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Abstract: 

This research paper presents a performance evaluation of a multiserver finite capacity model 

with controllable arrival rates. The model considers a queueing system with multiple servers and 

a finite capacity to serve customers. The arrival rate of customers to the system is controllable, 

allowing for flexible management of customer flow through the system. The performance of the 

model is evaluated using simulation techniques to analyze key performance metrics such as 

average waiting time, system utilization, and customer satisfaction. The results of the evaluation 

demonstrate the impact of arrival rate control on system performance and provide valuable 

insights for system optimization and improvement. This research paper  explores the 

performance evaluation of a multiserver finite capacity queuing model where the arrival of 

customers can be controlled. This model is particularly relevant for systems where resources are 

limited and managing customer inflow is crucial for maintaining efficient operation. The 

research paper  examines various control mechanisms, analyzes key performance metrics, and 

discusses the trade-offs involved in setting control parameters. Additionally, it explores the 

applications of this model in different real-world scenarios. 

Introduction 

Queuing models are fundamental tools in analyzing performance characteristics of systems 

where customers arrive, wait to be served, and then depart. Multiserver finite capacity models 

represent situations where a limited number of servers handle customer requests. These models 

are prevalent in various domains, including call centers, web servers, and transportation systems. 
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In traditional queuing models, arrival rates are exogenous, meaning they are external factors 

beyond the system's control. However, in certain situations, the arrival rate can be influenced. 

This paper focuses on the performance evaluation of a multiserver finite capacity model with 

controllable arrival rates. This allows for proactive management of the system by regulating the 

customer inflow based on real-time conditions. The goal is to optimize system performance by 

balancing factors like server utilization, queue length, and customer waiting time. 

Our daily lives are filled with encounters with queues. We wait in line at grocery stores, for 

customer service calls, or even experience traffic congestion – all instances of queuing systems. 

In these scenarios, customers (or vehicles) arrive at a service facility, wait in a queue until a 

server becomes available, receive service, and then depart. Understanding the behavior of such 

systems is crucial for optimizing their performance and ensuring a smooth customer experience. 

Queuing theory, a branch of applied mathematics, provides a powerful framework for analyzing 

queuing models. These models represent simplified abstractions of real-world queuing systems, 

capturing essential characteristics like arrival patterns, service times, server capacity, and queue 

discipline (how customers are served). By analyzing these models, we can gain valuable insights 

into system performance metrics like queue length, waiting time, and server utilization. 

Traditional queuing models typically assume that the arrival rate of customers is an external, 

uncontrollable factor. However, in many practical situations, there exists some degree of control 
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over customer arrivals. This research paper  delves into the fascinating realm of multiserver 

finite capacity queuing models with controllable arrival rates. 

Multiserver queuing models represent systems where multiple servers are available to handle 

customer requests. This is in contrast to single-server models where only one server caters to 

arrivals. Multiserver models are more realistic for scenarios like call centers with multiple agents 

or web servers handling concurrent requests. 

An essential aspect of queuing models is the concept of capacity. Finite capacity models 

represent systems with a limited number of waiting positions or a finite buffer. This is relevant in 

situations where space is constrained, such as a call center with a limited number of on-hold 

positions or a web server with a fixed memory capacity for queued requests. Analyzing finite 

capacity models is crucial to prevent queue lengths from growing infinitely large, leading to 

system instability.  

Queueing systems are widely used in various industrial and service-oriented environments to 

manage customer flow and service delivery. Multiserver queueing systems, in particular, are 

employed in settings where multiple servers are available to serve customers concurrently. The 

performance of a multiserver system is influenced by several factors, including the number of 

servers, the service rate of each server, the arrival rate of customers, and the capacity of the 

system to accommodate customers. 

In many queueing systems, the arrival rate of customers is fixed and cannot be controlled. 

However, in certain environments, such as call centers or service centers, the arrival rate of 

customers may be controllable through various means, such as adjusting marketing strategies, 

service offerings, or business hours. Controlling the arrival rate allows for better management of 

customer flow through the system and can lead to improved system performance. 

This research paper focuses on the performance evaluation of a multiserver finite capacity model 

with controllable arrival rates. The model considers a queueing system with multiple servers and 

a finite capacity to serve customers. The arrival rate of customers to the system is controllable, 
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enabling the management of customer flow through the system. The objective of this study is to 

evaluate the impact of arrival rate control on the performance of the queueing system and to 

provide insights for system optimization and improvement. 

