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ABSTRACT

This primer, using a single comprehensive example and sequential development process, provides detailed,
step-by-step instructions for building and analyzing a comprehensive simulation model in the FlexSim
simulation software. The system that is modeled is small, but not simple. While the focus is on basic concepts
and constructs in FlexSim, the primer introduces some of the advanced features and capabilities that are
available in FlexSim. The primer describes: (1) FlexSin/s basic fixed and mobile 3D objects (e.g., processors,
conveyors, operators) that are powerful and yet easy to use, (2) the ability to build custom logic through the
flowchart-like tool Process Flow, (3) other powerful tools such as tables, lists, reliability, and charts, (4)
designing and running experiments with a simulation model to analyze the operational dynamics of a system,
and (5) FlexSins’s array of modules for modeling AGVs, warchouses, people, etc. In addition to basic
instructions, the primer provides insight and rationale for the described modeling actions and introduces good

modeling and analysis practices.

The primer is not a software user manual that is primarily a reference document. The primer provides a means
to learn the basics of Flex:Sin simulation software and to be introduced to its power and capabilities in a way
that demonstrates how it relates to the simulation problem-solving process. The primer is primarily intended
for someone who has little or no familiarity with FlexSiz simulation software. However, in addition to new
users, it is hoped that existing Flex:Siz users will find the primer useful to clarify some aspects of the software
and to learn something new. While it is preferable that the reader is familiar with the basics of discrete-event

simulation, that is not required.

Supporting files and all FlexSim model files are available at https://flexs.im/primer-files
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PREFACE

This primer is based on many years of experience and my long-time passion for simulation. I started learning
simulation in graduate school and applying it in practice in my first position as an industrial engineer in the mid-
1970s. Simulation has been a major part of my professional life in a variety of settings and situations. These
include teaching many simulation courses at the undergraduate and graduate levels at a number of universities,
both in the US and other countries; developing and delivering short courses for practicing engineers in a variety
of industries; writing, presenting, and publishing research papers on various aspects of simulation modeling
and analysis; and, carrying out many simulation projects in a range of industries.

I consider simulation to be an applied technology that is an essential tool for effectively supporting a broad
range of problem-solving and decision-making processes. It is especially valuable for the design and
management of systems in many domains, such as manufacturing, material handling, warehousing, logistics,
healthcare, mining, business processes, etc. All of these domains are naturally complex — the complexities are
due to the systems having many disparate elements, the relationships among those elements, inherent variability,
and intrinsic dynamics. Simulation facilitates and encourages the exploration and assessment of multiple ideas
and alternatives in order to “optimize” system performance. All of this is done virtually without disturbing an

existing system or before a system actually exists.

There are many good resources available to learn about simulation modeling and analysis in general and FlexSim
in particular, including textbooks (such as Applied Simulation Modeling and Analysis Using FlexSim), training and
teaching materials, user manuals, tutorials, blogs, videos, etc. Each resource has its own objectives and is devised
to meet specific needs. However, none of the resources by themselves meet all of the primer’s objectives:

e provide detailed, step-by-step instructions for building a comprehensive simulation model,

e use a single comprehensive example and sequential development process to effectively move from
introducing and applying simple concepts and methods to desctibing those that are more complex,

e provide insight and rationale for modeling actions, rather than just providing rote commands,

e introduce good modeling and analysis practices,

e introduce fundamental concepts of simulation; provide references for further reading, and

e provide an awareness of some of the more advanced features available in FlexS7 without covering the
details at that time.

This primer focuses on the modeling and analysis of operations systems in order to understand and analyze
their dynamic behavior and performance (referred to as gperations dynamics) using discrete-event simulation In
the broadest sense, operations systems transform input into output through a set of related activities and
processes that require a variety of resources, such as equipment, material, people, and information.
Transformations may either be tangible (e.g. machining, inspecting, or delivering material in manufacturing) or
intangible (e.g. diagnosing or treating patients in healthcare).

Simulating operations dynamics requires an accurate representation of the system being considered, including
both the physical aspects (locations, distances, sizes, speeds, etc.) and the salient underlying logic (e.g., what
action to take, when and where to perform the action, using what resources). Visualization of the behaviors
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resulting from the interaction of the physical and logical aspects greatly increases the acceptance of modeling
and analysis by decision makers and those that are not experts in simulation technologies and methodologies.
Visualization also enhances model validation and verification. FlexS7» has rich visual and logical functionality

and is easy to use. Of course, ease of use is relative, depending on a user’s background and experience.

Since FlexSim is so comprehensive, it is not feasible to cover all of its capabilities in this introductory guide.
Similarly, the field of simulation is extensive; therefore, the theory and methods of simulation modeling and
analysis is beyond the scope of this basic primer. Therefore, for an introduction to simulation, the following

primer is suggested. (The author of this primer is also author of the simulation primer.)

Greenwood, A. Simulation Primer, FlexSim Software Products, Inc., 2019. ™
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For a more detailed discussion of simulation modeling and analysis concepts and practices, and how they can
be implemented in Flex:Sim, the following textbook is suggested. (The author of this primer is a coauthor of the
textbook.)

Applied Siinulation

Beaverstock, M., Greenwood, A., and Nordgren, W. Applied Simnlation
Modeling and Analysis Using FlexSim, 5t Edition, FlexSim Software Products, Inc., 2017.

Other sources of information on FlexSin include: the FlexSinm User Mannal, in-software links to the manual,
tutorials, and web resources, especially FlexSim Answers, which is a shared searchable knowledge base of

questions and answers from FlexSim’s worldwide community of users.

It is important to note that this primer is not another user manual for the software. User manuals are good
reference resources to describe specific aspects of the software; whereas this primer is a means to learn both
the basics of FlexSim simulation software and to be introduced to its power and capabilities in a way that
demonstrates how it relates to the simulation problem-solving process.

It is suggested that this primer be covered carefully and methodically in the order it is written. The material
builds from very simple aspects of simulation and modeling to the more complex. However, someone with
more experience with simulation and the software may skim the early material, but it still should be considered
since, at a minimum, it provides context. Later sections then may be considered in more detail to enhance
understanding of a concept or software capability. Since all of the models described in the primer are available
online (https:/flexs.im/primer-files), more experienced readers can start at a later section without having to build
all of the previous models. Of course, providing all of the models also benefits those new to the software.

Allen G Greenwood
revised December 2019, Greensboro, NC USA
September 2018, Blowing Rock, NC USA
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INTRODUCTION

This section provides the primer’s objectives, organization, and general approach.

Objectives

As stated in the Preface, the objectives of this primer are to:

e provide detailed, step-by-step instructions for building a comprehensive simulation model in FlexSin,

e use a single comprehensive example and sequential development process to effectively move from
introducing and applying simple concepts and methods to describing those that are more complex,

e provide insight and rationale for modeling actions, rather than instructing rote commands,

e introduce good modeling and analysis practices,

e introduce fundamental concepts of simulation; provide references for further reading, and

e provide an awareness of some of the more advanced features available in Flex:$7» without covering the
details at that time.

Structure

In order to meet these objectives, the primer is divided into the following five parts:

1. The Basics of 3D Modeling and Analysis that include a brief introduction to the following: fundamental
simulation concepts, description of the system to be modeled, overview of FlexS$in’s modeling
environment, how to build a very simple model, fundamentals of FlexSiz’s fixed resource objects and
customization, and introduction to output from FlexS7z models.

