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Abstract

Objective

This article aims to forecast Iran Cooperative Development Bank's profit/loss using a
two-stage collective learning method. Employing machine learning for profit and loss
prediction is a novel approach to numerical computations, aligning with the article's goal
of leveraging big data. Hence, we employ a two-stage collective learning method utilizing
Support Vector Machines, Decision Trees, and Weighted Averaging models for learning,
testing, and predicting the profit/loss of the Cooperative Development Bank.

Methods

In the initial stage of machine learning, Support Vector Machines, and Decision Trees
serve as the base models, while the second stage employs a weighted averaging approach.
The combination of base learning models was utilized to initially test the prediction
process on the performance of 35 branches of the Cooperative Development Bank
nationwide from 2012 to 2021. The two-stage machine learning method relies on the
utilization of 12 variables grouped into 5 factors for the task. These variables encompass
interest-free loans and short-term deposits, deposit interest expenses, total customer
deposits, income from facilities and investments, common income, cash balances,
administrative expenses, long-term deposits, non-common income, asset depreciation
expenses, and the bank’s size. Relevant data for the study was obtained from the financial
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statements of 35 branches of the Cooperative Development Bank spanning the years 2012
to 2021. To minimize prediction errors and facilitate ratio comparisons, all indicators
mentioned were adjusted relative to the total value of the bank's assets. Furthermore, to
minimize prediction errors and enhance the comparability of ratios, all the mentioned
indicators were adjusted in proportion to the total value of the bank's assets. In the initial
stage of applying this method, two machine learning models - Support Vector Machines
and Decision Trees - were employed, followed by a weighted averaging approach in the
second stage.

Results

This article contrasts linear regression with machine learning approaches for predicting
the Cooperative Development Bank's actual profit/loss. The results reveal notably high-
performance accuracy, evidenced by an MAE metric of 5.66 and an MSE metric of
620.34. Additionally, the correlation between training data and predictions from the two-
stage collective machine learning stands at 0.9977. Following this method's performance
assessment, it is subsequently employed to predict the Cooperative Development Bank's
profit/loss for the years 2022 to 2027.

Conclusion

The results, showcasing the high efficiency of the two-stage collective machine learning
method, suggest that managers can employ these approaches for profit/loss prediction in
banks. Based on this method, and under normal conditions without abnormal or non-
normal circumstances, the obtained results indicate a prospective decrease in the
accumulated losses of the Cooperative Development Bank in future years, leading to an
ultimate increase in profits by the year 1405. The results of data analysis reveal that the
average ratio of the net profit or loss of the bank to its total assets has been computed in a
manner that reflects the average profitability of the bank branches over the research
period.

Keywords: Two-stage collective machine learning, Support vector machines, Decision trees,
Profit/loss prediction, Iran cooperative development bank.

Citation: Fattahi, Seyed Bagher; Mirbargkar, Seyed Mozafar; Chirani, Ebrahim & Vatanparast,
Mohammadreza (2023). Predicting Iran Cooperative Development Bank's Profit/Loss: Two-stage
Collective Learning. Financial Research Journal, 25(4), 596-613.
https://doi.org/10.22059/FRJ.2023.359246.1007464 (in Persian)

Financial Research Journal, 2023, Vol. 25, No.4, pp. 596-613 Received: May 14, 2023

Published by University of Tehran, Faculty of Management Received in revised form: July 24, 2023
https://doi.org/10.22059/FRJ.2023.359246.1007464 Accepted: August 23, 2023

Article Type: Research Paper Published online: January 20, 2024

© Authors


https://creativecommons.org/licenses/by-nc/4.0/

Sl 3099 (R0 (5 b gy 3 (o glal Arw gl SSU U 3/ S gw (i i

> U AL s
seyedbagherfattahiO@gmail.com :asbbl, .l p) cudy o oMol 3131 olKutily csy doly ¢ o wsdines 09,5 ¢65> (ool

* 35 Sy yilhe dew

d_nbbl) L)‘)_’l CA_A::) ‘@M_»J‘ .)])i bmb ‘M) J._>|9 sd)lJuLMo 9 ug’)).\_n 09)5 ¢)li3l:_aul 4J9i_w.n b..\l_mi}; %
mirbargkar@yahoo.com

Slr medl

chirani @iaurasht.ac.ir :asbl], o)yl cus, ool S151 oSl sy a5l sl 3 ppe 09,5 ¢ lyolis

Cow p by Lo jaommo
Vatanparaﬂ@laurashtaCIr AALLI) U‘)”l W) c‘_;o)’tml .)l)’l olKaiily ‘W) .&>]5 ‘d)l.bh.\o 9 w).»..\.c 05; ‘)LJL.wl

oS>

Gilo e ol ods 4By (clals 1093 xen (6350L B9y p (Kine ygle drwei b b5 Fogw i 4 Alie cpl )3 tBaR
FsrSorte b gois Slwlrs 3 (pg (LSS J (S plgsa (bl (6500 slaby) il osliwl b (b5 9 35w e
sl o po (e glads g0y (e (6550 uiile gy il dlie pl 3w pdy sl e () Blaal dlos I 0dly M
o5 dlizsl (1915 dasgs Sl 0o g0 (it 5 09o5l 5 SOk Sl s xSl 9 S e €83 by oy odle

Ll

3leped adoyo )3 g sl (6 Spmemal CE53 g iy J1p (ydle (6500 Cpublo (Jgl Als yo 3 by LS Al sla Jie 1 gy
dacwgy SSb s YO i N9y 65500 5 g05] 4 1l (6 p55b ab slaJie oS5 bl sl o oolizl 39 pibe
S ol el sl oS sl (glals o9 Cpile (6550L (e gy cpl b aidly VFe e BAYAY o Sl (b oelnl o ool
il )5, 8 (slaod pw 3l Al lie cos g b pstie (pl Cawl ouds oolitul ol gaindies Jole gy 1 ((Jlo o) pusite VY
(S (839090 (éL,.;‘;.a dbm_ni)a ‘d)u—?")ﬁ.—“’ 9 u)’t.g‘_.w _\_A]).) sul}).\.w.n dbob)ﬁw €0 yuuws dguw ALy i 4&&:0[3’95 dhob)ﬁw
5 oksae claosly an obiws (gl SSb ol g olyls Mgl 4 i glie e (slasel > oy (clood pw (o)) (slaas 3o
Call g dnpie cles Gials gy cpiomen b oalaiwl Ve e BTN cla Jlo (b (ol drwgd SSb ad Y0 o sloc e
Jie 90 3l e ol alspo 13 g hgy oyl pd s dws SSb sl ol IS 55l 4 s ool slayad i oled daciams duwlio

