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Abstract. Markets with free entry and exit often become oligopolies. This phenomenon can be explored using the Cournot model. This study aims to examine firm survival in a Cournot model with free entry and exit, where firms are price-takers producing a homogeneous product, market prices are determined by a bounded isoelastic demand function, and total production costs are represented by linear functions. The model assumes log-normally distributed costs, sequential firm entries, and exits based on accumulated losses. Numerical simulations show that, under low-cost heterogeneity and a sufficiently bounded demand, the market tends to become oligopolies. These results show that allowing free entry and exit to a Cournot model pushes the market to become an oligopoly, while cost heterogeneity and pricing constraints play a crucial role in shaping long-run market structures.
INTRODUCTION
The number of firms in an industry determines its market structure. This structure ranges from monopoly to perfect competition, with oligopoly in between. A monopoly is dominated by a single large firm, a perfect competition has numerous small firms, and an oligopoly is dominated by a few large firms. These structures are also influenced by barriers to entry. These barriers discourage new competitors from entering the market, thereby affecting the level of competition [1]. 
Among these market structures, perfect competition is often viewed as the ideal market due to its emphasis on efficient resources allocation and fair prices to consumers through free competition and perfect information [1]. In reality, markets tend to evolve toward oligopoly [1, 2, 3]. This view is reinforced by recent empirical studies showing increased dominance by a few large firms across different industries [4, 5, 6, 7, 8, 9].
While empirical studies highlight the dominance of a few large firms, the dynamics within these markets are often formalised using the Cournot model, first introduced by Cournot in 1838 [10]. The model assumes firms compete by producing a homogeneous product in a market with no entry, adjusting output over time based on competitors’ past quantities. It converges to the Cournot equilibrium when no firm can increase profit by changing its output unilaterally. This convergence depends on the types of demand function.
Nonlinear demand functions are commonly used to reflect market realities. The isoelastic demand [11], grounded in the Cobb-Douglas utility function, is relevant since it has theoretical and empirical support [12, 13]. However, the standard isoelastic inverse demand function yields unbounded prices when total output approaches zero. Therefore, a bounded isoelastic inverse demand is introduced to ensure finite prices even at low output levels [14]. This alternative enhances the model’s relevance to real market conditions.
To better reflect real market conditions, several studies have added entry and exit to the standard Cournot models to investigate their impact on market structure [15, 16, 17, 18, 19]. Meanwhile, the stability analysis of a different economic model finds that the equilibrium becomes unstable with more than five firms [20]. Despite these insights, the number of surviving firms in Cournot models with entry and exit has received limited attention. 
Therefore, this paper examines firm survival in a Cournot model with free entry and exit. Firms are assumed to be price takers. This means they compete by choosing the output levels of a homogeneous product to maximise profit. The market price is determined by a bounded isoelastic inverse demand function, while each firm's production cost is assumed to be a positive constant. Numerical simulations of the model are carried out to estimate the number of surviving firms in the long run under these conditions.
The structure of this paper is as follows. The next section develops a discrete dynamic Cournot model that describes the output adjustment under best response of firms in a market with bounded isoelastic demand function. The following section presents and discusses the numerical simulation results of firm survival in the long run. The final section concludes with a summary of the findings and directions for future research.
The cournot model with bounded isoelastic inverse demand
Consider a market governed by the Cobb-Douglas utility function
 


where  is the consumer utility,  and  are two different products in a market, and  determines the utility elasticity of each product. The maximisation of  with respect to ,  subject to the budget constraint



where  is the consumer’s income, and  and  are the prices of products  and , respectively, yields



which shows that consumer spends a fraction  of their income on product . Following similar process, the consumer
spends  fraction of their income on product . Since this paper considers a market with homogeneous product, the subscript  in  is omitted.
Let  be the number of firms in a market where each firm  is selling a homogeneous product  xi at price . Then, (3) can be rewritten as



The summation of (4) for all  is



where  is the total output of the market. Without loss of generality, let  so that (5) becomes the isoelastic inverse demand function



However, the market becomes a monopoly when only one firm remains. In this case, the monopolist’s total revenue is fixed at 1, even as price approaches infinity. A modification to address this inconsistency was proposed in [14] by adopting a bounded isoelastic inverse demand function of the form



where  is the bounding parameter that prevent price from becoming unbounded as total output  approaches zero. By assuming that the production cost of each firm  is a constant , the profit function of each firm  is then



and its profit maximising output is the reaction function



where . A firm decides its output level in the next period using this reaction function. Under best response, the firm output level in period  immediately jumps to the optimal output. Therefore, the reaction function in (9) becomes the discrete dynamical system



where  and . The next section describes the numerical simulation of system (10) to determine the number of surviving firms. 
NUMERICAL SIMULATION RESULTS OF FIRM SURVIVAL
In this section, we conduct numerical simulations based on the output adjustment mechanism given in (10). The aim of these simulations is to determine the number of firms that remain in the market in the long run. The simulation
procedure is outlined as follows:

