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Abstract

In today’s project-based organizations, where multiple projects are
executed concurrently within work teams, human resources play a
crucial role in the success or failure of these organizations.
Consequently, human resources are recognized as one of the most
essential resources for these organizations, and their optimization can
significantly increase productivity while reducing organizational time
and costs. This underscores the importance of effective human resource
management and highlights the need for special attention to this area.
Therefore, this study presents a mixed-integer nonlinear programming
model for the multi-objective project scheduling problem with resource
constraints, multi-skilled personnel allocation and the assignment of
projects to work teams. The mathematical model of this research
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includes the multiple objectives of simultaneous minimization of the
total costs of setting up work teams and the use of human resources and
the total flow time of projects. To make the model more realistic, the
effect of learning is also considered. Subsequently, a diverse set of test
problems at varying scales was designed. Then, the Multi-Objective
Artificial Immune System (MOALIS) algorithm and the Non-dominated
Sorting Genetic Algorithm Il (NSGA-II) were utilized to solve the
problems. The results demonstrate the superior performance of the
NSGA-I11 algorithm compared to the MOAIS algorithm.

Introduction

Human resource management is one of the fundamental pillars of
organizational success and, alongside financial and technological
resources, plays a crucial role in process optimization and achieving
strategic objectives. Optimal workforce allocation and effective project
scheduling enhance productivity, reduce costs, and ensure the efficient
utilization of resources. Teamwork and knowledge sharing facilitate
learning and skill development, which, in complex projects with limited
resources, lead to shorter project completion times and improved
organizational efficiency.

Accordingly, this study addresses the project scheduling problem
by considering human resource constraints, multi-skilled work teams,
setup times, varying project start times, and work-team dependent
learning effect. The primary objective is to simultaneously minimize
the total costs of setting up work teams and the use of human resources,
as well as the total project flow time. To achieve this, a Mixed-Integer
Linear Programming (MILP) model is developed.

Given that the problem is NP-hard, employing metaheuristic
algorithms is essential for obtaining near-optimal solutions within a
reasonable computational time. This research utilizes two metaheuristic
algorithms, NSGA-II and MOAIS.

The findings of this study provide valuable insights for project
managers and decision-makers, aiding in optimized project scheduling,
efficient workforce allocation, and enhanced organizational
productivity.

Research Background
In this section, we mention only a few of the most relevant studies to
the current one. Su et al. (2021) explored team formation in project
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scheduling and presented a simple mathematical model for task
scheduling in single-skilled workgroups with restricted access to
resources, aiming to minimize makespan (Cmax). In their model,
workers were assigned to fixed groups, and tasks were allocated based
on processing time and workforce availability. They proposed a hybrid
genetic algorithm with a bin-packing strategy to solve the problem.

Mozhdehi et al. (2024) developed a mixed-integer mathematical
model for multi-project scheduling with limited resources and multi-
skilled workforce. They considered workforce agility, which improves
either through collaborative teamwork and knowledge-sharing with
more skilled colleagues or by dedicating more time to skill
development. Their results indicated that incorporating workforce
agility into project scheduling models significantly reduces project
completion time.

Methods

In this study, a Mixed-Integer Linear Programming (MILP) model was
developed to address the multi-project scheduling problem with multi-
skilled work teams. The model integrates human resource constraints,
setup times, and work-team dependent learning effect, ensuring a
practical and efficient scheduling framework.

For solving the model, the single-objective version was first
handled using the Branch and Bound algorithm in Lingo software.
Then, for the multi-objective version, two metaheuristic algorithms,
NSGA-II and MOAIS, were implemented to generate high-quality
trade-off solutions.

To assess and compare the performance of these algorithms, a set
of test problems of different scales (small, medium, and large) was
designed and solved. The Taguchi Experimental Design Method was
employed to fine-tune the key algorithm parameters, optimizing
efficiency and accuracy.

