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Preface

Simulation is an applied technology that is especially useful for analyzing and solving
problems. Applying simulation begins by being clear on the problem definition, the
reasons for simulating, and the expected outcomes. Simulation with no objective is
counterproductive.

A person using simulation then must balance their understanding of the problem with
their knowledge of the details of simulation: the underlying simulation concepts, appli-
cation software, and the analysis methodologies that are employed. The most effective way
to learn how to successfully use simulation is through learning how to apply it.

A major challenge in teaching applied simulation is the question of how to effectively
blend and balance an understanding of fundamental principles and concepts with the
practical side of building simulations. The intent of this book is to help bridge that gap and
improve the effectiveness of simulation courses. Not all readers of this book will become
simulation experts, but hopefully they will want to utilize the technology to help them or
others make better decisions. Consequently the material takes the reader through three
levels of users: Occasional, Intermediate, and Advanced.

Modern simulation applications allow the user to accurately represent an environment
both as a visualization of the physical elements as well as the underlying, often complex,
logical structure. Using both aspects of a simulation greatly increases its effectiveness in
gaining acceptance and solving problems. FlexSim was chosen for use with this text because
of its ease-of-use and rich visual and logical functionality that allows users to focus on
simulation concepts and methods. This is not intended to be a FlexSim manual as the
FlexSim Help files and tutorials are more than adequate for that purpose.

The first three chapters provide a background for the practice and use of simulation
and provides a base for all user levels. Chapters 4 through 6 focus on the needs of an
Occasional User, who may not want to be a simulation professional but wants to try using
simulation. These chapters focus on the basics of simulation software, statistics, and model
development. They show the reader how to use the standard functionality of the software to
build simple models that can incorporate a realistic level of complex logic.

Chapters 7 thru 11 introduces the Intermediate user to the additional theory and
background needed to address the very practical issues of reliability, randomness, and
output analysis that are critical to a successful simulation.

The Advanced user will find in Chapters 12 through 15 concepts and examples that go
beyond the standard software functionality, with a focus on how to easily add robustness
to model logic. This section also adds the ability to integrate aspects that exhibit fluid flow
characteristics into the simulation.

'The final section, Chapters 16 and 17, addresses professional practice - topics that focus
on successfully implementing a simulation project. This guide is usually not covered in other
texts but is critical for successfully carrying out simulations in a corporate environment. This
section can be covered anytime in a course, preferably just prior to starting a course project.
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Chapter

Using Simulation
to Solve Problems

It is important for all stakeholders (i.e., those who ..

own the problem being simulated, those supporting Objective

the simulation, those building the simulation, and those Experience how simulation is
who will make decisions based on the simulation) to EZ?I? g%lgéi:ggz?fnvgllg;iﬁ;e_
understand the power of simulation and how it can be results, and recommending so-
used to solve problems. This chapter uses six diverse lutions to specific operational

. . . . ti .
models to illustrate how simulation can be applied to questions

improve system performance. All models employ a

custom interface so that the users play the role of decision maker and Occasional User. The
focus is on analysis and decision making and not on software and model building—that
comes later in the book.

Section 3-1 using a simulation

Simulation is an applied technology. There is little value to a simulation built without a
reason or a problem to be solved; therefore, simulation must be experienced to be appre-
ciated and understood. This chapter is an introduction to simulation applications through
the eyes of an Occasional User.

An Occasional User, as defined by this book, is a user who doesn’t use simulation on a
regular basis but appreciates the value of simulation. Usually this person’s main responsi-
bility is something other than simulation—a manager, lead engineer, team leader, etc. The
Occasional User is not proficient in building simulation models but, with a little review,
can make use of a simulation built by others, especially if the simulation is intuitive. It is
assumed, however, that the user is familiar with some of the basic concepts of simulation.

'The Occasional User knows enough about simulation to create a functional specification
for others based on his or her knowledge of the system being simulated. As the “owner” of
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the problem or issue to be studied by the simulation, the Occasional User can detail the
simulation requirements, define the scope, and establish the metrics for the analysis.

This chapter demonstrates how simulation can be used by the Occasional User. Most
simulators on the market today are set up for Occasional Users to run simulations and even
provide “run-time” versions of the software. While FlexSim software is used in this book,
the methods for doing the exercises in this section should be typical of other products as
well.

