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Purpose: Time and cost are significant factors in every project. By reducing the resources allocated to
the project, project costs are reduced, while the reduction of available resources means the inability to
simultaneously implement activities or activities in the shortest possible time, which in turn increases
the duration of the project. This is although, in all projects, the completion of the projects in the
earliest time is considered one of the important parameters of the project. Considering the highly
practical application of the examined problem, project scheduling by investing multi-skill resources
with the possibility of changing the skill level in fuzzy conditions can be considered a positive step
towards creating project scheduling problems. vO

Design/methodology/approach: In this paper, the proposed mathematical model of meta-heuristic
genetic algorithms to solve the proposed model is discussed and explained in detail. Several skills are
needed to perform each activity. The goal is to optimally determine resource availability and find the
best schedule by minimizing investment in resources.

Findings: Considering the activities' need for different skills as well as the expertise of the project
members in different skills, it seems obvious that each activity can be done with several different
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situations in terms of human resources allocation, which might be only for one activity, reaching more
than 10 modes. As a result, compared to MRCPSP, this issue has a much higher complexity. The
Resource Investment Problem (RIP) is a variant of RCPSP where renewable resource constraints are
considered decision variables. In many projects, managers, in addition to making decisions about the
time of implementation of activities, should determine the number of resources allocated to activities
in each period of the implementation of activities according to the status of the project, which means
ignoring the constant pattern of resource consumption for activities during their implementation.

Practical implications: By comparing the algorithms with the indicators of maximum extension,
distance from the ideal solution, distance, and several Pareto solutions, it was found that the multi-
objective genetic algorithm performs far better than the multi-objective Cuckoo algorithm regarding
the criteria, distance from the ideal solution, and the largest expansion. However, in terms of the
number of Pareto solutions, the algorithm is not superior to the other algorithms. Therefore, it can be
concluded that the multi-objective genetic algorithm has relatively a better performance than the
multi-objective Cuckoo algorithm.

Social implications: In this research, each activity can be performed with several different situations
in terms of human resource allocation, which may reach more than 10 situations just for one activity.
As a result, compared to MRCPSP, this issue has a higher level of complexity. Literature review
indicates that being multi-skilled increases the productivity, quality, and consistency of work and
gives managers more flexibility in work allocation.

Originality/value: One of the most important branches of project scheduling knowledge is the
problem of project scheduling with limited resources. This new concept has led to the development of
one of the most general modes of scheduling problems under the title of multi-mode project
scheduling with limited resources, which solves many real problems and can be modeled for
application.

Keywords: Project scheduling, Multiskilled manpower, Meta-heuristic algorithms, parameter setting



VFeY )L@. Y'Y &L:: Al a)Lq.o.: NY 69> cQL:La.G} J:Jjj C:/J"J.:JA
Yoo) Lo VOV OYE 0 VF O AT Sl s

https://doi.org/10.22108/pom.2023.135716.1478

Skl L) lga ki b syl bofy sl 56 Blad 5ludds

[FYGIN|PY glhdl 5 bo,)lgs mhaw o

¥ . A S E3 .
TIPS TR N N1 PR W pgece

mojtaba.salehi@pnu.ac.ir Ol 1 Ol¢ 55 0 5 ely s dige 5 b oA bes kg 05,5 skl =)
yaldarahimi1212@gmail.com <0l 1 01,5 58 s 5 ply oRSls (g 5 b oIS bee ek o5 S Lyl ulii 5 =Y
s_shariati23@yahoo.com ol u1 « oS Mall (o 55 0 555 by oKSls (pwidige 5 b 0dSils (b okigs 05,5 Ayl Ll s Y