A okl (S59 (1Sle 9 ) pgd Al pe )3 g (6 S el €53 9 Gl I (wile 350k
9 A SOl (aBly (ajfage rizmed 5 S (g )y Uhe) L ol dslie 5 SOk pogad ) Alie claaiil, AL
Aol Cawddy FYIYF b ol MSE jlxe § 0/52 b ol MAE jle 45 (claisSas fawl b jlaws (59, cpl 3,Slas B> a8 sl ojlis

AV L plys el Comday (glals po 93 mon cpwile (6553b 51 S (losd sy 9 03 5590l (slaodly yo (Siuwed e



ib)lows o 2,9 &Y “jlﬁ uli:bé’ o4y

o=l 3l Alg e e 48 Amd oo (Ui gl pogd men (£ pSL prdle gy VL (o) ] edelinday guls 1 g S A
ey 9 B)lel bl b j ST eglads po 53 (il (6:53L b9y bl S ol SOl 0bj Fagw (s ) by,
Al iliel C)i S5 g LS el drwgs SO odd atslil b5 A0 Jlw o coled o u;j sl o jd il 4wl 245
2300 &l @75 4 el ol IS 4 STk Galls 0l L g S (ke sl Jloig 128 s elsl 2 2l

3o 8IS Gig 0993 (b 1) Kb cend bawgie

.Q9sz' A gl SSb ‘Olﬁ} /.)9,\.: SO (8 S ol CB ) ‘UL,:.M.J )la)g L,A.«.)Lc ;dld.b).o 90 (> &350, QA.MJLO :l:eojb.g.lf

VEY/-YIVE sl f ) FIY 085 . jan F o)l ¥O 090 VFY (e cliios
N V/0/+Y 2l g fo,b O oy o e BaSE 1yl
VY ELN ol )b gl sols dllie go
VYN IY e sl &,b OBy ©

doi: https://doi.org/10.22059/FRJ.2023.359246.1007464



°%A O g (U8 /o (653 gy 3 (e 9l drwgi STU b /39w (St ey

douio
2 Sl slasl (e glyoe 005855 5 G ohist cler oyl 5 sliie] el (sl bl g 5 I3
2 5 ol o2l ladizza (b 31V gy 5 5b) cunl 03,8 olyen a3y Lyl And (b 1y pogad i
YWY I Slhasga) asl 008 5 poguas (250 (2 slal pialj3l el

Lo yaw 5150 b g o jlel Sl dusa b g shol glaod o Joro | Mps &)1 L SSL Jbo claculs
2 SIS0 E 55 Jlo sl (38 Hludy Gezmed 9 (S i Coel dags 9 3900 o 3] dnd dix
b Lol 09y coldy 50 50085 b 00w ol jglatedy dusyl o SSL (V)4 . Al)l).’éy 5 sles) Cunl aily wiy Sl
oly ase o bl iy 4 g3 sladizja el jslateds STl o 51 6yl sladizja l33l
ST slaaal s ol osd e s delyd conS @lio a4 byl (6y0] 69y 4 dlmod o 51 ()03 Ase by
2l lin gy ol S YD Comg S0 5 5 (3155 ) liom sledas ol o el (slacilld ole oy e
i) Gl 00y gt eSSb del)d g5 e g 03,5 (6 pSonin s LS amd x> b il

1 . Al & . 1 A ee|-e]

Wi g e sbadeld 4 L (1938l39) (Sianly Lol Jelgs 51 (S0 aelps> 55 (VA Sy 5 SISy
oy oyl 51T VY fa)l.x_f 5By il) 09 o dnlee oy b Jbo piwaw I Jbo gyl cde pon 4 5 cd]
e ) it SlaOlr ) (S e slaaild g 425 izl bl 0 Sk sl i
Dl 93585 0 Jlo Hlanstie (glass] i85 sl el wel)d o i «cjyad9 0B jlcwl sad s
9 ohloplew (udidnlasel ili 8l el swiin cpl A8 o Jlosl gabasag auly8 0 Jbo Jais 51 e
508 S 1y 055 (59 ium sl « Sy Copte sladsgy Jlosl b wilg o S g o b yiiie

. . . Ve o . - |& Y . s
Ol (i yogmad ) (ddxio Slalllas gy ool 51V VY ¢ auodd g lojl ((pilS loyud) wias ials

1. Batten & Vo

2. Mostak

3. Craig & Dinger

4. Medlier, Tacneng & Tarazi

5. Ammar & Boughrara

6. Ashraf, Ramady & Albinali

7. Nys, Tarazi & Trinugroho

8. Bitar, Pukthuanthong & Walker

9. Ashraf & Goddard

10. Shirdar, Golshan, I1zman & Ghodsiyeh



ib)lows o 2,9 &Y “jlﬁ uli:bé’ 044

slisly ) (Fslite sl Jas g lois) 5 odd plosl oSl jogatas 5 (60 (sloelSi (25 (b5 L) ssloges
et ol sl pie LBl (Y VA Vgl 5 dagl gt )Yor) sl o &8],] e bawgs (6539w i
33 Gis Slodl U j g LacSOb (o515 000 mimmm p3 Loyl palbe o390 (wyiawd jd 9 31 o,k b b
ol 039y Cuwliio 4LBIS la g}

