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SYS 303 LECTURE #1

INTRODUCTION TO DISCRETE EVENT SIMULATION

SYSTEM - A collection of entities (people, machines, products, etc.) that act
together toward the accomplishment of some logical goal.

SYSTEM STATE - A collection of variables necessary to describe a system at a
particular time - relative to the objectives of a study.

STATIC SYSTEM- is one whose basic system states do not change with time.
(e.g., a signal transmitter, a repeated experiment)

DYNAMIC SYSTEM- is one whose basic system states change with time.  (e.g., a
manufacturing plant)

        Continuous Dynamic System Discrete Dynamic System

System System
State State

Time Time

In both cases, time is generally considered a continuous variable.  (See first
paragraph of Section 1.7 in Banks, Carson, Nelson and Nicol - erroneous
definition).

The exception is in certain 'digitized' systems, where system states are changed
only at discrete equal time intervals.

We concentrate on Discrete Dynamic Systems where time is continuous.  These
are also known as Discrete Event Systems.

The word event refers to the cause for the discrete change in the System State.

       Event j
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FEATURES OF DISCRETE EVENT SYSTEMS:

• ENTITIES
• People
• Parts
• Commodities
• Messages
• Etc.

• EVENTS
• arrival
• departure
• start/stop of

process
• overflow
• etc.

• EVENTS ARE
XFORMABLE
• unprocessed →

processed
• parts → whole
• whole → parts
• etc.

• STATE VARIABLES OF INTEREST ARE DISCRETE
• Continuous variables exist but are not of interest.

• RESOURCES ARE GENERALLY LIMITED, for example:
• Processing rate of servers and machines.
• Space for people in a room, products on shelves, data in memory, etc.
• Availability of raw materials, parts, etc.
• etc.

• PATHS THROUGH PROCESSES MAY VARY

• CONTROL ACTIONS MAY BE TAKEN
• automatically by the system based on system states
• by human intervention
• by pre-programmed decision points
• etc.

THE NEED FOR SIMULATION

Systems are generally costly to build or to run.  Thus, they need to be studied in
order to optimize performance and/or to minimize cost.

Most systems are so complex that analytical approaches are impractical if not
impossible. - Thus, simulation is a practical (and satisfying) solution.

Simulation has other advantages.  It provides insights into system performance not
easily discerned from analytical procedures.  It can be a great sales tool when
visuals and animation are added.

Care is needed, however……
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THE SIMULATION PROCESS:

SYSTEM

Here we perform an abstraction.

SYSTEM
MODEL

Model contains only those state
variables of interest.

SIMULATION
OF SYSTEM

MODEL
The simulation is a faithful
representation of the system
model.

MODELING ALTERNATIVES:

-Prob. Theory -Monte Carlo -Queuing Theory -Discrete Event
-Diff. Eqns.   Simulation -Markov Chains   or Continuous
  etc.   etc.   Simulation



4

Discrete vs. Continuous Model
• A discrete model is not always used to model a discrete system (e.g.,

traffic flow when the number of vehicles is large)
• A continuous model is not always used to model a continuous system

(e.g., a sampled data model of a continuous process)

So far we have mentioned three types of simulation:

• Monte Carlo  (See Example 2.6, p51 of Banks, Carson, Nelson & Nicol)
• Continuous (Dynamic)
• Discrete Event (Dynamic)

We will concentrate on the last type and somewhat on the first.  Continuous
simulations tend to be special purpose and thus hard to cover adequately in a
course.

DISCRETE EVENT SIMULATION

Usually we utilize Discrete Event Simulation to model a Discrete Dynamic
System - In this case the model matches intuitively what we recognize as
happening in the system.  (A happy situation!)

SIMULATION ISSUES:

Modeling - A necessary evil (for analysis, too).  Inaccuracies result from:
• leaving out important entities or effects
• assuming probability distributions
• aggregating events, entities, etc. incorrectly

Simulation can be deterministic or stochastic
• Deterministic - output is determined once input is defined
• Stochastic - output is uncertain due to random components

Planning ahead - Simulation involves programming.  Be sure that
• All important entities, events and processes are included.
• All important state variables are included.
• All important statistics are collected.

