
Exercise 2: 
 
We consider a buffer that receives messages to be sent. The transmission is made by means 
of two modern lines that operate at the same speed. We know that: 

• The message arrival time is Poisson with mean rate λ. 
• The message transmission time is exponentially distributed with mean value E[X]. 

We are requested to determine: 

• The traffic intensity in Erlangs that is offered to the buffer. 
• The mean number of messages in the buffer. 
• The mean delay for a message from its arrival to the buffer till it is completely 

transmitted. 
• Could the buffer support an input traffic characterised by λ=10 msg/sec and E[X]=2s? 

 
Solution: 
 
We can model the system as a M/M/2 queue with arrival rate λ and completion rate μ = 
1/E[X]. The transmission queue is stable as long as the ergodicity condition is satisfied, i.e. 
λ/2μ < 1 Erlang, implying that the limiting input load, ρ= λ/μ that the system can handle is 2 
Erlangs. The system is described by a Markov chain of the number of the number of 
messages in the system as the random variable, as shown. As long as we have stability, we 
can solve the system by the means of cut equilibrium conditions. 
 
The various cut equations are: 
 
Cut 1:  λ P0 =   μ P1 =>  P1 = ρP0 
Cut 2:  λ P1 = 2μ P2 =>  P2 = (ρ2/2)P0 
Cut 3:  λ P2 = 2μ P3 =>  P3 = (ρ3/22)P0 
 
Generalizing, 
 
Cut n:  λ Pn-1 = μ Pn =>  Pn = 2 (ρ/2)n P0 

 
We can use the normalization condition to evaluate P0. 

 
Since P0  >  0, we have that ρ < 2 Erlangs. 
 
We can now evaluate the mean number of messages in the system by the means of the first 
derivative of the PGF. 
 
We get the mean number of messages in the system N = 4ρ / (4- ρ2). 
 



The mean delay can be now calculated using Little’s theorem as T = N / λ. 

 = 4ρ/ (4- ρ2) λ 

 is 20 Erlangs, which exceeds the maximum allowed load (2 Erlangs) for system 
ability. 
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As for the last question, we need to evaluate the input traffic intensity load ρ, which as per the 
given data
st
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We can confirm our results with a simulation, following the procedure below: 

f the parameters, λ = 9 msg/sec, and μ = 5sec, and 2 servers and start 
e simulation. 

 

 

 

→ Open the simulation page. 
→ Put the values o
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→ The applet now produces a simulation. 


