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Determining the coefficients of branch performance
evaluation indicators using proposed two-objective
genetic algorithm

Elham Hamedi and Mitra Mirzarezaee”

Department of Computer Engineering, Science and Research Branch,
Islamic Azad University, Tehran, Iran.

ABSTRACT
Nowadays, we are witnessing financial markets becoming more competitive, and banks are facing many
challenges to attract more deposits from depositors and increase their fee income. Meanwhile, many
banks use performance-based incentive plans to encourage their employees to achieve their short-term
goals. In the meantime, fairness in the payment of bonuses is one of the important challenges of banks,
because not paying attention to this issue can become a factor that destroys the motivation among
employees and prevents the bank from achieving its short-term and mid-term goals. This article is
trying to tackle the problem of optimizing the coefficients of branch performance evaluation indicators
based on their business environment in one of the state banks of Iran. In this article, a two-objective
genetic algorithm is proposed to solve the problem .

This article is comprised of four main sections. The first section is dedicated to the problem
definition which is what is our meaning of optimizing the importance coefficients of branches based on
the business environment. The second section is about our proposed solution for the defined problem. In
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the third section, we are comparing the performance of the proposed two-objective genetic algorithm on
the defined problem with the performance of four well-known multi-objective algorithms including
NSGAII, SPEAII, PESAII, and MOEA/D. And finally, the set of ZDT problems which is a standard set
of multi-objective problems is taken into account for evaluating the general performance of the
proposed algorithm comparing four well-known multi-objective algorithms.

Our proposed solution for solving the problem of optimizing branch performance coefficients
includes two main steps. First, identifying the business environment of the branches and second,
optimizing the coefficients with the proposed two-objective genetic algorithm. In the first step, the k-
means clustering algorithm is applied to cluster branches with similar business environments. In the
second step, to optimize the coefficients, it is necessary to specify the fitness functions. The defined
problem is a two-objective problem, the first objective is to minimize the deviation of the real
performance of the branches from the expected performance of them, and the second objective is to
minimize the deviation of the coefficients from the coefficients determined by the experts. To solve this
two-objective problem, a two-objective genetic algorithm is proposed.

In this article, two approaches are adopted to compare the proposed solution performance. In the
first stage, the results of applying the proposed two-objective genetic algorithm have been compared
with the results of applying four well-known multi-objective genetic algorithms on the problem of
optimizing the coefficients. The results of this comparison show that the proposed algorithm has
outperformed the other compared methods based on the S indicator and run time, and it is also ranked
second after the NSGAII algorithm in terms of the HV indicator.

Finally, for evaluating the performance of the proposed algorithm with other well-known methods,
the set of ZDT problems including ZDT1, ZDT2, ZDT3, ZDT4, and ZDT6 has also been taken into
consideration. At this stage, the performance of the proposed algorithm has been compared with the
four mentioned algorithms based on four key indicators, including GD, S, H, and run time. The results
show, the proposed algorithm has outperformed significantly in terms of run time in all five ZDT
problems. In terms of GD indicator, the performance of our proposed algorithm is located in the first or
second rank among all considered algorithms. In addition, in terms of S and H indicators in many cases,
the proposed algorithm outperformed the other well-known algorithms.

Keywords: Branch business space, coefficients of performance evaluation indicators, clustering,
optimization, two-objective genetic algorithm.
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2.926-02 3.84e-03 3.15¢-03 2.76e-03 2.11e-03 b b
(2.05-02) (8.356-04) (1.02¢-03) (3.666-04) (3.16e-04) o)y die>

Capod ol b (5 5lwainte Plwo asgozo 10 HV jlixe 50 jlmo Byl g (b (Y-F Jgu)
(Table4-2): Mean and standard devition of HV indicator

MOEA/D PESAII SPEAII NSGAII ooy s 551

(slaro 1) (oo Gl i) (o 1 yl) (o Bl yil) (o Bl yl)