2. Next Steps in 3D Modeling continues through the following topics: changing 3D graphics, incorporating
alternative routing rules, introduction to Task Executers or dynamic objects, basics of modeling
conveyors, the use of Global Tables for data management, and incorporating planned and unplanned
downtime into Flex:Siz models.

3. More 3D Modeling and Analysis discusses the following topics: combining and separating flowitems,
controlling Task Executers using the A* algorithm, using Lists to represent complex routing logic, and
running experiments in FlexSin.

4. Introduction to Process Flow begins with a discussion of the basic concepts of the logic builder and then
provides two examples of building custom logic — one for creating inter-object logic to implement a
reorder-point inventory policy and the second for creating a custom task sequence for a mobile resource
(Task Executer).

5. Order Fulfillment Sub-Model, Warebhousing, and Additional FlexSim Features introduces FlexSin’s Warehousing
Module and adds logic to the primer model that processes incoming orders and completed items from
production. This part also briefly introduces some of additional capabilities in FlexS$7m, including other
3D objects and the Fluids Library.

The main portion of the primer concludes with an Epilogue that provides a brief summary and possible next

SthS.
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The primer also includes two Appendixes — a List of Models and a Glossary.

e The list of models provides a brief description of the concepts and software features that are used in each
of the primer models, as well as a reference to the section in the primer where the model is discussed.

e The glossary provides definitions of key terms used in the primer.
The primer concludes with a brief biography of the author and his contact information.

In the following section, prior to the main parts of the primer, two common questions are addressed that often
arise from those whom are unfamiliar with Flex$é» simulation software.

e  Why should I use Flex:Sizz? In order to help address this question, two long-time users of Flex$7» provide

testimonials as to why FlexSi is their simulation software of choice and their path to choosing FlexSin.

One testimonial is from an academic perspective and the other is from an industry perspective.

o Whatis FlexS7m and what are its basic capabilities? In order to help address this question, a brief

overview of the software is provided along with information on how to acquire the software.

Approach

As mentioned in the objectives above, the primer introduces and explores Flex:Siz through a single model.
The model is small, but not simple. Its complexity evolves throughout the primer as vatious aspects of the
simulation software are presented.

Since the model of the example system evolves throughout the primer, it is recommended that each iteration
of the model be saved. After each save, it is suggested that the current model file be copied and renamed so
that one can always revert to a previous version of the model. This is just good modeling practice — models
should always be developed in steps — build, test, and validate — and all models should start simple and then
complexity is added as needed. That is, the final model evolves from a number simpler models with increasing
representation of the real system. One should never try to incorporate all capabilities at the beginning of the
modeling process.

In order to facilitate learning, all of the models developed in the primer are available so that if a reader has a
problem developing any one of the primer models, they can access and view the correct implementation and
then proceed on with the primer. Having access to the primer models also allows a reader with some knowledge
of FlexSim to skip the simpler parts of the model building process and start at any section of the primer. For
example, if a reader is well versed in the 3D aspects of FlexSim, but is not familiar with Process Flow, then they
can start the primer in Part 4 and begin with the model from the end of Part 3.

The models, along with supporting files (a layout file and two 3D representations of work areas in the
example) are provided in a resources folder that is available at https://flexs.im/primer-files.
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TESTIMONIALS

This section provides two testimonials, one from an academic perspective and one from an industry
perspective, that discuss why FlexS7 is their simulation software of choice and their path to choosing FlexSin.
Each testimonial is from a long-time user of Flex$7m and co-author of the textbook, Applied Simulation Modeling
and Analysis Using FlexSim.

Why FlexSim simulation software?

Provided by: Allen G Greenwood, Ph.D., P.E.
Professor Emeritus, Mississippi State University
Simulation Education Specialist, FlexSim Software Products, Inc.

There are a number of simulation software products available in the marketplace; some have been around for
many years, while others are quite new. A common question, both in industry and academe, is why should
FlexcSim be used, instead of any of the other software that are available?

I believe that the choice of a software tool should aligh with a person’s general approach to modeling and
simulation. Therefore, I briefly introduce my background in order to give context and perspective to my
response to the posed question. I have been involved with simulation for over 40 years — using it to solve
problems in a variety of industries and teaching numerous simulation courses, both in the U.S. and abroad.
Over the years I have used numerous simulation software products in industry projects, to support research,
and in the classroom. I started using FlexSim in 2006 for industry projects and then, a few years later,
transitioned my simulation courses to use FlexSim. Since then, I have co-authored the textbook, Applied
Simulation Modeling and Analysis using FlexSim (now in its fifth edition) and recently authored two primers, one
focused on using FlexSim software and one on simulation in general. One of my long-term, foundational
professional goals has been to enhance and increase the application of simulation, both in practice and in
academe, to support problem solving and decision making.

While there are many good simulation products available in the marketplace, I find FlexSin to be the best for
my approach to solving problems and for educating others. Hopefully this essay will articulate the reasons why
FlexcSim became my simulation software of choice.

FlexcSim is a modern, comprehensive simulation modeling and analysis environment that supports problem
solving and decision making in industry, as well as supports teaching and research in academe. However, it was
FlexcSim - more than any other software - that made it possible for me to focus on solving industrial problems
or on teaching simulation concepts. It is a software tool that is extremely powerful, yet easy to use and easy to
transition, as needed, from small, simple models to those that are large and complex. This is important in
practice for incremental model building — starting simple and adding complexity as needed — as it allows all
those involved in the simulation process to follow and understand the underlying approach. It is especially
important in teaching as I am able to have students quickly build simple models that illustrate key concepts,
and then easily add desired enhancements. Flexsiz makes it possible for me, as well as for students, to
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concentrate on solving problems or learning simulation concepts, rather than dealing with the idiosyncrasies

and learning curve associated with software.

Being involved in various industries and trying to give my students a basic understanding of the applicability
and power of simulation, 1 find that FlexS$7» can easily model a wide range of operational systems including,
but not limited to, discrete-part and continuous (e.g. oil and gas, food processing) manufacturing,
transportation, logistics, healthcare, mining, construction, business and service processes, etc. FlexSim also
offers a variety of simulation modeling approaches. While the core technology is discrete-event simulation,
continuous and hybrid systems can be modeled through a library of pre-defined, yet customizable, fluid objects.
Agent-based simulation and Monte Carlo simulation can also be performed within FlexSin.

Standard discrete-event and continuous modeling functionality are implemented through easy-to-use 3D
objects. Most importantly, they can be customized and have common and intuitive user interfaces. The
processing logic and behavior, as well as the appearance, of the objects are modified through extensive drop-
down menu lists and direct parameter specifications. An intuitive, flowchart-like logic builder is available for
defining and refining inter-object and intra-object relationships and behaviors. While some software claim they
do not require the use of detailed computer code, there are times when it is necessary. Many of the simulation
projects that I have been involved with during my career required representing complex logic and behaviors. I
found that, when needed, FlexSim’s process logic builder (Process Flow) and inherent scripting language
Flexcseript (a subset of C++) are effective and convenient means for representing complex operations. Numerous
commands and templates, i.e. prebuilt sets of code and logic, are available to facilitate customization and reduce
the amount of programming that is required. FlexSin’s open, object-oriented, hierarchical software architecture
also makes it a powerful and effective modeling environment.

FlexSim models are built in a native 3D environment. For me, their effective animation facilitates model
validation, enhances stakeholder communication and understanding, and increases confidence in modeling and
analysis. From a student perspective, the models look realistic, which provides needed relevance and helps make
simulation exciting. In addition to the objects, I regularly use the many powerful modeling tools that are
available in FlexSim, such as dashboards, time tables for managing work schedules, reliability tables for
managing downtimes, global data tables, global variables, lists, macros, animation editor, video and model

flythrough suppott, etc.