B Gy |y o sl dae glgl &m0 Lt (o (28 Slalllas g 00l ) gy Sl
Tl aslS 5 sler olaz) 5,5 (eabtiand adls (slasbgy 5 eghan oras slaeSad (Sloj sy sl o
(S)S ) CeiS s glaJas g load adls sbagSll Bl plgiee Sloj s slrdse 3 (V4N
e Ll sla gy o piodes oyej 3 1y Jed ol jl g (o Lol bl ladse ¢ loj slas o g5
55 g as cLaaSid 5o)b 3l 0ad plonl Clidos 09,8 5 (V)4 55) 3,5 pme st Car
limly 3 eI jpbans (g (LS50 (9515w ya- S S oo iile) ()KL 5 ()l (sl ol
Slados | (S0l poe g 290 48,5 0,0 aeel slaiy) ) &S Slidos o wlad S 1,8 eslitl 3,90 (s
Lo siolly (g 9 00d 3,001 (o ey Helatods (g5 ) SeadlS slo Jao camd o LSS Ty it 05>
Sl 5 5 )29) dibin S0 (oS (55580l (sl Je g (Epian oas slaeSes slagbs) & Jus
s S b &S cudd pl o Gl e ]y pauas uae baSil 5 SwdS g 90 olds sdes (V4VY
2 95 o=l Sl e 903l g 650k anld el ot 5 Slaslre g 35,9000l sdas jgboay ¢ o 5tas
6350 tle g0l 5 xS0 1 iee slabg, dlen 1 (g a5« SeudST (gl g b lio
alor 3l ag o odlawl laodly 905 5 65k cas Bz 4l ol o ol a8 cal Glals yo g3 Eres
x5 b ladse (hy) o5 (Grpe 53 255 o)l (S el €83 g Glustly o owdle sahe) 4 Gl
3 adlie (ol 3 i dleh g S3EY gt 9 S T L Sk wuld s pledl a5 L
S35 ke 5 S el 50 (lusidy HPp edle slade e Al yo 53 (e 5L edle S5,
Cilise yiizo VW ool 2 ey ol J) ol 00 o0latsl (ygles dnusgs Sl il 5w (it 5 09o3) sk sl
Web laJlo (b (gl dagd SSL 0Lilogw (st 4 G 9 6530 & Tl AF - BTN ol b
el Wby ploxl (ot (g )S) 09y b U9y ool @l I slawalio Cole )3 sl 0ad 4B VT U

2 g oo adby 3dsd OLodl joge 4 ped Sy ) .l ol ai)ldle Gy cpds dlie eldl )
9 orsle 6530 @l pylae LiSu 53 Sl 0l (Bpme (lalogo 93 (rex (6253L Gdle () pom LIS

sl 01 by ST clo)lSoly Bl g oS4t 4 oty (15 10 g b ibdiga o5 (g S,

1. Bolarinwa, Obembe & Olaniyi
2. Gemar, Gemar & Guzman-Parra
3. Boungou

4. Choudhry & Jayasekera



Tee O g (U8 /o (653 gy 3 (e 9l drwgi STU b /39w (St ey

g 3 (S A Ly
ol asles S @l o o e g (5)l8SOL ales 3l daojes glgil o im (gl 1) alse sla Jae o)) Kimg s
A Sy (ot ilbwdde 4 (V)) jopde g (Shgpud (IF0T) cghoso g (lan g b pada
Sy gylules slaj2ils g (souas aas ldSs jledlal b ool dgs SOL cuta

Sloapi el g Lugy (Solas claosls (iudey Jolod (s 9,50, jloslatul b (Ver) (ad 5 (ngdn
3 Jie Jo sl iloals &l g (6Ol slayad s olsl o« SOL oL do i (slp 1y (S o5, 0018
By 5 (GA) S5 sLarypSI L (MC) 15 cign (siluacd a5 | sty o2 53 iy
b b (ICA) lesxisl

2 ISy 5l acm g S8 0ad (5155 59 CsdsS p (Gilogogad 8T ooy 4 (W) ol
i PIBI ClsS” (G & 0> (L5 gy ol @lis (Bl (s )bl Gl (oygr 52 0 4y oSSl
2505 393 (g blixe dasly ) 5 dm g (il g ;I LB
G833y Ay Caasd Cod iy (slp <650 90y &S 3Dy i ol 5 S eolizwl ARDL 5 ARIMA (545
Gl yiioy ARDL (661 €8s lie (Jg 6l psllas cubils SSL
2 oSl 9> o el oS oald LS gk guls sl csenily dladls g6l g aulad (g3 - uac o0yl
8 kg B 3l emienily dladls (oSl 1 ooltnl b (il Jde gl pl e b il 0390 (Jle Loy BISKE o i
el JI0y55 0 pogad cnl )

ol 5 izl LacSil yglse 1 e Jelss (s 42 (VY95) s pmil 5 Sl 058 600 ool
P uabw LSLQ)L"’“’ ;J9] 09; ol 04 (SAudw) ddes 09; 9o L c‘&yk_g\:b 6)91.)94» » )J§A L’Lo‘}L w&s))
s b o Jols 1y (oolasBl MS laro 5 Carivo Jlidlo & basyo (sla )8l dlajlne pgd 05,5 ¢ Canl SO

a8banngs (slasbasd] GlacSaly (5glagm 81 sl Jolse 2 V% 2958 25l e @0 (VYY) oo 5 50
2wl oy Red obg)l (Sl jd dguw idlS cely 1A wgsS a8 ol LS ol aB Dy drwgd Sl )0 g
ol 4l 21531V 58" Gl sk 3 g slowl (oSSl (s pglagw & b

g ol b1y sl (STl (6gl3gm 81 s Jalge (aluli & (V+VY) T MeniSo g publusl

1. Haider & Mohammad
2. 1sayas & McMillan



£ 0)low (V0 0,93 VE+Y ¢ Jlo Ciligios T

1 AL g a8y 25 9 oyl ilop ColiS (2> (1392 ogele ((SAE s (SOL ojluil a8 0l L
23 (yloliae 5 e b oSSl (6039 2 o ooy

) Gros 5255k 5 pile 53k 3 Khos (glaalllan )3 (Yo¥Y) a5 5 g ob ey (63 ccraledns (ol
5 ondle (550l CtS 3l (b odafn St )3 Ll )8 Auglie S0 b plews Ll iy
45 ol Lt gl 2,8 S 5 o3l st L olye galsiy g (sildinge oty 1 ST Ly Bres 5500
Dyl 1y 3 )Ses oy (S (Bolad it b pibly (ke 4yl Jo

L5 o8 plesl Layls” asiges olsasl 3 ) plomas (it (slacdlllan 53 (V+7Y) Tl g lslan o555 02
axwgs plow Coosd i slp IFAXGBOOSE pb 4y (oS 5 o 5 byl isSs pogaas @ 1y oail (sla S
i 03 S sl inLasl sl 005 03 iy uSilie e 55 IFAXGBOOSE i sty Jde 15313
S s |y ool S

28y g il 5 4 eamie SYLI Y (SOl 6glags 8IS el Jolge dnlio 4 (VYY) L4l
0438 (e ool by Ao S g (65l 08 Slaply Bila] iz za QLS &S 0y (L gy cnl slaaisly
A (Sl G5 (5gloges 5 (6 Sty

g3 cnl ulis sl (g 55al (5SS (6glogm 048 s Jalge lolis 4 (YoVY) a5 Sluc]
oPlime y a3 1 e S 5 gy b dunnlie 5 i oMol (oS3l 51 5 p5lagm (5)8 (slaSTl oS ol Lt
D)5 292y (5 olins gl gyl (SOl (g Sy sl Atuly it b o] Al g o sl it

