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Abstract; 

Insurance sector is crowded with a number of insurance players. Based on the quality of 

service and expected returns, customers may be attracted towards other service providers. As a 

result the customers may discontinue their policies with a particular firm or do not opt to join the 

firm at all. This behavior of customers is quite harmful for the growth and sustainability of any 

insurance firm. Firms employ a number of strategies to retain the impatient (reneged) customers 

and to stop balking (customers not joining the firm at all due to some reasons) for sustaining 

their business. In this paper, a stochastic queuing model is proposed to study the retention of 

reneged customers along with customer balking, when any customer retention mechanism is 

employed. It is envisaged that if the firms employ some customer retention mechanism, then 

there are chances that a certain proportion of reneged customers may be retained. The cost-profit 

analysis of the model is also carried out. The optimum service rate of the system is obtained 

using the classical optimization techniques. The sensitivity in the optimum service rate is studied 

by varying the mean arrival rate and the mean reneging rate. The effect of the change in mean 

reneging rate and the change in mean arrival rate on the total expected cost, total expected 

revenue, and total expected profit are also studied. 

Key Words: Optimum service rate, Insurance Business, Reneging, Balking, Total Expected 

Cost. 
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1. Introduction:  

Due to high competition the retention of impatient customers has become a key issue for 

any business. Insurance business is not exceptional as well. In thrust of maximizing profit 

companies try to reach more and more customers. Impatient customers may also make some 

potential customer balk (customers leave without joining the business (queue)) away by 

communicating their level of dissatisfaction. So companies facing customer impatience are 

impacted with another blow in form of customer balking resulting in loss of more customers. To 

minimize above mentioned customer loss, high level of customer service is required which 

incurs high cost of service. One way to increase profit is by minimizing the cost. Thus, there is a 

need to enforce optimum service rate so that the cost of providing service can be minimized, the 

customers are served more satisfactorily, and the total profit can be increased.   

 

Cochran et al. [10] explores the concept of customer impatience and the loss due to this 

the business faces.  Wu et al. [12] focus on an M/M/s queue with multiple vacations such that the 

server works with different service rates rather than no service during vacation period.  They 

generalize an M/M/1 queue with working vacations. A cost function is formulated to determine 

the optimal number of servers subject to the stability conditions. Direct search and Newton-

Quasi algorithm is applied to find an approximate solution. Same algorithm is applied to 

investigate the M/M/R machine repair problem with second optional repair by Wang et al. [9]. A 

cost model is derived to determine the optimal number of repairmen, the optimal values of the 

first essential repair rate, and the second optional repair rate while maintaining the system 

availability at a specified level. Ke et al. [8] construct the membership functions of the system 

characteristics of a heterogeneous-server queuing model with fuzzy customer arrival and service 

rates. Ching et al. [7] find that when the marginal cost of service capacity is low relatively to the 

revenue per customer, a unique Nash equilibrium exists, in which all servers choose the same 

service capacity and the expected waiting times are finite. Tadj et al. [11] use a vacation queuing 

model and develop a set of quantitative performance measures for a two-parameter time 

allocation policy. Based on the renewal cycle analysis, they derive an average cost expression 

and propose a search algorithm to find the optimal time allocation policy that minimizes the 

average cost. Yue et al. [6] study a two-server Markovian network system with balking and a 

Bernoulli schedule under a single vacation policy, where servers have different service rates. 
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Yue et al. further in [4] present analysis for an M/M/R/N queuing system with balking, reneging 

and server breakdowns. A cost model is developed to determine the optimum number of servers 

while the system availability is maintained at a certain level.  

 

Wang et al. in [1] develop a cost model for an M/M/R queuing system with finite 

capacity balking, reneging and server breakdowns. Sensitivity analysis of the model along with 

numerical results is also performed. Pan [5] studies an M/M/1/N queuing model with variable 

input rates and points out the appropriate service speeds for the business. Yue et al. [3] present 

an analysis for an M/M/c/N queuing system with balking, reneging and synchronous vacations of 

partial servers together formulate a cost model to determine the optimal number of servers on 

vacation. They perform sensitivity analysis through numerical experiments. Literature survey 

shows the importance of cost modeling and its solution in way to optimize profit. Borst et al. [2] 

apply queuing theory for designing the call centers. Recently, Kumar and Sharma [13] study a 

single server, finite capacity Markovian queuing model with reneging, balking and retention of 

reneged customers. They derive its steady-state solution. 

