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Abstract

The software project scheduling problem (SPSP) is one of the
most important activities in software project development. One
of the main reasons for unsuccessful software project
completion is non-compliance with cost and schedule plans,
often due to inefficient scheduling methods. The key factor for
delivering software projects within planned cost and schedule is
employing accurate and correct scheduling. SPSP is the most
critical issue in project development and management, requiring
more attention than any other aspect. Software project
development should be fundamentally based on it. SPSP
encompasses resource planning, cost estimation, manpower
allocation, and cost control. Therefore, adopting an algorithm
for software project scheduling that optimizes project
completion time while considering cost and resource constraints
is essential. Simultaneously reducing both cost and time in
software project development is crucial for software production
companies. Achieving a balance between project time and cost
is necessary to minimize the asymmetry between these two
factors. In SPSP, the most important element is the Resource
Constrained Project Scheduling Problem (RCPSP). RCPSP
involves assigning multiple tasks to limited-capacity resources
under time constraints to optimize task scheduling with minimal
time while satisfying and optimizing resource limitations. This
article reviews SPSP using classical models and artificial

intelligence algorithms.

Keywords: Software project scheduling problem, Project scheduling problem with limited resources,
Heuristic algorithms.

Highlights
A comprehensive and structured classification of software project scheduling methods.
A detailed comparative analysis of algorithm performance across various scenarios.
Identification of research gaps and future directions.
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1. Introduction
The Software Project Scheduling Problem (SPSP) represents a fundamental challenge in software project
management. Research indicates that inefficient scheduling constitutes one of the primary causes of software
project failure [1]. Consequently, implementing effective models and algorithms for task and resource scheduling
proves critical for project success.
Software project scheduling encompasses planning, organization, team supervision, and executive leadership
activities, aiming to deliver specified outcomes within agreed costs and timelines through optimal resource
utilization [2]. While initial estimates may appear optimistic for technically advanced projects with comprehensive
planning, scheduling essentially decomposes the project into discrete activities with time estimates. Given that
many activities execute concurrently, schedulers must coordinate these parallel tasks to optimize manpower and
resource allocation [3].
Proper scheduling serves as a cornerstone for successful software project management. Current scheduling
methodologies include:

* Critical Path Method (CPM)

* Program Evaluation and Review Technique (PERT)

* Graphical Evaluation and Review Technique (GERT) [3]
However, these traditional methods face limitations in activity duration estimation, leading to challenges in
modeling real-world projects. Artificial intelligence approaches offer promising solutions to address these
inherent limitations.

2. Objective
The main objective of this review paper is to present a comprehensive classification and comparative analysis of
the methods and algorithms used to address SPSP. The focus is on classical models, metaheuristic algorithms, and
machine learning techniques. We have organized the overall structure of the article as follows:

» In the second section, we will address the software project-scheduling problem

* In the third section, we will discuss different models of the software project-scheduling problem

* In the fourth section, we will discuss conclusions and future work.

3. Methodology

First, classical models such as CPM, PERT, GERT, and PDM are reviewed [4]. Then, a wide range of
metaheuristic algorithms, including Genetic Algorithm [5], Ant Colony Optimization [6], Particle Swarm
Optimization [7], Firefly Algorithm [8], and hybrid approaches [9] are analyzed. Additionally, the role of machine
learning, particularly Artificial Neural Networks (ANNSs), in time and cost estimation is discussed [10].

4. Key Findings

The results demonstrate that metaheuristic algorithms, especially hybrid approaches, outperform classical models
in managing the uncertainty and complexity of real-world software projects [11],[12]. Machine learning methods
further enhance scheduling accuracy by leveraging historical data patterns [10]. Our analysis confirms that
artificial intelligence techniques exhibit superior performance compared to classical scheduling approaches. The
complete classification of algorithms addressing software project scheduling is presented in Figure I.