3 LS 8 5l ol il 05 S pte eealie (6008 5 0 S S SS ds g0l Al el S
b ar g LS o s o3s Gl 0o 1) eie slaay i alS (65l (A meefs oS o0l
plasl s ot 5l 68ty Jlisans o5 lawy o 035510l 2 odle oS 5 5 (Sl (558 S50
bl e lgatinr mlis o sdomn Loy si0le (31 Bdadinr L5L) Jde S SRy opl oo Lileds
i bl e il 5035 (AuObes Sl 05 Seigs Of G a5 13 &8l e ,gs e ks
Sy Jool dslre BUaCS Jde 45 Conl ol eslizal @L‘)T Sroal 3 s,y SOl edde O3 g adds
o Sl s 5 053 e O pems S o O Pl e wleadir 835 s uOles At 4l 4 S
Pn > 6l e et 0l e O Bl e 5 55 O a3 (sl 5 S 0o Alts 8l anw 55 =
caalsl 5 s aslizal OF 5l i = (gl 5 bl el 5 S5 Baadr K5 (8l 13 o (gslgday
Sl Sl s G 5 o o SU S sheslinal b galgniny LgLA(,.:.ngfj\ sla bl dg Jluas
el s LT s bl b, SO0 s Shee 5 €Y iy 1l 3 o 5 03 5 gl oo 1 Sllae gore
Laasl 55 0Lk 55 ls abdadir &6 o, 831 s (5 i 5 Shas abdatinr S5 o S0 s o OLES

Al T Sl huea glasleis PR

Al i (Sl 13 gl s (Sl (550 O3 sl Lix o35 (s AuOles 1slS lao3l

2423-6950 / © 2023 @@@@ J s o 55 *

BY NC ND
This is an open access article under the CC-BY-NC-ND 4.0 License (https://creativecommons.org/licenses/by-nc-nd/4.0/)
s



https://doi.org/10.22108/pom.2023.135716.1478
https://creativecommons.org/licenses/by-nc-nd/4.0/

VERY Sle Y b ) esles OF oy i Olles 5 W5 Sy e /Y

dndas —\

Coles o5 $hObey el 0355 o e Bl i 50 Sl p 0 e Bl 5SS g0k
Ao L S 4 Oy ke 5 acossdome s a5 L oS SlacJled 51 S m 65,0 Ol a1
il 55 slaala oy S 51 S (VYT WOLen 5y 1845 g e el tes) Sasiie G
szl Jls o8 1S o 0y (0988) TS 5y ol T poms slin L 055y (ea0les Ais o3 (5003
o Bl opl i gama s (Sed luObe) Bl Koo 5 s uibe) (a8, 0L = « A8 sauobe) Jilus
e 5 ol 3 (S el o5 0 e Gl dim b Coale a5 L el ] e Sl
2o st 4 Sllas 5o G Lles

5 pn o8 3,8 plondl Sl ol i 51 i1 e Sl S e e 05 (0L 2 L
0585 podold) e e oLl sl 3l s b 5 p3Y Ol 51 S 5 S SKae o2V
L o35 suoles Olye b sduoles Jlae Gl o 5o see 31 (G Aamn g5 s i gl (Y0
I ol b 238 (3bedie 155 o 0T 5l ealinal L 1y (ol Jlooe 51 (S 5kms 45 Sl ok 4l i 3 5ms ol
A Ale3 S L (VAAY) 0L 5 Sl |5 sl odd sl S 5 go (514t MRCPSP
NP-hard i s S 55 MRCPSP s 01 5 o5 ee “dl> @iy 5 ol NP-hard dses S, RCPSP
Slaasld 3 5 o sdmme wlie Ly ofs il s s 5o (sliatns 5 andllae oy Jmalr 5 dal i
5701 5 d0488) s s iadstes (V00N 055y 5 cale Sl 53 0155 oo | 0T 8L 3 28
s a4 35S g e (T0YY ) 00 5 KV pe 5 (Y2 YY) 00 5 0 gme (Y2 YY) OLS0n
Aolaclgs pldsiinl 56550 (A0l Sl 03 Sy Iz a3y cnl 53 O aa 53

