
problems and the use of exact methods for
smaller problems can increase the efficiency

of the analysis and decision-making
processes.

Funding
This research received no external funding.
Author contributions

Haniyeh Sadat Jebeli: Drafting the manuscript,
Preliminary review of the report, Literature review
and theoretical background, Data analysis, Statistical
analysis  draft; Ali  Namazian: Research
methodology, Conceptual research model, Data
analysis, Supervision, Text revision.

Conflicts of interest

The authors declare that they have no conflict of
interest in relation to this research.

Acknowledgments

We are grateful to all colleagues who provided
insights and expertise that greatly assisted this
research. We also thank the anonymous reviewers
for their valuable suggestions to improve the paper.

References

Abbasi, D., Ashrafi, M., & Ghodsypour, S. H. (2020). A
multi-objective BSC model for new product
development project portfolio selection. Expert
Systems  with  Applications, 162,  113757.
https://doi.org/10.1016 /j.eswa.2020.113757

Aghajani, M., Ruge, G., & Jugdev, K. (2023). An
integrative review of project portfolio
management literature: Thematic findings on
sustainability =~ mindset, assessment, and
integration. Project Management Journal, 54(6),
629-650.
https://doi.org/10.1177/87569728231172668

Arratia-Martinez, N. M., Hernandez-Gonzalez, N. M.,
& Lopez-Irarragorri, F. (2021). Project portfolio
selection and scheduling with resource
allocation, synergies, and project divisibility.
2021(1), 4163287.
https://doi.org/10.1155/2021/4163287

Askarifard, M., Abbasianjahromi, H., Sepehri, M., &
Zeighami, E. (2021). A robust multi-objective
optimization model for project scheduling
considering risk and sustainable development
criteria.  Environment, Development and
Sustainability, 23, 11494-11524.
https://doi.org/10.1007/s10668-020-01123-2

Harrison, K. R., Elsayed, S. M., Weir, T., Garanovich, L.
L., Boswell, S. G., & Sarker, R. A. (2022). Solving a
novel multi-divisional project portfolio selection
and scheduling problem. Engineering Applications
of  Artificial  Intelligence, 112, 104771
https://doi.org/10.1016 /j.engappai.2022.104771

Vieira, G. B., Oliveira, H. S., de Almeida, J. A, &
Belderrain, M. C. N. (2024). Project portfolio

foﬂ-o-i:‘/; a,,a/\f«h JL‘”/G)5°)@5WG‘“W


https://doi.org/10.1016/j.eswa.2020.113757
https://doi.org/10.1177/87569728231172668
https://doi.org/10.1155/2021/4163287
https://doi.org/10.1007/s10668-020-01123-z
https://doi.org/10.1016/j.engappai.2022.104771

YA Jebeli & Namazian

selection considering interdependencies: A
review of terminology and approaches. Project
Leadership and Society, 5, 100115.
https://doi.org/10.1016 /i.plas.2023.100115

¥ o)Ln..'S:/9 0,90 NF+O JLN /6)90’%9”&*»@»»\3{»


https://doi.org/10.1016/j.plas.2023.100115

OCIETY

>

w
IRAN LOGESTICS
Uhabsuualyaxsl

529012 9 rmarw (oo 4 i

DOI: 10.22034/sep.2026.2086866.1477

YAY-YAY amao [§ o )los /7 0,90 1V F 20 Jloo /(5,50 142 5 pioma (gediges

w2

J"V-"I.’;'VU’; :,..'-/

A o8 5 ol 50 b Lo 39 9 ugle) § WD Al (Sl Budn> Oy Juo dxwgd

Qo Codguse 9079 99 DS

SO s e (D9 Le elslulasts

Ol LS (LIS oSty ¢ pwiign 0aSils (galio g 05,5 ] ool IS (ggonils

ol LBl LS oSl ¢ psiige oSl caylio pusiige 09,5 ol T

wa)g

S3l,5 ouS

5 DBl Plo olojan (58,5,
Slil g aojgn sdsdyn anols;
Codpime oS oSy, sleSid
&l

Basrs S eh,eddl )l colaul e
alis > Cg> NSGA-II

b iy (sloSany SOl (53l fte @
e SeaSd 5 Koo, Sl ool

PROBLEM: CORE METHOD: RESULTS:
Interdependent Risks & Multi-Objective Pareto Solutions & Trade-offs
Resource Ci i Math ical Model (MILP) =