5. Conclusion

This study demonstrates that intelligent algorithms, particularly hybrid metaheuristics, offer superior effectiveness
for solving SPSP in practical implementations. Furthermore, incorporating machine learning techniques enhances
decision-making capabilities for resource allocation and timeline estimation. We propose a hybrid algorithm for
software project scheduling optimization that integrates genetic algorithms with neighborhood search. This
combined approach achieves faster convergence while minimizing the risk of local optima. Comparative analysis
reveals the algorithm's competitive efficiency against standard genetic and tabu search methods. Table I presents
an evaluation of various metaheuristic and hybrid algorithms against software project scheduling criteria, using
benchmark data from the PSPLIB database and j30 sample set.
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Figure 1. Classification of different models in SPSP

Table I. Comparison of metaheuristic and hybrid algorithms in terms of project scheduling criteria

Maximum Average Mean
. . Mean percentage
computation computation of the standard . .
. . . deviations from the Algorithm
time time deviation from the desired limit
(seconds) (seconds) critical path
5.5 1.17 11.45 0.15 Genetic Algorithm
4.17 1.15 12.75 0.35 Bee colony
NR NR 11.73 0.27 Scatter search
3.2 NR 11.71 0.46 Tabu search
NR 0.76 11.94 0.22 Hybrid
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2 Non-Deterministic Polynomial (NP-Hard)

3 Critical Path Method (CPM)

4 Program Evaluation and Review Technique (PERT)
* Graphical Evaluation & Review Technique (GERT)
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Effective parameters

Discriptions

SK = {81,858 55}
TK = {t,,t st}
EM = {el’eZ""’elEM‘}

A set of skills required in project management
Task set

Employee set

V=TK A set of vertices (tasks) in project scheduling
A={(t,t t,t,),...(t .t A set of arcs (priority relationships between tasks)
12%2/5\"35%4 )> md°n
G(V,A) Task precedence graph
t (?tf ort Amount of time for task tj (in people per month)
J

t;kills c SK

eiskzlls c SK

A set of skills required for task t;

A set of skills for employee e;

sal
el.m a A monthly salary for employee ¢;
Maxed . . .
e; Maximum time allocated by employee ei to task t;
start .
t j Task start time t;
end .
t]. Task end time t;
cost
t j Task cost amount t;
duration .
t ; Task duration t;
duration Total duration of software project
Cost .
Total cost of software project
Over Total overtime of software project
Over . .
; Employee overtime ei
M = (l’l’ll] ) ExT Solution matrix for software project scheduling problem
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Table 2. Advantages and disadvantages of classic models
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! Diversity

2 Genetic Algorithm

3 Individuals

4 Chromosome

® Resource Constrained Project Scheduling Problem (RCPSP)
® Non-dominated Sorting Genetic Algorithm

7 Pareto Archived Evolution Strategy

8 Strength Pareto Evolutionary Algorithm 2

% Genetic Programming Hyper-Heuristic (GP-HH)
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! Design of Experiments

2 Memetic Algorithm

3 Scale-Free Based Memetic Algorithm (SFMS)
4 Ant Colony Optimization

5> Pheromone



I G oyl SLEL Slgx s 58l 0 5 (sl o9 (sinile) Al 1 (590 Ve

o3l l 8z y50 SIS o ysSIl 31 (13800 5 sless ol sl [VA] dims 51 (B il g S35 o6
Silos )5

