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Abstract

In this paper, a recommender system based on a multilayer
feedforward artificial neural network (ANN) trained by the
Levenberg—Marquardt backpropagation algorithm, optimized using a
genetic algorithm (GA) to fine-tune both network structure and
weights, is proposed to predict competency and recommend project
managers in project-oriented organizations. The system considers both
hard and soft skills, which are essential for sustainable development.
The performance of the proposed system was evaluated by a case
study within the Iranian construction industry, utilizing the experience
of 80 senior managers and experts from the Ministry of Roads and
Urban Development of Iran. The results demonstrate the high
accuracy of the proposed system in identifying competent project
managers. To validate the system, its performance was compared with
existing methods in the literature, showing superior accuracy in terms
of MSE and RMSE metrics.

Introduction

In today’s dynamic business environment, projects operate within a
VUCA context—characterized by volatility, uncertainty, complexity,
and ambiguity—that significantly influences managerial decision-
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making and project outcomes. Rapid technological advancements,
economic fluctuations, the complex nature of stakeholder interactions,
and resource constraints have made project management an
increasingly challenging undertaking. Consequently, the competence
of project managers to address a wide range of human resource,
technical, and economic challenges, along with their ability to build
effective communication and collaboration networks, is a crucial
determinant of project success (Omoush, 2020). To ensure successful
project delivery, project managers must demonstrate a sound
understanding of environmental dynamics and make informed,
adaptive decisions that integrate both hard and soft managerial
skills—skills that are now more critical than ever for achieving
sustainable development. Such abilities reflect the professional
competence and strategic agility required for timely and effective
decision-making (Karki & Hadikusumo, 2023).

Selecting competent project managers through a data-driven
recommender system that matches the desired managerial skills can
substantially enhance the effectiveness of project-based organizations.
Such a system can transform the manager selection process from
subjective judgments to evidence-based decision-making. This
approach not only improves the precision of identifying qualified
managers but also contributes to better human resource allocation,
reduced managerial risk, and enhanced overall project performance.
Ultimately, adopting a data-driven recommender framework enables
project-based organizations to strengthen their managerial capabilities
and achieve a sustainable competitive advantage.

Research Questions

1. How can a smart recommender system be designed—by integrating
ANN and GA—to accurately identify competent project managers in
project-based organizations?

2. To what extent can optimizing the parameters of an ANN using a
GA enhance the accuracy of the recommender system?

Literature review

In the literature, various data-driven methods have been developed
using machine learning approaches to enhance decision-making,
resolve conflicts, and improve project performance, productivity,
safety, and workflow in the field of project management. A
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comprehensive review of the literature reveals that existing predictive
models in project management have predominantly focused on
forecasting various project outcomes such as quality (Najafi Zangeneh
et al., 2020; Fan, 2025), infrastructure costs (Soltanian et al., 2023;
Dan, 2024; Chen, 2024; Effat, 2025; Al-Gahtani et al., 2025), dispute
occurrences and litigation outcomes (Ayhan et al., 2021), delays
(Awada et al., 2021), and construction crew productivity (Sadatnya et
al., 2023) through the application of diverse classification algorithms
(see Table 1). Despite these advances, the literature lacks studies that
aim to develop a predictive model capable of accurately assessing
project manager competency using a hybrid framework that combines
ANN with metaheuristics. Employing such an approach could provide
a robust mechanism for identifying competent project managers and,
consequently, enhance the likelihood of successful project delivery in
complex and dynamic construction environments.

However, in the literature, the combination of ANN with
metaheuristics has been employed to improve prediction accuracy
across various domains. These domains include stock market
forecasting (Sharma et al., 2022), electricity consumption demand
prediction (Azadeh et al., 2007), and patient mortality prediction
(Dybowski et al., 1996) (see Table 2).

Methodology

The steps of the proposed recommender system for identifying
competent project managers are as follows:

1. Data preparation: First, a database comprising data related to
competency is established and quantified based on the experience of
80 senior managers and specialists. Subsequently, data cleaning is
performed, and records with missing values, outliers, or
inconsistencies are removed from the database. Finally, 70% of the
data is randomly selected for training and 30% for testing.

2. Neural network architecture design: A feedforward multilayer
ANN is designed based on the number of hidden layers (i.e., 1, 2, or
3) and the number of neurons per layer (i.e., 2, 4, or 8). The network is
trained using the Levenberg—Marquardt algorithm. After training and
testing, the optimal network structure is selected based on MSE and
RMSE metrics.

3. Optimization of neural network weights using genetic
algorithm: The weights of the designed ANN are optimized using a
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GA to improve the network’s predictive performance.

4. Training and testing the ANN-GA recommender system: The
ANN optimized by the GA is first trained and then tested. The
performance of the proposed ANN-GA recommender system in
identifying competent project managers is evaluated based on the
MSE and RMSE criteria.

Results

The ANN model with a three-hidden-layer architecture and 2 neurons
per layer demonstrated the best performance in terms of MSE and
RMSE, with values of 0.351 and 0.593, respectively. This indicates
that the designed network effectively predicts project manager
competency. To further enhance prediction accuracy, the network
weights were optimized using a GA. The resulting ANN-GA
recommender system achieved an MSE of 0.094 and an RMSE of
0.307, showing significantly higher accuracy in identifying competent
project managers compared to the non-optimized network (MSE =
0.351, RMSE = 0.593). These findings highlight the effectiveness of
combining ANN with GA for data-driven competency assessment.

To validate the proposed recommender system for identifying
competent project managers, its prediction error was compared with
the algorithms reported by Karki and Hadikusumo (2023). As shown
in Table 12, the proposed system demonstrates superior accuracy,
highlighting its effectiveness over existing methods.

Discussion

Effective project management in the construction industry, a complex
and high-risk sector, requires managers capable of making informed
decisions under VUCA conditions. Instead of subjective judgments,
experiential biases, and unstructured evaluations, the proposed
recommender system can help project-based companies use data-
driven, intelligent tools to identify more competent managers,
improving project productivity while significantly reducing costs
associated with poor managerial decisions. Additionally, the proposed
system can serve as a decision-support tool for hiring new project
managers or promoting existing ones by analyzing past performance
and predicting their potential success in future projects.
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Conclusion

The proposed recommender system integrates an ANN with a GA to
identify and select competent project managers with high accuracy.
Leveraging historical data and uncovering hidden patterns, the
optimized ANN accurately predicts managerial competencies based
on defined criteria. Validation against existing approaches
demonstrates that the GA significantly enhances predictive accuracy,
highlighting the system’s potential to improve managerial selection
and project outcomes in practice.

Keywords: Construction Projects, Recommender System, Project
Managers’ Competence, Soft Skills, Hard Skills, Artificial Neural
Network, Genetic Algorithm.



VEEANT bl )6

5L ’@)U

>

VECEIVITY e

. ”_)U

Sk

\ES/A/S

ISSN: 2251/8029

elSSN: 2476-602X

—%M‘J\ Sxiao g e Dl
2 D OB £0 o VEE sul VA 5Lt cp g 5 oy Il

jims.atu.ac.ir
DOI: 10.22054/jims.2025.85097.2964

5 oy i O 3 ookl b diwll 039 9 Ol o (ol
CCG 5 i )9l 9 (Fghan (mas A Sy g (o

d\x‘ u)b.eﬁ cr?b- oli.ﬁb nksw-\ﬁe.dj&ﬁou\g."ul) ‘CLM; w.\.ﬁ@.n ojj? Jt.l:bw‘ * L”wﬂ) b}f)
3&04&&3‘)4@\&;w&ye};ccuwwwjﬁjlwujl{

U‘J‘L‘ ‘Q\_}.e] ‘r.?l:- o@]b Cmhiga od ‘;Lc

oA S

Al 53 U el Wl g o LT Sk 457 5505 415 (gautame Jolse 30 i 055 0 ¢S5 5 Sles
SLaslen 50,5 SLa e 6,5 54 03 655 e (Sl 350 CoiST 2alS 5 ja Sl
T KV XTSRS PR F RS PYFRC S [C-: JRN XSS PRIy JICE
sl 055 0 O pdie Ol AT 5 55 (655 laislas o Sl dil )36 &S ) gusosls Sany
A0 p bt 5 58 sl bl B s slgiing 1 el 055 O Vb s L 55 8
2SN Vi 5 oy e GBSy e i o3 ekl S5 e o o
3okl (il g K5 02 SN 51 48T bl o SISl =S8 5 g S sl e (S 0l
ceu\di%wu&)ﬁk;:g;ijﬂvu:@ow@k}.sﬁ@aﬁM&gghb};