$Los) (sljgmiS’ )3 3l (9130 B8 s Jalge alalis 2 (Yo7Y) "ld g gSdly cqSdgaly g o
& At Sl wadg 15 ey ()8 £ & ol (Ui Ghaghy ool sladill ABy (63550 9 (B
e 3B 635 p0 g (B Syl (S slapise )3 Sl (yglogm 2 dlopw £ g 55500 £ syl slaply
355l

A8 o L5 g ol sloasly sl eSOl (6y3lgm o e Jele ol 4 (VoY) 65 5
1515 o (POS) g b dlaii (slaaibly 315 5 (ATM) 313,055 (slmelStums slass oyl (Sl (sl 1S sluss
Sy 29 |y SOL (6 5l29m

N 5 sy 58 SIS Aoy sl 605 aead Jaa o (Y13) T3 5 Sl cquugn IS dinly
Ol |y s pReda gl 55y CBl g Glusiy Yoy (dle (m (B 3,Sag) Lsly cul 53 03,8 sleuiy plow

1. Han, Nieuwenhijsen, De Vries, Blokhuis & Schaefer
2. Chen, Zhang, Mehlawat & Jia

3. Ozili

4. Achsani & Kassim

5. Horobet, Radulescu, Belascu & Dita

6.Le & Ngo

7. Paiva, Cardoso, Hanaoka & Duarte



.y O g (U8 /o (653 gy 3 (e 9l drwgi STU b /39w (St ey

Y el sl pe slacidn Yy eile 5,Slas (bl iy 60 Cay jal Bl dgu 4 ya aS) dles 10D
Sl ol Jde (oriw el (gl (668 Cudgaie S Wilgi o

6 lodinge & K55 o5 5 Legimn s 4§l 03liol L (V+12) "Lsgles 5 mlosSa coluans¥T ccdgus
ilwdingy e g S omas 45w 5l odlitnl b oan] plow i) e ol Baa sl plew
St Sy 55 Bl 5 i S 35 e & s G385 S L pla

ol adlio ) slaadl sl el (SOSL (gpghgm ot Jolss (lolis & (Y1) g9 5 ol

. 5 . . \ i )

$r5L (e g )l it ey (x4 (V) pegdggSlensl g pudgdel (ST S1e
aS o L Limgis ool guls ool jl 8 awslie 350 1) 0,505, 90 ol oo slahgy 5 By udle
)15 (5 el M (slo by 4 S gy Slslme Ll (idle (5x53L e (sloisig)

EMolro Wislgs o cpablo (63530 (SlaSuST @eSs aSs! (ol L (gl (lallae )5 (Y+)A) fwbi 50 U
oz g ploms S8 i sl Gty 6o G )S) slade 5 (ad e S Sl S 039l 1) a8
Silwdios am SBISE 3929 L3S ool cMales )3 Sy S8 g 033k (gilwdinge sl (gilwdinge ST
8l Cuws (6 pVL (35L& (el (Holae STyl ((HBly SMolae 5 (b
wly lpl y9dS ) gl dwgs SSb bildgw moia & (hey il 2 S5 Loy cal ST i 21

el o o3l o i g (6350b 905 cas Al caliso sla Jse l oss Lo Bgy 5O a0

by i by
Olod ol V i 55 0adgaidind yite \V &y d2g5 b (pgled drasgi SOL (lj/09 (i dllio (ol 5 Ba
2 Lagl ol (95 oy 53 g b Jlo skl L gl cnl 53 sl pite el 4 s NS o (5,00
ol 039 cunliiio ablS gla yimgt 10 Gimgh Gludl b iomed o AL (6515 0300 ot

Ve BWRY ela o b ) Jois 4 bgrpe slaodls 5 ] gl dmags S3b 1 dsn Y0 eyol ol (sl
)53 sl el celad dacu s duglio €l o intn oS (20l (dlp orimen ool 00 (g pglen
95 Loman cymilo (6oL by 31 ool L Lol g, oyl 51 aaslodd ok S0l (sl alyls JS i) 40 s
Gy ST 0L g 39w col 3l mg 9 35 00l b0l aalllas 350 (sl Sl (b osd (gyglaer (sloosls sl o

ol 03 i (S Jlw 0 53 (gles

1. Solin, Alamsyah, Rikumahu & Saputra
2. Batten & Vo

3. Makridakis, Spiliotis & Assimakopoulos
4. Ta, Liu & Addis



ib)w o 2,9 ALY c‘:"uo uli:.bd Ty

OFSe Jolge & Jbo Cud parpassi N Jg>

(o slocams) b o Jole
2O pdie (6120 pow 03 o Do Ay 3o (ko oS (glrod yuo cdiawsdl (1538 (slood puw 0y e 3 Slas
e (ool )3 ¢ 63503 w5 Mg Sel Mgy e (230l )
(6 Sladia j (A8 (9290 Wjh g GO9rge Cu e
Elio e (slatel )3 crosily (lmod I e 03y s 3 Sas
Sl ojll (ol SMpswl dania |l ol b cslie Mgl 4 o

Sl g adlan oIS Lol Flwboes (6,315 oo 5 ol 1 utle (6,53k sbaty
)1 L;’L“rv-’)ﬁjjl O D ‘nl}u‘ SR 9 Ls)j.)b daosls u,oL»l » _\.»."9.’@ &S ..\A..SL;o = ‘) @LD:WJJ)&‘
Lol |y (oS mramal L (b @iged (99979 sloodls I (giloae a5k jl 5 WS c0d (g9 asly (sboygid
aS o)li8le 5 i dclgd jl iso 48 Wl e walyd ible 5 dawg (gl SISl (pile (g pSOb > imd o
cysiilo 51 oolital 1] Ceddy 42538 (glmodld | s el ol B b 5 Sl bawgs slb o ulow dlawlgey
sim gLl 3 Sl gljfogw b a8 o SeS e (6:50L Jae olsieds by sla e jl ookl b (6500
M opile (65500 Jie 90 Jol Ao po )0 ¢ o (6500 puile (gly ons &8l)l Jao bl 09 et
o=l 2 53l e higal 5 650k 4 4Bl jobods 45,15 392 (DT) (s S maonal <853 9 (SVM) ity
2 iigel (sl 0dld dsgasme IS ) (shuo,d ol g 0ds s polocio Aiwd (635 & ybjg0l degasme IS (b9,
M o j9el olite (claodls degesme j ealitul b cilio b (63L Jao L 68 opl b g oo o3kl 35l
xSilae gy 5l edlaiwl L pgd Al e 13 09 w i slad ials el bl o )] gl auesd om0
(YA Ghlen 5 b) 39 g0 olisl (b3 (ot S il o 93 (o 653L Dl S (S