'The simulations used in the following examples represent models built by Intermediate
and Advanced Users. They are usually prepared for Occasional Users to use and therefore
can be opened and run without any knowledge of the underlying software application.
Details of the application environment for FlexSim are contained in the help files.

Section 3-2 simulations with random events

'The challenge for the Occasional User is to understand the simulation he or she is viewing
and to interpret the results. The simulation interface will normally allow the user to change
certain variables and view previously defined metrics. For a simulation that contains random
events, this can be confusing.

Almost every event in the world will happen differently every time it occurs. Each event is
unique and influenced by its environment. This phenomenon is characterized in simulation
models by using random events defined by probability distributions. For example, distribu-
tions are used to represent arrival processes, such as patients coming to an emergency room;
process times, such as the time to assemble products; transportation times, such as the time
to move material from one location to another; interruptions, such as machine breakdowns,
etc. These statistical distributions can be developed based on historical data or by profes-
sional estimate.

As shown in Figure 3.1, and as described above, input to a simulation model involves
random variables; therefore, the model is considered stochastic since it uses random
variables. These stochastic inputs are a subset of the uncontrollable variables in the model
(i.e., they are not under the control of the decision maker).

Controllable factors, or decision variables, are those that are manipulated in the model
to improve a system’s performance (e.g., number of workstations, number of transporters to
move products, processing rules). Since the inputs to a model are stochastic, the output or
performance measures are also stochastic. Care must be taken to evaluate stochastic output.
One run of a model represents just one way a system may behave; therefore, a decision
should not be made on whether the model is valid or if one alternative is better than
another based on a single run since one run could represent an extreme case.

The bottom line is that a simulation that utilizes random events must be either run for
a long period of time or many times (i.e., for many repetitions or replications). This is the
only way to obtain data that can be used to make an accurate decision. Statistical methods
can be used to determine the length of a simulation run or the number of times a simulation
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model needs to be run to ensure a specific level of confidence in the estimate obtained from
the simulation model.

Figure 3.1 illustrates how simulation models are used. Once the values of the decision
variables are set, the model is run and output is obtained. The user then changes the decision
variables (based on the output from the initial run as well as the specified system perfor-
mance criteria) and re-runs the model. The user continues this iterative process until a
satisfactory system configuration is realized.

\\a__u_ - - /"_"“‘
Simulation Model e \

4
Uncontrollable Factors .

g

Output (Response) Variables

v
Controllable Factors -
(Decision Variables)

¥

N ) Criteria -
\ J

Figure 3.1: Stochastic simulation.

Almost all the simulation models in this book include some degree of randomness. An
option to use the same random number streams was selected for each example so that
variable changes could be more easily compared; however, to maintain focus on the use of
simulation by the Occasion User, only a single or a few runs will be requested to answer the
questions. It needs to be stressed that this is not meant to downplay the importance of the
statistical analysis, which is a critical part of any simulation project; however, it is common
for Occasional Users to simply run the simulation and collect data without regard to the
underlying statistics. This is because he or she typically uses a model developed by someone
else, and the experimental conditions are pre-set within the model execution environment.
Simulation models are commonly embedded in decision support systems that free the user
from connecting to required data sets, formatting results, and setting up experiments.

Three chapters in this book deal with statistical analysis—one for input data analysis
(Chapter 8) and two for analyzing simulation output (Chapters 10 and 11). Chapter 11
includes a discussion on the use of the Experimenter functionality included in FlexSim. The
Experimenter facilitates carrying out multiple simulation runs and performing statistical
analyses.

95



Chapter

Improving System
Representation

his chapter extends modeling capability in several Obi .
key areas. Mobile resources are one of the main jective

classes of objects in any simulation software. In FlexSim, To utilize additional functional-
ity available in simulation appli-

mobile resources are referred to as task executers. These e o et e TRl

are especially versatile and powerful objects. The first and enable help others to bet-
section of the chapter describes the various types of task ter visualize, understand, and

¢ includine their basi i d th . have confidence in the simula-
executers, including their basic operation and the main tion results,

properties that drive their behavior.

Often simulations may focus on simulating activities
that have no direct visualization. While standard objects contain a wide variety of logical
choices in the drop down menus, trying to make use of them can be difficult. FlexSim, in
their 2016 version of the software, has added new capabilities to handle logical expressions
without compromising the value of good visualizations. In this chapter, the use of Lists is
introduced. Additional use of the advanced logic capability is discussed in Chapter 14.