Sample Size - By its very nature, simulation is a snapshot of the system operation.
• Requires sufficient experimentation to assure sampling accuracy.



5

TIME ADVANCE - Remember we are concerned with dynamic systems so we
must keep track of simulated time.  Two possibilities exist:
• Next-event time advance
• Fixed-increment time advance

Fixed-increment time advance is inefficient except in certain special cases (i.e.,
when events occur at regular intervals or can be grouped to occur at regular
intervals.)

EXAMPLE - Consider a single-server queue:

Arrival Waiting Queue Server Departure

t0 t1 t2 t3 t4 t5

0 a1 a2 d1 a3 d2 Simulated
time

A1 A2 A3

S1 S2

Notation:
ai  - arrival of the i-th customer
Ai - inter-arrival between i - 1 and i-th customers
Di - delay in queue of the i-th customer (this is a desired output)
di - time that the i-th customer departs
ti - time of the i-th event

Note from the above D1=0, D2=d1-a2 and D3=d2-a3

Hand Simulation

Let's consider how one might simulate (by hand) this simple single-server queue if
the following inputs are given: (the example is from Law & Kelton, Sect 1.4.2)
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Inter-arrival times (A): 0.4, 1.2, 0.5, 1.7, 0.2, 1.6, 0.2, 1.4, 1.9 ···
Service times (S): 2.0, 0.7, 0.2, 1.1 and 3.7
The simulation ends after the 5th customer completes service.

We shall follow the examples of Chapter 2 of Banks, Carson, Nelson & Nicol.
(See Table 2.10 which is also of a single-server queue system).  We have added
one column to the table for clarity and have transposed rows and columns so that
fits better on the page.

We follow each customer from the time he enters to the time he leaves the system.
This is considered a process interaction approach to simulation.  In our next
lecture we introduce the event scheduling approach to simulation and stick with
this throughout the course.  Process interaction is nevertheless useful and is
actually depends on an underlying event scheduling strategy.  The steps are as
follows:

Remember that we follow the first customer through the system first before we
consider the second customer and so forth.

1. Figure out arrival time. (just add inter-arrival time to previous arrival time)

2. How many customers in the system? (keep track of this)

3. Figure out when service for this customer begins.

• Service can begin only when all previous customers have left the system

• This time is the 'time service ends' for the previous customer unless the
system is empty and then service can begin immediately.

4. Time in queue is the difference between 'time service begins' and 'arrival time'.

5. Time service ends is the sum of 'time service begins' and 'service time'.

6. Time in the system is the sum of 'time in queue' and 'service time'.

7. Idle time for server is a little more complicated.  The '# of customers in the
system' must have been zero.  Then the idle time is the difference between the
'time service begins' for the current customer and the 'time service ends' for the
previous customer.

The simulation table similar to Table 2.10 in BCN&N is shown on the next page.
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Table - Process Interaction Simulation of Single-server Queue System

Customer no. 1 2 3 4 5 6
Time since
   last arrival 0.4 1.2 0.5 1.7 0.2 1.6

Arrival time 0.4 1.6 2.1 3.8 4.0 5.6
#customers
   in the system 0 1 2 0 1 1

Service time 2.0 0.7 0.2 1.1 3.7 -
Time service
   Begins 0.4 2.4 3.1 3.8 4.9 8.6

Time in queue 0.0 0.8 1.0 0.0 0.9 3.0

Time svc. ends 2.4 3.1 3.3 4.9 8.6 -

Time in system 2.0 1.5 1.2 1.1 4.6 -

Idle time of srvr. 0.4 0.0 0.0 0.5 0.0 0.0

This lecture should have prepared you to do the first problem from the homework
assignment given below.  Be sure that you read Chapters 1 and 2 and Section 3.1
from Banks, Carson, Nelson and Nicol before the next class.

HOMEWORK #1 (from Banks, Carson, Nelson & Nicol)

1. Do Exercise 3 in Chapter 2.
2. Do Exercise 1 in Chapter 3.
3. Do Exercise 4 in Chapter 3.