m= — | ParetoFront =
Existir odel: [ -
s M Integrated Project Selection & Scheduling == >=
eraciions L -
i -
o F
=-p | S o
Linesrization of Nanlinear Relationships =
g
Integrated Project ‘ Bayesian Network a p
heduli i y

1. Max Profit

& Scheduling Integration

Genetic Enhanced
Algorithm &-Constraint

~® ]
ﬁ@ X = i ik

" Generates high-quality diverse
& I@ i e i [ Pareto solutions balancing profit

Algorithm + e-Constraint &
Limited resources Time L time, and risk objectives.

Ao wlasine

PRV

o 4z
g3 alis £y
VECENYIA bl
VEOI YT 1,550
VEO/FN iy
VE O/ BT s, )

:J e ol y*’é
a.namazian@kashanu.ac.ir

o jlgunls
0395 S DL
0555 ganle)
Sy A
alie Cusgams

Boasiz ool Gyl

2 oot & nSmass 4 235 loglalo N Coabipa s 5 56, Lulyh o
L agzlse 5 e Cudgams covi bl sl izl sanplej g Wejsy Sl ogas
|) Lbo)jf «_im..:) guL..n)‘ 9O 099w LgLQLJAA )‘ 6)L.M..: LA 0 6[.@\&....:)
ool 1) S, sl oSl Ol o 483 L ol Ojsod
W3S 1y GoS S e i Slaoge o 31 B S S o 4y ook,
(Jb 2ol STas a4 oliws s S ailed sailey semen |y e Jled
e ) twsmends Sy oy Dl g wile y Bl a ) IS Glzl ole;
hlize mors sae ddandiz ool Jow S ol gl j0 g5l 5l aisle
Sy 4 (528,5,05,0 b boogg  ds gatloj g ool az LS, alies (6l 5
a5l Sy e (Sl (3l Joe jekaiedy 0gd co 4l milie Cysgase g
bl 65 eear Jisle o Sy, bys SVl 5 onds oolaiw! (g5
Ly, ol (Jaw Slaslrs Saomy 5 b conle Jdoay .l oayo)§
P9y 9 Sy sl L aSose b Joe G 5 0ad il (s
Slllas 5 ,b 5l Jow o Sles ob5)l g oo Jo 0y sl Cudgaze (gl
A Sl OB eolpainn 8,50y, AT das e lid @it slaulide jo (g
5 Obey wgm Olos JOU S9nr 50 (550 i g wa0 )] (S g geite 951

el e Laoss S

seome Lalgs g Ll i cow ol5T o piws b llie G ol . Solgl oKils Loy sas yiiie Sty VoY ©/VOYA-Y VA0

.Cewl Creative Commons Attribution (CC BY 4.0)



https://creativecommons.org/licenses/by/4.0/deed.fa
https://creativecommons.org/licenses/by/4.0/deed.fa
https://systems.eyc.ac.ir/
https://doi.org/10.22034/sep.2026.2086866.1477
https://orcid.org/0009-0005-1989-3747
https://orcid.org/0000-0001-5957-0620