Olifdew dwia ) USG5 L sillas gldls o 93 2o (65300 Cpiile I oolaiwl b 5395 03> Lwlul »
Jlo o adlllas 5550 cladiges sl 653k sloby) I Se o @S geo 29 0 4l sl Sl o Sy
C3Y o) lmadaly 3pin o plosl MSE g MAE cLa o j1 osliziol b Jie st <35 bl o5
a3 e Ui 1) Jae (e

n

1 _ .
MAE = 1—12|PR1- — PR; ()

=1

n
1 _
MSE = ;Z(PRi — PR))? (v b,
i=1



1€ O g (U8 /o (653 gy 3 (e 9l drwgi STU b /39w (St ey

Cawl § 0)9d yd JMCA.’?U‘SJ[J ul—’)/J}MJ IR W) u*-*-’u“-’ )l.}ﬁal.g).g‘).g PPL' 9l' 0y9d yd n_gql.ﬁ

SVM 1

ik oo Bsed

SVM 2

Vb Jhe diges

9 SVM (6,:55b quors
39 0sSke gy L DT

L &b Joo Gsed

V& Joo e

Y &L Jae Lges

DTL

L &L Jao dg0d

‘—i py> Al o > Jol 5o

Sl 10 93 (rox (pawlo (6,500 Je Y JSUS

(SVM) ylusiy j15 0 comilo (5 53 (159,

A_..Su_o odlaiwl Q%w)f) 9 d.kut\.(b.lo dl).f O] )’l &S Cusl Q)Uéﬁ b d)ﬁfbl,g dl.mui}” )’l u_i;uw )b).g WLQ

Sl B Sbiyy & Cans (o9 S bl bl 3 o cul g B gy dlex iy )
doodly (s i )3 g Canlrosly (lod cabaiwd SVM 3uiS gandiwd (68 gluo .Cusl ooy lis ganadb
doodly (gl anps bas 08 oy Aolee o il dtsly (g i luebsl dusls U dgs Clesl lad a8 35 o (o
e 5l 8 it g Plue o )3 gload aislid gla by, 4 3,5 o0 )90 QP (sl yig) 520 ]
2Ll b (sLad 4 @ wb dhgdy baodls S’ (gainatid 1) saomy sl (slaodls wlgn opdle 4ol sl s

(VoYY g g ol o) 395 g0 03,5Vl

v

1. Ma, Han & Wang



£ 0)low (V0 0,93 VE+Y ¢ Jlo Ciligios 1o

(DT) pwonas <&y
I3 ot 4 Sl Al b Lo ol sln S35 slo &S 1S o 15 (shisS e cabld] laasls Blon g (6 3ludingg

(Y0 o)) Ken g 1gsl) 29 0 ploal Cj 2 d8lsl gasls pl Bis (gl 9,5 o Slles

Losts Jakxigay 3255
a2 sl 5 gl dmng SOL jloges ot 5 ool (Bigel (sl (gl s 53 pyile 550k g, B 51
ool 0 4551 VF++ B IYAY (gl Jlo oy delllan 3590 Jlo (slacuns jlne Gl ool g (Sl )

700 626/3722 7000
600 6367/637 6000
500 5000 —&
—.jz 400 316/8929 4000 T)
\\)% 300 22074233 3553/492
. 200 3000 _:]
100 72/4935 49/5054 /67348 2000 )
0 9/692893 . /480883 0/106242 = 1/443215  9/692893  3/2587, 1000
504/8488
100 , 1/6026883 0
LS SRS - SR SR G B S S N o
& o 7 \9)"7 \ N2 N’ N P - DY
AR A 3 AN AN
ST Ol M M SETLEI A M A N
) NG ° N > Y © Py A
% S 3 v )
1 6"{) v M
»
&‘A
Sl o Sl =0 Lo Gl

VEo e BIFAY ladle oo sl Ay SO Jlo 5l pad i e ol g cpafiilie .Y JSU45

S slod ol (gl bl (i)l 5 (1 0ee glisie (ulie 4y dx g LY S5 )3 0l &Sl LML

503 i 5 SMpeasd 2ol > Caas 45 345 o0 odaliie F S5 (lajasls 4 dngi b 500 Bk 5l il cleMb]
aS Canl 039 YY/B+ b ol cotosily (elod poar Connnd 0S0ko Cpwizads .l ool Cowsds AV SSb sla o))l 4
sbood s S amd oo LS 1) 0)9 (o L 2l S (8551 6=l VY & Seop Csenidy B3y Ol
ool Ceunddn YVF/Ae g YYASY L plp Cui ity g bawgio yobay da olyls IS 55, 4 csaslisS” ¢ amusd] o8
SSb 85l g FYEIY L ol (51:0lke pobod « SOk sl 2l S 4 (b piie (slood p a3 (5900 1 -]
SOl Al (s b dge Cumd (ke (nizren anl ol sty VISV Lyl bawsgio jobody a2y S ol )

Dy ol Limgh bygd b b cans bawgio 233bj 51 aS 0us 3,90 —FVAD Ll o] sla ol JS &



i O g (U8 /o (653 gy 3 (e 9l drwgi STU b /39w (St ey

2L 53 6550 ile 51 ekl b ol dewgd UL b i3g (it sl 4 Al Ve SleM ulul

O 5353k Jlgie )5 3 1y epwile (6553l slaclls cpwizmen 5 3,Skee oyt ¥ U5 eal 005 4 )5

.J..m.)u.a
&35 slacdl 0l oy g
3 Ghigel ssals bl 31 T3 5 slales 13 583t i (S18,1,55 15 (5 Sl il Shas I U5

(+1-OAYYY) el saal cwdass Jlgio )15 oV F5 55 (6,500 cpnile 3, Shae oy yiae ¥ IS5 4 a5 b