Evaluating the performance of multi-objective metaheuristic
algorithms is more complex than that of single-objective optimization
due to the presence of non-dominated solutions that cannot be strictly
ranked. In this study, the following key metrics were used to assess
solution quality and diversity:

e Number of Pareto Solutions (NPS)
e Mean Ideal Distance (MID)
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e Diversity Metric (DM)
e Spread of Non-dominated Solutions (SNS)

Discussion and Results
Results of sensitivity analysis reveals that increasing the learning rate
of work teams significantly reduces project completion time. This
finding underscores the importance of incorporating learning effects in
multi-skilled workforce scheduling models. With a higher learning rate,
teams execute tasks more efficiently and in less time, directly
contributing to organizational productivity improvements.
Furthermore, computational results indicate that in small to
medium-sized problems, there is no significant performance difference
between NSGA-II and MOAIS. However, in large-scale problems,
NSGA-I1I outperforms MOAIS. This superiority is attributed to NSGA-
II’s population evolution mechanism, which enables a broader
exploration of the solution space and prevents premature convergence
to local optima. In contrast, MOAIS, due to its elitist nature, primarily
focuses on replicating high-quality solutions, avoiding exploration in
other regions of the search space. This increases the likelihood of
getting trapped in local optima, thereby reducing search diversity.
Furthermore, performance comparison results indicate that NSGA-II
demonstrates superior Pareto front coverage and convergence to
optimal solutions compared to MOAIS.

Conclusion
This study investigated the project scheduling problem considering
human resource constraints, multi-skilled work teams, setup times,
varying project start times, and work-team dependent learning effects.
The primary objective was the simultaneous minimization of the total
costs of setting up work teams and the use of human resources and the
total flowtime of projects. To achieve this, a Mixed-Integer Linear
Programming (MILP) model was developed, and its performance was
evaluated through sensitivity analyses and numerical experiments. The
results demonstrated that the proposed model performed effectively
under various constraints and exhibited high accuracy and efficiency.
Given the NP-hard nature and multi-objective characteristics of the
problem, two metaheuristic algorithms, NSGA-II and MOAIS, were
implemented to solve it. The algorithm parameters were fine-tuned
using the Taguchi Experimental Design Method, and their performance
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was compared across different problem sizes. Computational results
indicated that while both algorithms performed similarly in small to
medium-sized problems, NSGA-II outperformed MOAIS in large-scale
instances. Further analysis revealed that MOAIS, due to its elitist-based
nature, primarily focuses on replicating high-quality solutions, often
avoiding broader exploration within the solution space. This
characteristic increases the likelihood of getting trapped in local optima,
reducing solution diversity. In contrast, NSGA-II, through its non-
dominated sorting mechanism, allows lower-fitness solutions to
participate in the evolution process, leading to broader solution space
exploration and preventing premature convergence.

For future research, it is recommended to extend the model by
incorporating additional operational assumptions, such as activity
failure probabilities, simultaneous consideration of learning and
forgetting effects, rework processes, and uncertainty of certain
parameters in the problem. Furthermore, exploring more advanced
heuristic and hybrid metaheuristic algorithms is suggested to enhance
the efficiency of the solution approach.

Keywords: Project Scheduling, Multi-Skilled Working Teams, Work-
Team Dependent Learning Effect, NSGA-II, MOAIS.



LTSRN

VEPN N sl 6

/
BT A S,

ek

AAEAVARVARS

ISSN: 2251/8029

elSSN: 2476-602X

—bf s o S S e Dl e

% WY GFY o FT Bl V0 0 jlesh (53 5 oy Il
—)

jims.atu.ac.ir
DOI: 10.22054/jims.2025.83620.2944

20 b Ol Laas (Gdliw 9 039 9 o 98 (Suok))
S o 4 dwly S5 b 1 9 Gl Slaaw (8§ K

A
c“ifl"\"‘”'{‘m""g;“‘;*‘Cﬂﬂ“°ﬁ;‘w¢ﬂﬂ”dﬁ’dj’f‘ub
- ey 0515,8L 1L
Ol g8 ol 13T ol (it 5 e il sl Ehe b e