JeSis glacdlad 5l plaS jo pll (sl Jo oy o i Sl s l38l0 5 sloogg o e 58 pie jlmws Jiliwe 51 (SO
5 loidlad ol slasi 4 az g5 b anBl (e Jlaie ( 52eS 13 0395 (ShL (lej g 4 45 (5570 & el 039 5 ouins
| lels 51 slasgorme aSly cli 93 &y ;amie sz S5 (slls Sl (nl Vgane wolled o (sl bl slaJ> o
Ygane (oadly slooggn ;3 K03 G Sblad ez 5 (65503 » plaSzna loslse acsazme ol 4T s oo S 23
plod an 3o 30 (6ol Sl sl 4 oo a5 aiiwd lacaalad pac b ol e lpxdled plxil (gl oo o in sloas o
B VL Caglyl )3 anje a4y S 0jgp Oloy (Rl daogn (gaisile) Sz SedST oy, 50 Wigd oo 039y 00D
OB 50 SolS oI &l b LT 00,5 (o di s ial33l o 039 oy (8IS 3 150 (65l y3 a5 > 0 0,5
@ OBz 50 ol p s 2l aSal gl e g Wilod ST fes ST guiile) (s Loab sansle; Wiy,
ity Sl 8550 (S5 022,55 0510 (5 sl 3 5 Wled,S anlie S o ysNl L, o gl 09 eols L g5
WS ool ) e 4 S0 L

5 455 Slaaz 50 4 Conmex ;0 35250 (slodz 50 5 (28 ST iz 4 sl Aliae [V Jissloriig )5S0 o
Sl 29l (6T slar (Jowe argy e )5 185 513 515wl dge (250w £ B Wed oo meelS (Jgere sloaz 5o
ous 31 (y908 (il (gl 958 il piilSo 0905 oo 00liinl (55l At (U155 S50 Sl 908 (Sl
83 o 18 5l o |y jlms Bhlis 3l ol 0dgame g5 s 4 99 o coliial ol alaki Sy, baz 30 Ly
ooliisl oMbl (g STl el yzl jhite 4y cilizeo o3 clacmaz oa SEMLI Jobs sl o yiiin JolSG panilSo

Hly CuF Lamass alius §9,50,90 Faiig 8 Al «on 0590 i o3l (g 5lwaige 0 Sles Wl jelaie 4 05l o
1y 53kt slaie 0 e Fge sob Wl so (goleiiing i ysSl 45 ams so L Llalej] gl wiloas Sl Lxl o
waml))...g‘)ua._.a:om‘ﬁ&\)u.fuwulﬁ_wf}ﬁ”bmjo”]woma;o)joub‘m”s&)o

2yl s a1y o2 )l 5 il (2l 5 05

Olyd glosia! o jlwadiags -F-Y-Y
SNy Sy s SzsS slaeg )T 50 a5 (i elaizt b, 51l L VA0 Jlw ,0" Sld ploojl (g5lmatags pi 55
JRYC P BN C X TR [P ORR SO~ DU U RS DS RV ORI ICH RSN PRSI P EWPTOVSRN | 4 ) UL JOUNPRUET gUn
31y aS adle o als ey y0 Jg Wl Sledlbl e e 0)50 50 (B8 5 51 SO e s 5 0 lae Jos 4 e
o508l 138 @ 0y 00 5005 5 Ggpm A€ 50,5 law (sl 0,509, o it bl ol il Aol lae e
Sy i Alins Sy by qli S gla > ol 45 6,5 colani o] 45 a5 el terar wipsS] K D)3 plosl o jloaige
5055 60,8 Sl olasly 50858 5 o ali s b 1o Sl 5l cemer wipd o S |, (Copraz) ol
e olgre 4 S plosjl (lmange sl aiulo | sina LS )3 dgy U of) b oS (oo (r (oo Sl
35 1) 097 CaaBae oy SIS Lo)d ja QTP“S*\‘S@ w2l 3 1) Comex e Somtin SO lwdings pou N
Syl (Ko sl ol 5l (gom iz sz slad Sy Ol ol plaosl glaigs v ,6) jo aes o
S 3 pdy e Sygo o] bl Al sla ool CudnS i g 09 se e (b))l SO LS (pl po aiS e
S 09,8 59 0,8 Sy S )18 5 00 Glilaen (b L g 095 laa,as 25U Cod 09 5 S y0 0)3 0 S
o3l 0l by 00 5 e g glad jl aige loasl ad lag Gl colw Jld, en ol Sio I3 50
2 gl o0 D3 ples Ml 4y pailio 5205 4 1) ol gy Cumge (0,5 o (Ao 41 08 52 S ploil (g5luangy
g g led (§9,m ;00 13 516 0 15 o el (rre Jloiix! SO L an e b 6l ool sy polie bl 0,3