The simulation of an operation is only as good as the model’s representation of the system and the analyses
that are performed using the model. I believe this is important fundamental for students to realize. One of the
reasons that I like FlexS7m is that it provides a comprehensive and easy-to-use set of analysis tools, such as an
experimenter for running multiple scenarios and replications simultaneously in a designed experiment (while
taking advantage of the number of cores on your computer), statistical measures of performance, extensive

plotting and charting capabilities, etc.

Simulation is only one tool for problem solving; and thus, communication with other supporting software is
critical. For example, Flex:Sim provides convenient means to transfer model data both to and from spreadsheets
and databases. Experrlit is available to support modeling randomness (selecting probability distributions). Also,
FlexcSim provides a seamless interface to OptQuest for intelligently searching for the best solution, i.e. the best
set of operating conditions for the system being modeled.

FLe
& X 14

solved.



FlexSim Simulation Software Primer software version 2020 Update 1 (20.1.2)

Another very important characteristic of simulation software is the company behind the product. FlexSim
Software Products, Inc. was founded in 1993 and the first version of the FlexSin software was released in 2003.
Customer support — for both industrial and educational users — is excellent. They truly want to help everyone
effectively solve problems through the use of simulation. The company continuously improves their software
through new and improved modeling and analysis capabilities, more effective interfaces and methods, better
graphics, etc. FlexSim strongly supports education through student and education licenses and a variety of
learning materials.

I hope this essay provides a start for understanding why I use Flex$7m and perhaps why you should use FlexSin
to enhance problem solving and decision making, provide an effective foundation for teaching simulation, and
support research. Of course, the best way to be convinced that FlexSim is the software for simulation is to give
it a try. Therefore, visit flexsim.com and contact FlexSim about how to get started simulating using FlexS7n.

The road to choosing FlexSim

Provided by: ~ Mal Beaverstock, Ph.D.
Manger of Business Simulation, General Mills (retired 2008)

Over a span of 12 years, more than $150 million in savings were attributed to simulation at General Mills, Inc.
(GMI). Now retired, I look back and realize that it was achieved through maintaining a problem-solving
approach to simulation and to the tool that made it possible — Flex:Sizz.

Early in my career, I lost faith with modeling and simulation. Attempts to use this technology to solve problems
met with frustration and little results. Computing technology in the late 1960’s made detailed mathematical
models expensive, cumbersome, time consuming, and widely inaccurate. Problems were actually solved sooner
by the involved engineers before a modeling approach could gain any momentum.

The change started in the early 1990’s when a co-worker at International Paper solved a problem by modeling
the mechanics of a machine aided by software that greatly facilitated building differential equations. The speed

and ease of using such a tool re-ignited my interest in modeling and simulation.

While managing a control and simulation group at General Mills in 1995, an Extend simulation showed a savings
of over $1M by eliminating a packing line in a new design. That got management’s attention! However, the
work was still slow going. Using simulation software meant spending more time working with their
idiosyncrasies than thinking about the problem that had to be solved.

Despite the drawbacks, successful simulations still helped by: increasing the productivity of a complex conveyor
system; resolving design issues when sizing surge and storage tanks; and improving a batch operation to meet
new production levels without any capital expense. However, the use of simulation remained a specialty for a

few individuals and not a general tool.

A search began for a software tool that: could be accepted and used by all levels of individuals interested in
simulation; provided for easy communication of assumptions and results; allowed a focus on the process

dynamics; was flexible enough to handle complex functionality; and was a fully supported commercial product.
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Simulations were developed using a variety of software including: Extend, Witness, ProModel, Arena, and Excel.
None matched the requirements.

In 2002 General Mills acquired Pillsbury where Taylor ED was used for simulation and through their contacts,
I learned about FlexSim. This newly-developed software showed great potential. It was based on their
incorporating object-oriented software constructs —an approach I immediately recognized from my work some
years earlier as head of Systems Research at the Foxboro Company. Their use of functional objects combined
with state-of-the-art graphics was exceptional. It was the first time I saw such techniques applied to building a
simulation tool and it set them apart from the rest of the field.

Bill Nordgren, President of FlexSim Software Products, Inc., had a similar vision to mine for a simulation tool.
The resulting symbiotic relationship resulted in a product that met our functional requirements. A graduate
student majoring in art at the University of Minnesota spent a summer creating 3D objects based on actual
pieces of manufacturing equipment as well as objects representing General Mills products. The object interfaces
were modified to reflect GMI terminology and contain design information about equipment such as standard
speed, costs, and reliability information. Stored in libraries, equipment could be inserted into a simulation model
without any other programming. While looking like a custom tool, the simulation program was actually a library
within standard FlexSzz and could be changed back with a single click. Since Flex:Sim served as the functional
base, complex logic and dynamic simulations wete possible.

As a result of FlexSim, by 2004 all interested individuals, including engineers, managers, and production
personnel on the plant floor, could interact and contribute to the building, running, and analysis of the
simulations that were helping them. Because of the visualization, people could see their equipment making
their products.

The interest in simulation increased exponentally. Simulations were built 30% faster with FlexSim. Capital
projects using simulation came in on time and under budget. Flex:Siz’s flexibility allowed for simulations to:
quickly provide a feasibility estimate for new manufacturing concepts; help in the design of new equipment by
analyzing operator actions; optimize matetial prep operations; study personnel assignments and requirements;
determine yogurt scheduling approaches; resolve problems in delivery and shipping areas; review scheduling
impacts on entire production lines, and many others. When more complex logic was required, the consistent
FlexcSim environment made the simulation effort easier to develop and understand.

While the innovative software design, development execution, and tool-like approach to FlexSin was a major
factor in my selection, the vision, responsiveness and commitment of the entire FlexSim staff sealed the deal.
As far as I was concerned, the decision to use FlexSin was a “no-brainer” and proved itself in practice.
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FLEXSIM SIMULATION SOFTWARE

FlexcSim is a powerful, yet easy to use, environment for developing and analyzing simulation models of complex

operations systems. Some of its features and capabilities include:

e comprehensive libraries of modeling objects and tools,

¢ modeling directly in 3D,

e complementary means to develop simulation models, such as customization of standard objects via
consistent intuitive interfaces, developing complex process logic through a flowchart-like logic builder, and
specifying behavior through custom coding with a scripting language that is a subset of C++,

e open, object-oriented, hierarchical architecture,

e links to spreadsheet, database, statistical, optimization, and graphics software,

e experimenter for designing, executing, and analyzing multiple scenarios and direct connection to OptQuest
for optimization, and

e general modeling environment to support problem solving and decision making in diverse domains and

applications.

Manufacturing Material Handling Healthcare Packaging Logistics

ot o $ A

This primer is based on the Enterprise or Education versions of FlexSim, each of which requires a license. While
FlexcSim Express is available for free download from flexsim.com, it is primarily for evaluation purposes; and
as a result, it is limited in the number of objects that can be used in a model and lacks key features of FlexSinm,

such as full customization and the Experimenter.

While FlexSim Software Products provides access to all versions of its software on its website, flexsim.com, it
promotes two versions of FlexSin at any time - Current and LTS (Long-Term Support). At the time of
writing this primer, Current is version 20.1.2 (release date 2020-05-08) and LTS is version 20.0.6 (release date
2020-05-08). A major release occurs at the end of the previous year, e.g. version 2020 (20.0.0) was released in
late December 2019. Two updates with new features and capabilities occur twice a year, Update 1 is released
in the March/April timeframe (e,g., 20.1.0) and Update 2 is typically released in the July/August timeframe
(e.g., 20.2.0).