In order to enhance visualization, additional information oftentimes needs to be displayed
on the simulation surface. This information may include statistics, state status, descriptions,
etc. Sections 6-3 and 6-4 describe how this information can be displayed in FlexSim.

Section 6-1 Mobile resource objects (task executers)

In addition to the objects previously described to move flowitems, simulations often require
mobile resources to move or carry items. These resources can include forklifts, automated
guided vehicles (AGVs), or operators. Simulations may also require mobile resources to
carry out certain tasks, such as setting up or repairing a piece of equipment. The mobile
resource objects, also referred to as task executers in F/exSim, can perform various functions:

* Physically move over the simulation surface
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* Carry or transport flowitems between objects
*  Execute a series of tasks

*  Be assigned to an object in association with a particular operation (e.g., process
setup, processing, maintenance)

* Distribute tasks to other task executers
* Follow a path created by network nodes

As shown in Figure 6.1, FlexSim ofters a variety of types

—| Task Executers
of task executers in the standard Discrete Objects library. In ._l

. . . . . .. b
terms of their basic functionality, the objects are very similar. Dispatcher
Note that there is a task executer object within the general & TaskExecuter
class of task executers. ® Operator
The task executer object and operator objects are very ETransporter
Elevator

similar. The main difference is that the operator can be ™
animated to represent walking and carrying an item. The ft Robot
transporter object, analogous to a fork truck, can raise " Crane
flowitems vertically using its forks, as well as travel the !i ASRSvehicle
surface. An elevator object only moves flowitems vertically, ™ gasicTE

or in the Z direction. A robot moves flowitems between two
points on the model surface from a fixed position using its
arm (the base of the robot object does not actually move). Cranes and ASRS vehicles are
more complex task executers. Most beginners use the basic task executers such as operators
and transporters; however, it is helpful to be aware of what is available for more complex
modeling projects. All task executers can travel along the model in three dimensions if
attached to a path network.

Figure 6.1: Task executers.

As their name suggests, the primary function of task executer objects is to execute task
sequences. A task sequence contains a series of specified tasks that are executed in sequence,
has a priority value that indicates its importance to other task sequences, and can preempt
or halt a task sequence that is being performed. Task sequences can be created automatically
(e.g., when a fixed resource “uses transport”). In the case of Use Transport, the following
tasks are executed:

1. Travel to the object that contains the item to be moved
2. Load the item from the calling fixed object to the task executer

3. Break; that is, check to see if there is some other task waiting (e.g., load another
available item if the task executer has capacity)

4. Travel to the destination object
5. Unload the item from the task executer to the receiving fixed object
Another automatically generated task sequence occurs when assistance is needed to
perform a process. In that case the task sequence is
1. Travel to the object that needs assistance with a process;

2. Utilize the task executer for the duration of the process.
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One powerful feature of FlexSim is that the modeler can construct his or her own custom
task sequences. This is an advanced topic; for more information, refer to the FlexSim
User Manual. Task executer objects execute a task sequence if there is currently no active
task sequence or if the incoming task sequence has a higher priority. Otherwise, the task
sequence is dispatched to an associated task executer or it is queued for execution until the

current task sequence is completed.

#% Transporter1 Properties = [m] X

@ Transporterl ,’i) d;

Transporter Breaks Collision Triggers Labels General

Lift Speed | 1.00 Do Transporter Animations
Capacity 1 Acceleration | 1.00 Flip Threshold | 180
Max Speed  2.00 Deceleration  1.00

[ Rotate while traveliing Travel offsets for load/unload tasks -

Load o -2
Unioad Time 0 -8/
Break To New Tasksequences Only s
Dispatcher

PassTo First Available -

Queve Strategy  Sort by TaskSequence Priarity - &

Navig D i - %

Fire OnResourceAvailable at Simulation Start

@ M) oy [ox ] cance

Figure 6.2: Task executer’s parameters.

As shown in Figure 6.2, the main
interface window for task executers is
very different from other objects. The one
shown is for a transporter type of task
executer. All task executer objects have two
main sections, one pertaining to operating
properties of the object and the other
addressing task executer behavior.

'The first section of the interface is used
to set values concerning the operation
of the task executer; the variables vary
somewhat depending on the role that the
task executer performs.

Task executers that are being used
to convey flowitems have the following
built-in attributes:

. Capacity: This indicates the maximum
number of flowitems that can be carried or
transported at a time.