9 r}l& a\i..i,.?b cGL.ﬁé Pk 0aSCisls a@\,«p Pk ajjf Slails

. TR BT T
db.g“ 4J;b 40‘).‘3}‘.& O 90
‘bm‘j C»\i)i-)ﬁ cmlb “5))]},.{33 W C,\iﬁ-\.ﬂ o}jjkg‘bb.»‘
- ‘;u.b\ e
dl)il ‘dlj.e.: 4&3&.«1 bbl oL{.ﬁ.}]b ‘QLZ.:LJ}pl.c .,\>|3 =
oS>

.

el L Slaesd 53 5 SSlse Do 5ot 1) (S3date GlaoSs 5 &5 5 oees  SOL L 53 055 ol
Syt e a0 S o Ll Ol ol G b g 53 g s 2B Sl (65 5 (s oo
Wl on O (S5l iy 5 353 oo 45513 baDlejlo o 5o 50 e o Lo |51 (S O g0y Sl
ks plaS das S Ol jlow laay 5o 5 Ole g esls (215801, (60,4 g5 BB Hsba
(S a e 05 a4 s a4 Sl e S ASTE Gl e e g e Coa
s (gl S iz Laes e o sde o s p el Jde $5 R ol 03 enl b
SO Sl 4 e Jarassi 5 G)lgadr OIS jaradss 5 mle Cudgdome oy 5 (su0be
Sl 32 g samn Ol s (§5LwaineS” S8 SBlal Jol b a5 ool (Sl y Joke 3 5 oo 1)
9Bl e ol 055 0L 2 53 Ol ¢ game 5 Sl (65,0 SN a5 6,8 slaes 5llel,
j)éi):)gdjbe:u'fobj}d)lfﬁ:A;.aﬁfbéﬁfab_Cjilugj_lei);;lscd.uo:;jdébéu

o o @l 5 edis ol b Caliee (ol 53 ilo3T Blaws 51 (glas sammn s .35 oo 4 8

Ll O 8 Didimd 5 p she oS> i Sy ke 4ty (6 557 Al 14 S Sl Alie
j.rezaeian@ustmb.ac.ir :J s suzws 5 %
1 Mixed-Integer Nonlinear Programming ( MINLP)



V] Oa 5 bl 03138 ¢ b QLS jawas salius 5 ojy, adda 95 GuuOb)

Sl 5 Sl bk iz 0S5 025 B 5 s i 5 gmn e e 2580 Sl ¢ s
s Skese NSGA-II V:.ujfjlc\f.umdo Ol il ST 31 oo b s o f o o3l |7 s glaels
.3, s MOAIS (..:.1))@\4.3;:.,@6;.@{

;v"i)jﬂ (G5 o il s (5,550 et (68 lans 03sn (suOle tlae3l s s

s L (2 geme el e o) ST e gl (3l e (Gline 4 i S0

1 Multi-Objective Artificial Immune System (MOAIS)
2 Non-dominated Sorting Genetic Algorithm (NSGA-II)



VE ¥ Ol | VO o)w|r3;,u«ﬁdu|wqﬂmouw|w\

PRV

Lol Laolejle Gl go 9 S8 a3 (ol o S5 SLudl (69,0 « el ae j3 059 0l
L,'L.Msl@t“@,xgjw\u;ny@ustcuqugﬁt_}s‘y;wq.ﬁg
O, 51 (S 4 &S558 55 5 Sl ¢ b e le Slejlw mlie L HLS7 s
el o b5 Slele Oolal Giss 55 wlal 5 oS

5 Sl Sl 4 glows 53 Lol o s ole Ol giea Sl mlie conl ol
)‘J".'.L« WﬁjM})J&.‘ﬂ;}:;%&Q)%} J.:_,.&Lsa Al LGQTLSJJO*ULL‘J&‘
o pile glaair o Sege 51 S (Almeida et al.,2019) iy sl Laole sl
ctﬁ‘)‘)}b.ﬁ‘.—m‘l}bdeJleA)d‘f\AO}jﬁQ)K&jjéuﬁ:_bﬁcdu‘ctﬁ
S a5 Ul 4 Jgriin Olojle Calies (gla jide 53 45 L (5130 ¢ Sl
nl AL IS e s Calbes S lgs ko b suaie (sa g Shls Sl S bapsT
coscplil Amas b Jl 55 5 MW 53 gleds 5 Sleilw Coldal Giss (g, o) 3l
,M;iya,ou,'u:.,alf,L;)y,@{d:i\jél%}nm,:@d;l_ﬂsl@tﬁ@@a*
55 ol