The current version of the textbook Applied Simulation: Modeling and Analysis Using FlexSim 5% Ed. (2017) is
based on the version 2017.0.13.
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This primer is based on the Current version - 2020 Update 1 (20.1.2, release date 2019-05-08). While many of
the basic operations of the software and user interfaces are the same or very similar, there may be differences

with other versions.

To obtain this version, log into your FlexSim account. The following dashboard will display once logged in.
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Downloads Licenses Support & Allen

a“ Product Roadmap Announcement

Starting with the launch of FlexSim 2021, new FlexSim releases will be offered in 64-bit only. Learn more.

‘Welcome to FlexSim

Download the latest version of the software.

View the FlexSim Basics Tutorial

Contact your local distributor for a live Web Demo to see FlexSim
in action.

Questions? Need help?

For questions about the software, follow these links or visit the
support page for more information.

For training courses visit your distributor’s profile
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Try, Buy, Renew?

Want to try a full version of FlexSim, get a purchase quote, or
renew your existing licenses? Contact your local distributor.

To view your active licenses, visit the licenses page.

Local FlexSim Distributor

FlexSim Software Products, Inc.

Canyon Park Technology Center
1577 North Technology Way
Building A, Suite 2300

Orem, Utah 84097 USA

J (801)224-6914
™ sales@flexsim.com
O www.flexsim.com

Select Downloads from the main menu, resulting in the following interface.
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Release Notes
System Requirements

X Downloa

@ Is there a user manual?

B More Versions

FlexSim 2020

LTS Long Term Support @
Version 20.1.2 Release Date: 2020-05-08  Version 20.0.6 Release Date: 2020-05-08

Release Notes
System Requirements

& Download

installer
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64 product Roadmap Announcement
ﬁ Starting with the launch of FlexSim 2021, new FlexSim releases will be offered in 64-bit only. Learn more,
Q Software @R Modules B Flexsim Models T Fducator Materials W89 3rd Party Modules (9 Links

| FlexSim 2020 Update 1
Version 20.1.2 Release Date: 2020-05-08
'6“ Release Nule}
4 ¢ System Requirements
Powerful computer software for modeling,
analyzing, visualizing, and optimizing any imaginable
process.

FlexSim_20.1.2_installer.exe | 892MB | installer | 64bit

FlexSim_20.1.2_x64.msi | 891MB | msi | 64bit

FlexSim_20.1.2 x86.msi | 872MB | msi | 32bit

To download the current version, select Downloads; for earlier, then click on More Versions (located just

below the Download button for the Cutrent version). The installer for all previous versions of FlexSim are

available for download.
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PART 1-THE BASICS OF 3D MODELING AND ANALYSIS

The first part of the primer introduces:

e fundamental simulation modeling and analysis concepts,

e notation and format used in this primer,

o FlexSins's
o overall structure
o general modeling environment
o basic fixed resource modeling objects
o simple output from a simulation model

e description of the system being modeled. The same system is used throughout the primer and the model
of that system evolves from a very simplistic representation of the system to one that more closely
represents how the actual system might behave.
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1 FUNDAMENTAL CONCEPTS

This primer begins with a short introduction to simulation modeling and analysis, an overview of FlexSin/s
general approach to simulation, and the notation and formatting conventions used in this document.

11 Simulation modeling and analysis

Simulation is used for analyzing and solving problems and to support decision making. It is used to:
* understand a system’s behavior, especially its dynamics,

* analyze and predict a system’s performance,

e compare alternatives for improvement, and

* make the best decision for change.

Simulation is composed of two key parts, modeling and analysis:

e Simulation modeling is the ways and means for representing a system physically and logically in order to
understand its behavior over space and time and to assess possible consequences of actions, virtually.

e Simulation analysis is the ways and means of using a simulation model to experiment with, and test, ideas
and alternatives before deciding actions and committing resources.

While many things can be simulated, the focus of this primer, and the focus of FlexSim, is the simulation of
operations systems — systems that transform input into output through a set of related activities and processes
requiring a variety of resources, such as equipment, material, people, and information. Transformations may
either be tangible (machining, inspecting, or delivering material in manufacturing) or intangible (e.g. diagnosing
or treating patients in healthcare).

In order to simulate operations systems, three key aspects must be addressed: interactions, variability, and
dynamics since these are all inherent in operations systems. There are complex relationships among a system’s
resources (material, equipment, people, and information) and the resources interact in numerous and complex
ways. In even the simplest system, there are many sources of variability — arrival times and rates, process times,
product mix, downtime, and quality level — to name a few. Some sources of variability are known, such as work
schedules and possibly product mix (at least in the short term). Other types of variability are unknown, such as
quality, process times, and breakdowns. Due to variability the resource interactions change over time, thus
resulting in the system’s dynamics.

A simulation must represent the basic actions that occur in an operations system, e.g. process, store, and
transport items. The representation must consider physical aspects — e.g., size, distance, speed — and logical
aspects — what, who, when, and where things are done, as well as how much and how long.

There are four basic types of simulation that are used to model and analyze operations systems: discrete-event
simulation, Monte Catlo simulation, continuous simulation, and agent-based simulation. While all four of these
types of simulation can be done using Flex:Siz, the most common, by far, is discrete-event simulation (DES).
In DES the states of a system change at discrete points in time as the result of specific events, such as a customer
arriving to a system or a work shift ending. A system state is a condition of a system or value of a system

variable, such as whether a resource is busy or idle or how many customers are waiting for a service.
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Simulation using FlexSim

FlexSim is a comprehensive simulation modeling and analysis environment and has extensive capabilities. Some,

but not all, of the features and operations are noted below. Key terms are highlighted in bolded font.

1.3

Object Library

A library of modeling objects is available to rapidly represent key aspects of operations systems and create

system dynamics. The objects are:

e pre-built, yet customizable, representations of actions commonly found in operations systems, for example:

o planned and unplanned delays, such as process times, repair times, and wait for resource,

o transportation by means of both fixed objects (e.g., conveyors or robots) and mobile objects (e.g.,
operators, fork trucks, cranes, and AGVs),

o resource availability and reliability, and

o combining and separating items.

o

e dragged from a library, dropped into a 3D modeling view, and connected to create a representation of the
operation of a system.

e customized to represent the characteristics of the system being studied by changing an object’s properties
or parameters.

o The extensive set of object properties consider both physical aspects (size, location, capacity, speed,
etc.) and logical aspects (processing and routing rules, sequence of activities, availability, etc.), all of
which either depend upon or influence the current state of a system.

o Inaddition to the many standard properties that are available in objects, user-defined properties (called
labels) can be defined, used, and/or updated anywhere and at any time duting a simulation.

o Each object has a consistent and friendly user interface. Object properties are conveniently grouped
by tabs on the interface. Many tabs are the same across all types of objects, thus making learning the
software much easier. Properties are specified through direct value entry and drop-down menu options.

o Properties may also be customized and controlled through FlexS$7#’s built-in logic builder, called
ProcessFlow, or by writing computer code using FlexSiz’s built-in scripting language, FlexScript, a
subset of C++.

e inherently 3D; thus, simulation models are created in and run in a three-dimensional environment.

o Any object’s 3D shape can easily be customized. For example, 3D shapes created in AC3D, 3ds Max,
SkerchUp, etc. can be directly imported into FlexSiz, as can objects from the extensive, online, open-
source 3D Warebouse.

