
Homework 3, Advanced Markovian Queues

December 13, 2018

Question 1, About M/M/1/K queue

Consider an M/M/1/n model for a router. The packets arrival process is a Poisson process

with rate λ. The size of packet (unit of size is bit, which is approximately continuous since

packet size is usually around several hundred kilo-bits) is exponentially distributed with

mean 1. The router’s processing rate is a constant µ (unit is bit/s). The service discipline

for packets is FCFS. Answer the following questions. p.s, write down the detailed calculation

process.

a) Calculate the utilization rate of this system, i.e., the probability that the router is busy.

b) Calculate the loss probability of this system, i.e., the ratio of packets that are rejected

by the router.

c) Calculate the average routing time for each packet, i.e., the customer average response

time of this queueing system.

d) Suppose n = 5, λ = 0.3, and µ = 1, is it better to double the buffer size or the processing

speed?

e) Suppose n = 5, λ = 0.8, and µ = 1, what’s the answer for the question above?

f) Discuss the insights for system design that you obtain from the two different situations

above. The same budget for system updating, is it used to increase the buffer size or

processor speed?
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Question 2, About Phase-type distribution

PH distribution is generated from the Markov process. That is, it describes the distribution

of the absorbing time from the initial states to the absorbing states. Use PH distribution to

model a hypoexponential distribution with 3 stages: first, a customer enters stage 1 which

is an exponential distribution with µ1; after stage 1, the customer enters stage 2 which is

an exponential distribution with µ2; after stage 3, the customer enters stage 3 which is an

exponential distribution with µ3. The total sojourn time of this customer during these 3

stages is a hypoexponential distribution with 3 stages.

Formulate this distribution as a PH model, write the Q-matrix of the associated Markov

process and derive the probability density function of this distribution using C-K equations.
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