* Load/Unload time: This attribute gives the time, in simulation units, to load a
flowitem at the originating object and the time to unload it at the destination object.

Lift Speed: This indicates the speed in grid units per time unit.

*  Travel offsets for load/unload tasks: If this option is not selected, the task executer
will go to the origin of each object to load or unload flowitems. If selected, the
task executer will go to the origin first and then move to the exact point where the

flowitem is to be loaded or unloaded.

*  Flip Threshold: When the angle between the transporter and the destination meets
or exceeds this value, the transporter will “flip” to a mirror image in order to be
facing the correct direction. This is for advanced visualization effects only.

* Attributes when being used for any task are as follows:

* Rotate while Traveling: If checked, the transporter will rotate as needed in order to
orient itself in the direction of travel. This is for visualization effects only.

*  Speeds (Max speed, Acceleration, Deceleration): The travel speed is in grid units per
time unit and grid units per time unit squared, respectively

* The acceleration controls how fast a task executer reaches its maximum speed
or how fast it slows down when it reaches its destination. Unless a very precise
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Exercise 7=2 Chairs for Tots

Background
Chairs for Tots builds children’s chairs that are sold through a\® For To,
major outlets and over the internet. The production facility o y

is just keeping up with their order rate but is also trying to
keep operating costs down. Work in process at the end of
the week is continued the next week. Ideally, operators help
clean the area at the end of the week; however, if there are
orders still to be completed, the cleaning operation becomes difficult. The plant doesn’t
want to add overtime but management feels they have to do something to increase the
weekly output and still have time to clean and service the equipment.

Problem statement

What will be the impact of higher order rates on the operations?

Operating data

The base order rate for chairs is approximately one every 25 minutes (distributed
exponentially) but is expected to increase to one every 20 or even 15 minutes during a
peak period. The plant starts operations at 8 a.m. Monday morning and runs 24 hours
a day. It stops taking orders at noon on Friday so that the work in progress can be
completed, the area cleaned, and the workers sent home at 4 p.m.

There are 4 major production steps:

1. For each order, a set of raw materials is conveyed to the cutting machine loading
queue. An operator moves the wood from the queue to the cutting machine,
which operates automatically.

2. Once cut, the cutting operator places the set of parts on a conveyor. The parts
move to another queue where they wait to be assembled and painted. The
assembly operator takes the parts and then assembles and paints each chair.

3. The painted chairs are conveyed to an oven to dry and set the glaze. The oven
can hold up to five orders. Therefore, five orders are usually accumulated and
placed in the oven at one time; however, any order shouldnt wait more than
150 minutes to be placed in the oven.

4. When dry, the orders are transported by conveyor to the packing area where
they are inspected and prepared for shipment.

Operating times (in minutes; the varying times reflect the size distribution of the

orders) can be found in Table 7.4.
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Operation Attribute — Minutes | Distribution
Order arrival rate Mean = 30 Exponential
Cutting Min 10; Max 20 Uniform
Assembly Min 10; Max 20 Uniform
Heat Treatment 60 Constant
Inspection Mean 20; Std 5 Normal

Table 7.4: Operating times.

Downtime occurs in a number of ways. The cutter and assembly operation both

have frequent and infrequent downtimes. The frequent downtimes can be repaired by

the operator. The operator will always stop the present job to repair the machine. The

infrequent downtimes (changing a cutter blade and repairing the paint sprayer) have
to be handled by the plant mechanic, who responds to breakdowns as they occur. The
plant mechanic also has to fix problems in the other plant areas.

Time between Time to
Operation failures Distribution | repair Distribution | Repair Person
(minutes) (minutes)
Min. 20; . Min. 1; . Cutter
Cutter Max. 80 Uniform Max. 4 Uniform O)rasmiss
Min. 35; . Min. 1.2; . Assembly
Assembly Max. 55 Uniform Max. 3.0 Uniform Opaseisy
Mean 420; Mean 5; .
Oven Std. Dev. 20 Normal Std. Dev. 2 Normal Mechanic
(Crsier blzge 760 Constant Vilta, 10 Uniform Mechanic
change Max. 15
. Min. 400; . .
Paint sprayer Max. 560 Uniform 5 Constant Mechanic
Other plant . Min. 20; .
areas Mean 100 Exponential Std. Dev. 5 Normal Mechanic

Table 7.5: Historical records for downtimes (minutes).