o Capabilities to “fly through” a model and to create videos of a model in action are built into the
software.
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1.4  Toolbox
The Toolbox is a library of tools that supports modeling building through, but not limited to:

e Global Tables store data and easily provide input to a model or obtain output from a model.

e Lists dynamically store and process information during a simulation.

e Time Tables specify deterministic resource availability, such as shift schedules, break times, periodic
inspections, etc.

e MTBF MTTR provide means to specify downtime by
o randomly making resources unavailable for a duration that is also oftentimes a random variable,
o basing downtime on model states (e.g. processing and traveling) rather than clock time, and
o managing multiple or competing downtimes on the same object.

e Groups denote objects that are similar or are acted upon in a similar manner.

e Process Flow builds complex inter-object and intra-object logic.

e Dashboards display model dynamics through charts, e.g., pie, histogram, time seties.

e Excel Import/Export provides direct links between FlexSin and MSExcel for inputting and outputting
model data.

e  Other types of tools for: creating special events and actions, tracking and collecting information on a model

variable, creating global vatiables and macros, developing a video of a model running, etc.

1.5  Analysis

Simulation models are built in order to perform analyses. Flex:Sin provides many tools for analytics, including:
e statistics tracking for:
o automatically tracking many common measures of performance, such as throughput, content,
utilization, etc.
o defining and tracking custom, system-specific measures.
o charting to observe system petformance on a dashboard as a simulation runs or to export results for
reports and presentations.

e experimentation and optimization.

O easy-to-use, built-in Experimenter for creating and comparing changes to sets of model parameters
(scenarios), running multiple replications of a model, providing confidence interval estimates and
other types of statistics, etc.

o directinterface to aleading optimization engine, Op#Quest, in order to effectively search for the “best”
set of model parameters to meet specified system objectives.

e cxport to analysis software — data can be exported to spreadsheets, databases, and graphing and special
analysis software for further investigation.

e data import — simulation models in FlexS$im can be driven from:
o data stored in spreadsheets and databases.
O  probability distributions selected by using Averil Law’s Expertlit software. (ExpertFiz is included with

a FlexSim license.)

All model data are stored in an open, accessible hierarchical data structure referred to as the Tree.
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Many of these features will at least be introduced in this primer. However, a full discussion of them is well
beyond the scope of this introductory document.

The basic operation of FlexSim involves the creation and execution of events that are based on the logic
specified in a model. The events generate actions and activities that occur over time. As a result of the events
occurting and/or the current state of one ot more objects, items move ot flow from object to object. In FlexSin,
the items that flow through a model are called flowitems. The items typically move between resources, either
fixed resources (e.g., machines, conveyors, and storage areas) or mobile resources (e.g. operators, trucks, and
AGVs). Items move into and out of objects via ports and contain user-defined characteristics, called labels.
Mobile resources in FlexSim are called task executers since they execute a sequence of tasks such as travel,

load, unload, etc.

Over the duration of a simulation, information on the conditions (or states) of a system are gathered,
summarized, and used for analysis. Typically the summary information, such as average state values (average
utilization, average number waiting for service, etc.), are used to compare the performance of alternative
systems.

1.6  Notation and formatting conventions

In order to enhance the readability of this primer, certain formatting conventions and notation are used

throughout the document.

As introduced above, FlexSiz includes many objects and tools to facilitate simulation model building and
analysis. When referring to these entities, for readability their names are capitalized, e.g., objects such as
Processor and Source and tools such as Dashboard and Time Table. This is consistent with the way these
entities are identified on the FlexSiz user interface.

Key words are bolded the first time they are introduced.

A significant part of modeling is customizing general objects, such as a Soutce or a Processort, to represent the
system being considered. In Flex:Sin this involves specifying properties or parameters on the objects through a
user interface, which primarily involves selecting from drop-down menus or directly specifying values.
Therefore, for readability:

e Names of the properties or parameters, such as Process Time, Send To Port, and OnEntry are denoted
in bolded font.

e The values of the properties, e.g. 1000.0, First Available, item.Type, are also bolded.

e Seclection options within a drop-down menu, such as Statistical Distribution, First Available, and Data
> Set Label, are shown in bolded font.

e Names of object tabs, such as General and Flow, are not bolded.
e Instructions to the reader for carrying out specific modeling actions are highlighted by separating them

from the text and preceding them by the symbol.
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In addition to providing step-by-step instructions on building example models, this primer provides general
tips on modeling and analysis and on effective ways to use FexSzz. These are denoted by the following symbols,

presented in a smaller font, and indented from the main text.

m General modeling tips or best practices are denoted by the M symbol.
Q General analysis tips or best practices ate denoted by the A symbol.

‘0’0’ FlexSim tips are denoted by the FlexSim logo.

[section or chapter reference] denotes where a topic is discussed in Beaverstock, Greenwood, &

% Nordgren, Applied Simulation Modeling and Analysis Using FlexSim, 5* Edition, 2017.

1] .
Suggested time to save a model.

o3 FFLex
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2 DESCRIPTION OF THE SYSTEM TO BE MODELED

This primer uses a single model to introduce the various features and capabilities of FlexSzz. and to provide
step-by-step instructions for building a simple, yet comprehensive, simulation model.

2.1 Ovetview

Dobre Products Limited (DPL) is planning to reuse an area in
one of its production facilities to finish and pack containers for
distribution. The existing facility is shown to the right, but all of
the equipment will be moved out so that the space can be used to

support the new production area.

The new production area will finish various types of containers
and then the containers will be packed, where the contents depend on the type of container. All process times
—in both finishing and packing depend on the container type. Containers are expected to enter and leave the
production area on conveyors.

At this stage of the design, DPL is not sure how many different types of containers they will produce, the
demand for each type, and the components that will be packed into each container. However, they want to
optimize operations and use simulation to help them design the facility and operations. Therefore, the
simulation model will initially be built so that it reflects the general operations, yet contains numerous
assumptions that will modified as the project evolves. This approach is essential so that the project can be
done in a timely manner - the simulation work must start well in advance of when all of the information is
known. In fact, the simulation will be used to help make some of the design decisions and establish the system’s

characteristics and capabilities.

This is a very wise approach — simulation is most effective when applied early in the design process since things can
m easily be changed early in a project, before too many resources are committed, too many costs are

incurred, and too many decisions are made.

The modeling process begins by identifying and representing the basic components of production in the
finishing and packing areas (equipment, material, operators, transporters, etc.) and defining the relationships
among the components. Later this is expanded, or scaled up, so that the model aligns with the company’s
production plans.

Modeling should be done sequentially — start small and simple and add complexity as needed. The best

m model is not the one that is the most complex — #he best model is the one that has the minimum amount of detail
needed to answer the questions being addressed. Remember, no model can replicate the real system — the real
system is too complex. Any model is a representation, albeit a simplification, of the system being
considered.
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2.2  Modeling approach and basic system description

As with any simulation project, the modeling and analysis of the aforementioned system is done in steps,
moving from the simplest representation to the more complex. After each step, it important to test and validate
the model. The validated model is saved in a file with a different name so that if a subsequent modeling effort
encounters a problem, modeling can “rollback” to the last saved and validated version.

One of the most difficult aspects of modeling is deciding how much detail should be incorporated into
m a model. This is oftentimes referred to as model fidelity. It is very temping to model as much detail

as possible, but in this case more is not better. The more complex a model becomes, the harder it is to

validate, verify, and maintain. Models should be as detailed as needed in order to answer the posed guestions.