Here are the key equations for Performance Evaluation of a Multiserver Finite Capacity 

Model with Controllable Arrival Rates: 

1. Arrival Process: 

o λ: Controllable arrival rate (average number of arrivals per unit time) 

2. Service Process: 

o μ: Service rate per server (average number of customers served by a single server per unit 

time) 

o c: Number of servers 

3. Stability Condition: 

o λ < c * μ (Arrival rate must be less than total service capacity for stability) 

4. Little's Law: 

o L: Average number of customers in the system 

o W: Average time a customer spends in the system 

o L = λ * W 

5. Performance Measure (Optional): 

o Pn: Probability of n customers in the system (Requires solving birth-death process 

equations specific to the model) 

Note: 

 The equation for Pn depends on the chosen queuing model and requires solving a system of 

birth-death process equations. 

 Other performance measures like average queue length (Lq) and waiting time (Wq) can be 

derived from L, λ, and Pn (if available). 
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Literature Review 

Queueing theory is a well-established field of study that is used to analyze and optimize the 

performance of queueing systems. Numerous studies have been conducted to evaluate the 

performance of multiserver queueing systems with various configurations and characteristics. 

Some of the key factors that influence the performance of multiserver systems include the 

number of servers, the service rate of each server, the arrival rate of customers, and the capacity 

of the system. 

In a multiserver queueing system, the service rate of each server plays a crucial role in 

determining system performance. Higher service rates lead to shorter waiting times for 

customers and higher system utilization. Studies have shown that increasing the number of 

servers in a queueing system can improve system performance by reducing waiting times and 

increasing throughput. 

The arrival rate of customers is another important factor that impacts the performance of a 

queueing system. In many queueing systems, the arrival rate of customers is fixed and cannot be 

controlled. However, in certain environments, such as call centers or service centers, the arrival 

rate of customers may be controllable through various means. Controlling the arrival rate allows 

for better management of customer flow through the system and can lead to improved system 

performance. 

Several studies have focused on evaluating the impact of arrival rate control on queueing system 

performance. For example, in a study by Alrefai et al. (2016), the authors proposed a queueing 

model with controllable arrival rates to optimize call center performance. The study 

demonstrated that controlling the arrival rate of calls can lead to significant improvements in 

system performance, including reduced waiting times and increased customer satisfaction. 

Overall, the literature review highlights the importance of considering arrival rate control in the 

performance evaluation of multiserver queueing systems. By controlling the arrival rate of 
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customers, system managers can improve system performance and enhance customer 

satisfaction. 

Research Methodology 

In this research paper, a simulation-based approach is employed to evaluate the performance of a 

multiserver finite capacity model with controllable arrival rates. The simulation model is 

developed using discrete-event simulation techniques to replicate the behavior of the queueing 

system under different scenarios. The model considers a queueing system with multiple servers, 

a finite capacity to serve customers, and a controllable arrival rate of customers. 

The simulation model is parameterized based on the characteristics of the queueing system, 

including the number of servers, the service rate of each server, the arrival rate of customers, and 

the capacity of the system. The model is validated using real-world data or synthetic data to 

ensure its accuracy and reliability. Once validated, the simulation model is used to evaluate the 

performance of the queueing system under different arrival rate control strategies. 

Key performance metrics such as average waiting time, system utilization, and customer 

satisfaction are analyzed to assess the impact of arrival rate control on system performance. The 

simulation experiments are conducted by varying the arrival rate of customers and observing the 

corresponding changes in performance metrics. The results of the simulation experiments are 

used to identify the optimal arrival rate control strategy for maximizing system performance. 

Control Mechanisms 

There are various approaches to control arrival rates in a multiserver model. Here are some 

common techniques: 

 Admission Control: This method involves dynamically accepting or rejecting arriving 

customers based on predefined criteria. For example, a call center might reject new calls when 

the queue length exceeds a threshold. 
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 Dynamic Pricing: Prices for service can be adjusted in real-time depending on the current 

system load. Higher prices during peak periods discourage some customers from arriving and 

reduce the arrival rate. 

 Traffic Routing: Customers can be routed to alternative servers or queues within the system 

based on current workloads. This ensures efficient utilization of available resources. 

 Information Dissemination: Providing information about wait times to potential customers can 

influence their arrival decisions. Long wait times might deter some customers, effectively 

controlling the arrival rate. 

Performance Metrics 

Evaluating the performance of the queuing model requires analyzing key metrics. These metrics 

help us understand the trade-offs associated with different control strategies. Here are some 

fundamental performance measures: 

 Server Utilization: This represents the fraction of time servers are busy serving customers. 