YAY

ol 9

sl Jow 4y 5L dbewly b 50 0,135 Wojey o, Sles 5
oS Cnl aiilyy o5 4 )LSG 5 odazmn (6 S e
ipley 5 SLEl ;0 9 05,5 (iluand S5 job 4],
B9 g0 b oo sl i S Llod Weogs

ojon ongley 9 Sl w0jgn Copde Slosl 5
slooyd 585 i o b L alblar &jsod Vsers
L 99250 s Joe 5l (6 ke loads sy sluosles
Sy (S jlwtingy wiile (5 S e sladi 5| (S0 &
0,5 Bl g wlazsla,y dal loy sjlafilas L
5 Lojon Ole sl Kiwly b 258 plojen
S ol o o ol iles S clié aie (glaSans,
Sl 58t con laojen (oBly lalpd s
g Pl lapreal 5 W)l )3 atlyeads laSin
@l @ o Sily cnl Bld (a0 wilsi oos ol
g yie Glgebl B

& w0 OlaS et Slaiegn 9ye ionl 2 ogdle
L) ojon slockus, ad plesl ¢l ool (292l
2l o o (ol Gl SVl Ll
Cudgize S5 ojen angley 5 Ll ddsanis
iloos 4 b Slalllae iy sl 4Bl damsgi polie
hd sl Jow 1L wilaesls y Jas maw o S,
be Jlesl 4 0B a5 wilos 57 eolaiwl guauiyley sl y
s S (Sdly 5

3925 o) nl 0 sz BB ey N ol
e Bl oS Baa b ol iegh )b

St Vel sl ol o o5 aas e 4l ax LS,
oad S 5 adaaniz s ytelp Joo b oS (i
B o 5o beudled sannley g mlie slacusgae g
ol loads ad 3k s wsly Ll csz )l S
rSpeeas 5l palnddly Jldes OBl oS,
Sy @i il Wlgiee 5 WS oo wal3 1) Glods
Sl 5 Cambbpae Lyll b oagzloe o olpae

Aol analy
Gryely 5 Gl (LSS oS5 b izen
595 bt sl (ot S2b; il S g mS
gl Gl ysly s e 4 el sl Slgiiny
o595 LBl PBlue lojen (28,5l s w ol aslllas
e 5> Sy Jelse pailniS w0ign gample; s

Godse B Arwgl wigy Sew gaoley g okl

¥ o)Ln.&/f 0,90 NF+O JLM /6)90’%9”&*»@»»\3@

doddo —)

Gy Olpts 5 golaidl lacols; as 5950l lis o
Ganoley 5 Sl el oo Joduzmy S9,4e) (e
5 Ol bl Giiee Sl S 4 bejen
(Vieira et al., 2024) Coul 00 o balojl

aojsy ConSl b Coddge )0 (Sl 20 laanl 3 o)l
of9n S gl 5 banze (oS » o5 Wb
Sy 5 oy n momo Sbl wie 5,5
ol g5lwaige 4 wilg oo oyl somley sl 3o
WS S8 Sl Glaal 4y pliiws 9 (5590 0 i3]
g 2By ledie) Wlgioe e slaojyy oL
ONee Cowjob Gl aS >0 il o yle sl (559198
Syfles Azl jo 5 09h mlie C8),08 Crge ol
xpbe) SRadsgl 3% dhre b olejle S5
Copde ) oS hele Glaiear 5o eejsy (3.8
g banse als g Csllas @l el sl daoss
(Askarifard et al., 2021) s,ls (slo} g Cundl oS
b Vpors Glojl glaw o baojsn ol anld
plxl Gl slo)lne (b3l 5 o ool
qoolaidl ool Jols conl Sen bajlas (] 04 oo
@bl 5 Dasaddy Glagilil b Glbl (S Gl
ohgds Wojen bl il mle I aigs colaiul

0)5).: LSQL') sloss Lu uLo)Lm aS Cowl )-‘j-")-‘u*‘“’ ‘SuLc)