MSE slas 2alS L oS (g5 sbar duled (yme 5 (lolid |y ald o5 Ol pite Ll 55 o YL 235 L
S 3, St ol a2 4SS 4 S (/F4V 4 /04T 5D RMSE 5 (+/+4F & +/¥0) ;)
6uﬂl,g%mmpM\,:gg._;;;v;,_)}in5@15&&&}-,,&&@\.»;@41)1

b w05 Ol e 5355 glalid 4 e g 0303 U1 ) s 3 Shas ¢ e S5

ctf LgLACJ)L@.A 403)_}.4 ulﬁ.u L;.w..iu ‘waj W UL»)CA}L«: ejjﬁ ‘ABJUJAS

‘!'Ua.l_.nl_:jjj_:fzg_;ll_a.'.hbb.(,ﬂiali.&}h@w6».1.’..@,‘4:.&)&)\wu)lfuui)la_la’j‘&;jrbbdw
b oo

r.soltani@khatam.com :J sus o 5 3%


https://journals.atu.ac.ir/
https://jims.atu.ac.ir/
https://jims.atu.ac.ir/
https://doi.org/10.22054/jims.2025.85097.2964
https://doi.org/10.22054/jims.2025.85097.2964
https://orcid.org/0000-0002-1473-5337
https://orcid.org/0009-0000-0851-6640

O | 5 5 Mok o 50 S 400 5 s S 3 030l b g 0352 O ke Lol
FPRVP)
S oy (onbiiede (6 A Ole g S ghen amma 3 WS 5l Sl sLD )
SRR P T PPN ‘5u6,§r_ﬂ¢; 8 ams ¢ 55 a | 2l (VUCA) plasl 5
R R g NP Ry P SvRCH U SRS I U JUNE SRS TP
o pds Al b oS s ol go M}\ctﬁc,i;}m}owésowwuf%
@odnze Jalge S0 Comi 03y 65 5 Slas .ol wistlo 1585 i3l i 1 055
e A pn Sl ol d ol s LU Sl Wilg o iT 5 e Ol ks &7 5405 ) 3
S slos 8 Gl Ly agarlsn 53 055 ke (Sidl 5 5 Lod b ol ol 63 55 i S
U5 ormen 5 golasl (slacyssioms 5 (B sl il (Ll mlio L a5 e filuws
g (Omoush, 2020) Coul Slsy 55 o e Coadl 31 ¢ 30 Sl (6415 43 5
Gt Lagarlgo 55 Sl on 0551 Ol co3s S5 T gn oSS
T B (o (sla oL 6555 pad Lmods 55 edaTs por s
ot g Sam sla,lee Jold (3 e g e el (e g i ollanl
376 3555 sl a5 Sl (6,555 OLas o Sl i Ss 0l & 0ol
23855 Ol pdie (Sl 5 5 slad o (Sl 51 G55k ol s 31 cizn
(Karki & Hadikusumo, 2023) &l i 30 5 a8 g0t (5 15 oS
b gn 45 0580 Ol pde Swld [A8 Coenl 4 g3umte SVe 5 Slusl s
534S sy oLis (Y+ YY) Khalilzadeh 5 Abbasi cas ses Of sieas . Llazsls 5 Waojs
sjlﬁﬂ,ﬁggﬁﬂu (ol cl_u o ke 55 Cand O pl jgoenns n slab sl
OILes s Fathalizadeh .cwslas s » &b 4o pe Jool Jalse | S 3 bl
&\p\r_ﬁ)&,mjgwcgu (e 3 508 ile liien ol g Lol OLE (Y4 YY)
Slreds 53 4z lSS 5 el (63,505, O 5 gl 2| 5 Sldos slasly Ol

L;—éj‘ LS‘J-"LS‘ﬁ°5}ﬁ.U\j.‘L‘ &L"jﬁt“}ﬁ Lﬁ“ Syls S4>9 Q\JL‘)\M)C,}L»'

1 Volatility, Uncertainty, Complexity, Ambiguity



VECE 5l | VA 05l | p g 5 oy Sl | w0 S ke llls | Y

o poke A5le 055 0 e (S g Sl ool (sla St s dia 3L 5 L5108 o 5 o3y
Aid Sl sl e DL Sialan 5 alias > 5 5 L Cu s 5
S 5o slaoss m s Laay ;o I3l (Y4 )Y) Teixeira 5 Derakhshanalavijeh
35S 4 OT ) iy a8 53,87 )15 055y Sy s 3 s s w15 014
lanlas ;5 (Y+YY) Safarzadeh s Amani ., a o o315 G 5 pke sla St i
p oSS 3l ST L dnls 0L 0l 53 Sl g Cotlo 6 557 (slae s 3550 50
5 4aS oiasilss 48 uiS e ealitul ES et ES iy S sl Loy o
Wl o) pl 3 e gl Kawls
L il e 5 ol Sl SpUs Coo Sl sl (glaes o cGais opl 5o
Slaeis s 5o e Hslin L 6 )lSSley lacs 5 asle 0T L Lo e slalle sl
DS 8,8 ol 3 3 (GOl o b g5l s egiluely d5le) sl
5603t Ll (o) mlis Gl s s 5 5 Gl oy 5,5 plis s
Jold) S e jlge o) 5 3 B o Koy la b Gl ke a3l oo 8
,u,é)l_a:;.;_j_.u‘QUA;J\gﬁﬁmuu)(ajs&hc))w;(;;wdjdédu@j
Ol e Sl (Aab T3l ol it (o8 5 5L g ks calis Jo
el aisly o 9 sad Slas 4 505y ..L,ACU@J:; Aol ol sl pl 35059,
Al (SIS (e slge 53 ol (Ken o7 358 on (S pite Sl 4 e § 5550
O Al andls Cand 95 Slas ol 3l eslanal b e Il G e (bLS )
L el 5 latanl s g2 Saslidd 5 S oo b5l 4 Boas &7 st (gla i,
e o)y B aeo 5 s 6K Gl ol 53 ki o] pon Sl (glas S e
&8 5 6, 5h s SIL (ANN) s iy Vi (o gme e b
slgiy S elonl oks gy (GA) 055 o) SN o 3 0T (sla0rs &8 )l 87k

JLAJML;_:E:JU_NJ}.&@Ub\‘)}wa}}ﬂdugb)bmMbo}}ﬂuiﬂb

1 Multi-layer feedforward neural network
2 Levenberg—Marquardt backpropagation learning algorithm



O | (g 5 okt o S g s K3 31 030kl b iyl 035 Ol ke g lolid

il 5 Vg g Sy
S (855 0N 5 o s e e 56 S e b OIS 0 655 ()
Olpds Ll s plolid Ul5 Vb 8 Lo 58 (b et gn Sas s
Cao o Sl e i L) ) gme 0fs o laObejlu o aliofs o
sl 4zl Ol 1 5l st L
O s 0 555 (201 Sl o3zl b o g e 4505 (sl sy (5l singy (Y
e ly a5y p O e y3 atsliofy, O pte G;JM)J(':“"’“C";" SH P
Sl

Ls e i Olidssd Ve 5 il odd asjlitle 5 Oy goas dlis asls]
Ol slolid a5l o35 Sy ke o5 3 ele (6,8 5L 5,55 6,8 S 4 b
S 5man Fign S isy S 5 6,8 S b s e Dlides emen 5 4iegli 0S5
;,<wmuz_sw;.vu,_.:ww)jqksuéua;?,aw&:{n;duﬁ)ﬁ\,
)uu@p;\md@d\ﬁ.»f@@;J.\Mg\ﬁ\,\;,j,;)o,\mb\dgx
Slwosly oo canlsl 53 5 g 5 mas 4SS Jlo 25 50T 0o 5 (5 oleme cosl K
23 3 a3l e S Sla el (65 lutingy g 0S5 (555 05 S
bs s 8515 o 5 5m (53lginy e 3,Shes 5 oo 1l 51 ool 5 F i
S S mE O i 53 (ulgi s b e amislzel Slusl 53 5 e sl )
338 oo 7 e 0T Slidod (sl glaslgiing 5 €1 coldplonil 2as3 )

TRIR ey
Sl sile (6,550 Las S g Sl sl L iliien 5 g 0315 (Sla sy 5 ke
o35 8 52,5 5 a5 ¢ Shas 350 (DB Jo 06 15 o 35142
Ol &S5 (Y YY) OLLSer 5 Uddin .cUlouss o315 dnw 5 053 2 Cu ks 0 9> 53
Slgidey 033 Jobos 3 125 L o e Jils (1 ble (6,85L L (ge 5 gomneals

O 5 ) odle 6,8 3L 5 e Gads axw 55 L (Y+YF) Jayaram 5 Gowda .isls



VECE 5l | VA 05l | p g 5 Gt | imtr S e Ollas | BF

Lol JoraSS Olejin G5 i ey 40 (8 e (e 505 5 0 piianti
e S By 5l ol A5l 5 e dadis ol 457 WLsls Lt 5 astls el
S0 s S s Fodlul, i AT 3 VL 85 L LaL PERT 5 CPM Wik
G seile 6,850 51N YY) 0L Lan 5 Awada .S 0k} 5 ooy Sl 4,
oslaul oy asle o J:>-‘L§ S 9059 60k 4 Sl Jleyl syl s rL’c:\
Slaial 3 G0y Sl iy (8 33l Ko 2, 80151 0T s 8
Hadikusumo s Karki .45s 5 0 g0 Colw (slaesls OL = 5 gl ges Ol ot o 3w
Slress s Ol pdee lalis sl dle (5,850 stuaib (slagz ;S 51 (Y YY)
St s 53 L3l OLES T s S sl JU 5o Sl scstlu slacis 5 (6l atusll
K 5 (S-lispmedl A )3 33 2 53 SMO 425 S o 5 ol 85 (st b,
WLl syl (slagz ) SN L 51 3YL fold