A3 o Ui 0 dloiuiiy (hg) b 1y odls cuns g bl e obisel gl (dad (g ,Sy Hlages ¥ USS (piomen

T 31 025 g Bo3IS (99031 5 (23l e rijo0l (Sl (ad yomw S Jlag0d £ SIS



4 D)lows o 2,9 ALY “_Jlﬁ u&é:é’

4 g e odaline F quzu»l_wl)_g9wlomw;)&)ﬂ.\¢5|&);&§&)éﬁb SO

VY Lyl (sl o 93 xox ble (S0 1 ool Cunddy B i st g 02308598l (slo0dld s (Siampon

2l cpile (6 250b 5 Wlodsd hige] (g laodls ¢(639,9 (slmodld w4 dngi b aS umd o Ui yel ) an]

L o5l Ay SSL ljlogw 06Ske oy 40 Y g 50 )] yho 4 oo slbd pizmen 5 opdle (6500

ol 04 i1y VF e BAYAY el Jlo o jo (dod amw)S) 9 (6 50L pilo

VEo o B ATRY Sl oo 3 olad Arwgd UL Al (3l 5/ogm Eg0ome ¥ Joua

~AADY/YO ~AR\Y/AY ~AYV/SA ¥
—\av/¥Y —SA/0FVY ~VAY/ V5 ay
—\YY/o0¥ SYY/EYYY ~\VA/OYD yar
—Y¥Y/SEY —Y.y/sYA ~YVY/A¥Y ar
—¥.0/f-a —YVY/SAA ~YAY/YAY Y0
—\V-a/avy —N\/FTY ~ASIAYA s
-50v/-v5 —SYY/AVY —$\¥/¥5 av
AR ~$AAIVE -5+ Aadd WWAA
~\OV/- V¥ ~\YO/YAN ~Va/fAY ¥aq
~O¥Y/VYY ~OAY/ ¥V ~¥V¥/.55 Ve
“W/Y —V\5 A ~1100/¥A% Esacce

2 oGl = NOB/YAN Ll py (9l dasgs b (o8l (L35 (650ke yobds & a3 o LS Y > s

A o lis 1y 38> lade b O] BMB g cpilo (6 u50L o9y b odel Cawdey oL dew

[o]

-1000 -

-2000 -

-3000 -

Value

-6000 -

-7000 -

-8000

-4000 -

-5000 -

I

—¥— Actual
—%— Regression
——%— Machine Learning

Year

00 . L . . . . L .
1391 1382 1393 1394 1385 1396 1397 1398 1399 1400

S G i/ 9w Ol s 0SS
ITYAY s Jlo o 43 oled dxuwgd
VEoo U



TeA

OlSed g (AUE /o (6152 gy 31 (e (el arwgl ST (b3 39w (S s

el o) oy p ¥ ot sl ouds odlaiwl MSE g MAE (a3Li 90 jl guls ¢l )y (gl dllis ol o

A3 e i cdle (6 uS0b gy sl Iy

Kldiged 05950 Jdo MAE g MSE yi3lie 391 . Jou

ARYAVY

MN/FOD

O3S )

[\ Bed

Y /YY

© x5 il

5 an  Jode polie da e huogi Judoo ;5 SSb (gl sdel Cundts )bj g dgw s pdlie o wlide 4 4> g5

sl a5y gy 5l BL i <85 g eS8 bt il b 6 uS0b cpdle B9 9y cpl

a3 o lid Ve BT el Lo

< — — —Actual
N 20 ! ' ' ' ' " 1= — —Machine Learning
— ~ — 7~
= L S =T T T
[3) O-——\\\‘~\__’_/._—’(—’ ——————
2 - =
o
m _20 1 1 1 1 1 1 1 1
1391 1392 1393 1394 1395 1396 1397 1398 1399 1400
Year
g 20 T T T T T T T T
M~ —_—
— S S T T T T
% or N - - -~ /// b
c ~ —
© -7
m _20 1 1 1 1 1 1 1 1
1391 1392 1393 1394 1395 1396 1397 1398 1399 1400
Year
g 10 T T T T T T T T
;‘ - =TT
5 Oh\Q/,/,—___\_V\ s b
% = —_ -
5 -10 L 1 1 L 1 1 L 1
1391 1392 1393 1394 1395 1396 1397 1398 1399 1400
Year

09 Arwgl SO L/ 3gw (S )3 (53053L Gweile 3 8es By 1SS

O 0 @39ys leody oLyl s yaesl 3 (xSl amible 3y Slas &S 305 0 sdalie & JS5 &y 4> g5 L

SOk Gllvgm (it $lp obey ol J lge bl opl 2 g Cunl 039 YUl VF - B ATRY (gla JLo



ib)w o 2,9 ALY ‘J"‘uw T4

dl_le_w 5 L’”Lﬁ Za_wy SSb Q\g}/)y SR (P9) L‘).).l U»L.:l » .3)5 oslawl u"i L;LmJL.u 5 O9l.a3 3@.»9;

RPORTAPES S SO IV VAL S R

T
—%— branch 1724

—%— Branch 1725 "
5 I |—%—Branch 1726 7

Predicted value

1 . I .
1401 1402 1403 1404 1405

Year

VE00 B Ve ) cbJlu o 0ole5 Bawgd SOU rluads b5/ dgm sty Y JSoud

O 1y gl dawgs SSL ST (bjoguw F Jodo (sl o 93 (6 30b ppile o9, (Jle 3, Sdes 4 425 L
AR 0 uL.u) VYD B YY) d'l.mJL»

VELO B VEY JUo I (yolas Arangd SO AU 5/ 9w it i £ Jgi

—FYY/YY A
-AY/fY VFe¥
—YYY/\F VELY
—YOS/VE VELF

\Y/5Y 3

ol danags SO BB dlol (b (S slals 53 o8 39,0 Jllanl 485 &0 sla oty olel

J_cab& dla.?l VF-0 JL» 5 dl.n.sl O:gl d]c\b).o 99 w.wl.n dﬁfbli Uv9) U»L.al » b u,...»\).el OT dgmw g a8l u,u.mlf

sl
ST SLlgii g (5 5 amid

Sl b 4Bl (gl pogd (6 50L bl By p (Sire ol drwgi SSb b dgw (i & dlie pl )