x.g-@\_..;\ctﬁpajmLg.ugou;o,'?):@\)\;;)wwﬁ:\dudl_“;
5 solews Lol ¢(Chen et al.,2022; Haroune et al.,2022) coul 4§ &) 40 45,
S5 S Sl Sty (b OT L Las e sladny T3 Sty s baojs s 5 aoollad
5 S Ul Bl 5L J 518 a4 b pl )l S e et
uﬂj_a.p:-'b cuajjﬁ:;§|): LS L;)&""A}ii”\gib J.q.gﬂ L;lﬁ&:))\@.ﬁb LQJK
3lwesleT cjie 53 (S Slods &l ST e e 5 an 55 o Slazs L glae s
L sliazul wiil s Soslaze (v ylga b Gl o g, 5 b 35 5 0 ol o

\ﬂ;‘wg)tfrﬁpdyw_m:ai;_@@,lqz\.m;uz,m\,&du@grﬁ

1 Catering



FA] Oa 5 gl 03138 ¢ o b QLS jawas salius 5 ojy, 4dda 95 GUuOb)

AT 3 otalta bt (Ste KuSs 4 (655 laslbaiul 555 sl Loael plos
il by O 8 bl 4 S o L5507 0 o slodel ol )lge (5,5 S
50,83k (oo sl S ol S Ly S Lai 8 e s 038 S
5> (Y+¥¥) Mozhdehi et al. .55 dal g 28" Ole juta 55 bdlad plnil OT w54
2308 s G b 95 Sl Ll g e S 8 (Sl S s e 0L g
o e 5 len S o ol 33 5 5 ale OLISen Sl 80k 5 (Sl (slaog 8
Las o 0L Ghassy ol 5o LOT il 35 ol S)lge OT o (612 it OLej
osba Llg e oo n Sroae b gl dle 13 )8 (o, SVl spg el sl S
s 2y oSy eSS Ol g 5 B

bl 4 Gl mle Garaded 4 635 Dlidiod o)y 5 uOle) 4 5o
Han et ;(v.Y¥)Lietal.; (Y:Yf) Mozhdehi et al. Sladss 4 Ol 5 0 45 Llastls
£3p 50b) ol arass oyl Gdes 3 S 6 L | (Y YY) Chen et al. ;(Y- YF)al.
w8 13 w555 5m 7S 313 Gla panaii 5 S lge & Jlo 53 (ol 43 5 5 4o
23 ST S8 Gl s ¢ gmas s SOl 3 o ol Sl 3 ol
a4 e Ly ool gl la o235 g s 4 - C-—LG}»U)‘J o)y, i se
JH10 5 6o e,lss 4 5Ly Ol il ‘L;b\fﬁlf‘@\iﬁ o 33l e
13555 51 Skt Sl 1 Bl 53 GLdl mbie Sy ke el 355 sl
ot 4 dins ga plail (S5l ge Doyt 505 cpki Y gens O 15 e
33l gr podomy 1) mlie S pike calives

ol o) 43 58 e J""L:JCM}A a4 st 3 (Y2YV) Suetal
i e Sl 013 T3S Sl sldad co)ldlaygn Gudoes 53 lals
a5 e G115 5 s 055 O S 658 ol Canily 5 Lol $ilod s
ol 25 o1 sbas b od a3 SLin s se 5Bl s b Slia 5 A b g )

j\-"‘r-;-"w‘\-“°jjj,t}54{4>ﬁ};l{‘dﬁ“jtx‘e-’j—&&:fsLS;L‘).°)5-’;°)-’L“°3);;C}5



\T'VQM}|V6 bMIr})}MJMlWQﬁMQNUﬂID’