3,5 0l 5 Dliind 4 015 o0 (o8 s g 45 5,5 ) 4 (o g
a5 8 LS 055 Sy ks 0 o T o Pl 51 ps0bs) S S
s 40 LSTM cme a8 3l el L (VP Y) 0, 5 515,58 Ol o
G35 U 1) baeds p (sbuley OMSie Ol b sl 5 Sl jee (slaos (s w0k
}LS":'ig;"-h’:C’"«'?kﬁ';j;—"eﬁwé'c@j‘(\$.*)d‘)&wjdgw'bﬂd:f
s S eslitul e wOlSGl 3L 53 S S slaefs o Sl glady ja eds
s s dSh oS 5 leslinal b gl (Y0 YF) 01, s 5 Akinyokun
o513 aSl,l a3y J S 5 S50aeb 2 45T 5 55 (DTA) vreds Sty il 5 (ANN)
odalin mlie Cusgdone L lrosy o il 53 1) (omae S s Ses 0 240 5
aj,ﬁdwéuw&uudlﬂQJLAJK;?M@,U‘MT..\;;;
(055 prafiees 4 38 5 S| e B9y 5500 €055 0510 0 5us wlia sl k)
¢ (MPRL)o3 5 0uSle Bl youus Job 2T Jolds 25 5 (sla e 5 525,5 Ol s
ST 40sls 0L 503 S eslizl (TCOST) o3 5 4 52 S 5 (LFT) oSS 0lej o 5T



88 | (g 5 okt o St g g K4 31 030l b digl 035 Ol ks g lulid

5 S moaalin 3 b @b (i Sl b awlie 53 (o sime S ea Sl
&= (ANN) o smn owme aSs Jbie w1 (Y4 Y0) Effat .U ls Las s o J 25
Slaess 53 Sl i 3,55 8 S o Syl Sl slas o oA
(ol sl glaa 3o (o A S35 35 dal 5 03 S ool e Slugis b
DL 055 § 35 A5le) Sl b o slaaty oy IS 3 ol g glulis 55 am
Sl =85 Hl =l Syl s e ladde anw g5 (((oolasl sla s li 5 Oyl
s Je G a5 L (Y4Y0) 01, 5 Al-Gahtani .l o3 so5 Ly 38 uedes
J=150 53 (FCCT) sl oLy 4z 32 adsd 40 (ANN) o simn pnme S Sie
2 e Sl s baesls 35 gl 0 53 55 1) Jde 5 axtls y Slazstl o33, ¢S adyl
(FCC o s 5 osls 5359 g0 sla 81 (6,850 (610) mae 458 (5 slome bl
s (MAPE=8.79%6) oo Cds b1y Sl olg 4 5o Lzl 5 OT .Usls a5
G 3 Shes Jde opl 45 s Olis (gole 8 glaenls Codo 5 Laonls 35 b 503 S
23 s 5 Sl Sy pdee 6l = 15 63,20 (ol 5 ails (S ladue 4 S
s i e Jde oSG Syl L (YY) Liu LS o2l Glerle glaeds
S S35 L1y 55 ol U s e e (8 Ky 5 il 55 (BPNN) 7Ll e
ST Oy a3 L oS 5ls Ol (65 ST i iy (st S By & o (6 i
Slewbws Olej 5 i slaosls U Juie 5 4l s BPNN i iy 85 o s
NS gl Sl mioman 13,50 50 1) (65 385 sla S Wl e 5 SV b
5L awlie j5 Jds 5054 =ip @sz L J S g e YL Gl eias(lis
3 Shes (g 4 5 (AHP) 51 jealades Jdows dn T3 s 805 Jslhtze iy,

sl ails |y s s

s 4 015 0 5813 s\*ﬁzui” 3 Fan oas b S o) o

1 Site overhead costs

2 Final Construction Cost

3 Back Propagation Neural Network
4 Bayesian Network



\f"'}ﬂlgil\f/\o)u|f}m)%dblwé\{ﬁ-\a;dubl69

v;w_in (ANN) o san oo s oS 5 oo 5145 5 S o Ll (Y+YF) Dan
3354 sl o ReliefF S5 5 Slsl v;w_in, (PSO) 13 ploms 3l (s 5luaigy
v-"w:-@‘ SLa0T a5 8 eslimul Oume 5 Sl gos b (oo (slaa o o i
&l = PSO V.:.u‘,_@lﬂ) 2313 4 gazee 3l oo 5 a3 o sla S5 5 Dbl (51 ReliefF
35 1y oty S5 U s S el e S5 gl eyl 5 0S5 s Slesige
S SR o) 4 S 6 2 2, e 5 ST (oS5 Jule o0 0L 0T i
a3 oo 61,1 (PSO L oliiding Gaas oae (518455) PSO-DNN sbe

s o2 As Jie ¢S Sl eslinul L (Y YF) O, LSs 5 Joseph
Ol e 4 okdas S algdl Gl e I AS(EG-NNY) LolSS (sl S
055 Ol e & Ll 5 oo dko (pl &S Wisls 0Lt 5 sl Slasstlu slao)s (Ko dis
slaay e 08 4 Calghys 5 S Sy pde s St S 1) SAB 0L B ST oSS
Dy s 03y p l pde 3 s

3 55 ONN) Gas s SLadSid 1 i pnan mmas sLasSld s
L;uv;i,,_in SO YE)Chen a5 5o Ol gedy - Comsl 0k 3Lzl 059 5 ke Solus
ot IS (G 5letingy (612 (ONND Grae (o (5LaeSi 03 54 (Gons (55 5L
To3am Shis ke 5 AT 5 IS w3 S we) 3 e sk Slusistle glasds 4
s i 5 (650 ate S5 Jie 3l eslizal L (YY) Fan .l 63 S sslizul
il gty jlwscs b laojs m Cotlu oS hw 4 (DNN) Gus
23 Lol @S Jale YO Jals) Cotlo iS5y S5e ST Jalge o lulid ol
Iy Laesg s ol oS YU i L (e 5 gy e opeile el g0 cOLudl slaaes
Sl 5 oluls ) Canss bl U aS ¢SS 055 0 Ol pis 40 5055 oo i

1 Evolutionary Gravity Neocognitron Neural Network
2 Deep Neural Network

3 Dynamic Management

4 Fuzzy Logic



OV | (o5 5 okt o St g s K4 31 030t b iyl 035 Ol ks g lolid

U_P-b.x_‘..p Slusl )3 55250 (i ladde das o OLES Dol w5

ol 4 5a oY YO Fan (¥R (oL 5 4555 i) kS i i
5 Al-Gahtani ¢Y+Yb (Effat ¢¥+ YF CheneY+ YF Dane\ F+ Y (o, San 5 L)
S0 T O 5 Ayhan) o sls s 5 DUl p s (Y2 Y0 O], K
(Yo Y¥ O SKen 5 Sadatnya) L sl asdst (6590 0 5 (Y4 YY) 0, K s Awada)
dnn 5 AL (i g5 Ll (o o3l dmm 5 (soluaiis o5 U1 ki Sl aslizal
Slaas oS 55,5 3l eslial LV 85 b1y 055 Ol e (Stglis 7 Joks
el 1 )15 3 e 5 (ST o iy s)lﬁq\\;éuﬁ)ﬁl,@}ww
LY Coibn & 5 L ods m JooSS 63 S5 i 3l bl b st ld 035 Ol e
S0 5 s L bas e Slasl g e 1 gl (V) Jgdor 55 AS (oo (e
o) 53 S &Uﬁ)}—ﬁ‘ 5 e a0 94 rble (6,5 3L sla s,

el 0 63))T ‘LS"J*'G LS‘-“°5)}.’,

Olal Hg 0 4o N Jydr

et e . . " b ok o5
oubdd §F S 50 felgs 90 SWlao 4oy | Jo Wl OF Ko 5
Jlos Gty
ok LSTM ee S| il 4 bogpof VFoY | 01, 53055
e sleds
Sl sa S
e s s S| SeSs Sl | VFY | 0Sa 5 Obille
LON
0550 Ol pae (Kawwls Julye
S S s s D lee) T
DL G 585 5 (o A 5 ¢ oSl - 6;2 gl glaedsy 5 Karki &
. kil oz SN ‘ Yoyy °
(B gl lge (bl slas,lgs SMO o sl Hadikusumo
5 Camdse b ablie/dis o o)l Slsosla
(Olaisy3 b B3yl Sy e Gl