 

2. Description of the Model: 

In this paper, we propose a single server, finite capacity Markovian queuing model with 

reneging, balking , and retention of reneged customers for any insurance firm facing the problem 

of customer impatience (reneging and balking) and implementing various customer retention 

strategies as studied by Kumar and Sharma [13]. The customers arrive in the system according to 

a Poisson process with mean rate . An arrival to the system represents the sale of one insurance 

policy. There is a single server and the customers are served in order of their arrival. The service 

time distribution is exponential with parameter µ. Here, the service of a customer represents the 

claim processing at the maturity of the policy. The insured customers at any stage before 

maturity may get impatient due to various reasons like dissatisfaction of service, immediate 

requirement of money, better opportunities with the other insurers etc. and may withdraw their 

policies. This phenomenon is analogous to reneging in case of queuing theory. The customers get 

impatient (reneged) following exponential distribution with parameter . As the customer 

impatience has highly negative impact on the business of the firms, they employ different 

customer retention strategies to retain their customers. It is envisaged that if the firms employ 
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certain customer retention strategies, then there are chances that a certain proportion of impatient 

customers may be retained. Thus, an impatient customer may be retained in the system with 

some probability q (say) and he may not be convinced to stay in the system for his complete 

service with probability 1 – q (= p). The customer retention strategies in insurance business can 

be the convincing of customers by phone calls, better and reliable service, providing better 

returns, discounts on premium etc. The arriving customers may balk with probability n/N, where 

n is the number in system and N is the maximum number allowed in the system (i.e. some 

customer may not decide to purchase the policy due to dissatisfaction about company policies).  

The steady-state probabilities of the model are given by: 
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The expected system size is: 

0

1 1

( 1)

( 1)

NN

s

n k

N k
L n P

N k p



  

 


 
 

       (4)
 

 

3. Cost Model: 

In this section, we present the cost-model and perform optimization.  

Notations: 

1/λ = mean inter-arrival time. 

1/µ = mean service time. 
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We define the total expected cost (TEC) of the system as: 

 

 

 

Where the average reneging rate, Rr, the average retention rate, RR and the average balking rate, 

 are given by; 
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Let R be the revenue earned for providing service to each customer per unit time, then RLs is the 

total earned revenue by providing service to average number of customers in the system. Rλ PN, 

RRr and RRb are the losses in the revenue of the system due to number of lost customers per unit 

time, due to reneging of customers and due to balking of customers per unit time respectively. 

Hence, total expected revenue (TER) of the system is given by: 

 

 

 

Now, total expected profit (TEP) of the system is defined as: 

 

 

 

Thus, we have the TEC, TER and TEP functions in terms of various parameters involved. The 

cost – profit analysis of the model is performed numerically by using these functions and the 

results are discussed accordingly. The optimization of the model is also carried out in order to 

obtain the optimal service rate and to obtain the optimum values of TEC, TER and TEP. The 

impact of various customer retention strategies on the total optimal profit is also analyzed. It 

becomes quiet intractable to proceed analytically for optimum value of  service rate (µ*) at 

which the TEC is minimum. Therefore, we have used MATLAB software to get the optimum 

values using a computational algorithm.  

 

Computational algorithm: 

Step 1: Define variables 

Step 2: Write the formula of function TEC in terms of  

Step 3: Obtain critical values of µ 

Step 4: Find the value of  at which TEC is minimum (let it be *) 

Step 5: Compute the values of TEC, TER and TEP at * 

 

Table: 1.1 

Variation in Ls w. r. t. Mean reneging rate () at q=0 and q=0.6 

We take λ = 2, μ = 3, N = 4  
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 Ls at q=0 Ls at q=0.6 

0.05 0.8062 0.8128 

0.06 0.8041 0.8119 

0.07 0.8020 0.8110 

0.08 0.7999 0.8102 

0.09 0.7978 0.8093 

0.1 0.7958 0.8084 

0.11 0.7937 0.8075 

0.12 0.7918 0.8067 

0.13 0.7898 0.8058 

0.14 0.7879 0.8049 

0.15 0.7859 0.8041 

 

From table 1.1 it is observed that the system size is remains lesser at q=0, as there is no 

retention strategy is followed for reneged customers as a result more and more customers move 

out of the system with increasing rate of reneging and that results in a reduction in system size. 