6.97e-03 6.98¢-03 7.49¢-03 1.35e-02 1.09e-02 )
(3.77e-03) (1.87e-03) (1.18e-03) (4.37e-04) (8.47¢-04) b S5
8.60e-03 7.98e-03 8.61e-03 1.63e-02 1.43e-02 ol aied
(4.34e-03) (1.56e-03) (1.67e-03) (5.08e-04) (7.56e-04) e
7.876-03 6.79e-03 7.07e-03 2.13e-02 1.65e-02 .
(3.81e-03) (1.65e-03) (1.86e-03) (9.25¢-04) (1.46e-03) F93 409>
1.23e-02 1.11e-02 1.50e-02 2.33e-02 2.14e-02 .
(5.35e-03) (2.89¢-03) (1.93e-03) (6.37e-04) (9.48¢-04) P 485>
8.87e-03 7.32¢-03 8.35¢-03 1.59e-02 1.37e-02 .
(4.50e-03) (2.25¢-03) (1.14e-03) (3.53e-04) (9.54e-04) plez abs®
5.00e-03 4.13¢-03 5.10e-03 1.03e-02 8.98¢-03 b
(2.70e-03) (1.47e-03) (8.99e-04) (4.13e-04) (6.77e-04) A e
6.52¢-03 6.44e-03 6.826-03 1.24e-02 1.09e-02 b b
(2.80e-03) (1.39¢-03) (1.126-03) (2.35¢-04) (5.68e-04) e S0y
1.20e-02 1.02e-02 1.16e-02 2.21e-02 1.98e-02 i s
(5.46e-03) (2.30e-03) (2.19¢-03) (9.25¢-04) (9.09e-04) pish dSe>
6.166-03 4.60e-03 5.39¢-03 1.17e-02 9.34e-03 ik b
(2.84e-03) (8.27e-04) (8.04e-04) (1.08e-03) (8.38¢-04) P Aoy
1.32e-02 1.01e-02 1.42e-02 2.226-02 2.08e-02 s
(4.886-03) (2.75¢-03) (1.726-03) (3.60e-04) (8.48¢-04) e 40
7.69¢-03 7.59¢-03 7.71e-03 1.50e-02 1.26e-02 s b
(3.886-03) (1.35¢-03) (1.39¢-03) (5.50e-04) (9.25¢-04) pho At
7.23¢-03 7.81e-03 7.81e-03 1.28e-02 1.04e-02 b Ao
(2.58-03) (1.60e-03) (1.41e-03) (4.97-04) (1.326-03) phoJy dee>
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(Table4-3): Mean and standard devition of run time