\f’f}ﬂlgil\f/\o)u|f}m)%dblwé‘{ﬁ-\a;dublA/\

5 5 i 50 ol (E1]129) Jw b oy
[V =H) 9 3 Lo )y _
5 9= Y < Yoo W33
slasli s, -
) _ sAgostinelli
Sl sl st ol Sl | Al e e 2| YYY
. R{BICONY
b sla,sb
355
BE ol AJ\J ug)l?
Sk o
sy &:.l”»\.») Oele
g S 5 0Lty
S 54 2 .
Lasls 3 5 58 (g9, el g N Yovy | o, s Uddin
SI¥]
olas o 055
Jue ¢ Bslas Ji.,-
5 slaty s
(ANN
PRUEERLS
_ . sAwada
ol eS| b | T
) Ql)lg.m
SI¥]
Jolse Jols 05 e Sauwls Jal e
blas e glalgn 5 210) (0
ko) (6,5 Jol s (i glas 5l o
Ol e ololis sRibeiro
s ndolanl e Sl s ) S Yo
4:..«5‘\.& °5‘5J»'; Q‘)&»A
U1 o ge Jalge 5 (s Sy e
Sl Sty Sy e 5 5 )
L B
s Cambse) 03 S s . N i .
: . el Jald) il | s Gty
UL‘JC)-:\.A 4ej)j_r U’JLA u':J)‘
olaziy s okl | Yevy [0, K s Ayhan
‘LAQ)L@,A 4(‘:3}}; "J“‘i’é‘}i)“uﬁ
. o 3 SVM) | lscsle cazo
ej}J.;Q‘j:"-Ujajjﬂs:ﬂjxﬁﬁ _
Jg;:.- E) V-:Aad;

1 Stacking Ensemble



08 | (g 5 okt o St g g K4 31 030l b gl 035 Ol ke g lolid

d 5 | (E3]1278 Jw b ok
[V =H) 9 3 Lo )y
550 Jelge > < Wlin AF i3
(#slas
- B30 2 (S
‘U’J_‘_,Ajg“]m_‘fiki)‘.:l.o&dfiﬁ _ _
S sladae |53 6,8 laey S s Sadatnya
jdu\L;jjg)cLﬁga.;jj:Uaj Yovy
. mile slaoss RIFICOvS
0)9p Slasin g (Ol juges
St
) J‘n‘k’” ‘:":fj LSL‘“'\-'*-LT} 5 g0 Al .
DTA) roes s Akinyokun
Ghu0be) 5 baay 5o (il 2 ) e JAS 5 iomliy| YoYF oK an
F s oas S et b
005
(ANN)
b0 St
ANN _s € o
z slaay 5a
SPSO 2,80 .
ORI _ Loy ARAA# Dan
e P.ll)}ﬁl
. .Lvl - e L.d
. _ 5oyl
ReliefF £ .
Odrs
s leang
; e sl T
Aol e e Gt o Sl F ARAAS Chen
(DNN) Sbs Sy e
35
Slaojl 3 035 ladaTys 5 Lawy 5o
ko) Jge olie cCaliies Sl
< . d s i Jtn
roble 5 (o5s 5 80y Jol o LS s E | o
Lyl 2 3l Sl w5le) g ¢ w/ . 6:“’“ YovF |0, 5 JOSeph
W’_ Jla.\_.::w; ajjf_.é:.l.x&
5 (5 oo Slasanai b (g3l
. _ (EG-NN) L
C}: Lual:h Lole) c})f__ él"u;}iﬁ
(S dome o 5 0l o3
2 e sbd
S Sl dacdles 5 st | TS
) Oeile 6,85k [0l iy
S lab olsd (6 53 540l 3 al 50 52 _ ) s Jayaram
) ) OJ:;.:AUU’;C)}TW;_)) ‘5\.«5353};‘}?& Y.Y¥
Olejts Jolom 5 2SI 5 Ol o Gowda

Sl sl

(69};«4»




\f'f}ilgil\f/\o)u|f}m)%dblﬁéﬁﬁdﬁ@\ﬂbliﬁ

d 5 f Wik (™ b s’
oL A 2 30 9 3 Ao )
S 53 Jeles 9 < JY e Bt €
@555 85 Ol s s Slaay
& syl 3 ¢ Ol O L s sladde | slaay 5o g
AR Effat
ey o8 8 gk 3,87 (ANN) o sa Sbm
G Cj ¢ Cj cf)‘,}') >l
. Sl wm et sAl-Gahtani
Sanps Al ou g | ST ETE v
(ANN) cxle ol AL
9 L;'L.J‘ Avja.?u ‘&L&J_«) JA‘}G )U‘*:“‘g”i s &“;’ wﬁ E) &Lﬂu ors L
) ' 1u
e (BPANN) | ! slaeSis,
Gl (oS 5 Jke
Slaaws j3) Cole S ol ge i Sk S e
s Sk 5 556 YYo Fan
(;.iﬁm)ui})ga:;uuly@ul Lﬁb;)ﬁs;"-\.w
e

aj,ﬁajj},ad:wtlj;t@ﬂ%&gusﬂf;ggmsuéug;,)gwﬁ
Sy g o S b5 0035 Ol e (Sawals gl 03 53 ol ods 43 5 IS
uuﬂ_folj_:u_nqu.mgussuc)jw,aa;dmﬁ”ﬁd@g;\
o 1y Ol s Swls S Sy gots 535 0,51 (Y2 YY) 01, Kaa 5 Ribeiro
bl ) 55 (BT B S ble (6,8 0k (gl hs L anglie 5> &8 les S
o U S 558 e olial  goee 033 5,50 55 &K 51 bl dlie 53 5 skie s
S sl g i w11 5 (ool 9 o pibe ¢ 23 Sla jlee d5le) (635,55 slaesls
56855 02 s edlbatgs 55 iy oV (e b e (5,50 L VL
PRSPPI YS PRI RN S AT PURE Y S Sy
5835 SOslE e e Gl s Sl ool e s S e
S 22
Sl s NN (s (s St oS 5 QUL 0ol 0Lt S
laaSs oS 5 5148 Slusl 53 34 9o SV 1 gl (¥) Jd 5 (6,

SLros s )3 e B (Rl gt (655 Slapn, ST o gme s




SV | o5 5 oo bons 0 St 5 s S 31 030l b g 83 O ko g Lulis

CLG_M' )\)L: LT‘:JU':“?"— )‘ .L:‘C))L.& Uhc)? U‘i‘ ) 0 aJ‘)}T c.ﬁ‘c:x ° ¢ Calides
sAzadeh) S xS (g5 51 o e sLols o i (Y YY (O, LSea 5 Sharma)

(1885 O, n sDYbowsKi) Ol yley e 565 o i o2 0V O Kan

il slaes s 3 IS Slapns o 5 s St S SVl ity ¥ Sy

A 90 SWlao 4o | Jlo Ok g3
s deoly ) cGA ANN 5 J-\n T3 -
el S 020 ’ = = plew LUL (oA sSharma
s Kb (SO S 1 phey Sdaily 53 02 51 ANN B ARAAS
T RN
Ll BPANN) izl s s 5mas|  GA
odzarg (BPANN) Ll oy onze Kb ig)
> S 5
S 5 S5 BPa, Sk el s GALY T .
™ - SANN | seoin Bl gls1 Y1) (0L 5 Ding
WS e oozl 05 6,85k ol » GA I L GA
S (o foe e
LSLA;JQ))QA_M_U“):GA)ANN S 5
. l:). . &
53,03 6 3 Shee 5 ey B (i 5 & ‘5“_"“ s Venkatesan
' ANN glatyTs o ved
ST a il e N )
ST (silwaig 53 (555 s sbas Al 5 o0 _ O, 8en
. GA &5 ile
.:};_)bﬁnbu’;nb)fd%ﬁ
o awlio ;s GA L susa e ANN . Sl i
d AaallV) / na g0 S 5 [t ,Azadeh
(S5 G 5 O S5 Ale) (m sla sl ANN S5 S pan YooVl s
ol
Ll 2313 G 5 s e 02 S A I3l GA S
S ANN S L asils o GA L S 5
Gilwaig 4o Wl g oo eyl 6 pdiCallanil Hltle w5
, 5, ANN sLeung
2 035 My 5 e GLadSd LS5 Sl ity [T
GA RN
S a4 la il 5 ksl S S oo e Gl =
&S
lp 5,8 O WIF s GASANN S 5| s | s e i .
= sDybowski
Jeily 5 LB It Ol ol 5385 il S ANN | Jsb s Obley 1087 <.
= ab
L Gl S e d sl GA | Obslen 53




VECE 5l | VA 05l | p g 5 ot Sl | w0 S ke Sl | £

($olgdny Saro s () 59
s o (S 5 s e Nty S e § e Ol i
Slaois 53 sl g, Ol pe Lol (gl 635 5,81 5 r:i)}iﬂ 3 Fsan
VS s eolgity [Sanys s 1) ol e das o e 5 1y Sl s L
Solare > b claesls g 5LwesleT J=le ols Sl cpl ol ol osls 2o les
Calgiss s e alasT 5 35 5aT (205 05 S L a0 (5 3loatg: o o 45