Of course, this is easier said than done; determining the right fidelity comes with practice and
experience. In any case, modeling should start simple and complexity should be added as needed. Start
modeling with an extensive list of assumptions and a very simple model. Then, iteratively decide which
assumptions need to be removed and remove them by adding features to the model that address the
assumptions.

Be careful not to fall into the trap where a model incorporates features and detail because it caz be
done and not because it shox/d be done.

Another good modeling practice is to look for similarities within the system and model them as a single

m instance; i.e., create a template. Test and validate the instance. Once validated, copy and paste the template
as many times as needed. For example, if a system has multiple packing stations, model, test, and validate
one station, then duplicate as many as needed in the model.

Another good modeling practice is to use small study models to develop and test concepts before
m implementation in the main model; i.e., develop and test in isolation, removed from the complexity of
the main model. This is applicable to developing logic within a single object or a set of objects.

A good approach to modeling is to skezch the system first. Focus on how the system gperates and not on how
the model will be b#ilt. Use the sketch to discuss the system operations with domain experts. One diagrammatic
methodology for representing dynamic operations systems is the Object Flow Diagram (OFD).

An OFD uses symbols to represent vatious functions found in a
simulation model, such as process, transport, convey, etc. and the edge of Control (C)
each symbol has a specific meaning, as shown in the figure to the right.

Input (1) Qutput (O)

The Input, Output, Control, and Mechanism notation is detived from the Funci
—_— unction —

IDEFO0 methodology. An OFD for the example model that is used in this
primer is provided in the next section.

Mechanism (M)

[Section 17.3] Prepare a conceptual model.

The following is a very brief description of the system that will be modeled throughout this primer. It is referred
to as the Initial System Narrative and provides a high-level description of the way the system operates. As with
many simulation projects, modeling can start with assumed logic and placeholder values until they can be

estimated or determined.

',o,. FLex 26

solved.



FlexSim Simulation Software Primer software version 2020 Update 1 (20.1.2)

Initial System Narrative
Containers arrive to the finishing area at a yet to be determined rate. The number of types of containers and

their properties are also not yet known. The arriving containers are loaded onto finishing machines by a

finishing operator. If no machines are available, the containers wait in a buffer before being loaded. The size
of the buffer and how the operator decides which container to process next needs to be studied. In order to
maximize throughput, DPL is considering using the shortest-processing-time rule to load the finish machines,

but is concerned some container types may wait too long for processing if it uses this approach.

The finishing process is automated; i.e., it does not need an operator. The finishing times, which will depend
on the type of container, need to be determined. It is expected that a setup operation will be required on the
finish machine if the current container type differs from the previous one produced on the machine. It is
expected that the finish operator will do the setup. The number of finishing machines that are needed to meet
forecasted demand and product mixes is also yet to be determined — the simulation will help determine this.
Each finishing machine needs to run a quality check periodically and is subject to breakdowns that require
repair. The quality check activity does not require any other resources; it primarily uploads data to a server.
However, the repairs that result from a breakdown are expected to be performed by a finish operator.

After finishing, it is planned that containers move to a packing area via conveyor. At packing each container is
loaded with a mix of components that depends on the container type. Components are delivered in batches
and the finish operator will unpack the batches and make them ready for packing. After packing, packed

containers move to the next process, storage waiting picking to fulfill customer orders.

The narrative information is represented symbolically in the following OFD.

N Finishing@achinel m

Finishing@achinel N Packing@Btation

o 5
Setuplimet ~ @
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we T~ <

Packing@tation®
] Packeds
Containerfd
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Finished®
Container@
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Container@
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Container
Storage
(cap)

timefl
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Conveyor
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Comp.Btoragel)
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time?
between?
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Note that the key performance measures of interest — denoted by the “slanted rectangle” symbol are the
contents of the storage buffers for the containers and components (denoted as quantity), utilization of the
finish machines, finish operator(s), and packing station. Also, the basic item flowing through the model changes,
ot is transformed by the operations, from a unfinished container to a finished container to a packed container.
The finish operator moves material from the buffer storage to finish machines, performs the setup and repairs
on the finish machine, and unloads batches of components in the packing area.
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3 FLEXSIM’S MODELING ENVIRONMENT

When FlexSim is launched, by double clicking the FlexSim icon, the first choice is the desired modeling
environment, as shown below, either Classic or Healthcare. This primer only addresses the Classic

environment.

Select your initial FlexSim experience

Choose a FlexSim environment optimized for the way you work

20aS> Classic e$e3 Healthcare
<> >

g

>
2R e

You can customize this setting later on in FlexSim's Global Preferences. From FlexSim's main menu, File > Global
Preferences > Environment tab > Default Environtment selector.

Classic FlexSim's Start Page is shown below. The main interface is in the upper left-hand portion of the page,
where buttons are provided for starting a new model, opening an existing model, setting preferences, checking
licensing information, and accessing the User Manunal. Below the buttons are a list of recently-accessed model
files. A model file can be launched by clicking on its name in the list.

& [

v

64 Product Roadmap What's New in 7
Recent Models &8 Announcement 2020 Fieysim 20207 Explore Tutotials

\

The upper right-hand portion of the interface provides detailed information on the software version.

The tiled images in the main portion of the interface are links to FlexSim’s website for more information on
the software. If you are not connected to the internet, these links will not be displayed.
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The 3D model image in the background, in this case the model represents a restaurant, changes from launch
to launch, thus providing examples of application areas for where Flex:Simz can be used.

Once a model has been created, it can be accessed directly, without going through the Start Page, by double
clicking on the model file.

The file extension for FlexSim models is fsm. FlexSim automatically creates a backup of the current model
through an autosave feature. The default time between saves is 10 minutes, but this can be changed through
Global Preferences. The autosaved file is named <your_filename>_autosave.fsm. Note that the model is only

saved if it is not running; i.e., if a scheduled save occurs when a model is running, then the save does not occur.

The following figure shows the basic user interfaces in Flex:S7z. The numbers refer to the sections below where
each interface is briefly described.

File Edit View Build Execute Statistics Debug Help
A R T B 4 7530 f Tools []excel TgTree @Scrit @ Dashboards 3 Process Fow =006
[Reset p Run (@ stop D1 Step. Run Time: | 0.00 v RunSpeed: | 400 -
: “TrweEE ~ x| Quick Properties
iz > =) Views
1§ worary | Toobox

=) Fixed Resources ~

@ souce

& Queve .
oLy Mouse operations ——
" Combiner Working Mode.

W Separator 2 A perspective projecton
& Hutprocessor : ) show Connections
 BascrR snap to Grid

- Task Executers

Dspatcher 7] show Grid

4 Taskexecuter m = v Narmes

2 Operats v .

perator (=} W Color Scheme

: Transporter Blueprint
| Eevator

& Robot More View Settings...
crane - or Sove Setings s Defaul
A rsrsvence - Capture View
o D Gascre width Height
) Travel Networks 1920 1080
. Networkode
B amcconto
-J Conveyors
Straight Conveyor

Curved Conveyor
" Jon Conveyors 2

Capture View

G bazsan pont
Mouse Position [4.44, -11.86, 0.00]

3.1 Time and distance units

When starting a new model, the first information that is needed is the model’s units of measure. FlexSim is
actually unit-less — i.e., simulations are conducted using general time units and distance units. Therefore, it is
up to the modeler to specify the units appropriate for the system being modeled. A number of different model
units are available through a drop-down menu for each unit of measure. Note that the default units are metric;

ie. length (distance) is in meters, time is in seconds, and fluid (volume) is in liters.
This first step involves a very important decision, since the specified units cannot be easily changed in a
FlexSim model once they are initially set. However, there is Measure/Convert tool within FlexSin to help

with conversions.