1. Let  be the number of arrays (simulations) to be run in parallel.
2. Let  be the maximum number of firms and  the maximum number of periods. Note that  because one new firm enters the market in each period. The choice of 500 periods is sufficient, as longer runs produce similar outcomes while only increasing computation time.
3. Set the value of the bounding price parameter .
4. Generate the initial outputs for  firms from a uniform distribution over the interval .
5. Generate the production costs for  firms from a log-normal distribution to ensure positivity. Set the standard deviation , and set the mean to 1 by choosing .
6. Initialise the market in period  with a single firm (firm 1). Its cost  and initial output  are assigned in Steps 4 and 5.
7. Compute firm 1’s output in period 2, , using the dynamical equation (10).
8. In period 2, introduce firm 2. Its cost and initial output are already assigned in Steps 4 and 5.
9. Compute the outputs for firms 1 and 2 in period 3,  and , using (10).
10. For each firm , if , it exits the market in period  and reenters when  becomes positive again. Meanwhile, track accumulated profits using (8). If a firm’s accumulated profit becomes negative, it permanently exits the market.
11. Repeat Steps 8 to 10 for  periods. 
12. A firm is considered surviving if it produces positive output in the final 12 periods.
13. Repeat Steps 4 to 11 for all  arrays.
14. From the  simulations, compute the probability distribution of the number of surviving firms by counting the frequency of each outcome and dividing by .
15. These simulations are performed using nine log-normal cost distributions with a mean of 1 and standard deviation  ranging from 0.1 to 0.9. Each case is repeated for three values of the bounding price parameter: , and 1.

For brevity, Table 1 presents the simulation results for the number of surviving firms, , and their corresponding probabilities, , in the case of  only. For instance, with   and , the outcomes  to 4 occur with probabilities , and , respectively. Results for  and  are not shown here, as they exhibit similar overall patterns. However, a clear trend emerges where the distribution of surviving firms becomes narrower as the bounding price parameter, , increases. To summarise the outcomes in Table 1 more concisely, we compute the expected number of surviving firms, , and the corresponding standard deviation, .
Table 2 presents the expected number of surviving firms, , and the corresponding standard deviation, . Table 2 summarises the outcomes across combinations of  (rows) and  (columns). The values of  are divided into three ranges: low, moderate, and high cost variations. For example, in the low cost variation of  and ,  and , indicating low variation and a tendency towards monopoly. In contrast,  and  yield  and , indicating high variability and weaker convergence.
In Table 2, the preferred scenario is to have low  as it reflects consistent outcomes with minimal variation. Based on this preference, the ranges of  in the case of low, moderate, and high cost variations are summarised in Table 3. These findings reveal that as cost heterogeneity increases, the likelihood of more firms surviving rises as well. Additionally, an increase in the bounding price parameter  slightly reduces the expected number of surviving firms. These results indicate that low cost heterogeneity and a higher bounding value of the price parameter can act as
barriers to entry.

TABLE 1. Number of Surviving Firms, , with Corresponding Probabilities, , for 
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TABLE 2. Expected Value and Standard Deviation of Surviving Firms
	
	

	
	
	

	
	
	
	
	
	
	
	

	Low cost variation
	0.1
	
	0.8345
	
	2.2727
	
	0.5771

	
	0.2
	
	1.3288
	
	1.6768
	
	1.0493

	
	0.3
	
	2.4179
	
	0.9119
	
	0.7324

	
	
	
	
	
	
	
	

	Moderate cost variation
	0.4
	
	2.0644
	
	1.2610
	
	0.6270

	
	0.5
	
	1.2359
	
	0.7881
	
	1.1491

	
	0.6
	
	0.8492
	
	0.8002
	
	0.5056

	
	
	
	
	
	
	
	

	High cost variation
	0.7
	
	1.6993
	
	1.2241
	
	0.8333

	
	0.8
	
	1.4523
	
	1.1893
	
	1.2816

	
	0.9
	
	0.7544
	
	0.6353
	
	0.5895


Note:  denotes the number of firms and must be in integer. Therefore, the expected number of firms, , is rounded to the nearest integer.

TABLE 3. Range of Expected Number of Surviving Firms with Lowest Standard Deviation
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	Low cost variation
	
	0.8345
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	Moderate cost variation
	
	0.8492
	
	0.7881
	
	0.5056
	

	
	
	
	
	
	
	
	

	High cost variation
	
	0.7544
	
	0.6353
	
	0.5895
	




CONCLUSION
This study examined firm survival in a Cournot model with free entry and exit. Firms were treated as price-takers
choosing quantities of a homogeneous product to maximise profit, with market price determined by a bounded isoelastic demand function, and total production costs assumed to be linear. The model incorporated log-normally distributed costs, sequential firm entries, and firm exits based on accumulated losses.
Numerical simulations were conducted to estimate the number of surviving firms in the long run under these conditions. The results indicate that higher-cost variation promotes firm survival, whereas higher bounding price parameters slightly reduce it. In particular, low-cost variation combined with high  can act as a barrier to entry, leading markets towards oligopoly or collapse.
Future research can build on this study in several meaningful ways. First, the best response output adjustment can be replaced with adaptive adjustment and bounded rationality. Second, to better reflect real world condition, the constant marginal cost assumption in the current model can be replaced with variable cost structures. Lastly, extending the model from homogeneous products to differentiated products may provide insights into more complex market dynamics.
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