.C..w|a.\..l”-:o>))T\ Cﬁﬂﬁjbﬁdb%@;jbﬁj)fuﬁbda@b&b

ks S g s (512 ol o N ISS

S gl el w e gl 2 lee el ‘_GS'_E'._". byl 3l aals -G.:'..‘ sei (1

L P R i D i Sy PYRY - K I Y PP P PRt ER S WP T |
e i s s il 2 s btaals ez dividerand wls jleslid s aad el o
g e B R T (VL)

S2 e I e 5y trainim  feedforwardnet el S L e gla alh gylaea sl (F
el N LA Y el plas ) Ol WY 3 Y L e e e A e gl
i Sl 2l el

s el Bl glsle ) il sl o Sl alo) e a8L8 (BT s Sl
bt e et ) RMISE 3 MISE gl o b e 25 el gl asls ) Ll o i e 0
Ay el mab A5t

ke 352 (GA) K35 w2, 8 5 6,8 o L (ANND il il puar a8l ole 05 il (0
gaoptimset i 51 g s by 2 o o8 Jmy (MSE g5l aiad cidn L skl ol e 50
S ey A== R e

aoaah e wala Beel ekl e ghalis b man S ANN-GA o0 bey talayT s Ajeal O
3 e g ) sy e RMSE 4 MSE glsme L 0T 2 Shas

Slolns jl aalisd b byt ANN-GA 55 e LANN Jio 3 Sles < mptn)ltsl 5 gmals aglie (¥

.;;_‘5__;.: ] JG‘._.-'-_‘.EJ bl 43 3 g s gl g, L 3 add i l2e RMSE 4 M5SE




Y| o5 5 oo burs 50 St 5 s S 3l 630inl b g 83 O ko g Lolis

Smls (Lo slme 31 e3ls 0BGl JS5 5 SN (g5 5] mer

S S5 ool s o35 Ol s Sao 5 s (b 3l o
O ke 3l odaTwsas gl s (slaosls 3l oslizal b Kawls sl jlans 31 o g 0305 oKL
(e oas S 5 aaT slteas (Ol pl 3l g 5 oly Slis Al OLulis S
Lo lgs Jols Sawls (slalas b Jas o slaosls Juls cosls oSSl opl sl oo
Copdn s slaylpl 5 sl U SLaT o paass 5 25 gl )lgs b)) Cinn
Sl lgs 5 (a5 (b G )lge (S 56 Jilus 5 baslo,l 3 o e o5
5l o e s (Bl sl lee cs p) 5 (e sla s lee Al o
A5l Of ol Sl s lo Cacw Lol la il L onlie a8 wil oo (ulL
GIol anw g 5 Jaseac 3 Sl 5 556 gla S oy (g3lasbl (glacys o
Aok 4 8 k5 )3 08 5 b alas 5 Slosl (s

5 2Uls s pome 4SS An o S e lee s ) 5 St SOl @
(SO Sl Sula 5 ) (220l g5l s Sl 050 5 e N0
5SSy Sy gt (Gl Bl 5 53 e (68 e 5 S0 5T OB 5 el S e
13 0y Lal (S5 51l 5 o SE glaclgs

(Ol Jlasl )5 059 5 ke gUlg 4 Ats s Sl Pl sl @
Bador Jold 1) Sl o pde 5 Olaind b Sl oy pite 5 Siales slow|
oMHaly K sl 53 055 ke V1S (oIl 5 s ke pi ol o
Jold 5 il e (5 m lamrl 5 (aoes DI S1 4 a2 9) (slarl 6 p i s
3 (il Ly (ST 2alST i) (lamac s Sl alS a5
Gk 3D Sl g 4 a5 5 Ol 3 aeelns 5 Sy e sle s (55leSin 5
Silwing 5 1S Liny LS Gow wllae Sleslinal 5l (b ol Ll
.;ﬁ@&ub(@tﬁ,&j;\aw

(OSN3 4 gazes 4 45 s el 5 (o3 Sl Juld Can sla g @



VEE 5l | VA 05l | p g 5 Gt | intr S e Ollas | 5§

(2 5 dige ol fuld 8 laais CL?JJJ 059 g Slo i g la LUl s
s Sl 3 I8 oy ey LIl b o laT cods s o ol by ke
13 lsl dlaeSs b files f
e 880 S Lyl Sl 03g 1 Sy pite 5 byl 5 soslE L HLaT e
3 La,lle 5 lacs 5l (68 5S4y p3 055 pike U155 H1s 4 5 bl e 035
Ll (g 5luwddn oy Sy pds Lyl bl 5 5l ealiinl O e 4 10y Sl 5!
Wl o 55 Glas s 5SS (ki 5 (1B gLl 5 «(BIM) s L
(Sl s syl b 5l BT 5 laesls o 5y ke 0 sele 51 5 (65 ludlimy >
)l e ylal
S i r 055 pote K Cdew S lgn s 5l suara 5 b slaslge @
Ol S e s S o ytalip co3g (o mlin Su ke 53 055 pde (2Ll Jold
Bl o5 slaas ST 5 Jlo laeS; Sy it ¢ Sl
(oS 53 0)9 1 gl SUTg 4 S8B Jle g lasls)l 3y pde Cdew Sjlge @
Lodas e S5ls 5 i Lol Sy e 5 Csley i s Lasls )3 gl ol 5 oyl
Syl 0Ll ey

Copls )l DLl ) 5 Ol sce 51 LE A Sl bl Kol glalas oyl
L b 5 oS e o5 53 425 Sl 45 Ol ) oDl (65 s (S5l g 501,
Ad i jlzel cdzan YL 5 Gl S g eV Blus (6,8 ale

St 6355 Sl e Ol sieay o g lolis  Sals slajlms o) s Gollas
8 )3 o p e Olsiea Ol pide 035 il oo b sl 5 2 5 s
Slaaaliony o b 5l SKils slajbme U b 10 (63555 (slresls Ly 5 s
S S W P S I P 5 PTG WGP OO | GV S I e P o O
3 0Ll (Ol (6 s (5l g 5 0l Dl Ll Ll )87 5 O ke 51 5 A
b (Sl jlns o 1 S i oy L (55T ez il (L0l L



58| 5 5 kot 0 St 5 i K 31 03Ul b &gl 035 O ko gluli

olie ay (S slie b b o3 51K (655 o =0 et sl =) 6 iy & S
3303 a8 eslinul 5 bkl Sl o Solu s b wlis ol dish fdd oS
=3~ {Likert, 1932; Sullivan & Artino, 2013) 4% Ll u;\wu b
33 (K ls 3 Ikl gla e 5 08 = glorl ool 55 (4t ls b/ a3 (5
Lug g o oLyl eld il oS T 5 di s Ol Sl st le Lt
5, See 5 a0 bl a8 55 (Wil OLulis )8 5 0l pde) 08 5 51 85 S
clajlan U Los s slaosls Lg)jTC.g- O gy 30 e |y Ol el coddiodaline
Laosls (3LaweSTL 515 glate .5 5 oo Laosls (§5LucSTl 4 pluldl putd gl ) (St i
STOE L slaesls 5 o slaesls c‘a.\_:u‘._? e shyls slaesls 45"l oyl

s Sl al e 53 eslizul esleT 63l aliili b wsd oo Codo sy g0 0sls °L<i\i

dde (9 5 9 63955 S piie ¥ g

ki il ko £ o Pl
[5—\] ‘535)‘5];.5;& (WQ)L@A)@MPJjgﬁduQJL@A
[o-] 3955 o (b5 2olen) S rt) 5 (e Sl
[o-] $3503 g (o5 2ol (Pl sl
[o-1] ($33)5 oiia (Cdem S5lge) 556 Jilas 5 basls )l 5 oy ke
[6-1] $33509 yioe (L S5lge) iz g 5 S sa s
[6-] 83905 yAie (e Z)lge) 0555 Sy e 55 Sl 5 syl by s laT
[o-] $33)9 pi (b5 2ol ol 5 fase &y e
[\—'] f}fj:x.:ﬁ °5)Ji_)i“‘°gs§:“!.u

P s 5 (6 \ena

SV ol 4 4 5 b iy a Vol (8 s (oae 05 & Sl a5

1 Missing Values
2 Outliers
3 Inconsistent Data



\f~f}:{li|\f/\¢)\.¢.$|f}m)cawgdu|@wcqﬁ.\aow&.c|99

ialas () ST 55 0T 51 614505 47 555 oo (1 b N Gla0 g, 5 slia 5 Olgss
a:\:ui)'}.e-" Q)l}f)h—éfj_..?}jﬁ)ﬁ‘j\o:@\gw@g'ﬁ‘.@\oMa:b
T Slm La ) o Fied 58 51 (S Syl Sl = 8 5 025K o o
I35 0618 sl s SIS 5 5148 ol L0 0311 L Yok e laaSC
Olgs sl sldw cllie ol 53 .Sl oo 5 g 5 0 EKDIS” (g5 lwdings 53 Fss 9
s omslis Ol b Sl os 4 S 5 j3 A 5 F (Y Lslie 4N e o3lul 5 1Y o

3 g0 3lgiiy ol Juol 55 ulul i |y s 4SS il gl S 5

(V494 1, Ken 5 TANIGUCHI) | iy aVkir 8 surs mas 4S5 gla gad Y K2
Input layer Hidden layers

_,. . -

. .
@ O

. .

