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Abstract

The aim of this research is to predict cost-oriented strategy in companies listed on the Tehran Stock
Exchange, which was carried out by using simultaneously and in combination two intelligent machine
learning algorithms including artificial neural network and particle swarm. In the method of this research,
a statistical population including 608 companies listed on the Tehran Stock Exchange during the years 1394
to 1402 was used, and after applying restrictions, 125 companies (1125 company-year observations) were
selected as a sample. In order to measure cost-oriented strategy, the cost-to-income ratio was used relative
to the industry average. The data were analyzed using MATLAB Rb 2019 and SPSS26 software. The 5-part
cross-validation method was used to evaluate the models. The findings and results of this study showed that
the artificial neural network with 12-25-15-8-1 architecture has an accuracy rate of 87.42% (95%
confidence interval: 87.18-87.66, AUC = 0.8745) and the particle swarm algorithm has an accuracy rate of
89.48% (95% confidence interval: 89.17-89.79, AUC = 0.895) in predicting cost-oriented strategy. The
paired t-test confirmed a significant difference between the two algorithms (t=5210, df=4, p<0.001).
Sensitivity analysis has shown that the financial leverage characteristic (14.90%), return on assets
(14.17%), and company size (12.62%) are the most important influential variables. The results and findings
of the research show that artificial intelligence algorithms, especially the particle swarm algorithm, have a
high ability to predict cost-oriented strategies and can greatly assist managers and investors in strategic
decision-making. The superiority of the particle swarm algorithm (2.06% improvement) indicates that meta-
heuristic optimization algorithms are more efficient than traditional artificial neural networks in financial
classification problems.

Keywords: Cost Leadership Strategy, Artificial Neural Network, Particle Swarm Optimization, Machine
Learning, Tehran Stock Exchange.
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- Precision = 84/78 = 0.9286 = /92.86
- Recall =90/78 = 0.8667 = /86.67
- Specificity = 79/73 = 0.9241 = /92.41
* F4-Score = 0.8967 = /89.67
PSO 5 ANN i ;551 53 mol> dunlic 4.5

e lel gy 5l eolazul b 1, (PSO) @lys pleojl o (ANN) coran ouac oSl slopi o8 SIS 5 o Slas auslio (9) Jou
J.'a'i )| LbusLﬂJ LSGLAJ AUC )L\M MLO.A dl).: DeLOng Q}A)—l )l oolawl L\ ‘QT)J 05)15 sl 00l ULAAJ Ao )5—]04.’ Lsﬁm 5 ébl-w
Qb e Bolas (PSO) wilyd plol v ol (65 camsd o L a5 «(P<0.01) axive lolins s (5Ll

i3 5 ablite o lael g, 5l esliwl L PSO g ANN o 63Ul 90 o Slas duslie : (9) Jgoz

Sl ANN PSO Cgliy (1) ognte| T ygosl p-value
Accuracy 0.8742 0.8948 +0.0206 +2.36 t=10.52 <0.001
Precision 0.9052 0.9271 +0.0219 +2.42 t=9.87 <0.001

Recall 0.8538 0.8666 +0.0128 +1.50 t=7.23 0.002
Specificity 0.9005 0.9233 +0.0228 +2.53 t=11.34 <0.001
F1-Score 0.8788 0.8957 +0.0169 | +1.92 t=8.94 <0.001
AUC 0.8745 0.8951 +0.0206 +2.36 Z=3.52* <0.001
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L piio Comod| Judxi 4.6

4 (el 00 00ls Lzs (Permutation Feature Importance) le e (oo Coonl glaail 4 by o (10) Jgoz ,0 a5 jsblen

s oo JoSis 1) IS el 51741.69 goemme 10 wjlail s ROA ( Jlo o0l sl psiin Jols ol pusio

o yusiie comd Coal : (10) Joo

4y JUETH (/) ANN Comon! (/)PSO cemon! (1) ¢Sl
1 Sl el 14.56 15.23 14.90

2 o olls ool 13.89 14.45 14.17

3 oS 1 ol 12.34 12.89 12.62

4 VI 35750 oo ,5 11.23 11.78 1151

5 R XROW 10.89 11.34 11.12

6 Al o all> 9.67 10.12 9.90

7 o olyls (o 5 8.45 8.89 8.67

8 h9 S A, 7.34 7.78 7.56

9 | el lolo gsi> ool 6.23 6.56 6.40
10 Sl S 4.56 4.89 4.73
11 S s 3.89 4.12 4.01
12 RO 3.45 3.67 3.56

Wog )5 5 Juloxi 4.7

ool 5 (PSO) &l,3 pl>o3l 5 (ANN) Eoman omac a5 glapi oSl LIS g 0 Sles ol 4y by e (11) Jgaz 0 a5 j5bolesn
oo Gl S 5 ol 331 L s sl g sesian smas 45 el 30 o S ors el o o0l LS S o3l e
sl 033 s « SxgS slacS 1 40 (PSO) lyd alojl 62,651 dgugn cogdleds .ol