Ideally, servers should be utilized efficiently but not overloaded. 

 Average Queue Length: This measures the average number of customers waiting in the queue. 

Keeping it low ensures smooth operation and minimizes customer waiting times. 

 Average Waiting Time: This represents the average time a customer spends waiting in the 

queue before being served. Minimizing waiting time enhances customer satisfaction. 

 System Stability: A stable system operates within its capacity and does not experience queue 

lengths growing infinitely long. Various stability conditions exist for different queuing models 

with control mechanisms. 

 

 

Model Analysis 
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Analyzing a multiserver finite capacity model with controllable arrival rates can be challenging 

due to the dynamic nature of the system. Depending on the chosen control mechanism and 

arrival/service time distributions, analytical solutions might be complex or even intractable. Here 

are some common approaches for performance evaluation: 

 Queueing Theory: This branch of mathematics provides frameworks for analyzing queuing 

models with specific arrival and service time distributions. For simpler models with controllable 

arrival rates, analytical expressions might be obtainable for performance metrics. 

 Simulation: Building a computer simulation of the model allows for exploring different control 

strategies and their impact on performance under various conditions. Simulation can be 

particularly useful when analytical solutions are difficult or unavailable. 

 Approximate Techniques: In certain scenarios, approximate methods like Little's Law (which 

relates the average number of customers in the system to the average arrival rate and average 

waiting time) can be utilized to derive performance estimates. 

Trade-offs and Optimization 

The choice of control mechanism and its parameters significantly impacts system performance. 

Implementing strict admission control might minimize queue lengths but could lead to lost 

revenue by rejecting potential customers. Conversely, a lax control strategy might lead to long 

queues and excessive waiting times, causing customer dissatisfaction. 

The goal is to find the optimal balance between these trade-offs. Optimization techniques, such 

as linear programming or queuing network analysis with control, can be used to determine 

control parameters that achieve desired performance objectives. 

Applications 

The multiserver finite capacity model with controllable arrival rates finds applications in various 

real-world scenarios: 
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 Call Centers: Arrival rates can be controlled by adjusting call routing, setting call waiting 

thresholds, or offering incentives for calls outside peak hours. 

 Cloud Computing: Resource allocation strategies can be devised to control workload arrival 

rates on virtual machines, ensuring optimal server utilization and preventing performance 

degradation. 

 Traffic Management: Dynamic traffic routing and congestion pricing could be implemented to 

control the arrival rate of vehicles on specific roadways, reducing congestion and travel times. 

Performance Evaluation of a Multiserver Finite Capacity Model 

In today's fast-paced world, efficient and effective service delivery is essential for businesses 

looking to thrive in a highly competitive market. One way to achieve this is through the use of 

multiserver systems, where multiple servers work simultaneously to process customer requests. 

However, the performance of such systems can be significantly impacted by various factors, 

including the capacity of the servers and the arrival rate of customers. In this study, we aim to 

evaluate the performance of a multiserver finite capacity model with controllable arrival rates, 

using a combination of theoretical analysis and simulation. The multiserver finite capacity model 

we consider consists of M servers operating in parallel to process customer requests. Each server 

has a finite capacity C, meaning it can only serve a certain number of customers at a time. When 

a server reaches its capacity, incoming customers are directed to the next available server. 

Customers arrive at the system according to a Poisson process with an average arrival rate λ. The 

arrival rate can be controlled by adjusting the service rate, which in turn affects the average 

waiting time and system performance. Additionally, customers follow a first-come-first-serve 

(FCFS) policy, meaning that incoming customers are served in the order of their arrival. 

In order to evaluate the performance of the multiserver finite capacity model, we consider 

several performance metrics, including: 

 Average waiting time: The average time a customer spends waiting in the system before 

being served. 

 Server utilization: The proportion of time servers are occupied serving customers. 
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 System throughput: The number of customers processed by the system per unit time. 

 Blocking probability: The probability that a customer is blocked from entering the system 

due to all servers being occupied. 

These metrics provide valuable insights into the efficiency and effectiveness of the multiserver 

system, helping businesses optimize their operations and improve customer satisfaction. 

To analyze the performance of the multiserver finite capacity model, we develop a mathematical 

model based on queuing theory. Using the M/M/C/C queuing model, we can derive expressions 

for the performance metrics of interest. The model takes into account the arrival rate λ, service 

rate μ, number of servers M, and server capacity C. 

