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Abstract

Purpose: Data envelopment analysis is a method for comparing and evaluating the relative efficiency of decision-making units,
each of which has several similar inputs and outputs. Every organization has an urgent need for an efficiency evaluation system
in order to know the level of desirability and quality of its activities, especially in complex and dynamic environments. The
putpose of this study is to combine two methods of data envelopment analysis and neural network in order to provide an
optimal model for ranking inefficiency factors in the banking industry of Iran.

Methodology: The current research is a cross-sectional descriptive study that was conducted on 32 bank branch managers.
First, through the study of theoretical foundations and interviews with banking experts, performance evaluation indicators in
the banking industry were identified and finalized. Further, in order to evaluate the efficiency of the units in the studied statistical
population, the technique of data envelopment analysis was used, especially the modified goal programming model of data
envelopment analysis, and out of the 32 bank managements studied, 3 effective managements and 29 ineffective managements
were recognized. Then, branches under inefficient managements were evaluated and using the information of inefficient
branches, a neural network matrix was prepared to detect inefficiency factors and the results were analyzed with different neural
network models. The model with the lowest mean squared error was selected as the optimal model in order to determine the
inefficiency factors.

Findings: The results of combining data envelopment analysis technique, especially the modified goal programming model of
data envelopment analysis with neural networks showed that self-organizing mapping neural network with hyperbolic tangent
transfer function and 0.9 momentum training rule has the best performance compared to other methods in identification of
inefficiency factors. After analyzing the sensitivity of the mentioned method, the indicators of the provinces' liquidity share,
personnel distribution and operational costs were selected as the most important factors of inefficiency.

Originality /Value: The integration of data envelopment analysis models with neural networks to evaluate the efficiency of
decision-making units along with the identification of inefficiency factors can help managers of organizations in improving the
inefficiency factors of decision-making units.

Keywords: Data envelopment analysis, Modified goal programming data envelopment analysis, Neutal network, Self-
organized neural network, Inefficiency factors.
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Table 1- The names of the branches of the bank under study as decision-making units.
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Table 2- Input and output indicators to evaluate the efficiency of decision-making units.
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Table 3- Descriptive statistics of inputs and outputs related to decision-making units.
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Table 4- Performance values using different DEA models.
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0.6083473 0.6083473 1 1 obs; 10
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Table 5- Trial and error test for selecting the best structure for multilayer perceptron (MLP).

R MAE uS MSE ::j: Sisel ol ij ;j S le
0/02770837 0/21611646 0/94101936 0/05898064 0/1 o TAN MLP R1
0/19266709 0/20369696 0/94660788 0/05339212 0/2 TAN R2
0/07013188 0/21089419 0/94135783 0/05864217 0/3 TAN R3
0/04783467 0/2134036 0/94135222 0/05864778 0/4 TAN R4
0/05557381 0/20888978 0/94346458 0/05653542 0/5 TAN R5

0/0412824 0/21723459 0/94024222 0/05975778 0/6 TAN R6
0/10768065 0/20519971 0/94490937 0/05509063 0/7 TAN R7
0/19603594 0/20579165 0/9459308 0/0540692 0/8 TAN R8
0/18307582 0/20635183 0/94563083 0/05436917 0/9 TAN R9
0/05865082  0/19898907  0/94573848  0/05426152 s okl TAN R10
0/21769425 0/21588254 0/94016775 0/05983225 5“ f;i TAN R11

')
0/24621184 0/29621821 0/89236502 0/10763498 0/1 o SIG R12
0/23773248 0/29291932 0/89478237 0/10521763 0/2 SIG R13
0/12560953 0/23443458 0/93091315 0/06908685 0/3 SIG R14
0/28790024 0/21195275 0/94328662 0/05671338 0/4 SIG R15
0/28568791 0/20862339 0/94470831 0/05529169 0/5 SIG R16
0/30927478 0/20953205 0/94443432 0/05556568 0/6 SIG R17
0/30936113 0/20220129 0/94747428 0/05252572 0/7 SIG R18
0/31657281 0/19551225 0/94986254 0/05013746 0/8 SIG R19
0/28144703 0/19799749 0/9487104 0/0512896 0/9 SIG R20
0/11225767 0/20694829 0/94445244 0/05554756 S95 obalS SIG R21
0/12361321 0/20716094 0/94420923 0/05579077 9“ i?i SIG R22
')
! Multi Layer Perseptron (MLF) > Momentum
2 Redial Basic Function (RBF) ¢ Sigmoid
3 Self-Organized Mapping (SOM) 7 Hyperbolic

4 Support Vectore Machine (SVM)  Mean Square Error (MSE)
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Table 6- Trial and error test for selecting the best structure for the base radial function (RBF).

R MAE ui: MSE  poon (39 ;;;; JS: Seb gy Hlsle
0/65621849  0/19289423  0/94896008  0/05103992 01 TAN R1
0/67164915  0/19051806 0/95024071  0/04975929 0/2 TAN R2
0/69399163  0/19158282 0/94885499  0/05114501 0/3 TAN R3
0/64781587  0/1959904 0/94717343  0/05282657 0/4 TAN R4
0/59040339  0/18503894 0/95018025 0/04981975 0/5 TAN R5
0/63152129  0/19205285 0/95011587  0/04988413 0/6 e TAN R6
0/60315292  0/17350181 0/95393539  0/04606461 0r7 TAN R7
0/65944432  0/19306389  0/94826006 0/05173994 0/8 TAN R8

0/6918987  0/18488749  0/95177245  0/04822755 0/9 TAN R9

0/2854172  0/19146322 0/95067011  0/04932989 Sorobsl S TAN RBF R10
-0/02269674  0/22275523  0/93801824  0/06198176 OlsSile s Syl TAN R11
-0/36268997  0/23646793  0/92789137  0/07210863 01 SIG R12
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Table 7- Trial and error test for selecting the best structure for self-organized mapping (SOM).
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Table 8- Trial and error test for selecting the best structure for support machine (SVM) vector.
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Table 9- The most optimal artificial neural network for determining and ranking dysfunction factors with self-
organized mapping (SOM).

R MAE  laeb! alaw MSE  ides (958 J‘}S-J oyl Juslpl Sbey  Hlsle
0/6545324  0/171199 0/957825  0/04217463 0/9 PEIOWN TAN SOM R9

gl Jolo 05155 o0 0Bl nae 4l (6l Sl Jloss 4 GLSU Jalse G4y 5 (e pshateds o535
OF 0230l Comlim Jolo 158 oo oo a5 53 et Olie Was395 53 Dl slomal b 0T 3 8 ol ) Bl
s 4GS Sl Comlar Jolod 4 ol8us (ol b aolsl 53 Zlls dalss s 5 (5o 2 b S0 cp i 92505 plUS oS
Sy O gl a5 il B 3l m 18 s el el 5 Sy S35 S o L el 3 2SS

RUW PRSP IR B O TICIW MER PR T 312, SSL > LSL Julse

Sensitivity About the Mean

- 0.032

r 0.025

r 0.02

r0.015

Sarsitivity

r 0.01

- 0.005

X10 1 X8 X7 X8 X5 hC3 n ¥ il
Input Name

08kojlwags Ll cuas aSLl 3l oolaiwl b (509,9 v as L Copwlue Judsi - T ST
Figure 2- Sensitivity analysis of input indicators using self-organized mapping neural network.
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Table 10- Results of sensitivity analysis of neural network inputs for self-organized mapping to rank inefficiency
factors in the bank.
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