—>. ° :

‘) Artificial neurons —— Weighted connections between neurons

S Sl 550
l_ga..\_fnfblaM@c&é&@é&dj)&jb%;bﬁwb‘,.:.g_uslj
IS Lt 53 LU s e oS 5 S5 08U ol LSS o, SIS

YU o5 e (Sowals o i S35 (o a5 4 4 S0



SV | o5 5 oo burs 50 St 5 s S 3l 63Ul b g 83 O ko g Lolis

B s Ol e sl a8 L s a3l s 655 0, 83 sl | g
2248 Lapsjsms S ol 3 s sazmn 3,57 L o 35505 S S5 4 e Ol
B335 50 SLa0) § Somaxr Ol siots it dive GO 2 Sl (Slas gae il
56530 Sl amae Kb SLin e sla el 5 Lalss Ol piean 55 passms S
ol 35 5mn Lapsssmns S clomaz bl Sl day 3 0 43,5 5 53 3505 gt
ol 4y U (MSE) st siiams ik e bl 3 b5 Jos 5,8 o0 )3

MSE = ke )
n 2 (¥)
RMSE = [==1%0
n

- e e a.u”wﬂ@? Sl b s s s 314w N o jled i cdasl gy ol 5o
AT o Cws s mly polie 5ol s i polie Dol 5 aS s

S b sl 5 Koo bl s meiear 5 L sl A5 g
Ol ) Sl e a8 i o sl o Gl s s S (e 5 pb W sl Slos
Jols s SO ) 4l Cpimen ilodd o3ls Ll B oY gls IS5 s b Shes
RO PRV-PN PO AT (RPN A wu&iﬁww;m b G S



J; Jl"“

\f~fﬁg|vm,w|fy,wdu|@wqxuoum|m

S sbesls pulul 5 K5 ‘.;wzu 2 b Aas 5l 145503 ¥ K

Ml S5 kel

(xbest) 1 iy
T T T T

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

T 71 ! ] e e [y i e G |

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 N
(3151)y3
24y

| T T G O S [ [ (N R R Y FY SO i |

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ] 1 1 1 1 1 =
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
(B1E1)ays
12558
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

| M SN N SRS M MNP R DN S N DN AN DG S S S S N DN S0 SR S S S S S QS S |

2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
(Brut)ayl
245

T T

1 L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3

(3151)hy;

&

Gz swesls bl K55 02, K1 55 e Sles 5l (gl gas £ S

9SG

(xbest) A2y agisas s
T T T T

2 3 4 5 L 7T 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 N
(3151)wy3

e
T T T T T

2 3 “ 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 290 30 N
(B151)ays



54| o5 5 kot o S a5 i K 3l 03Ul b &gl 035 O ko glulii

GAJA 03 ¥ JAL?»;&JJ&(}J’}&J}O' L.’C.-""""'?“S'.’.CSU‘.’ Sl i ) (g4 ges 0 Jg.i

% 2
% 0.
gg | -0.5
5 —

§ E |

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3

Al 53 g om ol (ol S as (551l Sl fud (51 Comer JSK85 g
L 1SSl g bl ) el psjg00 ST o (S50 S (s e
ok dal g ol ol s a4 S5 iy 0S5 ol S 0 g
o sLa0s e Kb e gy slaaY pla 63 02 ) Sl (bl b
SLadss b smae &K dioe 5,8 o 138 mae 45 Lt 53 5 o bt
e 083955 SLa e bl U ag s o ilesT e 5 55 geT 1Ml coddialgs
0351 olin g st AT 2 i 1) Ol ks O3 gy as L pe b i 2y 5
S sLaskne 3l isnlgiig (mae 4K Gl (sl g lone 51 ol (i i
e e 4 sbul U (RMSE) Usst ) some Sl 4y 5 (MSE) Lst ) 5dome

.3 3 o 03lazwl (Haykin, 2009; Goodfellow et al., 2016)

",...R:u: 3 @\SJ K Lhw\.;

:&@W}w)xoM@UbG;MM@;,&r—‘,\:{\u:sqaljg
33 8 o dglin 055 25 S b oty (o6 gme s S5



\f~f}ﬁl{,|v/\o)u|fijdu|wqﬁ.uoub|v~

o hd b (8 guan mas 4Sd 3 St (ou p
2 pesls @osTaar Sl oy ol i b (0 5ime a5 s ) 2
Gostor S5l 5ol Slis il Slulia )8 5 0l pde 5,8 A Sl s bl
Sl Laesls Ao ps Ve 33lal )bt e 5035 (giluosleT 1) LOT (Ol sl oDl
sl i o> b o gime ae iU 51y 5 Ol S (gl Wesls doya Ve 5 S5 gl
Olgs slaa sl clan cpl 53 55 o Calides slacs s lens L MATLAB Sl o
CLall oS 5L sodaas § i 53A 5 F Y 4 ja cladgy s sl 5 5 Y )
g e dlgiie ol b ol S plul s peae SUE (olare o Tl cCalises
Ol e (Lalis 51y s 5 e ) 5 (Sl slaslnn Ol oty (5355 ita V 3lutes
p.w\auaﬁﬁp@%stju,gsuduaj,ﬁ,> s 055
Ol Y o slads) o5 sl ki 5 Cikses Olgy sLaas ¥ sliss (6,8 Jaiyo
P2 Jole S a8 55 s Jol sy se e S (sl ilitee (sl glers
Jaldzr 53 s 35 0 3,51 2 (s 5 niie 5 (6355 Slo ke 58 e eSS
WY d ae Kb g Y g3 eae Kb @Y S e S gl e F Y JIO
S o Olg VY (Solene b rae 4K e b 4y 4 5 oSl ot o3ls e
S 5 0bey slLaa 53 05,57 «83505 Y Jals) 055V F Sl b5 )8 Y eIl L
a3 o 0L | RMSE s MSE lutie Bl 5l s o g (s 5
\)%Q@fﬁ@‘&)ﬂ)ﬁ))}b)\ﬁb‘MLsé‘)_’MJJ(?)JQ
3251 L Vi ae S (50 4 (8 ghan s S e (S slame
(sl o S8 5la = &8 55 6 5 51 Ll ey 6,8 3L 025 S 5 4Y 8 03 0a) 8
Cad g o)l ods Cab e 5, ST 51 s a0 T AT 3 0T 53 a8 das e 0L
sodey 5,530 31 osdlas Ao as 1SS sl 3l ey Jote &7 ol OT oiaslis
)adaﬁ@ag\ﬁ\b}ldﬁ;cW.@\M\LQL&éL‘:)\ﬁQGJQJﬁJ

o=l sl Sl Carnd 3 €5 4 Joke Ol e lasLi 457 3 5d ol odalie 9 &



VA | o5 5 oo b 50 S a0 5 i S 3 030itl b g 83, O ko g Lalis

Slag o :Silos atyy 5 (MSE) Sl o o 80ke sl 3lie ¢ g oK 51 6 )lone

odasOlis a8 il o /DAY 5 /¥OY s Sa sisleT (slaesls (gl 5 (RMSE) Lo

C;.w‘oj)ﬁQ‘ﬂ#&&wﬁ)bb&f\k&&ﬂd#wb)&&

Olgs oY SO, 8 fan o K3 (g lens 5 Jool> 3o @Lﬁ 0 Jgde

RMSE a0 | RMSE ylude MSE jfudo MSE ;ludo .
Sodls sly | svosls Sly [ (sbyodld sl y Sosld &l g lhis)gi 80
o3l ovigel ool oigel
\/ VY ARY \VARI /YEN Y \
«/VOF JEAY OV AV ¥ Y
/0% /Y0P AR (VAR A Y
Olgs Y s 8 i s 4GS Goleme I Jol 23 @Le A WIPREY
RMSE jluée RMSE luae MSE luae MSE luae
Sodls sl g Sosld sl g Sodld gly | sbosls sly lbi:}? )
a3 pigsT o3 pigsT
Wid Y4 /Y aa +/YAN Y \
\/-0Y AN S \VARY4 /A ¥ Y
Y/f 8 ARZN O/VaN /YA A Y
Ol &Y d iy (s b Solons 31 ol s gl V Jga
RMSE lude RMSE ylude MSE ylade MSE ylude L
Sodls &l g Srodls sl y Sodls gly | sbyosls iy ui”,s &)
GateT PigsT Gate5T el
/04y C/YYY /YO +/+f4 Y \
/A58 “/FAS “/AY0 XY ¥ \
Y/O%Y +/4Y0 Z/0VY + /NGO A Y




\f~?}ﬂlgl|VAo)M|f}m)gﬁﬁdb|w¢gﬁmow&a|\/7

Volaas ) Y a et e ees 4Kl bl 5 el laesls et Sl e lsges N JKS
(185l =S 5 g 51 5Ll e S5k @SN L 5 0550