1 particle Swarm Optimization



VY A=V IV E ¥ bl [ o g ol o,let oo gz o [y &l e (suiiien dlne

S50 50080 4 a5l o D3 sled 098 g el Jas (] 10,5 ploxil @ld L3 il sl eslaiwl b s gLas o

J> lp ) b sl o ysSI 5l ealaial Jloged ¥ JSCs ais]yy (55ludingy Jlas > ot 5l (5550 55k 4 5 g
aes oo sl |y gaiibey allas

Start

Initialize the swarm with a predefined
number of particles and primitive & ements

Generate the activity priority list through random
initialization or by applving priority rules

Proceed to the nextiteration and update the
particle velocities and position vectors

Check
termination !
condition Evaluate the fitness (quality) of each particle
Update the records ofthe Gpeyy and L. solutions
End
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Figure 2. General flowchart of particle swarm optimization for scheduling problem [22]
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! Artificial Immune System

2 Affinity

* Mutation

4 Shuffled Frog Leaping Algorithm (SFL)
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! Cat Swarm Optimization (CSO)
2 Firefly Algorithm (FA)
3 Tabu Search (TS)



V- f A=V IV E ¥ bl [ o g ol o,let /oo gz o [y &l e (susoiien alxe

255 g deginn syrinr izl 5 [FF] 55 550 5l IS olial 5 s o & i 55 s0me 251
aliBes adgl slaclsx g Duw oligS dolar aladls> (aliBus dcgion slacanad 5l 0 oSl il ol oals ools axwg Jlois |
S P> p&g.)ji” as AR 0 QL....: k_)LMAJLA)" C"L"’ ..\.:Lo.:sa oolauwl [PeaNee g Lgl.,é.é 5o &9..; ol:;ul 6‘].’ ‘_g‘d..l.z...;j u‘}.».c L

S5l =9 L_;..\)lf L_gll_<,.‘;_—>l 9 ;qu sl QLo)' &lp el slaslez sloul o LIS @Q)Dﬂl Q‘B—‘-" 4 A gion
5 aiten godmie Glacslpe slls mlie ()] )0 45 35d 0 axSlsy ailie Coudgasa b ofgy suisle) allus & [FO] 5o
5 leodled Egy QLQ)’ QLA)’.Q.Q s aJlao Q_;.l )'l GAd B dS S L_;;l.;.)' Slasd jo 1) sasobs! & )lge 4;5153‘50
JERVRVRE 5 é.?L;_A ‘Cae.sjs‘ suogame L51..5)1 JL> O )0 g LQJ.J_?.SLQ)’ Pli;m‘ | OO,S Ay Lglﬁ @L;.a 6Lm¢;)l.¢,a ol
g_i.{ clso Lg‘.b‘s?).:j le.w‘)) 9 ol alw T Sdde ;Ia> 6)))4.40[))) JJ.A u_i: clus u.s).x.) )‘ = w‘ 0)5).: ul.e =)
oS 5 sl Ogutn Jlme 90 loie 4 s 1 oS! g Ll ouds slgri alie Ohlee s sl mlie arasy ooy 6Nl
@oloiin gy (gilweoly b 0gd so 9ol (Gommin ] adus a4y e &S Wigd 0 a8 )F Ll 0 Al 9l gezius L

