
Efficient Simulation of a Tandem Queue with Server Slow-down

Model

The Slow-down property of the first server (speed policy based on the content of the second queue) protects second buffer from a frequent overflow. 

Network consist of two M/M/1 queues;
first queue: infinite buffer; service rate       if the number of jobs in the 
second buffer is less then                    and     otherwise 
second queue: buffer of finite capacity B; service rate
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Problem
The main target of our current research is the probability of overflow in the second buffer of the Slow-down (and Jackson) network during a busy cycle.

Definition. Busy cycle is the time between two successive epochs at which the process leaves the empty state.

Importance Sampling
The idea of important sampling is simulating the system under “artificial” measure which guaranties frequent occurrence of rare event.

We define heuristic cost-function                                           based on Kullback-Leibler distance. Function                                        represents

the total  “cost” of the path per vertical unit. Minimizing it over all “tilded” parameters we will find the optimal “new” measure and the most

likely path to overflow in the second buffer.

Main Conjecture
In this model (and some other more general models), the typical path

leading to the rare event consists of a finite concatenation of a straight

lines.

Benefit: the solution boils down to optimizing over a finite number of

possible path-types, i.e., we reduced the problem to a combinatorial

problem.  

Theorem 1. If          ,  then the overflow probability      is asymptotically geometrical in B with  parameter                  , more precisely:

Path-types 
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1,21 Case
optimal measure:                  optimal path:       overflow probability:

Case
optimal measure:                    optimal path:      overflow probability:

Future research:
1. Searching for better state-independent (or state-dependent) “new” measures.
2. Proving analogue of the  Theorem 1 for the case                .
3. Further research of systems with server slow-down. 10

Conclusions:
1. Our heuristics applicable in time irreversible systems.
2. Optimal “artificial” measure provides a great speed-up of simulations.
3. Optimal “new” measure is direct result of using our heuristics.