Material travel times

° Order entry to cutter: 3 minutes

*  Cautter to assembly: 3 minutes

* Assembly to oven: 3 minutes

*  Opven to packing: 5 minutes

Capacities

*  Conveyor to cutter: 10
*  Queue before cutter: 10
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*  Conveyor to assembly: 10
*  Queue before assembly: 5
* Conveyor to oven: 10

* Conveyor to packing: 10
Expected results

*  Run the simulation for 10 workweeks. Although in practice any incomplete
orders would carry over to the next week, consider each week a separate run
starting with a clean line.

* Report on production levels as well as how many orders are still in the system at
the end of the week. The only operating personnel who need to be considered
are the cutter operator, assembly operator, and plant mechanic.

Modeling and analysis issues

*  What level of detail is needed? Should all chairs in an order and their parts be
tracked?

*  What should be the basic time unit?

*  How can you start and stop the simulation?

* Although the combiner object can perform batching, is it a good choice here?
*  What other object can handle batching?
*  How can the max waiting time be handled?

*  What is the best way to validate that the components are working correctly
before adding the complexity of the downtime?

*  How can the “rest of the plant” be simulated and given a downtime for the
mechanic to fix?

* Which downtimes will pre-empt other jobs?
* How is the person to service the downtime selected?
*  What performance measures are important?

*  What can be done to improve operations so that all jobs are finished by 4 p.m.
on Friday?

e The union wants an additional mechanic added.
* 'The cutter operator wants an automatic infeed from the cutter queue.

* 'The lean team suggests changing the way orders are entered into the
oven-even suggesting converting to a five-lane continuous oven.

*  What are the issues with higher order rates and what can be done to improve
operations?
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Chapter 7 Review Questions

1.

10.

11.

12.

Identify three “nuggets”—the things you found to be the most inter-
esting or most important in the chapter.

Name two other forms of planned down time that can be simulated
with a time table.

Describe three different performance measures, such as those
listed in Section 7-2, including one that is not based on a rate
measure, and give an example of each as applied to an operations
system.

Discuss how does reliability can impact system
performance.

Discuss the difference between “availability” and “reliability.”

When including reliability in a simulation model, it is important
to understand the definition of the word time in mean time
between failures. Discuss why this is important in a simulation
model.

Discuss the different times that can be referred to in mean time to
repair.

Describe the different ways you can estimate MTBF and

MTTR.

Explain what competing failures are and how they can be
simulated.

Assume the reliability of a machine is given by
R(t) = e %% where A = 0.01
that is, the failure rate is 1 per 100 hours.

a. Describe in words the meaning of R(t).

b. What is the probability that the machine will run 200 hours
before failing?

c. For this case does the answer change whether the previous
failure occurred 10 hours ago or 300 hours ago?

Describe the two ways to enter reliability data in FlexSim. How would
you set MTBF and MTTR for three machines that share the same
distributions?

What does the appearance of a gold box around a piece of
equipment signify?
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13. Describe what happens when the Preempt box is checked for
an operator who is being used to repair more than one piece of
equipment.

14. Explain the basic concepts of using a surge to protect from down
time.
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Fundamentals of
Output Analysis

simulation model is used to understand the

behavior of a system in order to support ObJeCtlve
decision making and solve problems. Simulation To enable users of simulation
dels ar (all dt derstand behavior to correctly analyze output
models are especially used to unde s a chavio and interpret results that are
when changes to the system are considered. In that obtained from simulation
sense, a model is like a laboratory, in that it is used models, especially considering

the significant variation that is

for experimentation. Experiments are conducted by inherent in those models

changing inputs to a model, oftentimes referred to

as decision variables, and observing and analyzing

the effect of the input settings on system behavior. The effects are characterized by
performance measures and are the results, or output, of a simulation model.

Analyzing output from simulation models must be done with care because of the
complexity of the models and the systems they represent. This complexity is due to the
interactions among system/model elements, inherent variabilities and uncertainties, and
dynamics. In this book, the analysis of simulation model output is discussed in two basic
parts: (1) fundamentals of output analysis and the analysis of a single scenario and (2)
analysis of multiple scenarios. A scenario is a set of specific value settings for the input
variables that are being considered; the value settings result in output from the simulation
model that represents measures of system performance.