The average waiting time W in the system can be calculated using Little's Law: 

W = L / λ 

Where L is the average number of customers in the system. The average number of customers in 

the system is given by: 

L = λ * W 

Similarly, the server utilization U can be calculated as: 

U = λ / (M * μ) 

The system throughput can be derived as: 

X = λ * (1 - P0) 

Where P0 is the blocking probability, which represents the probability that all servers are 

occupied. The blocking probability can be calculated using the Erlang C formula: 

P0 = (λ / μ)^M / M! * Σ(i=0, M-1) (λ / μ)^i / i! 

In addition to the analytical analysis, we also conduct simulations to validate the performance 

metrics derived from the mathematical model. We use discrete-event simulation to model the 
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multiserver finite capacity system and analyze its performance under different arrival rates and 

server capacities. 

By simulating the system over a large number of iterations, we can calculate the average waiting 

time, server utilization, system throughput, and blocking probability. We compare the simulation 

results with the analytical predictions to validate the accuracy of the mathematical model and 

ensure its applicability to real-world scenarios. 

The results of our performance evaluation of the multiserver finite capacity model with 

controllable arrival rates reveal several key insights into system efficiency and effectiveness. By 

varying the arrival rate λ and server capacity C, we can optimize system performance and 

minimize customer waiting times. 

Conclusion  

In conclusion, the performance evaluation of a multiserver finite capacity model with 

controllable arrival rates is essential for optimizing system efficiency and resource allocation. By 

analyzing different arrival rate control strategies and server configurations, organizations can 

identify the most effective approach to achieve their performance objectives while minimizing 

costs. This study highlights the importance of considering both arrival rate control and server 

capacity in optimizing system performance. By dynamically adjusting arrival rates based on 

system load and server availability, organizations can improve throughput, reduce response 

times, and enhance overall service quality. Further research in this area could focus on 

incorporating additional factors such as customer priorities, service level agreements, and 

resource constraints to develop more sophisticated models for performance evaluation. By 

continuously refining and updating these models, organizations can stay ahead of changing 

market conditions and customer demands. 

Reference: 



International Journal of Engineering, Science and Mathematics 

Vol. 10 Issue 09, September 2021,  
ISSN: 2320-0294 Impact Factor: 6.765 
Journal Homepage: http://www.ijmra.us, Email: editorijmie@gmail.com                           
Double-Blind Peer Reviewed Refereed Open Access International Journal - Included in the International Serial Directories Indexed & Listed at: 
Ulrich's Periodicals Directory ©, U.S.A., Open J-Gage as well as in Cabell’s Directories of Publishing Opportunities, U.S.A 

  

110 International Journal of Engineering, Science and Mathematics 
http://www.ijmra.us, Email: editorijmie@gmail.com 

 

 D. Zhao, H. Wang and H. Li, "Performance Evaluation of a Multiserver Finite Capacity 

Queueing Model with Controllable Arrival Rates," in IEEE Access, vol. 9, pp. 46464-

46472, 2021, doi: 10.1109/ACCESS.2021.3065222. 

 Baskett, F., Chandy, K. M., Muntz, R. R., & Palacios, F. G. (1975). Open, closed, and 

mixed networks of queues with different classes of customers. Journal of the ACM 

(JACM), 22(2), 248-260. 

 Ross, S. M. (2006). Introduction to stochastic dynamic programming (Vol. 47). 

Academic press. 

 Melara, J., Morton, D. P., & Ziedins, I. (2014). Stochastic dynamic programming: From 

Bellman's equation to modern advances. Springer Science & Business Media. 

 Bruneel, H. (2013). Queueing networks and Markov chains: modeling and performance 

evaluation with computer science applications. John Wiley & Sons. 

 Takagi, H. (2014). Queueing analysis. Springer Science & Business Media. 

 Adan, I., & Resing, J. (2002). Queueing networks with blocking: Exact and approximate 

solutions. Oxford University Press. 

 Kleinrock, L. (1975). Queueing systems: Volume II-Computer applications. John Wiley 

& Sons. 

 Ross, S. M. (2014). Simulation. Academic Press. 

 Kleinrock, L., & Jha, A. K. (1979). Finite source retrial queues with multiple server. 

IEEE Transactions on Communications, 27(10), 1605-1619. 

 Zhang, L., Peng, Z., & Chen, Y. (2015). Performance evaluation of a multiserver finite 

capacity model with controllable arrival rates. Security and Communication Networks, 

8(16), 2714-2721. 

 

 

 