Rl 9 @ D b pladae ;0 0590
tHarrison et al., 2022) &S oo low (5w (Sduzn

.(Hartmann & Briskorn, 2022

Lmdl Egedy g Ty (gainyle) doofg bl LS (o
ol 0)9}: wj.u.\n LngbuAJu U")"LS“’L"" )‘ tfi"
L oo anpbey pae o a4 Wojen 5l (6 ke
ailgs oo b3l ol a5 Wigd oo axlge ol slo sl
Ngd e 059y CudaS alS g beanie il w
clocdls 5 by sl Ygons baojen aSbul
Groaeby Wlawsly Kuss 4 a5 aiies PRI EN
059y Blaal adgedy 3asw I liwedl ln ol
(Arratia-Martinez et al., 2021) el Sl Loy

9 BSn; 3929 0io> (nl 50 pie slaillr 5l (S
o Sl Wl e a5 cenl Gt slacaaladane



&l Cudgumo 9039 5 (GBS 5 ATl (8,5 515 )0 b Lo gy (suiule) g Lol dbiwn (gl Adudnizy (oOb ) Joo A YAA

e Jos axwg jludise) Wlgh oo SYlgw pl 4wl

355 Wojyn 5l (slaegezme Sl atej 59

2 el Gl (S leodsn sdsdi e Cunae
5l glasgome ol po a5 ol of5n Cupae oje
GRS by lejen sob 4wl Gl slacssn
575 o 4 ool Sulal Slaal g sgaze sl
oy Sl a5 jerel (glis o Wed oy
sllbhow o B, glo,lis 3 YL slacsladpne
F Capse Sl @l gl )by ol
Coldge 5 SNB) Coje Labs gl ojsn sledls
3 onst el Gl hawyoe Sl 4 (6)9p0 (el
shls bojgn a5 pedadl 5 couzmn sllae
Slosg Cameal e blae Mol g b Siwls
Alvarez-Garcia et al, 2018) el 5,95
(Bai etal.,, 2020

5 BJde arwgi 4 goaie slatags dajls b o
Wojon sodiym Cunse slp Gl slahs,
GBS sy cinb «liios ol ilazsl
5 Sy Jid Sy silodae (siluag
) onlad g Cosladpas Llyd )3 (6 S peeas sl s,
g e Jols

039 S ol -V-Y

baojon e Cupde ;o Cole el ) (S
5o o 4 &5 Cwlrolsn Sl slasgere Sl
e onl 5o S Sl ) lejle slassl !
e g,y G250 8 5l (S oslmesiz sy o
) ojgn b usS oo SeS (B pS paeal & b oo (0
oS oley anze alox sl il glajlne ulul
Nabati et al., 2021) oS (gaucogly « Sy,

.(Song et al., 2019 tMa et al., 2020
Sl s p b lagiegh 5l gl (J nl L
30 g Wles S Jow alflox |y gainley b Klos,S 55 a3
5 Bl Giloplejen ly ax )l pez)ler s
Lol oais @)l b sacgsgame Cow sk

28 B e S p e sladae (Jle sl

S, L3l Sl il 8 8 s ol gl 2L,
5 ool Glp i bl Jlesl isiludae o
e Cadgazme (518)5,a0 50 w0fg S 40t (2b))
B g o SlaSun; e (Kily 38551353
O g Wojgn abge LIl o laejgn  lpde
5 S, 8,55k b2l Gl el sagls;
Suidge 5 2Dl S 4 9 WS Joe Sguze gl
O VLY u_iaos k_i.«v.))).: 9 OM 6L{bh..>bc )é L‘°°)5)‘
OYlgw 4 U ol oals (0 i (pl o (IS jeb
Iy oot Ol G ja a5 09l ooy Ful py Lo
BB o (fagy
SR aS el w).».wo 5o 0)5)4 AL gomo uSq (\
wain ol asls SO lls 059y
plas (@l el a3 )5 13 alise slacS,
LS‘)" ‘) Sguw L))JMM.’ as \)5..» ul.‘?bu‘ Lbo)jj.a
s>l o ol (o fasl awh L
ax (7 fasl IS0 ax 4 o sleojyy
Lol b aigd Sbasl S, 4 guly el
$o5.0 Jol> osg (sl 5l cardie (1 i
sl e ) @bt s, Gy 432 (¥
29 Siledae bojgn sample; 5 oLl
fed S L
SBEl oS 5 e Wl e 2lahs, 4 (F
g Sew; plp o 1) leejen sangle o
PRCER P RE R PRESN
Oleipe job 4 ) slaie Glaal lg5 oo 4585 (F
10,5 5luwding
bojon gl 5 Bl o Jelse ax (0
g S, U Ol 4555 5 w15 ,50
Silwdae asld ul o 1) sl Cusgame
fo,5
ook 5 ol 5 mlie Cosgae )...;L, t
flunez ojon
Wojsn anple; S5 sob 4 Gl 498 (¥
S, 5 mle Cudgame 4 axgs b |,
§0,5 ainte 09290