23 Al VL Dl Coenl SleSs a3 s 5 Ol s 55 S S Olg e JS sk
oy o3 ey 3a 5l o (i (eIl Ol plowil 4 (sl S5 3550 e mlin el Ly 5a 055
Sl doaly LAl 05 s e e o 4 edd ooy jarasd sl JaTL cpl by tdas e polantl s
Lacdles il 5 Lallod Olojon (8] OSel 355 imn 4 oo 53 mybin 2l oS ol Jbm s ol 5
el I 3 ol 355 e 0355 Oloside (il sl 35t et ol ol 8 ol s Ole o Fel S o
Dy e 48 S B 03 65y e b el S S Ol o 05 53 bels s plall e aled )2 &S
SISl o L 15 055 (s o0ley s 28 5 3 53 Ol o o) 2 2550 e (WL s 5 )8 @ a5 L
Sl 03,8 5805 g 55 e ol (3L Ll 5 53 bl hav i OIS L e lgadir mbie
Sl A (gadate Gl (Gs s rad 4 Cdls Cally w0 cmlie (IS le i L oSy g0l
el 3 7 a2l il (s S

L edsm sioba) s Lo 5 anw g Gl p adlodr s ddladr 5L, dde Koosngr s a5 @
(58 kol i s Loles msk L L i lgedkir mlie ()18 4L

GlOle) A o (sl o) Olpen dddadiy &l 5 S Bdadr (LISl 13 o, SN &1 @

(636 Ll b 53 e sl i L 0T (M8 wle 5 slgadir wlie L o3y



YO g pdlo o/ g Ol C“"‘ e UM LR PRt B PYNTE tLa Cudgdoee bofy a0l 551 Baaks gilwdde

(Sl 13 o, S (sl eyl wdas gl b tlesT b o
toslgin J Pus pbisl s dses Bl ddys o
S ol gl glaslgin B e

SR s Sl Y

S 05 b b sl glaedls 5505 55aS pa e glallesle 55 2= 5 0SUS slaol; oo
ol 30 KA sl o8 5 s SISAT 5 s OUT ol 5y cpl Sl tals s S0 plne (s 54
3 gt e ol bl (SOl b oy (g3 000k 1 prlane 3 Con S S pnd Sl PRIPSRR
(0555 Slmely A e Al bt o da g Bl ile (1 AS Sltal gls Laasl ol oS
(Il iy 5 e U 03 s Ypame o oty ilos 8hols G s ole)T 5 Sl l & sl
S moaal o 53 4l 58 (Ll jasieie el (el mlaw 3 baasl oSyl 1 ey ol 2 O
Lol L Lag o b Sl las goms 4 525 ol o b ol 51 o e o 8 (SSU L el
sl ol Sua U sk 4 plaws 6l o8 Cnla Il Sl glas gazms 035 5 S 58 0 SSE ol
o ol CdS 5 cpme Sbaapa b pme Slaz b s b &S Wl ol Il Jols oSy S e
5l e iS5 Ay sa Ol Joale an s 0Ll ol i o8 Salbse Ae3Y e ol
e 3Bl 5 3 5als (SleS s s plal 4y LS e ol pad S Sl S e Jele a5 S8 DS
YY) M e 5 el 40
059 Sapdte VY

sbean s il S 55 SUSS 5 Lol el (Els (6858w 5l sl Sl o35 o e
Sl Blsbe o3 Sy pde glacdled S sbas o5 DLl Gaes

tadsl sl dlad ol 5 o550 5 @

5o ol gaidlad (g5 0l o

SSTPRU IR

S Cnle b plasl ool g s o pde il op Sege 5l (S el jasiie &S sb0les
35 12 i Jus (Sl 5wl Sl Sliad gl jo Slaal b Gllas 5 ol - b (SO
LS e Wl |y 28l oS el golees s 5
059 sxuOly Y-V

(YA T a5 ads) Sl Olos ol s s ool 55 b 63800 sbml ol ol 4yl w0
S S aS Sl e cpl b il gm0l 3 Shes ey Codbge sla et o Sege 5 S s
S Tl s gaules (T Y T aile) ol 63 Ol o35 o it da 53 (il 5 el
035 S g lnobe; ¢l SSUS sl sl Lol et g 5 sladle) janass las o

LJ,:_A.::‘.J C,\_M:J)JL‘\SW\J u.:Mﬁ ui‘bcwl.: b ej_jﬂ&.lﬂ;du):\.liﬁm;)\):& JL:")LS‘]" C,.w‘ ol CJ.E.A



