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Abstract

Purpose: With the rapid growth of the financial technology (FinTech) industry, digital advertising has become one of the key
tools for attracting new customers and increasing the loyalty of existing ones. In environments where uncertainty and decision-
making complexity play significant roles, the use of metaheuristic algorithms can help optimize digital advertising efforts.
Methodology: This study proposes a three-level model in an intuitionistic fuzzy environment and utilizes the Stackelberg game
to examine the impact of advertising on performance, customer acquisition, and customer loyalty. In this study, the advertising
process of FinTech companies is modeled as a three-level decision-making process encompassing customer acquisition,
advertising performance, and customer loyalty. To solve this model, Genetic Algorithms (GA) and Particle Swarm Optimization
(PSO) are employed to optimize advertising strategies.

Findings: The results indicated that the proposed model accurately predicted customer loyalty and that metaheuristic algorithms
effectively optimized advertising parameters. The analysis of the results showed that conversion rate and purchase amount are the
most influential factors affecting customer loyalty. Furthermore, the findings revealed that using hybrid algorithms can reduce
advertising costs and increase Return on Investment (ROI). Comparing the proposed algorithms showed that the hybrid approach,
combining genetic algorithms and particle swarm optimization, outperformed the individual methods in predicting customer
behavior.

Originality/Value: Based on the findings, it is recommended that FinTech companies adopt metaheuristic algorithms to optimize
digital advertising and achieve precise customer targeting. These approaches can enhance advertising effectiveness, reduce
marketing costs, and improve customer loyalty within the FinTech industry.
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s.t.
Pos{p —w < 0} =0,
w*solve the problem.
max E[my(w)] = E[(w — ¢)(a — Bw)],
s.t.
Pos{a — pw < 0} =0,
w =g,
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Table 1- Summary of the relationships between variables of the three-level Stackelberg chain model in an
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Table 3- Levels of each of the main parameters
of the problem.
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Table 4- Computational results from comparing genetic algorithms and particle aggregation optimization.

dleojlos  aie  ply ale, cblie L GA PSO

RPD CPU tim RPD CPU tim

1 2 3 10 5 3 0.001 71 0.0062 56
2 3 3 15 5 3 0.0076 90  0.003 67
3 5 3 30 5 3 0.0435 136 0.0249 98
4 2 5 50 5 3 0.0156 365  0.008 275
5 3 5 70 5 3 0.0629 653 0.0046 546
6 5 5 100 5 3 0.0854 1057 0.0004 777
7 2 7 10 5 3 0.0636 203 0.0114 148
8 3 7 15 5 3 0.0795 245 0.0274 179
9 5 7 30 5 3 0.0818 384 0.0196 182
10 2 3 50 5 3 0.0095 279 0.0009 229
11 3 3 70 10 3 0.0069 451 0.0001 329
12 5 3 100 10 3 0.022 460 0.0043 339
13 2 5 10 5 3 0.0396 136  0.0018 101
14 3 5 15 10 3 0.0612 180 0.0047 123
15 5 5 30 10 3 0.043 290  0.009 230
16 2 7 50 10 4 0.0192 986  0.0488 740
17 3 7 70 10 4 0.0668 1607 0.0159 1187
18 5 7 100 10 4 0.0837 2672 0.0123 1999
19 2 3 15 5 4 0.0038 97  0.001 73
20 3 3 15 10 4 0.0151 100 0.0118 7
21 5 3 30 15 4 0.0109 202 0.0032 198
22 2 5 50 15 4 0.0647 613  00.78 464
23 3 5 70 15 4 0.0947 978 0.0175 726
24 5 5 100 15 4 0.0673 1601 0.0205 1193
25 2 7 10 15 4 0.0085 305 0.0307 188
26 3 7 15 15 4 0.0996 300 0.015 226
27 5 7 30 15 4 0.0513 480  0.035 359
28 2 3 50 15 4 0.0029 239 0.0007 215
29 3 5 70 15 4 0.0443 992 0.0063 742
30 5 7 100 15 4 0.0943 2896 0.0317 2139

oSilo 0.0451 0.0128
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Figure 1- Convergence diagram of two algorithms for problem 20.
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Table 5- Computational results from comparing genetic algorithms and particle aggregation optimization in
the Stackelberg mode.