Model Start Time can be changed at any time, but in most cases, its value can be ignored when starting a
model.
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3.2 Main Menu and Main Toolbar

The Main Menu functions the same way as in most Windows applications. File, Edit, View, etc. — provide drop-
down menu options for basic functions, such as opening and saving files or setting global preferences (File),
undoing modeling actions or setting/viewing model parameters (Edit), viewing vatious user interfaces (View),
executing a model (Execute), running experiments (Experimenter), and accessing the User Manual and license
information (Help). The menu option Debug is for advanced users and is not discussed here.

Global Preferences is an important option under the File menu, especially for setting graphics card compatibility
and customizing the tool bar.

The Main Toolbar is located below the Main Menu and is composed of a set of icons that provide shortcuts to
basic FlexSim operations and capabilities, such as saving a model, opening additional 3D views, accessing the

Toolbox, linking to MS Exvel, creating or accessing Process Flow logic, etc.

| R = lhavQe~H v &~ 530  f Tools []Excel g Tree @ Saipt @l Dashboards '+ Process Flow =00
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3.3 Model execution toolbar

As the name indicates, this toolbar, located below the Main Toolbar, controls a2 model’s execution. Reset
suspends model execution, removes all flowitems from the model, resets all statistics, and sets the simulation
clock back to 0. Run starts the execution of a model. Stop pauses a model run; the run can be continued by
pressing the Run button again. Step advances a model one event at a time.

[&Reset P Run [l Stop B Step Run Time: ‘0.00 | ~  Run Speed: 1 400 |+

Run Time shows the current simulation clock time and its drop-down menu is used to set the planned stop
time. There is no default planned stop time so unless suspended through Stop or Reset, a model will run
indefinitely. The duration of a simulation run is in simulated time, not real time. Time in FlexSz# is unit-less; it
is given context through the uset’s specification of time units (e.g., seconds, minutes, days). If the user specifies
the model units as seconds, then a Run Time of 10,000 is 10,000 seconds of simulated time (about 2.8 hours).
Of course, it will not take 10,000 seconds to run because simulations can run much faster than real time. The
execution time depends on the Run Speed.

Run Speed is like FlexSin's “gas pedal” — it controls how fast a simulation runs. It can be set with the slider
bar or via its drop-down menu. If a model’s units are seconds, then a speed of 1.0 means the simulation is
running in real time, i.e., one second of simulation time is one second of real time. Similatly, if the speed is set
to 100, the simulation is running 100 times faster than real time. Therefore, if a model’s Run Time is 100,000
seconds (about 28 hours) and Run Speed is set to 100, then the 100,000-second (28-hour) simulation will take
1,000 seconds (about 17 minutes) to run. The Maximum option in the Run Speed drop-down menu is the
fastest a simulation will run based on the host computer’s capability. A siwmulation’s speed can be adjusted as it runs
to move quickly abead in fime in order to get to an interesting point in the model execution or slow down fo carefully watch a certain
bebavior.

The Experimenter provides another means to run simulation models and is discussed later in the primer.

3.4 3D model view window, modeling surface, and mouse operations

The model view window is FlexSin’s primary interface since this where models are constructed in 3D. The
modeling surface is a gridded infinite plane in the x and y directions and located at 0 in the z direction. The x
direction is to the left and right, the y direction is forward and backward, and the z direction is up and down.

The black cross on the grid denotes the origin, where x=0, y=0, and z=0.

The grid units reflect the length units that are defined when starting a new model.

As discussed in the next section, FlexSim objects are dragged into the model view and placed on the modeling
surface. By default, object are placed oz the modeling surface, but can be located above or below the surface

based on the z-location parameter.

A mouse is used to navigate in the 3D model view. As shown in the figure above, the mouse movements are
as follows: (1) the left mouse button moves the view left and right and forward and backward, (2) the right
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mouse button rotates the view, and (3) using both mouse buttons, or the scroll wheel, zooms the view in and

out.
To reset the view of a model so that it is centered at the origin and is in a flat, two-dimensional plane:
0"‘. (1) Right-click anywhere on the modeling sutface, then (2) Select View >, then Reset View. This
two-dimensional view is useful for placing objects in specific locations on the grid, connecting
objects, and when the model appears to be lost somewhere in 3D space.
- As shown below, the modeling surface is actually a view of the 3D model and is a tabbed interface in
Q’ ‘Q the modeling environment. As will be seen later, other things, such as dashboards and tables, can be a

tabbed part of the modeling environment as well. The tabbed views can be removed by clicking on the
X button in the top-right portion of the view. In the case of the Model view, it can be reopened by
pressing the 3D button in the Main Toolbar. Therefore, 7f you close the Model view, you only lose the view of the
model, not the model itself! Also, as discussed later, model views can be saved so that the saved view can be

quickly recalled at any time.

Statistics Debug Help
vl ~-E~ 53D if Tools [%]Excel T8 Tree B Script @l Dashboards +3ProcessFlow =[] @ @
Step Run Time: ‘ 0.00 »  Run Speed: I 4.00 v

g Model v X

I

- A model view can also be created through the drop-down menu options on the View option on the
% % Main Menu. Other views can be created from there as well, such as the Quick Properties, Drag-Drop
Library, Toolbox, etc., which are described below.

- Multiple model views can be created so that the model can be viewed from vatious perspectives. Again,
® 9% views are created via the 3D button on the Main Toolbar. However, having too many views open can
slow down model execution since the graphics on all of the views must be updated as a model runs.
Another approach for having multiple model views is discussed in a later portion of the primer. Again,

closing views do not affect the model. Even if all views are closed, the 3D model is still there, it is just

not displayed.

[section 4.2] Simulation environment
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of the Toolbox below the default is a list of all of the tolls that are available. This list is accessed through the +
icon. Many of these atre discussed throughout the primer.

The various modeling objects and tools are introduced as the modeling examples are built. While FlexSim
contains a wide range of objects and tools to facilitate modeling very diverse and complex systems, this primer
only considers a subset of the capabilities, the key aspects that are needed to get started with FlexSiz.

3.6 Object interface

As described earlier a significant part of model building, at least for basic models, is to drag and drop pre-built
3D objects to a modeling surface. The objects are selected, arranged and connected so that they represent the
behavior of the system being simulated.

Each object represents a different functionality and contains numerous properties that are available to
customize the object’s behavior during a simulation. The properties are grouped by tabs on the object’s user
interface. Many of the tabs are the same across all objects since all objects can be customized by size and shape,
means for routing items to and from the object, defining custom attributes or characteristics (called labels in
FlexcSim), defining special actions that occur within an object, etc. Having these common tabs greatly enhance
learning and using the software.

Each object has one or more tabs that contain properties that are unique to its functionality.
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The following figure, using the Processor object as an example, illustrates some of the common aspects of 3D
object interfaces. For the Processor there is one unique property tab named Processor and the common tabs
Flow, Triggers, Labels, and General. The Processor object has numerous properties, such as: Maximum
Content, Setup Time, Process Time. The properties’ corresponding zalues are in the text boxes; for the
aforementioned properties, the values are 1, 0, and exponential(0, 10, getstream(current)), respectively. The
values of the properties are what can be customized by the user/modeler.