VERY Jle Y b ) esled OF oy (Oles 5 A5 Co e /Y

e S S Sl ol e 4 el 5l pliS e oS (g sbas culin Sl (glas gazme 5 i Jld Sl (glas s
Slasbns (S 5y (Dl pme A 3 s 518 D0 o i 53 Olgee 5 s [l B isls 5L
PS5 g bLS Hlime Jlcie o (sl Sa i led 4 mbe e sl ol o S L)l
S

s S e Sl S SG a0l & sl 3 SO g0l il (il a5 L
Sy 4 b o Gl pdons 4 (G S oo (b 15 0550 planil B s oS il 055 S e
g8 el 3 il 51 e Slal 5 A3l 13 5 s 53 mlie Slacussdoe 35 5 e led Ol
Sl Gpoab bl dds 03 S HBuasS ¥-Y

S s 53 a8 oy B35 S 5 et (68 el Bl oSS 1SS ST (el
s S XS o ) (g poael Blos 31 ol o 5,003 1y stz 5 S0 oS conl (SoST 5 el bati
oS ot 5yael p O gl e s a.)\};mm' b g (Olaal oo Jsl 5 Ll Lol 5 D8 Gl
et Jomels 5 SIal oy Ol il 05 S arn 4 ST 500l 1 0313 0 CBka w5 (53l 4 Logis
Bws 4 Ol oo oS 5505 5 m s (lulle) Al Jo Cogmay (3dmte Sla sy S 5upasl s 655 0nl 03 22500 5 e
S gark 3

tled Glagp b 5 OIS 5 4l oSG 5 o Shoaal e G slats, e

ool ol re OB gla by, e

SOl E sl s, @
G lgekir bz gdoue b o3 gp sknOle) 55055 48 S, 0 slatayn -

S S el gl m o0l Bl b Sl JI5 e Jlisay AFPRES e boss, suile) Ao
(7008 O 50 KT ol Sy pdomn golins 5 8 a5 s Lcods p sukias LSCES Al slacJlas
11888 L s el 4 S 13 030 ol Oliies 4 55 55555 1400 a3 3l aS Plos ool gtud e 3 ol
Caos il 5wl dac Il 4 by Sl s Bloday ilee 55 0l (0874 0 5 7 Sz ) s
(VY 05K 5 i) Ll gize sl

sl o3 el 51 ol 55 (14949) (05 08 5 ) stes diile 05 (5Ol S prdin o Saalr 53
aS A3 e |y sheis g LT s S Wl (Vo) VolKen 5 05 1 MSPSP dlie el (sl
sl glac e &S ol b 5 o2 gl Jaw g5 sdaail )l ladde 53 353 0 plowil Ll glacslge b Lais
SIS s &S MSPSP alis 31 (glanus 55 e .ol QLSS e jlge 2305 Oy 50 53 ()8 slaais 5o
LacJls a Sl 2,5 Lol ¢l>,u'l Olay 055 o> Gds 5 ol sl 51 1 el Cj.lg.,qb.MSPSP
Ol ks ol gl el d el 5 s as § J 5 (Yo oY) O 5 055 bu s L dad Al 5 e
Lsls

Sl 1 el s s (G500l Jobe Sl e ot Sl S d(Te1)) g e s (Ladl15 dnllas

f&-x:—“‘ﬁﬁ"‘u:‘—*i;“"LS-"—E-’dl—i;"cu%ﬁvuﬁﬁ#JJLU)ﬁéﬂ)ﬁ)ﬁ 6&;0[.0)_5&_)[}&\



0/ O,Ken 5 Al iz /g O Hlge C“"‘ e UM LR PRt B PYNTE tLa Cudgdoee bofy a0l 551 Baaks gilwdde

