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I. Introduction
In communications networks, the delay of sending a packet from the source to the destination is an important performance measure.  Our project is to model a simple queue.  Our purpose is to validate that the model is correct and explain the affect of sensitivity on the model.  To explain the affect of sensitivity we will change parameters in our model and watch for changes.  In this project, we are mainly interested in the amount of time a customer spends in the system, how many customers are in the system, the probability a packet is dropped during transmission, and the utilization of the server.  
II. Theory
Below is an example of the queuing model:
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N(t) represents the number of customers waiting to be serviced at time (t).

α(t) represents the number of customers who arrived between time 0 and t.
β(t) represents the number of customers who have been serviced. 

T represents the time spent in the system by the customer.
We will use Little’s Law, depicted below:

N = λT , here λ is the average arrival rate
To calculate the average delay use the following equation:

[image: image2.png]PlA) - A(s) = n] = { 0*&’]-'_“—_ n=0L2.

otherwise




to show how long it takes to service all the customers.  In order to use Little’s Law, we must assume that the queue has already reached a steady state.  Little’s Law can be used in all queuing systems as long as there’s a steady state, meaning there are no congestions in the transmission line.

We will first demonstrate this law using the M-M-1 queue.  This queue can be translated as this: has a memoryless arrival process – memoryless departure process – uses 1 server, it is a Markovian process.  Using Little’s Law, if the mean calculated is equal to the variance, then both results are the same. To change this we varied arrival rate and measure the delay.  We then obtained N, repeat the process several times and we then computed the confidence interval. 
The arrival rate of M-M-1 queuing model uses Poisson process to determine its probability.  The pmf of the queuing model can be calculated using the formula below: 
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A(t) represents the number of arrivals between time {0 - t}.
A(t) – A(s) represents the number of arrivals between {s – t}, where s < t.

Both A(t) and A(s) are independent, therefore, the inter-arrival times are independently distributed. 

Below is a state transition diagram for the M-M-1 queuing model. 
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The following are the calculations to show that it is a steady state transition.  A steady state transition is when the amount of flow coming in is equal to the amount of flow coming out of a system.
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The probability that the model will make a transition to state i + 1 when it is in state i is the same as the probability of the model making a transition to state i when it is in a state of i + 1.  Therefore, 
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Since
you have,  
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Since
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we’ve concluded that  

After computing the above calculations the average number of customers in the M-M-1 model during a steady state transition is: 
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The relationship between the utilization factor, ρ and the average number of customers in the M-M-1 queuing model in the steady state is shown below:
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