\.\JL:GA QM.:‘)B‘ 4.:[.: Ml;).’ Plszﬁ-ﬁ&‘ u.u.?bo.% 9 0)5).: g.A.l.ero 9 GLM) QSM")M‘) s.,u.l)l.‘i aé)LA (_g).smg.sUa.u‘ w‘)ﬂ‘

oSy (gt pia eI -1V
ol w2 )50l ol ol Gglie sl Siug syl (Bl slam js8 plos b (old o TowsSTy (gormi o2 55!
slado o, [FV] s [95] el gl aegame loja 5 desmmar; JSt5 (S0l cady] Cnaz s oo
Gl g lacdlad oSS oy 1S Tae (g5lmdineS Bua LSS o 581l eslainal b laogg n soaisiley dllne (sl p suo
el aS aeo o s il ol a8 5 s 0 604 J30 sbaosls (59, » bl 5 b, il sal &SIl laass 3o
o1y (Gomins i ol 5l ool b [FA] ;o oo Sty pi o3I b augli o Joud BB by oI5 0T, somr
517120 5390 §60 30 slaosls 55, » odiSTy (Semiws v ol .l oa s a3l 1 Wogs,y soisle; Al > 4
$lp 297 2L euSTh e v ,sNl AT s oo ylid Slisle il by Lol 48,5 118 Cls 5,90 PSPLIB by
20z oo S Guboliseg 1Sl g 00iST (semine slapi 55 oS 5 sliws 1 [FA] o0l baoss (oo Al
Caliys 513120 5760 30 slaosls (55, 2 0aiSTy (Seminn piy s3] el o Lyl nogg  (sosle) s (sl
GildinsS 15 oS 5 0aiS T (Gemin ai oSl 45 was oo L Slewle gl .ol 48,5 )15 s 5,90 PSPLIB
ol 1y )l3le 5 slaeggp (saiile; jo (SLASTB slapt )ol dslie ¥ Joaz wo)ls (idu 3l oI Waojen JS 0)lsj

..\QOLSA

=55 sl ol -Y-Y
Gl 00 L)) (g3 Ll po Sy w55 5l eoliil b s )58le 5 sboossn soiile) (sl cmslin 5 65,15 oty 55|
L S5 o 550) S a2 lgo Cpald pie b ojlgen (i sleislgaie s (g I3l 5 slaogsn saisle; 0]
ojyn satsle; ;0 conlio (oot oSl datulad Cuabad pac 5 05 Jolre JIg5 Gl 50 (558 Blate oS 5 5l oolin]

@ ailey ;o b adl> LSS slaws g clad e bl oy b o £,0 Gloy slayelily Allie (ol o ol (61 8lp 5
Slohsy 4 S (38 (3late b SCaif o )50l oS 5 e o Lt Sligle)] gl igd oo lo (e (550 slacl IS

3,08 (6 7S Slewlns g Conl 56025 6513l 5 lojgn (saislej 55 9250
S D9 4 Lidlad oy Sk (rmedS (1 S ko8l (Slie 2 oS (g 53 Bt Sl esliul L [V
Wojsn slo sl )ly (oans 950 0 29250 (Ll pae 4y Wl (5 13810 5 sloofgy (goiile) (sl -l 0uds &ill 5516
Codgazme daladlad Gloj o5 (651 4 4z g3 b beodsy goiuiley sl (b9, az o (nl 5o 05-b az gl o) g At ze sl

sl o ail)] (636 suisile) i o Fnmlin 38L (6lp g 5 wlis

! Scatter Search Algorithm (SS)
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Table 3. Comparison of metahuristic algorithms in software project scheduling
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Table 4. Comparison of metaheuristic and hybrid algorithms in terms of project scheduling criteria
Mean

Maximum Average Mean percentage
. . of the standard S .
computation computation s deviations from the Algorithm
. . deviation from the . -
time (seconds) time (seconds) critical path desired limit

5.5 1.17 11.45 0.15 Genetic Algorithm [52]
4.17 1.15 12.75 0.35 Bee colony [55]
NR NR 11.73 0.27 Scatter search [56]
3.2 NR 11.71 0.46 Tabu search [57]
NR 0.76 11.94 0.22 Hybrid [58]
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