S mls (S0 05 035 glacamise e w5 6ln pl pesdle S e slgidy sdate slae]s
Sladombad pde U o3l o B yne e slosl 25011 (30 Balial Sl suie pulal o Joel 5 5 555
A 53 a8 AiS e Ol (VYY) Ty SPL S S 5 Bl ol gladde a1, dalad 5 (51
035 S pdes 03 Laauel oy Sar 559550 035 (§kaObey 5 5l SIIG @ by e filews Olejan o5 S
5305 5 5aS Jlail Gl 550 3l JolS (905 50 Lol L 1 0l (S Jule G Bolaw Slke L
(orl 2 eshe Ll e il 5l 6 Kain sba (935 50 (OIS ladn s ol sl o 2l ab g e el SL
Sl 05y (eSS s a5 63,3 e led s =B Gl e lse Sl oS Sl 4y 5 D)5 3
L cabdadin Sias 5 s dyoillanit IS oIS ganile s s (YY) an 5 7 ddllas by o
osbas G551 S Gme s el Ol Ol Blos 4 oomes (Sl odS ) 2 Y & 5B S5l Ol
Ul a5 g il Al s G (K i o T el sk S S 3 Dlajen
LS o el A0 g3 4 Sl Al g s il el slely
53,8 Sl e dor S 5 b 1 65 SOl Al sl Jmoly S Y00 8) O 5 T Ll

el Bl sds 03,8 Bl (haa L5 S suaib 5636 5 5 kil iyl o w53 15 IS 65 il
A3 sdaze sla tasiy s S eslinal oS 5 S o, S G Sl Akt sl T ol 65
S oo odalie ) Jsdr 55 oS el 48 S plowil i lgadin mlie s Lo (g0l e 85050

255 Do Lamn ol (Sla iy S K ald ol oS S e Ol (V0¥ ) 73,585 5 K s
S aalllan sl 358 Sl h Sl B el 5 3K U 05 Gl s sy Kl e oS
Ll (5l e Slaiys g o ¢l illandl 535 5 slaaal il gl [ bda s (g3loking 3,500,
S S o3l () g lanil 355 su0le) p sgie callin il 53 S o &) aseial colad Olesda L
o3I e L) Al a3 pd e iy s ke b s I b el gl daguOles ULy
Slaslne Cml ol b pme o 3G (60310 slme ST il 0l 5 sy Slwle il
comtl oo S o (S eI 1 03 JeeSS b das e slacia s 5 e lad 03555k oalgiy sl
P AS Gl ol el eals a5 sld Ganas 3 S5 5 Sl U S eSS p e Ll Je S
Sl el 0 4 S 13 b e S 0B Ll anlsd oo L s 555 su0les sladle
5 b gd e oalinal (63550 Aalllas Olgisas (oS 5 K o8 5,00 it 335 5 (ol 2,055 (sl
(NSGA 1) e 8 (3w o S5 w5831 5l g3, 50 aalllan ol 53 035 slacdlasd 51 b slaws «
slatbasl G bl sslemi Shas Sl eslial Ly (ol Jie o s ol s oslinal K2 o (61
Dlame (5,8 Sl 5o L e o OLES s 3 g sl il dor w8 L 5 b5l 02 208 (g5luand
i YL Olabl Sl L Olejode Olan )3 o35 i lad 4 3L Ol dngr parasss 5 3leing o5l b
ey OLL

el 55 A g e Jale il mBly 5 conbio (S5mal 45 S e Ol (T0Y0) OLSn 5 e

L;L_QQ_:;JG.@ r&b)&ﬁ%ulﬂ)rﬁ)}k‘u JQ.LASCMA‘ RV U‘i"\“;: L}Ab%o}jﬂ 6.«\»ch‘) ‘C;\))J



VERY le Y b ) esles OF oy (Olles 5 A5 Sy e /5

3555 5 oo ol pls (S (a1 el b w0l S olss ol Ko oS L5l oo 4l 5o (3 An%e
DS b il aly (g o0les 4l S asls logs Sl Gige g roaal sl daalsd pie £ 0l L
oo S U s LIl ol o) m 1 5l 3)se b Ol i mbie b b 53 15 Ol e
OBy S 4 w0fs e Job OLla Blas & Baa b e cpl 5, K0 B s aal o 1) S,
A 53 Olejan jsbas 1) Sy 5 o5s Sl wle allr dad (2501 Olley Sl 4 5 a0l ool
Sl U asleds o5 5 oMol o S 355 L MOPSO 5 NSGA-I Baar el oy S 53 3,5 o0
At eslinal (galgndoy i Gl S0k g sla Jooly de same (s