S b o3l paite bl 2 PSO g ANN 1,651 g0 0 Sles = (11) Jgo

09,5 (JUy 3 kdeo) (2151 e3guxo N (/) ANN <o (/)PSO cas glay

S8 < 1,000 252 85.71 88.10 +2.39%
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09,5 (b 25Lke) (21510 05900 N (/)ANN cés | (/)PSO cés eglas
Lgie 1,000 - 10,000 621 87.50 89.68 +2.18%
Sy > 10,000 252 89.29 91.27 +1.98%

a6l s po lis aS sl i Sl sro,eo ;0 (PSO) &lyd ploosl i oSl sgugy el oas ooy ylias calie ke

@l Sloj sloo,gs ;0 PSO g ANN (o2 o301 g0 o Slos : (12) Jgur

0y98 L Jle N (/)ANN céo | (/)PSO céo Coglay Lyl s
1 | 1394-1396 | 375 88.27 90.13 +1.86% | auou ) LS
2 | 1397-1399 | 375 86.40 88.53 +2.13% S a5
3 | 1400-1402 | 375 87.47 89.87 +2.40% YU o5

439.&3 }‘ C)B W)LMC‘ .4.8

Olis wingy oats eoliiwl ijgel al> e j0 a5 ygejl eols N=125 slawi b 9 1403 Jlo o ) diges 5l 7,15 omiw litel olis (13) Jgax
ol pleosl g (ANN) esian mac aSl glo Joo o5 o Colild oaumalis (280 jlre 72,5 3l j1eS sgusme rals .l ools
b e (PSO)

Oyl oals N=125 slawi b 5 1403 Jlo a5 bgyye digas jl 15 (i, liel ol - (13) Jga

slbeo ANN PSO glis CV & o gals
Accuracy /85.60 787.20 +1.60% ANN: -1.82%, PSO: -2.28%
Precision 187.50 789.66 +2.16% ANN: -2.52%, PSO: -2.05%

Recall /84.00 785.33 +1.33% ANN: -1.38%, PSO: -1.33%
F1-Score /85.71 /87.44 +1.73% ANN: -2.17%, PSO: -2.13%

AUC 0.8560 0.8720 +0.0160 ANN: -1.85%, PSO: -2.31%
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slaggesl g (o gi b ogesl cslaiges SS T 903l Jals 4d 8 4 y2 slagygasl 4 by e sloatily 5 @l (hgh (nl 4nd )b aw olul
el sols plas aods jsbay | lars )3 ael s «(14) Jgaz iloas Lo aslsl jo ailfais
VL) 787.42 35 L (ANN) cotan coac a5 g 3gd oo 8, yho dnd,d 45 s oo i (Jsl o 0 slaiges STt 5050 (sloazily
g os Sl Jgl dedd cnlpln o)l 1) 1,5 a5 5l il i 2Ulss (/85 5
Ho: . < 0.85
Hiq: u> 0.85
Eman omac a8 8 .Sl = 0.8742
Lae Gl = 0.0024
n=5
t = (0.8742 - 0.85) / (0.0024 / V5) = 22.56
df=4
p-value < 0.001

o, Slos 789.48 35 L (PSO) &l )d plojl w65l § g o0 9, o dnd 8 45 da3d oo HLiS pgd dnd B 10 (g5 T yge;] slaaidl
Dy s RWACES 90 s plply o )ls 787.42 cés L (ANN) coias mac a5l &) Cand (5 e

Ho: p_PSO < p_ANN

Hi: u_PSO > p_ANN

@oles .55le = 0.0206

Sglis e Bl sl = 0.0050

n=>5

t=0.0206/ (0.0050 / v5) =9.20
df=4

p-value < 0.001
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4 4 / . : ,..A
w.’dtgéﬂ“ 2SS o

S 51 (PSO)Y &3 sl>ojl o (ANN) esiane cuac aSids Jow 90 (o Dglis a5 and co HLis (paw dnd 3 0 ailfais sloygesl sloaidly
g a5 pgm 4 bl pl el Jloline (s Ll
V' 9t eyl sl Accuracy : t=9.20, p<0.001
v' Delong .53l sl AUC : Z=3.52, p<0.001
v Wilcoxon (551 sl F1-Score : Z=2.89, p=0.004

arsd 3 (505! mls aads 1 (14) Joox

a3 o905 oyl p-value Ay

Hi: cés ANN > /85 SlisesSst | t=22.56 <0.001 Vool
Ha: s PSO > =5 ANN ot t=9.20 <0.001 v oanb
Ha: loline glis st t=9.20 <0.001 Vol

Ha: oolis lslixs (AUC) Delong Z=3.52 <0.001 Vool

T, g 5y azmes s .5
Diloas 00ld i gi dslol jo aS sl oo wiFls y ipgh (pl 10 ST sl,S g (6 S Az o 4 iSu ol 4o

o295 LAl g bl yudi 5.1

—a e o5l St 0 oYL Ul 789.48 cds L ol )d ploojl w6l 9 18742 o by egian omas 4D 45 ol lis gl
ols olis a8 oyl Slgen (2024) | Sen 4 Yaiprasert oes 5 (2021) ) 52 3 Zhang ollas b al ol i)l 1,5
Wy 0l 1) Jle sleesls (o oazmy slagSl ailys oo eoian [ign slag,oX!