3 b b slaJlte SzsS sl b slaJlte
20,20 8,20 16,20 12,15 9,11 8,8 4,4 23

203 212 429 234 451 6148 6567 533 55 el it 5oy b

150 171 292 1914 304 5743 5172 5527 ol sl

35 385 645 422 565 7574 6713 553 Sy

3047630 113654 1581894 125708 584 7786 6774 533 o
2614296 113208 1574062 125691 35580 103365 116453 12635 5 eyl bl o S &b

3435371 114054 1603848 125968 35190 103055 116447 12635 i3 sl

24530645 118869 15215231 839330 35740 103706 116460 12636 S5

25638978 129453 15868934 854642 35082 1038884 116462 12636 I
27130164 132689 17875616 888623 37112 193940 6368 3061 Sy iy & yiton i ol

203 212 429 234 48419 228460 6569 3061 i aloo

150 171 292 1914 56469 249730 6984 3061 S5

- - - -—— 60278 260763 7001 3061 505

5 Slids 3 Shee (gt odor Bus wlbaw gl 1) SISaul (550 Jue B s (55101 13 Glap ;51 Sllons laamss O Jgdx
GAMS less Hybrid ..s'5 PSO GA L;u(.;wijx 3 80ee (gl cpl 3 s o aled il Cilises (slaosl Sl s (g 28 (15l
35 sl 033 HLES L g5l d Cod (50 3,50es 35150 38T 55« PSO5 GA (sblse 31 (5,80, b« S5 ﬁw@‘ ool 0 dnyia
wsds(,;wfj\ (G (5135 Wb 53 0% 50 55 o iy GAMS L 5 ki L;urg))ﬂ,ws; ﬁ)ﬂ‘wawsl S5 o0l Jolos
2 Sy v;i))ﬁl S eslanal aS s oo 9Las b wajls (65568 Gl gloy &S Jl s cdas wlyl GAMS 4 G (6 e palis atuily

G308 yome 3 3550 o I 5o (T )3 48 s oo OLES |y Jobe s (6l oo atbly Ol o g0 51 DLl s L e 5 gla S5
O3 eyl 5 S L;u‘;win b anmlie 53 3 ple3l 5 S5 (55 (.;w.@ S Zdl s ol e IS 5l ezl e

Ll 0395 515555 0 (6 gy Cmiog

Ol s Comd adde b u(.;w_@ 3ot amlie (sl Vgans asls ool 4 b realo g b 1tz (GAP ' el dsloes
d\}w )40 9 RG] aJ)jTCMn.M..: &)}Q‘ oS Sl u.io.o ub’- R )‘ L) L_{s_ﬁ\)?u\ AMJQL:.J u.a:-LJw U'i‘ )},&‘_SA sl USM
el 5l5 503 53 5 eddiannlns (sl okl S5 Calises (Sa S, STl (gl Jlap)l ey 4S) Joks o (51 GAP a5 jluds ¥ Jg.fuﬁ Lo

.Jj.fvda o33

! Gap indicator



Prediction of the impact and performance of FinTech...

GANT GA & GASA

30 &

5
L

0
14 /’4\/ w
— o

5

§ y _.rr'—_'_'f ) 1] = —_—

OAMS ——04 BA ——ASA

i 3 § 4 5 a ¥ L z 3 4 3 [ T

S e d S Sl S e (5 laley SISl

214

15

el A AR DAME
I
5
L
0%

? -
1 i 3 4 L] [ 7
Slads 5 ,Ses SISkl

o adly Olgz oy g 31 Bl as Ly lade -Y S
Figure 2- The value of the deviation index from the best solution found.
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