Sharif Industrial Engineering and Management Journal (2025), 41(1), 57-72

Sharif University of Technology ST

https://sjie.journals.sharif.edu/

Research Article

Analysis of Customers' Lifetime Value with a Clustering Approach Based on Som
Artificial Neural Networks and Markov Chain (Case Study: Pasargad Digital Bank)

Maral Mirzaei Moradi !, Hossein Razavi Haji Agha*?, Hanan Amouzad Mehdirji * and Ali Alikhani 4

! Faculty of Industrial Management, University of Tehran, Kish International Campus, Iran

2 Department of Management, Faculty of Management and Financial Sciences, Khatam University, Tehran, Iran

3 Department of Technology and Innovation Management, Faculty of Industrial and Technology Management, University of
Tehran, Tehran, Iran

4 Department of Industrial Management, Faculty of Management and Social Sciences, Islamic Azad University, North
Tehran Branch, Tehran, Iran

* corresponding author: (h.razavi@khatam.ac.ir)

Article Info Abstract
Clustering of customers and analysis of their lifetime value is one of the basic strategies of policy making
Article history: in production and marketing. Since the advertising strategies of many businesses are implemented
] regardless of the financial behavior clusters of customers and the expected income resulting from the
Received:27 January 2024 dynamic financial behavior of customers, the advertising policy based on the customers’ lifetime value in

. the dynamic clusters of their financial behavior can save a lot of advertising and marketing costs to manage
Revised:25 November 2024 the costs imposed on businesses. This is despite the fact that the studies conducted in the field of customer
Accepted:30 December 2024 lifetime value analysis have not paid attention to advertising strategies based on lifetime value. The
existing methods for determining the lifetime value of customers rely on static clustering of customers'
status, while customer clustering based on their financial behavior is a dynamic and time-varying
phenomenon. Therefore, in this research, the lifetime value analysis of customers and the optimization of
advertising strategy in the dynamic clusters of their financial behavior using a self-organizing neural
network and dynamic stochastic programming have been discussed. For this purpose, based on the status
of each customer belonging to a cluster during consecutive weeks, a Markov chain is formed from the
. clusters containing customers, and the lifetime value of customers is based on the transition probability
clustering, matrices of customers' status from one cluster to another, and it is also estimated based on the expected
markov chain, income of customers in each cluster. The results showed that customer clustering with the self-organizing
neural network method can explain at least 91% of the changes in the data. Also, the findings showed that
the optimal advertising strategy for each cluster of customers with a certain expected income level will
lead to different lifetime value for customers, which shows the importance of dynamic clustering of
customers and determining the optimal level of advertising cost in each cluster to gain more customer
lifetime value.
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Variable Symbol Std. Deviation | Minimum Maximum Median Mean
Lag Index R 0.81934 3 1.5827 1.5778
Frequency Index F 7.498 29 17 16.55
Monetary Index M 192,403,725.3 | 2,122,996 | 868,913,107 | 820,380,134.8* | 251,955,046.9
Advertising Cost P 625,974.43 40,065 2,899,302 754,240.8 908,229.6
Revenue from Rev 427,840,236 3,168 2,550,608 380,183.7 503,503.6
Transactions

Weekly Customer Clustering
Using RFM Data and SOM
Analysis

Forming a Markov State
Transition Probability Matrix
for Customers Between
Weekly Clusters

Calculating Customer
| Retention Probabilities for
Each Cluster and Estimating
Expected Customer Revenue

Determining the Optimal
Advertising Cost Strategy for
Each Cluster Based on
Maximizing Customer Lifetime
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Quality Performance Indicator Minimum Maximum Average
Quantization Error 0.218755 0.263433 0.240162
Percentage of Explained Variance 91.2 92.69 91.973397
Topographic Error 0.116883 0.309091 0.205877
Casky-Lag Error 1.579139 2.116103 1.801255
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Clustering Method Number of Proposed Clusters Percentage of Explained Variance
SOM 4 91.973397
K-Means 6 84.32216
Density-Based 3 87.151097
Distribution-Based 4 86.690851
Lo S 1l 55 Gl e Corridg JUL! Jloio! i yile .0 Jgur

Base State Cluster 4 Cluster 3 Cluster 2 Cluster 1

Cluster 1 0.2276973 0.2499102 0.2434439 0.2789486

Cluster 2 0.2227514 0.2430747 0.2536052 0.2805688

Cluster 3 0.2162457 0.2476340 0.2506298 0.2854906

Cluster 4 0.2293489 0.2363759 0.2599985 0.2742767
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Cluster 4 Cluster 3 Cluster 2 Cluster 1
Probability of Cluster Membership 0.1402597 | 0.4155844 0.212987 0.2311688
el o 38 bwgin (wlul p by Gusyaiigs ¥ Jguxr
Indicators Cluster 1 Cluster 2
Cluster Centers (Advertising Cost) 945790.0896 864090.7210
Number of Customers in Each Advertising Cluster 208 177
ANOVA F-Statistic (Significance Level) 623.585 (0.000)
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Advertising Initial State Cluster 4 Cluster 3 Cluster 2 Cluster 1
Group
] Cluster 1 0.2243677 | 0.2559846 | 0.2529359 | 0.2667118
d H‘gtf‘. Cluster 2 02212217 | 02439766 | 0.2568752 | 0.2779265
Vcezs'ts'"g Cluster 3 02156398 | 0.2471938 | 0.2529309 | 0.2842355
Cluster 4 0.2236989 | 0.2404868 | 0.2653889 | 0.2704253
Customers
Initial State Probability Vector 0.1586538 | 0.3990385 | 0.2115385 | 0.2307692
Cluster 1 0.2314555 | 0.2430538 | 0.2327301 | 0.2927606
Ad L":Y ) Cluster 2 0.2246301 | 0.2419668 | 0.2495890 | 0.2838141
Vcezs'ts“'g Cluster 3 02169741 | 0.2481631 | 0.2478632 | 0.2869996
Cluster 4 0.2358324 | 0.2316584 | 0.2538128 | 0.2786964
Customers
Initial State Probability Vector 0.1186441 | 0.4350282 | 0.2146893 | 0.2316384
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Advertising Group Cluster 1 Cluster 2 Cluster 3 Cluster 4
High Advertising Cost Customers 0.7800136 0.800625 0.500136 0.8536118
Low Advertising Cost Customers 0.7867881 0.7948517 0.4210856 0.8971313
SOM (slaaiigs g Flald gbrog)S yd b ytiee yos Job (13,1 )e Jguzr
Customer Lifetime Expected Cluster Discount Advertising Advertising
Value in Cluster Revenue Rate (a) Cost Group
24,191,615 20,786,274.96 Cluster 1 0.1653 945,790.09 High Advertising
Cost Customers
23,849,653 20,729,791.73 Cluster 2
24,800,590 21,837,171.77 Cluster 3
22,900,153 20,345,779.40 Cluster 4
23,377,350 19,950,112.37 Cluster 1 0.1653 864,090.72 Low Advertising
Cost Customers
22,132,280 19,305,156.80 Cluster 2
23,956,439 21,194,436.37 Cluster 3
21,385,392 18,840,387.35 Cluster 4
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Average Customer Lifetime Value Expected Revenue Estimation Method
19,534,908 17,063,712.09 Based on K-Means Algorithm
21,193,052 18,512,098.32 Based on Data Density
20,593,746 17,988,605.45 Based on Data Distribution
23324.184 20373.638.84 Based on Self—Orgamzmg Neural Net.vvork and Stochastic
Dynamic Programming
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