The first part of simulation output analysis is discussed in this chapter, and the second
part is discussed in the next chapter. This chapter begins with a brief discussion of how
output analysis fits into the overall simulation modeling and analysis process. Subsequently,
this chapter

* describes the analysis of output from simulation models in the context of basic
statistical inference;
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* discusses key tactical experimental design decisions that must be made to eftectively
use simulation models for analysis;

* introduces FlexSim’s Experimenter, a very powerful tool for analyzing model output
and conducting experiments with simulation models.

While analysis begins once
a simulation model has been
developed, validated, and
verified, planning the analysis
must start at the beginning J’
of the simulation process. v ¢
As defined and discussed
in Chapter 16, simulation
modeling and analysis (SMA)
is a process. A portion of that ¢

process is shown in Figure
10.1. The SMA process starts Experimentation

Statement of Objectives
Define System

Design Experiments Model

. L > del
with a clear set of objectives (cteeute mode)
for why the simulation project
is being conducted. From

Make Decisions

these objectives, the questions ‘
that need to be answered via
simulation should become
evident. Typically the objec-
tives identify the system
performance measures that will be used as a basis for decisions and choosing among alter-
natives. These measures are the output of the simulation.

Figure 10.1: A portion of the Simulation Modeling and
Analysis process.

Also as shown in Figure 10.1, the design of the experiments begins in parallel with the
development of the model(s). The design process includes both the definition of (1) key
performance measures, output of the simulation, and (2) the variables that will be changed
across the various alternatives under consideration, the input to the simulation.

Section 10-1 statistical inference from simulation models

As has been discussed throughout this book, many system characteristics (process times,
reliability of equipment, arrival pattern of customers, etc.) are represented as probability
distributions in simulation models. As such, simulations are driven by the use of random
samples from probability distributions, along with logic and physical characteristics, to
represent a system’s operation and behavior; Since the systems are stochastic or probabilistic,
so are models of those systems. As shown in Figure 10.2, stochastic inputs lead to stochastic
outputs; that is, since input to simulation models are random variables, even if there is only
one, then the output—response variables or performance measures—of the system are also
random variables. Output from simulation models therefore must be analyzed using basic
statistics; in other words, inference must be made about the true characteristic of a system
based on a sample of information from that system. Random sampling from probability
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Uncontrollable
Variables

Input (exogenous variables Qurput

Sil’ﬂllliltion R\'il‘nm!i\.' Variables

>

Conrrollable model (performance measures

Variables

(decision variables)

Figure 10.2: Stochastic input lead to stochastic output.

distributions was discussed in Chapter 8. Recall, probability distributions can be parametric
(e.g., normal, exponential, Weibull) or non-parametric (e.g., empirical) and can be specified
based on sample data or in the absence of such data.

Figure 10.2 also shows that there are two basic types of input to simulation models—
uncontrollable variables and controllable variables. Controllable variables, also called
decision variables, are those that are under immediate control of the decision maker. These
are the variables that are subject to change in a simulation in order to compare alternatives.
Some common examples of decision variables include the number of servers or operators to
use, the queue discipline to follow (e.g., FIFO, priority), and the location of the equipment
and other resources. Controllable variables are typically not random variables. On the
other hand, uncontrollable variables are oftentimes random variables and are not under
the immediate control of the decision maker (e.g., process times, reliability, and inter-
arrival times). Of course, the distinction between controllable and uncontrollable depends
on context. For example, if three alternative means for performing a process are being
considered, then the means would be controllable. The means are not random variables, but
the times resulting from their distribution are.

When making a decision, the decision maker would like to do so with perfect infor-
mation. They would like to know the true characteristics of a system; or, in statistical terms,
they would like to know the population values of these characteristics. In order to do so, all
values of the characteristic need to be known, which is impossible for most systems, so the
population characteristic, or parameter, needs to be estimated. This estimate is oftentimes
based on statistics obtained from a sample. In general, the population is all members of a
specified group, and a sample is a subset of the members.

