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underlying process. The authors analyse a multi-server retrial queuing model, where customers’ decisions to join, 
balk, or postpone the service (enter an orbit) depend on the current price. The system’s behaviour is described by 
a multidimensional Markov chain with state-inhomogeneous transitions. The main disadvantage of paper [14]  
is the assumption that the number of available cars is constant and does not change in time. In modern ride- 
hailing systems like Uber, the number of active cars is never static and fluctuates in real-time. The prima-
ry engine behind this is dynamic pricing. Because drivers operate as independent contractors, they have the 
freedom to choose when to log on or off. When the demand spikes during heavy rain, major events, or rush 
hour, the system automatically raises fares to attract more drivers start work. Drivers are naturally more mo-
tivated to work during these peak hours because the earning potential is significantly higher. This creates 
a self-regulating cycle: as prices go up, the supply of active cars increases to meet the demand. Once the rush 
subsides and the extra incentives disappear, many drivers head home, and the number of active vehicles drops. 
In this paper, we eliminate this disadvantage by considering a queuing model with variable number of active  
servers.

Our goal is to develop a comprehensive analytical model that allows calculating the key performance mea
sures of the service. These include the probability of service denial due to a lack of available cars on the line 
and the average number of active drivers on duty. The model integrates a dynamic pricing mechanism that 
adjusts the flow of incoming requests based on vehicle availability. This not only optimises the aggregator’s 
total profit but also helps in balancing the overall workload of the fleet. The results of our paper can be applied 
to determine the optimal pricing policy.

Beyond the passenger transportation sector, this mathematical framework can be effectively adapted to  
describe other shared-resource systems. Specifically, it is well-suited for cloud computing environments, where 
virtual servers are switched to energy-saving modes during periods of low demand. Furthermore, the model is 
highly relevant for next-generation wireless networks, where base stations dynamically adjust the number of 
active communication channels, and for modern call centres, where operators join the service or take breaks 
based on the current density of incoming calls.

Mathematical model
We consider the operation of a taxi service as a multi-server bufferless queuing system with N identical 

vehicles (servers). The structure of the system is illustrated in fig. 1.

Fig. 1. The structure of the queue

The flow of incoming trip requests is modelled by a Markovian arrival process (MAP) defined by the matrix 
pair ( , )0 1D D  of the dimension W W× . This process is controlled by an irreducible underlying Markov chain νt , 
t ≥ 0, with the state space 1, 2, , W� �, which represents the current demand state (e. g., peak hours, weather 
conditions, or traffic density). D0 contains the intensities of transitions that do not result in an arrival, and 
D1 contains the intensities of transitions accompanied by a request generation. The fundamental arrival rate λ of  
trip requests is calculated using the formula


