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Outline: 

• description of the queueing system  

• algorithm for the stationary distribution 

• stationary sojourn times 

• concluding remarks  
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System description: 

• MAP arrivals,                                     of order N 

• PH service times,           of order M 

• queue capacity is      

• bi-level hysteretic control of arrivals is implemented            

(L – low threshold, H – high threshold) 
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Main performance measures of interest: 

• joint stationary distribution of the system size, system mode 

and the states of the background processes 

• stationary sojourn times in different modes (moments, 

distribution) 
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Markov process: 

•   

•   

•   

•   

 

 

 

The state space: 
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Notation: 

•   

•   

•   

•   

•   

•   

•   

•   

•    
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Stationary distribution of the original system: 

•        stationary probability of the state   

•   

Stationary distribution of the new system without queue:      ,         

10/16 



9th  INTERNATIONAL CONFERENCE ON MATRIX-ANALYTIC METHODS IN STOCHASTIC MODELS 

Auxiliary matrix: 

•   

Balance equations for the new system without queue: 

  

Due to the restricted Markov chains property these equations are 

also valid for      and     .   

 

The balance equation for the boundary probabilities in the new 

system with maximum queue-size    is: 
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When queue-size exceeds (H-1) one needs more matrices, which 

record starting and stopping phases: 

•    

 

 

•   

 

 

•   

The balance equation for        in the new system with queue-size H: 
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Final system of balance equations for       in the original system: 

 

 

Example of the system of equations for                     : 
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First passage times from overload mode to normal mode: 

 

 

time n(L-1) = time nH + time H(L-1). 

time nH = “time n(n-1) without visiting (r+1)”+“time (n-1)H” 

               + “time n(r+1) without visiting (n-1)”+“time (r+1)H”. 

If nH, then 

Time H(L-1) = time H(H-1) + time (H-1)(L-1). 
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Concluding remarks: 

• Generalization for overlapping hysteretic loops, several 

incoming flows, multiple servers. 

• Is it possible to extend the approach for two interconnected 

systems each with hysteretic policy implemented?  

• (from application side) behaviour of several interconnected 

systems: what is the gain of hysteretic control of arrivals with 

respect to other types of control?   
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Thank you for your attention! 
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