On the other hand when some retention strategy is followed to retain the reneged customers in 

terms of premium discounts, better service assurance, etc the system size increases 

comparatively. System size reduces with increasing rate of reneging though. But it is observed 

that the firm employing some customer retention strategy for the reneged customers increases 

their system size that ultimately results in more customers in the system which leads to more 

profit. 
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Figure 1.1 

Figure 1.1 gives an insight to table 1.1 and provides a comparative analysis between the 

system sizes at q=0 (when no reneged customer is retained) and at q=0.6 (When 60% of the 

customers are retained by employing some customer retention strategy) with changing rate of 

reneging.  

 

Table: 1.2 

Variation in TEC, TER and TEP with the change in average reneging rate,  when service 

rate is optimized 

We take  λ = 2, q=0.6, N = 4 , C b = 7, C s = 4,  C h=3,  C L =12, Cr =8, CR =45, and R=100. 

 * TER TEC TEP 

0.05 1.9045 170.9306 76.7600 94.1706 

0.06 1.9030 170.1394 76.7772 93.3622 

0.07 1.9014 169.3586 76.7943 92.5643 

0.08 1.8999 168.5751 76.8114 91.7637 

0.09 1.8984 167.7953 76.8284 90.9669 

0.1 1.8969 167.0193 76.8454 90.1739 

0.11 1.8954 167.0820 76.8623 90.2197 
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0.12 1.8939 165.4784 76.8792 88.5992 

0.13 1.8924 164.7113 76.8960 87.8153 

0.14 1.8909 163.9520 76.9128 87.0392 

0.15 1.8895 163.1881 76.9295 86.2586 

 

 

In table 1.2,  optimum service rate is derived for every value of reneging rate, as varying 

rate of reneging affects the system size, hence constant rate of service is unexpected and 

unprofitable. Because of complexity of manual classical optimization technique a MATLAB 

program is constructed for classical optimization technique as per the algorithm mentioned and 

service rate is optimized for varying mean rate of reneging. The profit thus obtained is 

maximized. The profit obtained decreases from Rs 94.1706 to 86.2586; this is due to the fact that 

increasing rate of reneging reduces the system size and leaves fewer customers in the system.  

 

 

 

 

Figure 1.2 

Figure 1.2 gives provides a bird’s eye view to table 1.2’s analysis. It shows the movement 

of total expected return, total expected cost and total expected profit. Total expected cost 
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increases with increase in reneging rate due to the fact that retention strategy applied to retain the 

reneged customers involve some cost mentioned by CR.  

 

Table: 1.3 

Variation in TEC, TER and TEP with the change in mean arrival rate,  when service rate is 

optimized 

We take  ξ = 0.1 , q=0.6,  N = 4 , C b = 7, C s = 4,  C h=3,  C L =12, Cr =8, CR =45 and R=100. 

 

 * TER TEC TEP 

1.5 1.6333 194.5385 65.1161 129.4224 

1.6 1.6893 190.7318 67.5639 123.1679 

1.7 1.7434 186.0426 69.9558 116.0868 

1.8 1.7960 180.4949 72.2971 108.1978 

1.9 1.8471 174.1431 74.5923 99.5508 

2 1.8969 167.0193 76.8454 90.1739 

2.1 1.9454 159.1656 79.0598 80.1058 

2.2 1.9929 150.6025 81.2387 69.3638 

2.3 2.0392 141.3748 83.3848 57.9900 

2.4 2.0847 131.4959 85.5006 45.9953 

2.5 2.1292 121.0026 87.5881 33.4145 

In table 1.3 optimum service rate is derived for varying values of arrival rate, as varying 

rate of arrival affects the system size, hence constant rate of service is unexpected and 

unprofitable. Because of complexity of manual classical optimization technique a MATLAB 

program is constructed for classical optimization technique as per the algorithm mentioned and 

service rate is optimized for varying rate of arrival. The profit thus obtained is maximized. The 

profit obtained decreases from Rs 129.4224 to 33.4145; this is due to the fact that increasing rate 

of arrival increases the cost of service, cost of holding, cost of reneged customers and cost of 

retention of reneged customers. It can be observed that optimum service rate increases with 

increase in arrival rate, as system has to provide service to more and more customers. 
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4. Conclusions: 

A queuing theory approach is used to model insurance business problems. A single server 

finite capacity Markovian queuing model with retention of reneged customers, and balking is 

proposed for any insurance firm facing the problem of customer impatience (reneging and 

balking) and implementing different customer retention strategies.  

 

The cost – profit analysis of the model is performed and the impact of varying mean 

reneging rate and mean arrival rate on the total expected profit of the system is studied.  

 

The optimization of the model is performed in order to minimize the total expected cost 

of the system with respect to the service rate. The analysis carried out in this paper is very useful 

to any insurance firm.  
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