33 Sl Eoel slar OVl (g3 0l e Lasl s S S e Ol (VYY) 0L e 5 Ll
53 Slas sla il 831000 s (6l bt 3,805, G candlan fpl s el sl el 855 S ke
e b glad= 093 Balal (65540l Jde K Ol goas dis . conl sl sleliny Slatla 5 cwdige lae)s
5 SIS Sl b iy o s sl S ss L olein S lJe oD s o shiear il sl
S5 sl slaesls 05a51 3 sddplndl (g3luannd slahla3T 3l eslizul b e ltel A aslis wdlan s
G0 skl Sl (635 50 Dldllae 5 (gads (Sl sl g e el pwikign 335, S ) (Bl 35
Els s e DL Ll s 53 ) algii Baadr Sy 3L oy 2l omls s <l salgiiy
Db e L m b S gl s S algide 68 AL S eIl Ry s e OLES

e oSl e Lods e At p o 50 OS5 5 arn s Lol Gls galgidy Gt o
S S B LacJles 058U wddplonil (slaia sy sz 4 55 bl ol s & lear
Sy sdime 5 odd bl el Lasl s L bl plad 5 abdacST S poany G ml5 5 il )
Gl S U baadr ol Jie SO eoslginin Guims 55 pebul rad p Lledd € bt des
et o, Ll an YUy 3 S Ol (o3lgning ml 5 3 ol dal g il (6306 il slacdl s el
O gme G (53155 8 5 5 Bledi s a5 O & assy cnl 3 Oliises &5 ol 0 Bl (635050
el 3 Sl S 35 0

Sds 53 Ol i o35 pledl 0o 5 lgakin mlie Glaay 3o OF 3 & wbiakir 5L, Jhe daws @
el ol a3 S a5 s Oleje sk

s a3 bogles pbnil LB L oL, s B e

2 Sl Oleste 5 jlge Sl mlan o dups Jols oS (3U Ll 5 s ol Jde B S a5 s e
ol clﬂw A0 Sl

bl mle glacs o (B3 5 55 e

lis S slal gl et by ) Bdadir L8RS gla by, SL1 e

3 e Sl 05y sl Bles 5 4l mblie Sl eslanal glaa o (GiluaaS Jold Gua &l 55
Aot D gty al g eslind (eolgidy Atee > sl atl 5 S8 B 680 15 slapz, S

el ol enls OLES Y Jj.le-).) 4\.:[.: Jde s L;bl.@,\..l.:i Je RM_):)Q)UJ



VIO en g pdlo oo/ g Ol C“"‘ e UM LR PRt B PYNTE tLa Cudgdoee bofy a0l 551 Baaks gilwdde

@il dis i galguiy Jde b g -V Jgd

Table 1- Development of the proposed model compared to past models
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Table 2-. Factors and their levels for testing by multi-objective genetic algorithm
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Table 3- Proposed orthogonal array for multi-objective genetic algorithm.
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Fig. 1- Rate (S/N) for each level of multi-objective genetic algorithm factors. Pop: algorithm population size; Iter: the number of
generations of the algorithm; Pc: selection of chromosomes for crossover operation; Pm: Selection of chromosomes for mutation
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Table 5- Results related to solving sample problems for multi-objective genetic algorithm

MID: close distance between the non-dominant solutions and the ideal point; S: relative distance of non-dominant answers;
D: criterion of the greatest expansion; NPS: number of non-superior answers through the algorithm
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Table 6- Factors and their levels for testing by multi-objective cuckoo algorithm
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Fig. 2- Rate (S/N) for each level of multi-objective cuckoo algorithm factors



VERY le Y b ) esled OF o8 (Olles 5 A5 Co e 1Y

dlade U ‘..:.;_,_,ill sl l,b g CJ.EM—V Jdad=
Table 7- Optimal levels of parameters of multi-objective cuckoo algorithm
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Table 8- Results related to solving sample problems for the multi-objective cuckoo algorithm
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Table 9- Test of the assumption of equality of the number of Pareto solutions
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Tablel0- Spacing index of the proposed algorithms
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Table 11- Test of the equality of the mean distance index from the ideal point
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Table 12- t-test for the test of the equality of the mean of the greatest expansion index
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