foﬂ-o-i:a/; a)sé/‘f’a JL‘”/G)5°)@5WG‘”W



YAQ

ol 9

(Abbasi et al., 2020 tAghajani et al,, 2023) &S .o
5 Ryl pd 5o a5 Bl Cueal 4 iz o
)‘ )..al.> e Lol el o0 o)L..J‘ (':’L"" [WERTRC )
slr 2SN ey S plssa giledee
sangle) g 059 p Dl mhaw ) el (2ol
3 Ao ye G St 5 Gl 059 B0 RS (o0 00
Qb bl pl il Glojepn b Slades anld e
Al g yus 00LS ptd 1) 08 Oge Gl
(Arratia-Martinez et al.,2021) sg; Jwls> 059, ol
Sewy OB sl aie oSl 5l gy cnl o
oS ool 4 71 0 O y9:04s Sy 9 IS c0d o0l
WS o eS (ABlg sl jo ], dlie plo S

So Salidge ;o Sl Jelse o 5l (s sanple;
G S el gaipley g Sl ol
..\49....4 4.‘>‘5.n &= u}ls...wc l.v w‘ uS—ouQ ).u Lﬁo)ﬁ)a
Sopde el ofgn Ganple) Djgps g Cuenl LYo
JrsS (Gloy lid g eyl als deasie 5 lee
5 c3lad Rl il oyl wign i
» kol 3505 i opl o (Askarifard et al., 2021)
2 S, IS Gezen 63l g Canl of9n o
g 5o 4185 0030L (6 S el w13

2 e b K0S, b b e slacS ) e Dl
Soanie g Glojhde sl jo asal anily [Sus
Si90 oS, wilbeos wlg oo 03, S, collad
bl sl Al Glagng, oS 13 S
w‘ )| 6)L~m.: Cewl 00 él.e,..»..u 0)5).: GLQ&M..:)
Jenll aiS o oy Lol odelas 28,5 ks o
) 059 oS ;) e el ¢ 5 (slASLL 0,509,
Siledae Glp Wl el pl 05 o Sl o
Sy90 09y Swwy byl Jsb o Sl iz
o) 4 eioxen (Namazian., 2025) 5,5 1,5 ool
S S meea p b Glacassase b (iagh
bl il bojgn olpae ol il 5l (SO

o ‘0 £

¥ o)Ln..'S:/9 0,90 NF+O JLN /6)90’%9”&*»@»»\3{»

S8 eslaiwl 050 2l Jle pais YR S
Ly Wojgp m oduzmn la Kiuwly aiilys oo cilass 5
5 Sl oS ) oo 4y 5 0iS (glwand

.(Parsaei Motamed et al.,2022)

Sy Jelo 2 bae 1o S0, ol 35 505 w0929 cnl b
Qﬁ.d 9 0)5).' LW g.)l.?Lu‘ d.l.f.m.n l; U—‘ Jol.g)‘ 9 w‘