The best way to understand the fundamental output analysis concepts is via example.
We start with a simple example from Chapter 2. Consider a single-server queueing system
with inter-arrival times that are exponentially distributed with a mean of 1.0 minutes and
service times that are exponentially distributed with a mean of 0.9 minutes; hence, the
average server utilization is 90% (0.9/1.0). The system also processes customers on a FIFO
basis, there is infinite queue capacity, and the server is always available (no downtime). This
is a basic M/M/1 queueing system. If the system is such that it meets the assumptions of
the M/M/1 Queueing Theory model, then simulation is not needed—the performance
measures are obtainable from the equations provided in Chapter 2. We use simulation
here, however, to demonstrate the importance of the experimentation parameters and to
compare the experimental results to known population values (i.e., those obtained from the

M/M/1 formulas).
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Customizing
Models

Most simulation languages have the capability
to send information from one object to
another in order to facilitate building complex
logic. In FlexSim this communication is accom-
plished through messages that can be dynamically
sent from any one point in the model to another.
As simulations become more complex, additional
ways of storing and dynamically displaying infor-
mation become important. Additionally, enhancing
the 3D representation of objects to better represent
the actual process increases the acceptance and
understanding of the simulation.

Objectives

To describe why communi-
cation between simulation
elements is important; to use
messaging between objects
to carry out custom logic; to
define additional ways of stor-
ing dynamic information while
a simulation is running; to
describe methods for enhanc-
ing the visual elements of a
simulation.

Section 13-1 Communicating between objects

Communicating between objects with messages can be a convenient and efficient way of
sending information to coordinate and control the simulation. A message can be sent from
any trigger on any object in the model to any other object in the model at any time during
the simulation. The OnMessage trigger (located in the Triggers tab) on each object executes
when it receives a message.

‘There are two basic commands for sending messages from anywhere in the simulation:

sendmessage(to_object,
param3);

from_object, paraml, param2,

senddelayedmessage(to_object, delay time, from_object,
paraml, param2, param3)
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Messages are either sent immediately or after a delay. The first command listed above
sends a message when the object is executed in the simulation. The delay message command
sends the message after a specified delay time.

The sendmessage() command sends the message immediately. This means that
during the same calculation cycle, the message will be sent and the received message will be
executed before the statement following the command is executed. At times such immediate
response is required for synchronizing events that are very closely coupled.

‘There may be times, however, when the received message should be executed only after
all other calculations are completed for the time cycle. In such cases, the correct command
to use is sendde layedmessage () with a delay time of 0. A delay time of 0 will send the
message at the end of the current calculation cycle of all objects. It is a good choice when
an immediate message is desired but should wait until the states of all objects are updated.

Each message can contain up to three numeric parameters.

On the receiving side, the actions to be taken can be described by the choices in the drop
down menu or through the script window; however, the script in the OnMessage trigger
contains only a single line of code that defines the treenode variable current. To access the
message parameters that may have come with the message, the command msgparam(n),
where n is the parameter number 1,2, or 3, must be added to the logic. This command can
be used in an assignment statement, such as double mpl = msgparam(1); or directly
in the logic, such as switch(msgparam(3)).

Messaging examples

Messages expand the scope of logic and allow the simulation of events that would otherwise
be difficult. They are often used in simulating events that have to be synchronized. Consider
a just-in-time assembly area where products are assembled to order. As a part is being
produced to meet a particular order in one manufacturing cell, a subassembly that will be
added later has to be started in another cell, as shown in Figure 13.1.

In this case the first assembly unit sends a message at some point in the production cycle
to the second unit building the subassembly. A variable containing the order number of
the item being built is passed
as a message parameter. Using
the OnMessage trigger, the
second unit looks up what
is required and sets up its
own parameters to create the
required subassembly.

Another example of the
use of messages involves a
machine that, when started
from a stopped condition,

goes through a speed ramp-up

Figure 13.1: Manufacturing Cell.
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Figure 13.2: Machine Startup Control.

Chapter 13

phase. In this case, messages are
sent within the same object (the
machine) and between objects (a
controller and the machine).

'The controller, represented in
Figure 13.2 as a cube (created
using a visual tool), uses its
triggers to send start and stop
messages to the machine.
Whenever the machine receives
a start-up message, it begins
ramping up its speed as seen in
the line graph in the background
of the figure which shows the

machine’s speed over time.

In this example, as shown in the timeline in Figure 13.3, the controller is responsible for
turning the machine on and oft and, after the stop time, starts the machine using a startup
ladder that increases speed from 10 seconds per cycle to 2 seconds per cycle. The machine
is scheduled to start 30 minutes after the simulation starts. In order to accomplish this, the
controller sends a delayed message to itself through its OnReset trigger. After 30 minutes
of simulation, the controller sends a message to the machine to start the startup ramp and
a delayed message to itself to stop the machine after 180 minutes.

vt_MachineController

30 180

0 30 Simulation time

stop run

v
Process time | | ‘ | |

pr_Machine

“CyclaT[rna"?alFl 10 | 5 | I

| 20 ol 20 4

60

210
I stop

180 >

270

un

start/stop messages (between vt and pr)

10 | [ |

I
| 20 ol 20 4

cycle time adjustment messages (within Processor)
Figure 13.3: Control Timeline.