MOEA/D PESAII SPEAII NSGAII Wity ks 5g51
(lexa 122 (lexa 122 (Sloxa 122 (lexe Sl i) (lexa Sl i)
726 539 1061 905 241 s 5
(74) (28) (58) (65) (20) i
667 473 1057 873 173 .
(65) (29) (56) (42) (12) 9 e
692 505 1044 901 213 s
(61) (23) (60) (52) (15) 30 Sis=
690 488 1063 857 177 oo
(69) (23) (50) (53) (12) e
657 470 1026 864 169 e aind
(59) (23) (47) (45) (13) PR o>
641 456 1029 861 160 s
(73) (24) (41) (44) (11) i 09>
668 471 1015 880 169 b s
(57) (26) (58) (45) (10) ol s
647 454 989 842 166 i s
(64) (33) (67) (53) (12) S 89>
678 481 1039 869 165 in b
(65) (28) (52) (58) (14) e d9>
670 477 1017 830 181 s
(60) (33) (67) (41) (20) e 09>
646 464 1017 869 167 s s
(80) (34) (58) (44) (12) B3 409>
636 459 1034 840 160 b aba
(60) (25) (51) (60) (12) PR3 Ag>
ZDT ‘JSLMMI )é GD )Lﬂ%ﬁ )é )L;.'.a t_é‘)a“ 9 O"S';L"“ —f—f JS'A’.
Table4-4: Mean and standard devition of GD indicator for ZDT benchmarks
MOEA/D PESAII SPEAII NSGAII olgty o258
(lze Gl yzxil) (o Gl yzil) (o Gl i) Gl Gl yil) (o Gl i)
1.41e-01 2.76e-03 8.58¢-03 4.41e-04 4.09¢-04 DT
(1.67e-01) (1.01e-03) (1.40e-03) (4.33e-05) (5.74e-05)
8.94e-01 6.08¢-03 7.00e-03 3.85¢-04 3.83e-04 2DTo
(7.20e-01) (2.02e-03) (1.48e-03) (2.90e-05) (5.64e-05)
1.08e-01 2.87¢-03 3.10e-03 1.21e-03 1.62e-03 JDT3
(2.89e-02) (8.01e-04) (6.74e-04) (1.11e-04) (2.40e-04)
1.26e+00 3.38¢-04 7.61e-04 4.16e-04 3.63e-04 2DT4
(8.83e-01) (5.31e-05) (6.22e-04) (4.76€-05) (2.54e-05)
9.06e-01 2.35¢-01 3.40e-03 3.31e-03 3.00e-04 2DT6
(1.47e+00) (2.11e-01) (3.87e-03) (2.02¢-03) (2.44¢-05)
ZDT Jiluw j3 S jlzo 50 jlo Bl ymxil g (5ileo (O-F Jgu)
(Table4-5): Mean and standard devition of S indicator for ZDT benchmarks
MOEA/D PESAII SPEAII NSGAII SOty iz 551
(xSl i) (xSl i) Glto Gz | Glose 1) (ot Gl l)
4.03e-02 2.64e-02 1.69-02 1.34e-02 1.28e-02 JDT1
(2.05e-02) (7.16e-03) (3.59¢-03) (1.966-03) (2.56e-03)
5.58¢-02 2.67e-02 1.66€-02 1.37e-02 9.34¢-03 2DTo
(3.66e-02) (6.69e-03) (4.78e-03) (1.94e-03) (9.61e-04)
4.17e-02 4.97e-02 2.30e-02 1.64e-02 5.11e-02 JDT3
(1.64e-02) (1.84e-02) (6.08e-03) (1.98e-03) (5.16e-03)
1.07e-01 3.81e-02 2.22e-02 1.38e-02 2.06e-02 2DT4
(8.91e-02) (8.62e-03) (7.80e-03) (2.25e-03) (5.10e-03)
6.08-02 1.79¢-02 1.42¢-02 1.33e-02 9.63e-03 JDT6
(6.03e-02) (4.78e-03) (2.86-03) (2.85e-03) (1.55e-03)
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2 (Table4-6): Mean and standard devition of H indicator for ZDT benchmarks
2\_ MOEA/D PESAII SPEAII NSGAII &S Ly, s 595!
3 (ylaro 1) (laro Sl 2 Gl Szl | (oo Bl i) (3lro Gl i)
a) 7.16e-01 9.43e-01 9.33e-01 1.02e+00 9.05e-01 ZDT1
k- | (1.83e-01) (9.21e-02) (5.98e-02) (9.11e-04) (5.32e-02)
2 7.47e-01 1.01e+00 9.99e-01 1.03e+00 1.02e+00 ZDT2
5 (5.28e-01) (6.61e-02) (2.37e-02) (2.54e-03) (8.50e-04)
B 4.74e-01 9.89%e-01 9.53e-01 1.00e+00 1.02e+00 ZDT3
(1.09e-01) (1.39e-01) (5.66e-02) (1.17e-03) (3.64e-02)
1.27e+00 1.01e+00 8.27e-01 1.02e+00 9.95e-01 ZDT4
:' (1.33e+00) (4.45e-02) (9.07e-02) (1.11e-03) (3.72e-02)
i 8.69e-01 8.33e-01 9.66e-01 1.17e+00 1.02e+00 ZDT6
J: (6.69e-01) (1.49e-01) (4.95e-02) (1.05e-01) (5.09e-03)
%
= ZDT Pluws y3 1521 loj slaze Slyzil 9 (uSleo (V-F Jgu)
g\ (Table4-7): Mean and standard devition of run time for ZDT benchmark
2
i MOEA/D PESAII SPEAII NSGAII SOl vy 595
A (e Gl y2uil) (e Gl o) (o &1 2uil) (e Gly2uil) (e Gly2ul)
A 527 483 827 628 118
§ (76) (49) 87) (68) (13) ZbTl
518 560 687 537 102 ZDT2
i (72) (54) (38) (33) )
502 365 758 604 89
]
9 (50) (29) (59) (51) @®) ZDT3
583 573 823 651 75
(144) (42) (158) (128) (12) ZbT4
519 499 729 582 77
ZDT6
(73) (38) (67) (46) (®)
ColeS ammlie LGl culple 5 ode enld 2 ooleiiny adamgs olSs 8l il jglateas
»lo g @oleiing eyl Gl Jols Clazacgens p,985d) 8 Sles Cunl (5590 o lailinl g, S LB
a3 iS5 395 51 ol b sl s SIS slagie 55 0jsm 5 e (slapi sl b
PESAII SPEAI NSGAII o263l > 5 soloiin 0dlgls jshite ped (gl wad duglic Adumaix
S e sPn g Olygracgeze L MOEAD 4 B owyp 990 ZDT ddsanin (silwaigy Jilus
e b omyn 90 slapi oSl 51 o e sl 4 i alte gy ol [11] bawgs oud @1yl ZDT
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)QVL)).:‘JJ PESAII [b-*-‘)ji” 0 U.QSA)J‘ slass el )\ 4c gosro U"‘ )045“‘);5‘)‘19‘4"6)5}‘4)‘"0"
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