Queuing Theory
1) The science of waiting lines.  A queuing system consists of one or more queues and one or more servers.  

a. Objects enter the system and either are immediately served if a server is available or wait in a queue until a server becomes available.

b. Objects may be serviced using one of several queuing disciplines:

i. FIFO (first in, first out)

ii. FILO (first in, last out)

iii. Priority, etc.

c. Number of objects allowed in the system (system capacity)

i. Finite

ii. Infinite

d. Queuing behaviors

i. Rejecting entry (balking)

ii. Abandoning the queue (reneging)

iii. Switching queues (jockeying)

e. Interarrival and service time distributions
i. Exponential (aka Markovian) – symbol: M

ii. Constant (aka, Deterministic) – symbol: D
iii. Other (aka, General) – symbol: G

f. Symbology (A / B / s)

i. A: type of interarrival distribution
1. Arrival rate: λ (lamda)

2. Mean arrival time: 1/ λ
ii. B: type of service distribution 
1. Service rate: μ (mu) 
2. Mean service time: 1/ μ
iii. s: number of servers

g. Example: M / D / 1

i. Interarrival times are exponentially distributed

ii. Service times are constant

iii. Single server

h. Common queue performance measures (based on steady-state)
i. Traffic intensity factor: ρ (rho), where ρ = λ/ μ

ii. L: expected number of objects in the system (queue & service)
iii. Lq: expected number of objects in queue (queue length) 
iv. W: expected time in the system (flow time)

v. Wq: expected time in the queue (waiting time)

vi. Pn: probability of exactly n objects in the system 

i. M / M / 1 system with infinite capacity and FIFO discipline

i. 
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j. Example: Customers arrive at an ATM with an interarrival time of 3 minutes exponentially distributed, and spend an average of 2.4 minutes exponentially distributed at the machine.  What is the expected length of the queue and the expected waiting time for customers in the queue?

i. λ 

ii. μ 

iii. ρ 

iv. Lq
v. Wq
Homework:

1) Midshipmen come to an instructor’s office to receive EI every 10 minutes exponentially distributed.  The time to help each mid is exponentially distributed with a mean of 7 minutes.  

a. What is the expected number of students waiting to be helped?  

b. What is the average time waiting before being helped?

c. For what percentage of time is it expected there will be more than two students waiting to be helped? 
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