After three hours of simulated time elapses, the controller receives its message and sends
a message to the machine to stop; the controller also sends a message to itself to restart the

machine in one hour.
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Managing a
Simulation Project

he previous chapter provided a general outline

of how the Simulation Modeling and Analysis Objective
(SMA) process is used for analyzing and solving To descrit;]easeé olftoolsdthat
. . . . . support the modeling an
problems with sm.lula.tlon. ¥t hlgh.hghted thei roles/ el areess, ind e g s
people and organizational issues involved with the simulation project template, a
successful use of simulation. This chapter focuses diagram for conceptual model

design, and a means to initially

on the technical details of carrying out the SMA e e

process and provides tools that can be used in

the process. Those tools include the Object Flow

Diagram for conceptual model design, initial resource sizing, and a structure for
documenting and managing a simulation project.

Section 17-1 The starting point

An organization that needs to use simulation for analysis must follow a series of steps in
order for the simulation to be successful. Building a simulation involves translating reality
into a time-based model. As illustrated in Figure 17.1, when individuals look at the actual
system, they develop their own conceptual model of how the system operates. Each person
may see the system slightly differently or notice different characteristics—all of which
may be important. Consequently, a methodology is needed to aide in communications and
general understanding.

The Occasional User may not be directly involved with the actual building of the
simulation but will be in a position to define what the simulation should accomplish and
then possibly carry out simulation runs for analysis. Knowledge of all the steps involved
with a simulation project is critical for assuring the project and results are valid.
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Figure 17.1: A simulation is a representation of stakeholders’ reality (Adapted from [4], p. 18).

Simulation project steps

As introduced in Chapter 16, a simulation project is a joint effort between those wanting
the simulation and those developing it. The result will only have real value to the people
who are involved with the work.

There is a straightforward methodology for defining and carrying out a simulation;
this methodology will assure that the resulting model will be of value. It requires working
through the steps shown in Figure 17.2; the level of detail for each step will depend on the
complexity of the system.

Aswas also discussed in Chapter 16, the general structure of this process follows Deming’s
Plan-Do—-Study—Act cycle. The first phase is all about planning and understanding. The
second phase involves abstracting the system’s behavior into model form. The third phase
concerns using the simulation model for analysis or study. The final phase is action oriented;
that is, it involves gaining insight and information and deciding how to improve system
performance based on various experiments conducted with the model.

Activities performed during these steps should be documented using the Simulation
Project Template found at the end of this chapter.

Documentation is essential for helping all the individuals working on the simulation
to have the same view and understanding of the project. The project template was specifi-
cally developed for defining and managing actual simulation projects. The first item in
the project template is the project name. The simulation should be given a name that has
meaning to the team members and others. The simulation models should contain the name
followed by the current version number (e.g., BankSim1).

Since the simulation project is normally approved and carried out for a particular purpose,
a summary of the results is usually required. This executive summary is normally limited
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1. Define the system and the problem
e Review existing and proposed facilities and processes
e Establish goals and objectives
e Define system and model assumptions
e Collect data

e Prepare a simple diagram of system elements

2. Build the simulation model
e Establish basic parameters for the simulation (e.g., time units)
e Define and develop user interfaces
e Layout objects on the screen (simulation surface)
e Define where and how data will be used

e Define and implement logic

3. Use the simulation model for analysis
e Validate and verify the simulation model.
e Design and run experiments

e Analyze simulation outputs

4. Use the results to develop an action plan
e Draw conclusions, present results and recommendations

e Gain consensus for action plan and implement it.

Figure 17.2: Simulation project steps.
to one page or one slide and focuses on the reason for the simulation and the result of the
analysis. The three main parts of the summary are as follows:
*  Background (reason for the simulation and objectives)
*  Results

*  Conclusions and recommendations

Section 17-2 Define the system and the reason to simulate

The first phase of a simulation project involves the critical task of actually defining the
project. This definition and the associated material are often referred to as the functional
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