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1. Baletal
7. Li & Zhong

2. Multi Layer Perceptron
8. Activation Function

3. Input Layer
9. Sigmoid
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4. Hidden Layers 5. Output Layer
10. Tangent Hyperbolic (Tanh)

6. Error Backpropagation
11. Softmax

e GCSGL 21)5 (S (53w 1 g oo




Management

“ y o

(B >9,> 5 BGog,)9) Joo sl o slaosls ol
o g 08 L gl ey 5 JuST LB
CCR 5,55, 9 b Jao wlol ool il Juloo
el 00U r:l:;.il PRI

S gesze > CCR 5509, 50 2L porde aazgil
e S g cwl) Bl wil gl S sasly LS
2 il 5 (ZaS 40 39S g 00 ol ol
@bl g o)ls 8 anse boadys 56 y0 il 2L
5009 s ply gazly SIS STLI (anl Jlo,95 0 JulS
axlg il axnils (6399 53 olile b (29,5 )OG5
SSL T oo Dl ST a8 cosl cns 0,15 1l
el oaioololas VS yo SOL - e S 4 1S
dwlee sloyig doosls pilgy Judow o aS) asasgils
el ooty SIS 2STas 6l yie o iogllhe wald
Wl s 4 SO Jolae oasly aea SIS 55, 0 U]
S o gldasMe B slacigles § Cuncd iz gl Ll
Ok o ade SSL e o)l sl b 1o 088 0 cdpline laasg
Sb ol 9 el 0 Sas o e lhls i oSl
el iSlas byl Jlo VY 5 LY e cl asdlys
Jlo # sl ol SOb e puizmad 20yl s a5 JolS SIS
o 8 Gl olp! Sy g diles gl SOL oyl ST
ol bl ples p3 (ke 4 aijlo 65 S L5 5
sty jo 1) Glag> aslie 3l eolainl iSTas wilalys oSSl
50 LSSl pleandl ails o Slae gl 25,5 4 (g yiwd
oleie j0 (60 Slas sl ali 0 o) 590 sla e ST

0 phdl S3aG) o) ileinte gy Sl sxSere b
Sl (Jine slo i 5l 09,5 12) Coonl colpd (giludine
Dyl g0 ST

il sl (IS sbar (g3 lng 5Nl

'yl Comez olml )

ol 2 pei509)S o (Siil b kS e’ ) -V
Tl by (S35l ol sl ooliinl b g Sl 4 (990 S0
(LSl e ool 2 pgsg0s,ST ol Y
oz b ol sl pgis00,5 50 Slaps feeS 5 -0
Jeizl b soz slapgises,S sl 5l >n "Givr —F
(Bolad &jgoh oS

oz bed slopsises S syl -V

ol o, SN M a8y Lyl 1 —A

bl Jae 99 duslio jolaieds daJoe o Slas duslio g (2L
mas aSed 9 (ST et e8dl S o (Seon o 55
8,5boe Zaled )3 9 (902 SPSS JJ38le 5 0 a¥aizr (g imn
235 B alie g 2l 3550 il 0 sl Lawgi nJoe

o295 sradl
S serin Gy Joe sl 2D o ol asllae
Slepin )6l g bools idgy Julow 5l eolatnl b lacsSl
ol sl mls aeo &l caian (igr yo 5,3
203ls wy J.A.l?u wl.w‘ » LQ«SJL: (5")15 wl.?u: @Lu
Lug bosls il Juloo Jow o0 SSL ol)lS aule
Shge (S glojle 5 Jlo sla pxie) adgl slaosls
(T Ty 8995 7 Jhe ey (lareas a5 0,5
odds adpdy lSGL oud jaiie aVle b i3
VFY BAYAY Gl le (b ool jloles 8lysl oy 4o

2. Evaluation
7. Replacement

1. Generate Initial Population
6. Mutation

3. Fitness Function
8. Termination Conditions

4. Selection 5. Crossover

9. Pareto efficiency
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Hidden layer activation function.

Hyperbolic tangent

Output layer activation function: Softmax
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Abstract

The first step toward improving efficiency is to provide a method for forecasting efficiency among units in this context.
Financial institutions have long played a significant role in the economic development and growth of countries, and
banks, as one of the most important financial institutions, have had a more prominent role in development compared to
others. The aim of the present study is to evaluate and forecast the efficiency of banks using Data Envelopment Analysis
(DEA) and metaheuristic algorithms in artificial intelligence. Initially, DEA was applied by considering total assets,
number of branches, number of employees, financial costs, administrative costs, and employees’ education level as input
variables, and net profit/loss, outstanding loans, deposit income, demand deposits, loan interest income, and fee income
as output variables. The efficiency of banks listed on the Tehran Stock Exchange from 2012 to 2022 was examined. In
the next phase, an artificial neural network and genetic algorithm were employed to predict bank efficiency. The evalua-
tion results showed that the multilayer perceptron (MLP) neural network model had higher accuracy in forecasting bank
efficiency. Additionally, the sensitivity analysis of the neural network indicated that the model has a strong predictive ca-
pability, with the independent variables of fee income, loan interest income, and net profit/loss having the greatest impact
on bank efficiency, respectively. Since one of the main challenges facing Iran's rubber industry is financing and access
to banking resources, the results of forecasting and evaluating bank efficiency can play a significant role in improving
the allocation of financial resources to this sector. Therefore, the proposed model has direct applicability in analyzing the
capability of banks to support the financial needs of the rubber industry.

Keywords: Bank efficiency, Two-stage DEA model, Artificial neural network, Metaheuristic algorithms in artificial intel-

ligence
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