Loy o i Lo o ool W oolaiwl s gaidiuwd Jole & ) ( Jbo Cowd) jusiio VY 1 I8 opl ploc]



e O g (U8 /o (653 gy 3 (e 9l drwgi STU b /39w (St ey

el )3 63503 5 Mg 8al)3 (e (S0 s 03 g0 &350 «doolisS (slnod s cdiadll 158
S 3l g 2yl Mgl &y gl (glatal ) ccisonily (claod w5yl (slodly 5o (4B (539290 cglite
Ve LYY gl Jlu b el drwgy SOb amds YO Jbo slacsjam I Jlaine slaodly 4y sl (gl g
o Cud S5 sla et Ll polod dacund auglio ol g i slos (il (gl (pizren 05 0dlil
o2 5k edle Sl gl dawgs SSb Lajldg (moin lp a8 e SSL glagalls JS G5l
5 Sl €33 5 olaidy sl (wdle (656500 S 93 51 Jol Ao yo )3 5 (B9, (nl 53 b dlitul (glal> ya9
Oles L 2 e 5550k 45 0l (LS ooly Liloioa, jo golis . oslitl (559 (5e50ke b9, 3l poo A ye 5
0399 (b STl cans gt (o235 31 4 sl 0ad )50 SFVAD L ol ] sl ol JS 4 SO 2l
Db Colss iagh

Canddy J1,S5 el ¥ 03 g, opl 3,8es o yiag a5 0l LS (6050b cpaile ) ealial b Waodly ijge] gl
odoluwnddy 00wy g 00D (jgal (claodld o (Siwwed Cmitced .ol [ OAVYY L ol (o jlade oS oal
D99y o) bawg odls Cgd bjgal Baimd L 45 el candds +/AAVY L ply (lals 003 xen Cpwdle (g pSL )
Py ©B> &8 b odmlidio (g5 9 6 50b Omdle gy b (gl drg SSL Al Ve ol duglie L sl 039
2 ol EYNY L ol MSE Jlns 5 055 L )y MAE s 5 035 (19000555 (29 J) 5% «s 55k 0ol
cpl sl o 4 cpmdlo (618l gy Lol il alss Lils8l o sgms g RIS ol dmmgs SO b0 azl]
sl sl I VY0 Jlo o sll

o S 65558 HB @l gm0k odle gy &5 055l plgie odelcusdes @lis sl
Sl g cod bjf3gw (moie Sl Ghe) crl S g 983 )8 (9l Ay b e sl 53 (dad g S
Loz )s S Ly (65550 ndle oS 5 g (Sgiuan Shgn 5l odlital 1 Sliiod (gl cimen S oolitl 555
Ol o Groin Sl 565yt b (izred 258 o0 ey SYL ol 2Ses jslatedy ()0,
Ol L 258 e ey o SKdgy oS 0y ol ] s plon (6 5e8 Gmoie lopiie b LS 4573, (o)
Dyl plsl e Giagk i ggge

plosl Giegin b9y (e 9 (39055 U ggdge (nl b Bidate Ve ClaS plo b duslie
Jie 02 b e b (lap Sl (b b gladas 0] )3 539 dals con LB mls ( Jlo ojg> 5 00

Dy anlgs dlie cpl (295 9 @l o Pk 514555 Giab g doy |y (b g 39w g b Sjgon g

&b
) e SLacSil adllas 550 BCSil plows byl sbigs Jdo (MYAA) (sige ol £53 ¢ o £ ylus] ¢ sl



£ 5,)losd Y0 595 N E+Y ¢ Jlo Colisiog Y

Sleslar wl Uy ool g slacSOl (Koad Sy i Caa (gilwJdo (V) al} )8 cyasyhin {sipo ¢ Slig s
AN (DONY o plus 5 Jo (c)lilas (clo ying s . ool oo jadls § coinn uac baSus

GLacSal > 638y )i g JoB 0ad (3155 39 S 3 Siloogad ()35l (g (WWAR) (s o3
INE VIV plbles 5 Gt )0 g (g o (s 183,505) RS e Gl (oag 53 o0 4By
52 PSC 4 1PC (clasls |3 (oolaidl (claailye 15l . (VF+Y) 50l (sdamo g Lo limd fumw g8 b ¢ ool epio Ll

OF =Y (VENWA o ] slats] lelllas dolilad <) 5g,8 5 S i iue (bl dgus g Mg

o Io dlaid] ( ogpadr ST S 16050 dalllas) ol alibls oo g Ldnkel B uac o5,
AYS-AY (£O))Y

Lol (yglogs yr She Jslse (WWAF) pladl e pmdl e Jll t(sape daome x5 (6,20 1l dazmo 200k %0

3)—1’5) )] ol l_: u;s_: Lg)‘.\_i:l) LnguA}l_») u»l_.w‘ » L_i:l) LS'J‘)K LS'“'JL)““J J.\A (\\c' ') )-QAD ‘L;ha_‘) ‘LS‘LC cu.Jaﬁ.:u
NOY=IYY (WD ey il clellas . 6yl )3 olawis 55 g gy Bkl slaodly iubey Judoo (60 yun

Refer ences

Achsani, M. N., Kassim, S. (2021). Determinant of Indonesian Banking Profitability: Case
Study Dual Banking System. IJIEF, 4, 16-33.

Aghasi, E., Mehregan, N. & Asima, M. (2019). The Dynamic Model of Valuation for the Bank
Stocks (Case Study of Banks of Mellat, Tejarat, Eghtesad-e-Novin, and Karafarin),
Journal of Asset Management and Financing, 7(1), 113-134. (in Persian)

Ammar, N. & Boughrara, A. (2019). The impact of revenue diversification on bank profitability
and risk: evidence from MENA banking industry. Macroeconomics and Finance in
Emerging Market Economies, 12(1), 36-70.

Ashraf, D. & Goddard, J. (2012). Derivatives in the wake of disintermediation: a simultaneous
equations model of commercial and industrial lending and the use of derivatives by US
banks. International Journal of Banking, Accounting and Finance, 4(3), 250-271.

Ashraf, D., Ramady, M. & Albinali, K. (2016). Financial fragility of banks, ownership structure
and income diversification: Empirical evidence from the GCC region. Research in
International Business and Finance, 38, 56-68.

Batten, J., Vo, X. (2019) Determinants of Bank Profitability—Evidence from Vietnam,
Emerging Markets Finance and Trade, 55:6, 1417-1428.

Behera, J., Pasayat, A. K., Behera, H. & Kumar, P. (2023). Prediction based mean-value-at-risk
portfolio optimization using machine learning regression algorithms for multi-national
stock markets. Engineering Applications of Artificial Intelligence, 120, 105843.