Best Validation Performance is 0.02502 at epoch 9
10%

Train
Validation
Test

Mean Squared Error (mse)

15 Epochs

S5 o b edhdigy (8 e (s K 3 Shes o)
Loesls do 3 V2 85 o) S L oiings (8 st (o 450 5 Shas () g
i on Ol B3lal Oy gt (il 3T) (g Wosls do 3 ¥ 5 55501 (6l
L oSl outalin B (A) g 3 S ﬁ,}@tﬁ sl toslizul (sla e 5 szl b
s s Olgy Y ja ey sl i 5 Cakisee Olgy slaarY slaas (6,8 s
P e S 583303 gV Bl b e s (e slasslone 3l ool
“ 5 553 53 51l ey 850 2 s RN Ly iy Vil e S ks
¥ G e S8 6l p 5 4 (V) JNQ) sl 55 s s 35T 5 Sl STk
s 5l iy e 65 055 S U ol biang oY aw s K 5 &Y 53 e S
YA S 5 0555 Y e LOlgs aY Y sl b e S (Solors (ol 4 s 5 b ool



VI | o g Glabo b s S oo 5 s Sy ) 030l b gl 03 O pos g loled
sl bl lag ) slias .das o 0L 1) RMSE 9 MSE ol Ll @\:5 P 003
Olgy &Y 0,5 Y SIS a4 355 eV Jlail gl 2 055 VF) (535)5 JLail sla03 5
o gl Olgy oY (ot g Jlasl sl 055 F) Olgy sba¥ Jlasl glapjs sluws 5 (Ul
¥ pm Oley qYersd%qy Loy s el 1, 055 F Lcjéo%ﬁ‘yéuo‘j)}s
Sl 035V) il alss sha 5 (s 5 4 p s Olgy &Y G0y 5 JLail 612 05
ol 0 dslome (25 5 5 p g 93 (sl S Y Gla0 ) 5
St olome op g 5 Ladss slaws bl (S5 ﬁ)}ij\)g WO s 3l
odob a8 a5 53 059 TY il (D)5 Y o5l b Olgsy 4V Y 3l (o siame sas
slaosls 6l ,m RMSE s MSE jluas 45 das oo OLis S 5 opl 51 Jeol> @Lﬁ ]
OT Ky Uast s ialS ol ool asdl 2alS +/¥V 50 /08F & 5 54y halesT
1 die 3, Shas ¢ oo Kb (sl el i oo b szl 5 655 o) SN o7
355 a8 050, Ol ks 5385 lulid & meie 5 das |
s L Sl p3lb oS 5 Joe a5 s o0 Ol e jislae 2alS ¢ o), 8 ks
Slosn s Cmmsl g 5 g0 0| ST S dtg L o 5115 i Ui 035 2 Ol ke (5 5L
Loy Sl gy gadin ;3L SIS 0 055 Ol ke rmmns Ul |5 313
Lo g (6 8 ol 515 S Ol 50 Ll 57 oo 0kBal5f ke B 4zl Sl gt
Ll 155 28 515 eslizalsyge o) ol 55 Jlab SeS 5 5 Lol sl

ST (68 o DL 5 ek (e 5 s

&:743 6)&'{“) ﬁ)ﬂ‘ﬁb‘y}n Slasedin A «J}JO'

Foll slade sk pb
(F goan oo 4 Caliben Glacslene )3 D) bl e poiie sl
Voo Lo fus sldas
O+ Camaz o)l
-y ESTICEURETEC
Y 055 YU o3 5ues




VEE 5l | VA 05l | p g 5 Gt | it S e Ollas | VE

&,ﬁjﬂ)ﬂ|gaﬁ%&\.ﬁQ\J&M&iﬂyl’cﬁ;@lﬁ.‘\JJJ:.-

RMSE ylude RMSE ylude MSE jluée MSE jluée "

Sodld gl g Sodld sl y Sodld gly | sodls lp lﬁis;gi )
o3l o gel ool 3T
\ARE Y/YAY \A/#50 v/444 A )
O/AG YIAVS \R7Antd VE/VY f A
Y/ ¥Y V/YYY £/+AQ A7 A Al

&gs;(.g_uim,gu%o%w,;w@;lyt’uaeum Jdgd

RMSE jlua | RMSE jlude MSE jluée MSE ;lude L

Sodld gl | svodld gl | sdodls sl | sodls &l g t::;g,,s )
a3 PigsT Sate3T PigsT
Y/VAY \/AYY N /Yy Y \
#/4¥Y f/0¥0 FA/Y\Y Y /22Y ¥ Y
V/VYva V/AYVY YYVY \/Y4¥ A Y

&,;s;‘.:a_,ﬂwem%o%wMwa.e&,zyyua>@w.n Jdgd

RMSE jlaa | RMSE slado MSE sfode MSE jfudo L
Sodld gly | sodls Sly | byodls sly | sosls sly lhi”? )
ool ovigel ooyl ovigel
¥y Y +/2Q¥ /o \ |
Y/v8 VAr-) £/¥9 V/ARY ¥ \
¥/00F YTV \\¥an% o/F\# A v

(S ol SO 5lgn (S ) GU15 edii o laslan o7 s oo LS Laesls ot

P . ' 5 . 2fw - . - o e -
aj}ﬁulﬂu&bgg))‘)bbﬂbdmccu%ﬁw&b‘yjé)\{@ﬁu

A5 Ls gy Pl 5 a0 (K (.:wijl Je Sl e3lizal b Laylae cpl iyl

A3 8 6olgihn S o g wten SL5H) 35354 4 e




Vo | v g 5 ok b giie )fij" o S 31 03Ul b &g 039 9 O ke g lolih

Losss ¥ ol L) Olgy &Y v )05 f (e a3 (golems 51 ol slaly VIS5
K55 (':"”Q‘ boodd ang ()l Sk -8 i ) g8 3 Ll A" r:-uji”

2.5

1.5
0.5 e o

05 0 o ® 10 15 ®20 25 e 30 35

-15 @ ° o ©

-2.5

FF—s (S A g oA Ay (B s (s 4SS S Al

K55 508N b eddaing
3, Ses s i 1 K55 02, 8N okt (oo snan e 03 Shee (A) S
PS5 e A3 o O S s ol gy 8 s (s S
35! ey 68 2SN 0555 Y sl LAY Y ae Kb x) (s3lgtty
= /Y SMSE = /0 8F L) (68055 02,53 L sdbiaigy Oyl Sl — 8 S s
Sl ey 6,55k 02 S L 03,8 Y 3l b Y ) e 4K 4 i (RMSE
YL 33 (RMSE = +/04Y 5 MSE = +/¥DY L) sk s (Sl 8 5l — 5 5 ¢ 5

2yl



\f~?}ig|vAo)M|f}mgwdb|wqﬁmow&a|\m

(2B b eddhingy s 4D g oS Ay e 45 ] Juol s dlie A S
KL

0.307
555 s 5 o iy e 52

0.094

0.351

o
o
H
o
o
e
w
o
a
o
o
o
»

0.7

BRMSE (( 231 slassls MSE (2057 glaesls

Sy Sl 5 s o 526
3 i 039 Ol pde Slolid g (Mgt 8 o5 (s i sliel ) shite
ez SN L (s ol 5 Jeol (i iy sl s Gl sl slaes
S 35 8 o awlis (Y+ YY) Hadikusumo s Karki allis ;3 eddalgitn Slosl 53 54 50
Sans e (A3 o OLES L el ol 03,5 T (V) Ugdor 53 Aol ol
ot S 5L s S L 0,8 Y 3l b Olgy 4 Y ¥ e oK i) (o0l
6U=r=w}-<“ S (855 ﬁwﬁ‘ L odkiiag Dyl Sl = 55 g5 3 Ll
3,1 6 5L s (Y YY) Hadikusumo o Karki allas s (gslgiiny

2SN G edbarg a5 JL RMSE = + ¥4V SMSE = +/+4F 5l
03352 50 SLa B s) 4 S (S iy SB35 5 BB 5 s 0ias 0L (K55
dics Stoms L a5 L pslis ol . Eoul (RMSE = +/¥YY L SMOWsle) Silos|
o1 13 e glas )87 (gl s I8 J6 odsutome 53 (a5 Slaesls 5 (6 5l (sluaib
.(Goodfellow et al., 2016)



W[ o5 5 oo b 0 St 5 i S 3l 030l b g 83, O ko g Lulis

Slasl 53 3 g g0 L, R 5 3lginy St 5 s 3 Shos (i Ll NY I g

S & 595 Olgic
RMSE " o
s Karki 4.
/YYFA . NATIVE BAYES
(v yv) Hadikusumo
s Karki 4.
YVAY . Multilayer perceptron
(v yv) Hadikusumo Yerp P
s Karki 4.
CYYY ] SMO
(v+yv) Hadikusumo
LY 05 ol b eSS a algy 4V 1) o g s 4K
/DAY Sl s _ P _
(Dol 8k = &8 55 ¢ 55 51 LT ey 5570k o5 NI
LS a0l 4 YY) 65 02 S L oiaigy e 505
AR Pl G — & g5 3 oLl e 6,83 PESPUIINTIP IR
(CJ)‘;JLA