St Jo & 41,1 (OIS B0 8lr s e L o5 2 05 5l e glas]
Sl aass 5 blge 03,5 5 s L1 eedsn w0l gl perass Ll S
LS jmneis p GLOL e 4 Llg o S Cpim S | (G5 00 chiie 3 a5
4 Gk 2Ly ey 5 AT Sy e g Sy g w1y 35 Sl mlin b ST
Al OLL

A3 15 6,5k S edsn suile) o) 53 48,5 Sy po Slided 1ty 5
3315 e 055 Sladle Sl 53 cage (BB (Gl mlin 4 i T Lo! wlas
Wl FG8s sauole) 6y s b T sr sleday Ll s lge eSanY < (6,854
5,108 o 56 05s Sl Ol sde oS (ol 5 s Jalse ooles Sl o 3Y
Calbs ST L oS Cline (a6, 80k 1 b 4 8 i s (6, 8sL S
S 3k ot plowil Slidont 53 Lol Sl oo Al i dlad (gl ol Ole ke carlis
031330 cs,0pl5 (Arik et al.,2022; Li et al.,2023) ol o35 55 jaze 31 31 5 iy
iR pl 3 LOT . Wilaestls 5 (6,8 slaes 8 55 6,8k cwy 4 (V1) O Kes
A o Ol ol ol Lles ST 553 a1y laey 8 s sl 3l (S sl &
sbaoisn (o dldel 558 Ojlge b a3l Julpe 4 6 Sk 8 2 8
SV 0g 5 S 53 313 len gl gl s (S (63 30Ls Sl
AL 5 B s ol pl sl I 5 688l a8 g5 e sl il
585 Ll S o i oy 8 ol Ll b Ll S (s ke Ol ges
Ans Gl s (6 pdys 8

Collad G Bl joe o el oy 25 Y gens o3 SO £ 3
2 ) | Sl il Ol 5 (5100l Ole L;oxfw&u&\s)jb@oujﬁ
éi._ul?}E&chl{&?;@wrb&lobjgwéjlyu\cbohjKO.SLU'U
o ol sl a by 4 g BB Olakes 4 L el I S aST (63,90 55 Ll

(Mika et al.,2006) 3 42 e cowlin Glageuly 4 ol Siae



BY | Oaa 5 gl 03138 ¢ b QLS jawas salius 5 ojy, adda 95 GuuObL)

8 Dy g0 3don Glil mlia boSs G A00L S 4 el 630 5 Slalllas !
S0 0dd o 5 aS. (Arik, 2019; Hematian et al.,2020;Lian et al.,2018) .|
3 glas sammn glyls ;La}.q.; Selcundly o Ll el O ylgn eSS shyls s g —
31553 Al Sglize Ll 5 0 il sl y plowil 53 LOT (15 5 i Do
1 Ol cl ole jlw 5 oz o aOle Sl 4 (5 it (6 Ay Oollaml 03y (S)lgarkior
el Calidee (b g 4055, sl wloul 5 9 S8 00 Hobas |y ol 5l aS7 L5505
L
LT 53 62, mla LI o5 il n oSy 5l (Slas sazme Jold 2253 0
Silsn Loge a8 Slosdll 5 Glaps 53 Ll oSy ol Ll Gluil mla g 5 )
UM(an5&&»}@L.@l_wjlk;},gckg)lfrgjaq.x}_é‘ﬁ-!cv\;;.{@cﬂ:\bé
G o G 53 S oS5 il DLL & KB 0 g 1) oSy b3 pd e 0l
ye3sn ontiar Olajen Kl 5 oo cmlin 035 (B D)5 53 ol g2 5 55— 0 plan]
0T 5 Shas 5 il o Oyl o Gls Ll (65,5 2 Sl S5 e Y das plan]
gl 5 5wl o3l eglsss il Sslize L lgn ol 51 S a plnil 5355
S g olan! ol oyl aS Lo d o 030> UpW\q&sud)Ksuv.;qsf S)les
c]Lw ar b cpll das oo il Calb s e eie duT 3 5315055 5 O e
o) moman 5y dalg o LT (6,880 slaan o b SYU 3 Sl
SN Sy plar3ils o 6,8 5b o3 edld Canle 56 )y p 0 tags
Ue3s 2 plonil Lo e e 5 0303 jamasi ()5 0 S0 4 VU 4lis o ys L laejs
T el 2 5 6N e bl e 2 5 OLE IS e e s L
E il VL o5 313 Solgs el S (14 S 0355 o e 53 g
A olajer 538 5 s winlgne oy Al by 5505 0T 03 6,850
& e galgtiy Jia 53 5131 Gilee o 4 s 0L 55 Sk