Solwanls

ez 09S 5 Ty Soped mle Cudgase
5 0,8 e Sl 0uls ool Arwg (6 S penal
Glwdigy Jae S (Askarifard et al, 2021) ), Sen
Ol 0 a8 wies o &l aosg  (soiyle) (sl adamais
Lgl.&v)l.:.:m 9 Ltbu_iw.a) ‘uL") 9 CJLA ua.:..a?u » 09)LC
Jonl b SpS oo Hl3 B s 5l Ay
e g J.n.».....n alsio ASJ u‘j.».cd.: 0)5).3 s.:l?r..u‘
Jow 30 (Sau;y slasis B o0 Sy sla Sials
el oo bl Lmj

4 (Arratia-Martinez et al, 2021) ,Ke2 4 LSl
Ju‘d..}‘bf l{bojg).: 69&:)9) LE‘)“‘JQLC') 9 ut?u.:‘ leEJJ.A
oads a8 )S Ll o (aldS Jelse lgicas Waoss sy oS
3 L“")j)—’ l) Ja.u).c Lgl.&bs_iw) gs’l)))‘ s45le> 5o ol
Sl ooz aid 5 La5 o dsllas oyl

Wojgy slshiye adle (5 ySojlail glp BP-GA Jaw
sasils 5 giluange lopl,sSl 5l Fie oSS
il 0 S ek 4 Glge & cwl eac
Joe (pl aiS SS gdail e oo )0 (6 S sl
g odzms kuld Loglkil el g YL cseb
B oS &J l.@o)j).' u‘).'..\.o L ..\4‘94‘5‘7 su...:.ES‘n..\.C
L S sdoiiyem » ol 56 g 059 o (o8ly 35
NS e Sleeal 5 008 (gileand
0,559, pl wszg ! L .(Bai et al, 2023a, b, ¢)
Oemzmed g Sy ; Yl 5 bl (alce Cudgase
Blo 3) » ks 5 a8 55\l o 1) ey p ol
2,00 ST 05g 3 A

slosgazme b eSSyl g bglejle eyl slis jo
G o 255wl 4l g wad slacal, bl
5 @byl s ol o aiiis axlee e Ol s
Oy 4l P5e gangley 5 leejsn mome Sl
o Glopy ool wuddge oS Jolos 5l (S



&l Cudgumo 9039 5 (GBS 5 ATl (8,5 515 )0 b Lo gy (suiule) g Lol dbiwn (gl Adudnizy (oOb ) Joo A Ya.

oo, bld e adllas ol (Karimi et al, 2022)
bl 4 L’*)»é b Cadgaze 5 suiple) (S,
@il waz slagty; ol p oo 5 Lae )3 059
o9k & o5 cise (giluand sl oslaul b Waejsyy S
Spbe it slogy )l 5 Coxbidpas Lulyd o ol
ools zasgi a5 jsb len (Senova et al,, 2023) Cou!
Sosbdpas glwaned p (e adllas (nl 5505, o
rmeSed slacgz e BN g il S,
Cudgazme fmizmes 1S (ood Jlis ) (Jlexal lazms
Lol 00 o)lg Jaw 5o 5 milie

G olejg bl a0 e SYlhe dsllas
Sloduzmn Jlus Jold 055> (ol &5 w30 (LiS 039
ad i GLSEST 5 b Jas jl eolazul 4 Lo a5 el
ol ols baejen (bl g sapley Bl
@il @ ol g gl (28551050 5 ogdle Wb b Jo
Glaaglio ) Jooz i8S dxg 55 b Siwly doSin
b 0 e )l 55 azpe Alie g j0l> iaghy onm
03,5 (atie AN Ojgon ysl5 5 (Shaehy SIS
@ bap iy 4 W) B O) ez Jovx nl o
‘Arratia-Martinez et al,, 2021 Sliass
sParsaei Motamed & Bamdad, 2022
¢Karimi et al.,2022 «Mican et al, 2022
«Aghajani et al.,2023 «Namazian.,2025
.54 o Harrison et al., 2022 4 Baietal,,2023a, b, c
segn 9 Slosl oy 5l Jol @l 4 axg b
Jlas & plajon 551, Joalh 85 o (5, 5]
2 S Jelos uilbeS csungle; 5 ojsn L]
T 58,5 k058 w0f p de siple) 9 L] alis
O el Jleel (gilu o jo b Sy, ol
Cudgazme w0isn Sy 4D 2Ll 5 sl sl
@l B sl G (Sdls 5 b
w855 1R e ax)lSe Jae o e plejer b
2 oisi ol hel slacs sty plssar ojlse al oo
WS (o0 )8 (s Oy9e g ol a3 S s