1wy O g (U8 /o (653 gy 3 (e 9l drwgi STU b /39w (St ey

Bitar, M., Pukthuanthong, K. & Walker, T. (2018). The effect of capital ratios on the risk,
efficiency and profitability of banks: Evidence from OECD countries. Journal of
International Financial Markets, Institutions and Money, 53, 227-262.

Bolarinwa, S. T., Obembe, O. B. & Olaniyi, C. (2019). Re-examining the determinants of bank
profitability in Nigeria. Journal of Economic Sudies, 46(3), DOI:10.1108/JES-09-2017-
0246.

Boungou, W. (2019). Negative interest rates, bank profitability and risk-taking. Bank
Profitability and Risk-taking (July 8, 2019).

Chen, W., Zhang, H., Mehlawat, M. K. & Jia, L. (2021). Mean—variance portfolio optimization
using machine learning-based stock price prediction. Applied Soft Computing, 100,
106943.

Choudhry, T. & Jayasekera, R. (2014). Market efficiency during the global financia crisis:
Empirical evidence from European banks. Journal of International Money and Finance,
49, 299-318.

Craig, B. R. & Dinger, V. (2013). Deposit market competition, wholesale funding, and bank
risk. Journal of Banking & Finance, 37(9), 3605-3622.

Gemar P., Gemar G., Guzman-Parra V. (2019). Modeling the Sustainability of Bank
Profitability = Using Partial Least  Squares, Sustainability, 11, 4950;
doi:10.3390/su11184950

Ghasemi, A., Bahrami, J. & Shabani Jafrodi, S. (2018). Predicting the dynamic asset-liability
gap in Iran's banking industry using the adaptive neural-fuzzy model and the long-term
memory model (case study: a private bank), Financial Economics, 12 (45), 93-126.
(in Persian)

Haider, J. & Mohammad, K. U. (2022). The Effect of Covid-19 on Bank Profitability
Determinants of Developed and Developing Economies. IRASD Journal of Economics,
4(2), 187-203.

Han, Q., Nieuwenhijsen, 1., De Vries, B., Blokhuis, E. & Schaefer, W. (2021). Intervention
strategy to stimulate energy-saving behavior of local residents. Energy Policy, 52, 706-
715.

Horobet, A., Radulescu, M., Belascu, L., Dita, S.M. (2021). Determinants of Bank Profitability
in CEE Countries. Evidence from GMM Panel Data Estimates. Journal of Risk and
Financial Management, 14(7), 307

Isayas, Y. N., McMillan, D. (2022). Determinants of banks profitability: Empirical evidence
from banks in Ethiopia, Cogent Economics & Finance, 10(1), 2031433.

Khosroyani, M. & Heydarpoor, F. (2022). Modeling to Predict the Liquidity Risk of Iran's
Government Banks Using Artificial Neura Networks and Accounting Indicators,
Financial Accounting and Auditing Researches, 14 (55), 163-180. (in Persian)

Le, T. D., Ngo, T. (2020). The determinants of bank profitability: A cross-country analysis,
Central Bank Review, 20(2), 65-73.

Ma, Y., Han, R. & Wang, W. (2021). Portfolio optimization with return prediction using deep
learning and machine learning. Expert Systems with Applications, 165, 113973.



£ 5,)losd Y0 595 N E+Y ¢ Jlo Colisiog ny

Makridakis, S., Spiliotis, E., Assimakopoulos, V. (2018). Statistical and Machine Learning
forecasting methods: Concerns and ways forward. PLoS ONE, 13(3), €0194889.

Mehrabanpour, M.R., Naderi Noorain, M.M., Inanlou, E. & Ashari, E. (2017). Factors Affecting
the Profitability of Banks, Empirical Sudiesin Financial Accounting, 14 (54), 119-140.
(in Persian)

Medlier, C., Tacneng, R. & Tarazi, A. (2014). Is bank income diversification beneficial?
Evidence from an emerging economy. Journal of International Financial Markets,
Institutions and Money, 31 (C), 97-126.

Mostak Ahamed, M. (2017). Asset quality, non-interest income and bank profitability: Evidence
from Indian banks. Econ. Model, 63, 1-14.

Nys, E., Tarazi, A. & Trinugroho, 1. (2015). Political connections, bank deposits, and formal
deposit insurance. Journal of Financial Sability, 19, 83-104.

Ozili, P. K. (2021). Bank Profitability Determinants: Comparing the United States, Nigeria and
South Africa (January 1, 2021). Available at SSRN: https://ssrn.com/abstract=3776082

Paiva, F. D., Cardoso, R. T. N., Hanaoka, G. P. & Duarte, W. M. (2019). Decision-making for
financia trading: A fusion approach of machine learning and portfolio selection. Expert
Systems with Applications, 115, 635-655 .

Shirdar, M. R., Golshan, A., Izman, S. & Ghodsiyeh, D. (2014). The application of surface
response methodology to the pretreatment of WC substrates prior to diamond coating.
Journal of materials engineering and performance, 23(1), 13-24.

Siadati, N. (2020). Investigating the effect of privatization on the quality of reported profits
before and after the handover in banks admitted to the Tehran Stock Exchange. New
research approaches in management and accounting, 4(13), 101-117. (in Persian)

Solin, M. M., Alamsyah, A., Rikumahu, B. & Saputra, M. A. A. (2019, July). Forecasting
Portfolio Optimization using Artificial Neural Network and Genetic Algorithm. In 2019
7th International Conference on Information and Communication Technology (IColCT)
(pp. 1-7). IEEE.

Ta, V. D, Liu, C. M. & Addis, D. (2018). Prediction and portfolio optimization in quantitative
trading using machine learning techniques. In Proceedings of the Ninth International
Symposium on Information and Communication Technology, 98-105.

Talebian Moghaddam, H., Shirkavand, S., Dehghan, R. & Mohammadi, Sh. (2023). Evaluating
the Impact of Economic Components of IPC and PSC Contracts on Cumulative
Production of Oil Fields. A Case Study of Foroozan Oil Field. Quarterly Energy
Economics Review, 19(76), 29-56. (in Persian)

Yaghoubi, A. & Fazli, S. (2022). Bank Efficiency Forecasting Model Based on the Modern
Banking Indicators Using a Hybrid Approach of Dynamic Stochastic DEA and Meta-
Heuristic Algorithms. Iranian Journal of Management Sudies (1IMS), 15 (1), 133-153.
(in Persian)