G5 ol o Sl S3a e b e ey e BalST g oS FG85 (5500l



VE ¥ Ol | VO b)wlrjéjwdblwg;gﬁ-uaw&ale

Bph o 3o 058 3l o3l Gl Sl S 05 S 03050 p g ) S
5 Saalen 5 03 g (511 53y g0 Olej Jols (o35 ¢ 55 4 snsls 457 Ol (o
03V 55 e Gkl 5 5lwesleT sl Glej copoman Al oo adsl Glag b sl
Lae3s g planil 53 a0l cpl ey (sla)1S7 L GlLlail (513 OUSTIST 25 50T tile oo
Ahmadov et al.,2018; Arnaout et ) . s-i oo a-bid (g5lweslal Glail; Ol sie 4
al.,2014)
Lol slaps S5 elie 53 4 Ol jon Jsbay (hassy ol 53 opl b
w35 O Glaes & 0555 b a5 lgadir Gl (555 parads
O35 dasl )8 Aol g (eandd) Lo g 5 plawil (6l L0550 Sl sl el pf 53 13 55 o0
Ol op iag) il Slles glacusgdoms Ll 5 Sl gl oy s guoms (L"V';
Ao b 4 lgeir () slaes 53 685 il s (s5lwesleT Ol claojs s
ol ol St s b on Bl 05 13 Sl el iy 5L 5 B 5
S5 45 6,5 slags JSKai L (3llely slac 1o Olejen (S5l anaS ¢ 2o
Jobe &S0 shte s b b o Wae3s 2 0352 0L 53 L0l ¢ samme 5 Sl (55,5
Q—jl{.bﬁwﬁ‘)‘éuu%%ﬁd‘kg‘ﬂ\ﬁwcfw sde s 8 (6554l
LT (N3 sl iy 5l eslin | 0T 035 bkags 5 @l dlina (S ks &
coAeek cpl o3 .l (69 b Jstme Ol j 3w o Joly 4 oliws Gl
23 0T St S Hoa skl (5l 50 b dbasir oS53 02, S
3l o 058 S L s S 3y g e3lii] b (5jlaaig:
b compen LS gr ol 3 1) T 5k a5 ooy 1 (148 gen (8L OIS e slaal
e b 1 ol 4l S 5 e ool S a3 3l ep 55 Lado 1S S eslin

e 028 31 ioman Aa3 o 41 55k agm ) e 28 g 503 S (6,8 Sl

1 Mixed-Integer Nonlinear Programming (MINLP)
2 Non-dominated Sorting Genetic Algorithm (NSGA-II)
3 Pareto-optimal solutions



oY | O)a 5 gl 0313,8L ¢ o b QLS janas salius 5 ojy, adda 95 GUuOL)

st i S M b 25 S ol 358 0 4B 5 0 55 lain o san e
ol 3o o ek gl her 5 gel gabiil (5, 5L gl LB (b
L g adS o ﬁw}g‘ U5 Rl s omoly CohS s g ol n S5
L g o gt L5 55 LT

b 2 sl s sl tash 60518 slair bl pl s
4 oy arass 5 4 lgedkir Sl G35 arais L 6,5 slaes S )
3] LSW)J—?
230550 Lombsn pomen 5 055 Loale & aasly sad 6,500 1 B 8 i s Y
o8 shasl Glgn & asls S5k 55 5 o
b 035 397 50 S50 3 nglfr.;é.ii): o35 pz plil X
Ol s laedsn Dslite gy, 0l a3l Sllas oy ssioes o35 i s f
& lLlel
Sl i 5 kol aeb o [ ghiea ki Sl Jde &S 4110
ok e (ol gdonn 3 8 i 53 L laoSs
55 w2 S 5 e (o gaan ol e o2 Sl ar g 5 55 S0 #
(63l Je o 5 (bl ) shiea O shaal (G5lui o b ddar