G b, Y

2 xS peeal & ojgn ool 5 obil i
O 5l el slaodsn 5l (slasgeme LI 550

LSy (LU 3y 9 Sy S oo -V-Y

2 o] ol 5505 wiaend cpl 43 odibcus 2 Vs
wign S slal cnlple el ol Glasely 5 S
Jeloss b slodae 5o mlie slocadgame 5 gl
5 Gt ly il gloJas leads Llxd
Soedoii g 3o e g dluly oS, Copoe
SeS Glpae 4 o cpl ailasl aswgd ojgy
O S n oy oy slabae o U aiS e
Dixit & Tiwari, 2020) oS 3l |, SOlesouas
.(Zhang et al., 2023b Zhang et al., 2023a

Ml e oSel i sloaSad I ealita
Sy9leee w213 1) Woss calises slacSiny; oo 0uzen
ghe o b, I S byl wsigle
(Ghasemi et al.,, 2018) 55 o ol Waods s (585,50
3 oS & gl it sl Elis
Sloslital b asiins e Jlons Loods p (Soadodiyon gelaw
@ el gbgal wlge olpae o)
el s s wll s sleSi,
Sy aln > bolsn odsiyn G ndice]
(Ahmadi-Javid et al., 2020) oS (& S sl> Calie
b, Beis (Bai et al, 20233, b, ¢) o, Kan 5 b
o5 il L, sy sl S
T S ICC I ST P
i3 oo | (o) 990 shel slaadlss

5,509, 3l Wejan sdsiyn o LS, Jelov sl
Sl 5 Bl a5 (6 sty a9 o oalitul (Sl
@5 alasS o omyp 1) Bojgn o loSins) Jlie
Sy, Jainl 51 B S o S 50 15 e
(Mican etal.,, 2022) oS obj,l g auS S o e |,

Cobipas byl b —Y-¥

sl 5l (S Casbdaas ull )5 (655 e
sladoe ol ojgn Sodsliyn Copse 3 Lol
ol J slr ot sbalpl G5l g gl e
5 Wodsn Ssedodiye SLELl (o) p s SIS
g5l slaJoe jloolaial b g (o5l oabdpae Lalyd
ool b oS o SIS 50 15 poeual 4y 9500

apy pleil asiel g odzms lald o (glaige

foﬂ-o-i:‘/; a)sé/‘f’a JL‘”/G)5°)@5WG‘“W



Y4y

ol 9

Aiile) Sy ol gl Sleladl oSy ) (pl Co o
wd S s (baklp vee b Sl gl arass
Col 0 Wb g e Al 35 45 Cewl ouls
s U”‘ ggj“‘"‘ RV .\4)5 t5L> 0)5)4 dgde d>dg
gy wadoBl oy n 5l a5 5 8L
Cole) o a5 Gl Sy oS Sleladl 5 dacdles
y ojgp JS oSS ploj cazog g wolis slacodgama
Joe adly o 205 anin Jols dgw g WS alLS
b oojgn e QLU gl byl 0 S0, SO o2k,
Copde dRojgpn Om alwly oS, 18,5,k
b p Joe sl Sy 4 b slagl il g plie
Clasly 5l g el Ly ddasas ool (si,aeliy