S5 5 oy
WSy 1 5 oz o 51 (K Olse s Glusislo St )3 Goge 055 Sy e
Wl Jasl 8 55 (-8 e (U5 &S ol AT, 5 gls Gk a3
3 eleld Oual ol fags, alil azils |, (VUCA) ] s 8 g odomy
St 3,805 1 Fer S ao 5 e S5 0S5 pl 53 il 035 5 Ol e (e
d (s e b A o ) 15 K55 vy SN L odbangs (o same as
Sl L3 )3l Ol sl S 2l pnal 5 s dE glaesls 16,85k Uls W
U ae claaS s 4S8 5l 0L El el o3s 0 Ol pde 2Ll s olulis
s ol b et i lajlae wlal YL 85 Loy Ol pde s gl s s iy
EE S LY Lgl_a@ e e 85 3 g 53 (ST LS dﬁ_&j V:d*))in WJb il
LBl g 93 e S 5 o 0 S o 5 e S WL a5,
b o a8 s jleslstle Caio 53055, Ol pide b5l s Sl T b

Lol Sleslituwl U U S ¢SS 5 a0 1 GLACS 8 4 Ll g5 oo v




\f"'}ﬂlgil\f/\o)u|f}m)%dblwé\{ﬁ-\a;dubl\”\

odhe (G b ol 3l ges, S Ol Sanls Jlpde cesls 5ty Aadiga
a1 Ol e Sl 3 olndl (6 18 o b Lo o slaaiy 3o cloo3s 5 ()50 2 13!
Sl Sl o slate iy S sl L (285 e g eals el e 5 B O 5
ol 3 S s G 05 Ol e (Sals ol sl 3,lilinl ols asls
Olaj S e calinns J oUlg le 287 5 oS slajls Jols Al g o0 bn st i
g o OISl L lne sl (655l 3l (slo5 50 42 5 5 S0 5 2l (6 S mnad
F s by S e 5 o e b Wl 0l ST e @l B 012 2
gty Saoy i () o ST Sl e ) s (e slaesls
GLE 1L dud 05 Ol s pladuzl dT 3 53 Sk aanad 15 &5 Ol e L5 o0
505,5 Jdou 15 0y s 438 5, Shae ol L5 5558 a8 5 5 4 b Ol e
L Ol g5 (o e omioman ST (it 1y 0T (glbo 5 5 53 Cuidge (512 LOT fouily
5 elolis 05 Ol pte (235 50T L5 5 ans csdyady 5o bt li 36 o)
S go Ol ot 35 b OT Gl lgn 3 5 (61 diabiln 5 50T (slaoy g
G138 5 ls Cand 6Ky e 53 O ke 31 (6ol 457 s OLES Waosls fukows
i 015 o0 ST Sla i3 55 il J3e Lilgon o) ool 03 (05 00T (sloo, g0
uuéuﬁu,swuojuuﬁm9ua|}&gj,\é\ﬂt,@%fwj:
Sl sLajlan 53,8 113 53 L 55 0leys 5 Sl b o1 eledbl (555t
(b Sla gUls 5 Gl Esm s ) &K dile) (S (sla S35 Jols Loy o

. . N - 5 “ gee F.
.Jﬁ)\g.f(hoj)ﬁ‘}{‘ﬁub)}dﬁydua)jﬁz\m JALA)GS‘_QLAL;XJ}

8\.:; goIs

.J)‘u\.; bfjel.wup)w
ORCID

Roya Soltani https://orcid.org/0000-0002-1473-5337
Ali Nobakhti https://orcid.org/0009-0000-0851-6640


https://orcid.org/0000-0002-1473-5337
https://orcid.org/0009-0000-0851-6640

VA | o s 5 oo b 50 St 5 i S 3 030l b gl 83, O ko g Lulis

b oddings (o 4K0d p (0) (3lgiy St 5 s o5 R S 40 1) g
K ﬁuﬂ‘

MainProcedure: Data driven recommender system based on hybrid ANN-GA
Begin
[X_train,Y_train,X_test,Y_test]=Prepare_Data(dataset);//subprocedurel
ANN_model = Initialize_ ANN();//subprocedure2
[Y_train_pred,Y_test pred]= Train_ANN(ANN_model, X_train, Y_train, X_test,
Y _test);//subprocedure3
[ANN_GA_model,best_weights]=Optimize_ ANN_with_GA(ANN_model,X_train,
Y _train);//subprocedure4
[Y_train_pred_GA,Y _test pred_GA]=Train_and_Test ANN_GA(ANN_GA_model,
X_train, Y_train, X_test, Y_test)//subprocedure5
Display_Results (Y_train_pred _GA,Y _test pred GA, MSE_train_GA,
MSE_test GA, RMSE_train_GA, RMSE_test GA)
Erlg:k*******************************
Subprocedure 1: Data preparation
Function Prepare_Data(dataset)
1) Read dataset of 80 samples,

— dataset=xlsread (‘ProjectManagerData’);

—  X=dataset(;,2:8); * 7 input competency criteria*

— Y=dataset(:,9:9); * output binary criterion*

— data=[X Y];

2) Randomly split dataset into training (70%) and testing (30%)
[train_Ind,val_Ind,test_Ind] = dividerand(size(data,1),0.7,0,0.3);
—  Xtrain=data(train_Ind,1:7);//56 samples
— Ytrain=data(train_Ind,end);
—  Xtest=data(test_Ind,1:7);//24 samples
—  Ytest=data(test_Ind,end);

Return X_train, Y _train, X _test, Y_test;
FEAAAAAAAAAAAAAAAAAAAAAAAAhhrrrrAAhhAhAhxihkikx
Subprocedure 2: Define ANN structure
Function Initialize_ ANN()
1) Initialize input layer with 7 neurons and output layer with 1 neuron,
2) Initialize 3 hidden layers each with 2 neurons,

— hiddenLayerSize = [2 2 2];

3) Initialize weights and biases randomly,
4) Set training algorithm to Levenberg-Marquardt (LM) backpropagation,
—  trainFen = 'trainlm’;

5) Set activation functions to Sigmoid for hidden layers and Linear for output layer,
6) Define Multi-layer Perceptron network,
—  ANN_model = feedforwardnet(hiddenLayerSize,trainFcn);

Return ANN_model,;

B R e e S S S S R S R R e e

Subprocedure 3: Train and Test ANN model
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Function Train_ ANN(ANN_model, X_train, Y_train, X_test, Y_test)
1) Train the Network with training data using Levenberg-Marquardt until
convergence

— [ANN_Trained, tr]=train (ANN_model, X_train, Y_train);

2) Predict and evaluate the predictions

— Y_train_pred = ANN_Trained (X_train);//Training predictions
— Y_test pred = ANN_Trained (X_test);//Testing predictions

—  Calculate MSE_train, MSE_test, RMSE _train, RMSE_test;

Return ANN_Trained, Y_train_pred, Y_test pred, MSE_train, MSE_test,
RMSE_train, RMSE_test;
*hkhkkhkhkkkhkhkkhkhkkkhkhkkhkkkhhkkhkkhhkkhhkhhkhkkhhhkkhkhhhhkkhhhkiikiikkh
Subprocedure 4: Optimize ANN with GA
Function Optimize_ ANN_with_ GA(ANN_Trained, X_train, Y _train)
1) Set lowerbound and upperbound for all weights
— ub=2, Ib=-2

2) Set GA parameters,
— opts =gaoptimset(‘PopulationSize’, 50, ‘Generations’, 100,
‘CrossoverFraction’, 0.8, ‘MutationFcn’, 0.1);

3) get weights of the trained ANN model
— weights = getwb(ANN_ Trained);
4) Define cost function
— cost_function = @(weights) compute_ MSE(weights, ANN_
Trained, X_train, Y _train);

5) Optimize weights with GA,
[best_weights,minMSE]=ga(@cost_function,numel(weights), [1, [1, [
[.1b,ub, [1,0pts);// individual with lowest MSE
6) Set best_weights to ANN_maodel,
— ANN_GA_model =setwhb(ANN_ Trained, best_weights);

Return ANN_GA_model,
Subprocedure 5: Train and Test hybrid ANN-GA model
Function Train_and_Test ANN_GA(ANN_GA_model, X_train, Y_train, X_test,
Y _test)
1) Train ANN_GA_model on X_train, Y_train using Levenberg-Marquardt
— [ANN_GA trained, tr]=train (ANN_GA model, X train, Y_train);

2) Predict and evaluate the predictions
— Y_train_pred_GA = ANN_GA_trained(X_train);
— Y_test pred GA = ANN_GA trained(X test);
—  Calculate performance metrics MSE_train_ GA, MSE_test GA,
RMSE_train_GA, RMSE_test GA;

Return Y_train_pred_GA, Y_test_pred_GA, MSE_train_GA, MSE_test GA,
RMSE_train_GA, RMSE_test_GA,;
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