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Abstract

Purpose: Strategy is the main source of long-term growth of organizations and if the strategy is not successfully implemented,
even if the appropriate strategies are adopted, this process is useless. The purpose of this paper is to propose a comprehensive
hybrid model for predicting organizational petformance indicators.

Methodology: In order to achieve the research goal, first, a balanced scorecard as a tool for designing performance evaluation
indicators and network data envelopment analysis as a tool for performance evaluation has been used. Then, by matching the
Malmquist productivity index with the mentioned hybrid model, the model of progress and regression of organizations in two
consecutive periods is presented. Finally, by combining the proposed models and artificial neural networks, a solution is
presented to evaluate the performance of 500 bank branches and also to identify their progress and regression.

Finding: The obtained results show good accuracy and less computational time of the proposed hybrid models.
Originality/Value: The presented study can add to the existing knowledge on performance appraisal of enterprises by

providing a hybrid model using network data envelopment analysis and balanced scorecard; And the proposed methods can be
promising tools for evaluating the performance of organizations, especially big data.

Keywords: Network data envelopment analysis NDEA), Balanced scote cards (BSC), Strategy goals, Malmquist
productivity index, Artificial neural system, Multilayered perceptron, Efficiency.
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Figure 1- Balanced scorecard in consecutive periods.
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Figure 2- Mathematical model of a neuron.
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Table 2- Analysis of progress and regression of the four stages of the model.
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Table 3- Defined parameters.
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Table 4- Internal process landscape data.
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Table 5- Results of data envelopment analysis.
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Table 6- Calculation of malm quest productivity index for six bank branches.

DMU 1 2 3 2 5 6
ConSgS pllo Lasld 0.6013  0/5415 15241  0.6081 0.8372  0.5044

13 o s DMU s 5 4l |y Cd oy 55, DMU3 L5 S s o 0l G 56 s

593 638 Ll 3l plis  shateay .(..u'lzj.;g Sy sresls | » DEA-BSC-ANN ©algrdn Jbe (g Hlueslg ('..:A\j}da J
@3lerty s 3l sl gl Slwlons oo 33,8 (S5l e Sl SSLans 00+ ol S 3 4 gores S| (3lgitny
At L sl alosls ool alies ol (8 e gy 598 L S ol Lo eV T alivas oyl Jo (51,» DEA-BSC

HGW PRV W ¢ JQL;)ijl 3313, S oS ol pen 4 glal 10 ¥ (glaosls ibg o auloe 448 S5 ee

et 45k gl (53950 MLP et a5t gla g

par 2 Jal Jole ol 2051 par 3 J8) Sl S ualie

pae 3 s e ls g = T

e g pss - sle 520,00 .
rli-— f J:-L . . rJLi:c- K] rJ; J:—'J.ﬂ .;_si'JLi J-.I.;LRA
pler s pa e sle -

X,X,X,X,V.,¥ e

(S (emas 4 gl (g lomo - F SO
Figure 4- Comprehensive neural network architecture.
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Figure 5- Neural network topology for the first and third stages.
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Figure 6- Results of simulation of model with network architecture built for the first and third stages.
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Figure 7- Neural network topology for general stage functionality.
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Figure 8- Specify the total data using the proposed neural network for overall performance.
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Figure 9- Calculate progress and regression.
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Figure 10- Neural network topology to calculate progression / regression.
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Figure 11- Decomposition matrix for validation data.
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