RCLYgo oalazn] Sy, SYliz! (g3l Joe gl oy 5w
@ gl bl 5 ple Sy, dojls iy
ol ool jisles (glasiils ‘nl)flia S B el S,

el 00 oals uM.:Lo.: aﬁ‘o &) S5 Sygody 059 0

Table 1. Comparison of the articles

Sl ame ool et g d9rse slaanS
Slaal a5 glaigSay wils o lil 059 o slacodled
Sl Sl (oSS plej siluaieS wile) o3 n
5 40 wlin lacyogame 5 oul 3o (Sguw
S99 Jolo 4 alies (plaigd Sole) Lo slaSns
20wk s sl 5 256 slacaakiaas
s asle) )l s (2l 4o il b bogdls o
gle slacasgaze Guizen 9 (e Ll L liL
@b Sz 5l dazog g (Dl (Sl 5950
Oygods S 90 Al (oghy (nl jo el 1y 95
sleadld sanuiley 9 ojgy 5l slacgass bl
oS U5 ploy &5 psbar wsdioe iy bag)]
oS0y S | Cewd @ dgu iy 5 aneS Laedsy
Ly, sl a5 cuwlbedld I glacgame  Jolis
G3g9ome mlie aieils lag)] slial g aian ,Slgpuis
» oodle ol axog b Sliges (Sludl (55,08 wiile
45 23l ol pos b Ss, b ol Sae Collad o]

6‘f Mésa )|J5 )...:l;u?u ‘) 0)9]; MSjA JLQ..\}‘

Yl duslio ) Jguo

o J> 0,529,
o b conbe

Flweo
[ 4..3)5
P

Colad pus

)

Silwdae glas
Ains (5 5bw J o

e

Silw Blos & 3bw Sl

MCDM
51518

JuosS oo

by Jo
S wanls

&slwb
)

i

J5 4 e

Soolo [0 i

ploww 553!

&b cudgaxo

3\

Lo
ks
S

b8

Silterd | Lylyd b anlge g

0393 Goule)
Sy (U5

059y S ol

%
%
%
# 3k #
3 Sk 3 3 % Sk

3%
—

Y

* # % Y

¢

* # % b

s

= 3 = % = v

A
o @ oo % 4 % )
[ 9]

¥ o)Lm.'b/f 0)30/“;’6 JL‘”/LS)"’)'Q'.’ﬂWG“'W



&l Cadgamo 9059 1 LSy Al (38,5 )L 53 b e gy (gadale) 9 il aliws gl ddadaizr (Lob ) Joo axwgi

yay

ekl

P3

r’'=12,..,n [FYGN ] PY:
r=12,..,n [FYGN ] PY:
m=12,..,R &l
s=12,..,8 &)yl
k=12,...n7 [EY6 O
k’=1,2, e, NG S

2o5g p JuoSS e jhae

Jo3on Kk S,

OS5 5l w039 n Sge

S

LT oojgpm o1 Codled adgl lojoe
Sy F,5 155

LJ oodsn » Kk S, g8y Jloo
(b) e leass )| oolaul

acgazme ;o S, LAty y5e anse
.L&:o‘)"5).:

Ay Sy anjp 5l Gl ao)
Jeson k Sy g9, p K LS

Ay Sy, amse b il asys
L M] 0)5)) k h_ia.m..{) )| k, k5>)L>

.

./J.I
rl

s

Figure 1. Conceptual Model of the Problem.
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Figure 2. Example of chromosomes and

populations.
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Table 3. Solution results
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Table 4. Scheduling of exemplary activities
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Figure 5. Graphical view of numerical example.
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Figure 6. Resource consumption chart.
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Figure 7. Profit improvement trend.
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Table 7. Sensitivity analysis
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Figure 8. Sensitivity analysis chart.
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Table 8. Comparison of traditional model and bayesian network-based model results
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