Queueing Systems

Midterm Review, 2003
Dr. Eric Hsiao-kuang Wu
(A) Bulk Arrival Systems

Hint: permit a bulk (or group) at each arrival instant to be of random size

     gi = P [bulk size is i]
     
[image: image1.wmf])]

(

1

[

)

1

(

)

1

)(

1

(

)

(

z

G

z

z

z

z

P

-

-

-

-

-

=

l

m

r

m


      
[image: image2.wmf]å

å

å

å

å

å

¥

=

-

=

¥

=

¥

+

=

¥

=

¥

=

=

=

=

=

1

1

0

0

1

1

0

1

)

(

)

(

)

1

(

k

k

i

i

i

k

k

k

k

k

k

k

z

g

z

G

z

p

z

P

G

m

l

r


       ρ, utilization factor, the average arrival rate of customers times the average service time
          the average rate of customer is the product of the average arrival rate of bulks and the average bulk size.
(B) Bulk Service Systems
Hint: when the server is free, the customer will accept a bulk of exactly r customers from the queue
    When the server becomes free he will accept a “bulk” of exactly r customers from the queue collectively; the service time for this group is drawn from an exponential distribution with parameterμ
   Two cases:  

(1) current user number k is at least r, r customers will get service at the same time

          (2) current user number k is less than r, k customer will get service at the same time
(C) Networks of Markovian Queueues

1. Exercise 
Problem 2: Consider an M/M/1 queueing system with parameters λ and μ. At each of the arrival instants one new customer will enter the system with probability 1/2 or two new customers will enter simultaneously with probability 1/2.
(a) Draw the state-transition diagram for the system

(b) Using the method of non-nearest-neighbor systems write down the equilibrium equations for 
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(c) Find P(z) and also evaluate any constants in this expression so that P(z) is given in terms only of . If possible eliminate any common factors in the numerator and denominator of this expression [this makes life simpler for you in part (d)].
(d) From part (c) find the expected number of customers in the system.
Problem 3 For the bulk arrival system, assume that (0<α<1) that 
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  Find 
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= equilibrium probability of finding k in the system.
What is going to be covered by the midterm:

a. Conditional Probability

b. Poisson Distribution/ Exponential Distribution
c. Discrete State / Discrete Time Markov Chains
 Here we consider an M/M/1 queue in discrete time where time is segmented into intervals of length q sec each. We assume that events can only occur at the ends of these discrete time intervals. In particular the probability of a single arrival at the end of such an interval is given by (q and the probability of no arrival at that point is 1- (q (thus at most one arrival may occur). Similarly the departure process is such that if a customer is in service during an interval he will complete service at the end of that interval with probability 1- σ or will require at least on more interval with probability σ.

d. Birth/Death Queueing Systems (M/M/1, M/M/1/k, M/M/m)
A system with an unlimited waiting room and with a constant arrival rate (. The system provides for a maximum of m servers.

   Hint (a) the dependence of pk upon k is into two parts

       (b) p[queueing]= 
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          This probability is of wide use in telephony and gives the probability that no trunk (i.e., server) is available for an arriving call (customer) in a system of m trunks; it is referred to as Erlang’s C formula and is often denoted by C(m, (/()

    If we defineρ, the expected fraction of busy server
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e. Z transform (expectation of customer number) / LAPLACE transform (service time)

f. Stage of Arrival, stage of Service, Bulk arrival, Bulk service System

g. Series-Parallel Stages: Generalizations

h. Networks of Markovian Queues (only up to departure distribution of M/M/1)
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