Slasd a5l pae 2 (il 5 Jo glopxie o Jas e Ly, 6, 50L Ul (A5l ol le cotan cmac aSll Coddge JYo
Dropout slacSuss 5l solital b g ol 50 Canglio (4 5 dopiiie (po 0wz Ol o poe Sbly B il s k]
alisee bla o lojed oz b Sl olwangs (151 ole 55 O3 plaojl v ,s8l 650 bYs o] opdle Regularization
s (B g (500500 5 595 s Joles Lads b gt £45 B s (2 Kep 4 S8 5 SISy ledlbl STl (2 (ol glad
Ol 4 5k g b el b SIS 0g5

s Jolse o gpte «(112.62) o815 olal 5 (£14.17) o gl)ls o35k «(114.90) I pal a5 sls olis b Sy coenl b
-0 Joe oyl o3l lgieds By S oyl a5 Ceul L5 densen & Meckling, 1976) Susles 4l b Jb 6,0l Cosal
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oobido )0 292480 4 ki b ol Coenl o )ls oSk &b 5l oolazwl o SIS 5 as el ke sl i 4,15 L ROA coenl aiS

LS Oladllas b gy cloaidly dulio 5.2

baS wmdly Jl Sy 5 450 o5yl s siie abaly (1402) Kom 5 (5,0l s s Slympn 5l clallas b inghy ol sloazily
oolazdl 05938l 550l g a3 (6, o5l o Cue dlaly (1402) Llas g (oge ol S5l g (pl o (Sl g0l YL Cowal
3,08 Sleem axlllas ol 10 ROA cosal b aS" wis S 5,155 1)

(2024) ) Ken g Yaiprasert lwgs 792.3 céo b awglio JB «guims opl (o oodam s 7.89.48 cds > )5 Slalllas L anslis (o
b i Slles sloxie 9 (Ensemble Method) 29,5 5 xezs by, 5l oyl ooliiwl Lo 4 ailgs co cds agls o el
Olileadly b as aisls (Las | (egian oras oSl 5 S5 el sl ysXl (oS 5 Joe 65 2012) () Sen s WANG (rizren
il )5l oo

sl sl 55N 45 ol 158 45 L3I axdllae sl ity ol 45 Cal ol 5 sS e ,Ses Slidllae yles b Beiss oyl Lol slis

Sygods 1y O3 plosl i oSl (650 g el 0055 dwslie (5wl o i jslateas |) (ANN-PSO) cqine wac aSii g &l)d
Sl ool ylias Soloduunn

g3 55 sl 5.3

wiloads by zd 4 a5 WS oo SLls SaS Ogliie 0j9> paiz 0 Slusl a4y (ieghy ol

00iS ety Jalge o lwlids (o3l sl o086 S0l CoilB yols las (olpl L 5o (1980) ;5,5 woz > ML) Ny v PN EY v

&3l Sl
Sl lagass  Jlo slo)id 55 anb (Sl Slogass ) ity BB slagsll ol Gl s, Jlo V]
sl Jbo ganaid Pluw o coias guac a0 4 Cond Dl plaojl 00,68 6,55 ools las b o egias hge
SF el (S ssbites (g 52,529,

o o sloaaly 5.4

Jelse 35505 b Soplyial iyt @ cJow 5 ooliinl b (s oplyial byl (51 amjle olpoe ly Gimgh hoe slaasly
3 oolizal b o Shae Cupie @ g sl p 856 18,5 s 0 b Jb el Sleweas B wojlasl 5 ROA (b 8l Jolis sols

KPI lgcas ppo (sl pusiio

wL.J‘ » ’aLe(w ul;nu‘ (2 ‘meJJ.w Lg).:‘),a.w‘ ol l.) u_im.)) ‘5>L1))‘ (1 )‘ M)L\.c ub‘..\fcbl.c).w Lg‘)" L)“’Q?)" ;5J'°-° u’;LQAAL.) ‘cjysig

(a0 oS b 5 58,55 b ogS,) jo olis (5585 ) (goladl bl b cenliie (5 135 alo pos (635152l B 5 I Faty 50 (635l Jloi]
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o9 By sguxe 5.5

A Jols c(slosls slacusgame gl oo Guipandl (8 5 (S pdypansd (SFLE, cslodls (slacusgazme 4 gk (nl slacusgazs
w0gdleds L aiil o 0l i3S slaosls jo s Jlus! (3 5 1394-1402 0,90 a5 oy Covgamme (2 (ylpl JLL 4 Hldl e Covgume
o peite 12 ) abogame 2 wlal ples gy oSl pe 5 a5 jhns b oyl (6505l (1 olice |, -l b, slocassame
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