cMJS&J&u@)‘u&Jb}ﬁuﬁ‘cc)?uﬂ‘)bcM@ﬂM:\a.:‘dab}:b

OT 65T 5 Cacr 5 anlllas Sl i 3| Slandie a3 5 Jidw opl 53 oS Sl
513}.\?3;,;@4:\,\L;g»;%p;u:sw;..g;ﬁm,\tyy;)g;lgw
45.\‘9.:1@4:5-‘3,;J&j};j})ﬁ.f‘}wJ.&;ﬁ)}.}}f@ﬁb‘}é@lﬁ}‘)}f&pw
2ole 53 i 4 i e S b ol 9 o by Jibe &1 calinn Cay 1 ol
ceoler A g LS e olgty 6“‘&_;;@‘ S 5 o0 sl lily
Blg 255 o 2 OT (Sl b g et Sb)l slgln Ls\ﬁria»ﬁ‘ > Sas

238 o e s ST sloleiin 5 6 e oy i 53

1 Multi-Objective Artificial Immune System (MOAIS)



VE ¥ Ol | VO b)wlrjéjwdulwgﬁ-ugu&albf

SR e,
.,u;\;,\jswb;,,.b‘;,,\mcupc,‘,ﬁd.\;{oujmmh)Fawaz et al.
Sglize (gla jama 35 b ASl g o Jiw Lo sl OT 53 a8 us &Il Jue candllan ol )3
Tl Golgadir o35 (Ol ki 1y ke ol il a3l O )lge o i
Glwndie 50T 53 a8 Wisls slgi ol O1S ¢S caliun opl o (gl 5 Sbel
s ow ) p 4 i s (Yo )F)ATshar-Nadjafi & Majlesi . s S7 ool | s
P LT asls by S 0 als Gl s Sy b 65y (sisOke S
23 ‘uﬁﬁ‘icﬁ;)"mir‘w&w»‘eu g9 c‘-<'~° L ilwesleT Ol s i
s S Sl A ) (gl Blbne o3l Sl Je K 5 b S
S s il gl o s S eslitl & pad alien Voo o (sl 655 05 S
4 lgodker Ll mlie arased s (Y)A) Lian etal. .ol o3 o2 S oal VU
3L e (s 5mel e ¢ LOT sls 5l 3 andllae 3500 1) ol 5 &S 5 &S5 5o
S Sla s S &l ol F8 &l Slge alien =5l g b Ol R
Arik et .55 50 g g)ﬁw@)amﬁ‘_}a-@ﬁa.w o.s\.swj&:ﬁjr:i)}g\
538 b 55 L OLSHS Jamai 5035 A0l diwe ¢ ings ol 43 (YoN4)al.
OBl ) Jldo 4 s ol ol s ol g  Olo 4 derly (5,8 3L S
Lliss oo 3 (532500 5 b cali s cpl o= (gl 5035 055 eSS O
G &S Sl odd s 16 S 0 Calby g edbe opl 3 Sl 0 slgiie Jos 8
Ll or S 503 8 S @ e b (61,55 gl planil | i)l
375 I3l Sheslamal b die ol ey plondl o6 5 5aal 2 Ol 51 S e 1) by
SIS g, &S L salgiig Jke s Sulghys (el 0s J>- DICOPT oS J>

JEJJJL.JM:@QL&J@B.:}_&@@.ﬁwc:xf@,ﬁ)abédﬁf:bﬁ;‘f

1 Resource-Constrained Project Scheduling Problem (RCPSP)

2 Weight Multi-Skill Project Scheduling Problem (WMSPSP)
3 Discrete and Continuous Optimizer
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2 Pareto-based Grey Wolf Optimizer(P-GWO)
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Individual standard deviations are used to calculate the intervals.
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