Tab with unique properties Tabs with common properties

Object name

#~ Prokessorl Properties - m} X

‘ Processorl © | @ &
—%—¢

Processor Breakdowns Flow  Triggers Labels General
A Maximum Content Convey Ttems Across Processor Length

™ Setup Time 0 < 8

<

Properties

Property Values
[ use Operator(s) for Setup 1 perty

Use Setup Operator(s) for both Setup and Proc

Process Time  |exponential(0.0, 10.0, getstream(current)) Property definition aides

[[] use Operator(s) for Process

L _4
0.00 /ﬂ( no preempt

“Sampler” for setting property values

Drop-down menu of property options

Computer code that defines the property
Property definition interface

To help provide values for the properties, property definition aides are found to the right of many property text
boxes. One such set of aides is highlighted by the gray oval in the figure above. The aides are called out and
identified at the bottom of the figure and briefly defined below.

e Drop-down menu of property options. Property values can be set by many means, such as: specifying a
numeric constant, sampling from a probability distribution, looking up a value in a table, and following
logic that is based on one or more states of the system. The drop-down menu is used to provide a list of
means that are available for setting the property value.

e  Property definition user interface. Once a means for setting a property value is selected, it likely requires

specifying some parameters in order to be implemented, such as specifying the mean of a probability
distribution or identifying which table to use for looking up a value. For each type of means, FlexSim
provides a user interface that contains the required parameters that need to be specified.

e Computer code of the property. For more advanced applications, the predefined means for setting a
property value may not be adequate. One way to further customize the model is to modify the undetlying
logic. Clicking on the scroll-shaped icon provides access to the undetlying computer code, which may be
modified using FlexScript, a subset of C++.
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e Sampler. The eye-dropper-looking tool provides a convenient way to access properties of 3D objects by
just clicking on the object with the Sampler and then selecting from the resulting set of applicable property
values. This tool is illustrated later in the primer. It is especially useful when accessing information from
3D objects while modeling in Process Flow, FlexSin’s custom logic builder.

3.7 Quick Properties panel

All of an object’s properties are accessed by double clicking the object. However, a subset of commonly
accessed properties is provided in the Quick Properties window. The window also includes some basic statistics
that are updated as a model runs.

Clicking anywhere on the modeling surface brings up some of the viewing properties on the Quick Properties
panel. For example, the Views section is used to create specific views of a model, such as an overall model view
or a close-up of an individual object, and to easily switch between views. Also, in the View Settings section, the
default Working Mode is used for model building, but Presentation Mode is useful for demonstrating a model
since it hides connections, labels, etc.

3.8 Help

FlexcSim offers many ways to obtain clarifications and more detail while using the software. Three of the primary
means are introduced here.

3.8.1 User Manual

The first means to obtain additional information is via the Main Menu option Help. There ate many resources
available here, but the key one for new users is the User Manual. When this menu item is selected, the window
shown below opens.

T ¥ X Quick Properties
[ — ~ | -] user Manual
WELCOME TO FLEXSIM e

([ Introduction
[2] Welcome to Flexsim

[2) Quick start

FlexSim is 3D simulation software that models, [2] Activating and Managing
simulates, predicts, and visualizes business systems Yourlicense

P 4 Y [2] customer Support
in a variety of industries: manufacturing, material Qﬁ] Training Classes

- . - e Tutorials
handling, healthcare, warehousing, mining, logistics, @ The FlexSim User Interface
and more. It is both powerful and user-friendly. @: Simulation Best Practices
@ Using 3D Objects

@ Connecting 3D Object Flows
@ Building the Model's Logic
@ Working With Task Executers
@ Getting Data from Your Model
@ Using FlexSim Healtheare

@ Reference

Make Better Decisions

FlexSim can help your company make more informed
decisions. You can use FlexSim to:

e Visualize--risk free--the results of proposed
changes to optimize the flow of products,
staffing, resource utilization, floor plan design,
and almost any other aspect of the system
Optimize your system before you implement

changes in real life, saving your company time
and money

Study altemative investment ideas and cost
reduction plans
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The left pane of the window provides the textual description of a topic.

The right pane, in the Quick Properties panel, contains three tabs. The first tab provides the table of contents
for the full user manual. The second tab provides an extensive list, which can be searched, of indexed topics
that are covered in the manual. The third tab provides the ability to search the User Manual using key words.

3.8.2 Context Help

The second means to get help and further information is via the Help icon. 9

This icon can be found throughout the software. When the icon is clicked it goes to the relevant part of the
User Manual depending on the context. One place where the icon is prevalent is in the lower-left corner of
each tab of each object user interface. Clicking on it opens the User Manual with a description of that tab’s
functionality and an explanation of each property and parameter on the interface.

3.8.3 Answers

The third means for obtaining further information is the online help area that is referred to as Answers. Itis a
part of FlexSim’s website and can be accessed at https://answers.flexsim.com/index.html . As shown in the
snapshot of the site below, users can search for posts and topics and pose their own questions. This is a very
active site and the posts are extensive, but the search capability makes it extremely useful.

‘0"’ FLEK [back to www.flexsim.com]

solved.”

Find posts, topics, and users... Q Ask a question [T RN T

aill o ¢ & @ et
All Posts ' Things to know
¥R Benjamin W2 e ) « You F\an visit the new online User Manual by
éﬁ AGV Network and Rack Picking ™ clicking here (NEW)
2 n Software & Simulation Questions - Best practices for using this Answers site

= Submitting code and how to avoid being

0
Change global table values depending on an average value Like HeEied

stefano L

n Software & Simulation Questions = How do | submit feature requests or bug

reports?
Alessio Merlo
g Are old rack APl compatible with new warehousing module? H:uw LU_
Software & Simulation Questions Spaces
Valentin R
Image quality in GU/Dashboards (Bitmaps) LU. = All Posts
1 hou Software & Simulation Questions = Waiting for Accepted Answer
o Hotiest Posts
& Tanner Poulton cor L 0 » Most Up-voted Posts
Tutorial Task 1.1 - Use an Activity Error message- Creation location is invalid Like
ir a Software & Simulation Questions = Software & Simulation Questions
= Accounts & Licensing
christoph grube . "
Label reset without function L U F‘E:S;Z\fg\opmem
2 hours a Software & Simulation Questions o General Discussion

e Learning Resources
MR, Tanner Poulton comme PO

Prior to using the site, one should review the best practice for using the forum.
https:/ /answers.flexsim.com/articles /22192 /best-practices-for-using-this-answers-site.html

All of these resources are very valuable for both new users and experienced users. Obviously, there are many
means beyond this primer to learn about the vast capabilities of FlexSin.
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4 GETTING STARTED WITH THE SIMPLEST MODEL

To start building a model of the system desctibed in Section 2, start with the most simple model. This model
is used to introduce the basic 3D modeling objects in Flex:Sim in terms of their functionality, structure, and
properties, as well as obtaining basic output from the simulation. Once these fundamentals are explained, along
with a step-by-step guide to customizing the objects and building the model, the primer describes how the basic
model is expanded to better represent the system being considered and introduce more of FlexSin's
functionality and capability.

% [section 4.3] Simulation components

A new model is started by double clicking the Flexsin program icon and selecting New Model from the Start
Page.

For this case, use the default units, except set time to minutes; i.e., the model units should be meters, minutes,
and liters.

Start with the most simple model by dragging the following
objects from the Object Library to the 3D modeling view: Soutce, - - —+ *

Source

Queue, Processor, and Sink. The objects can be located anywhere, Puncomrt

Sinkt

but arrange them similar to the figure to the right.

These objects represent the first part of the production process, the finishing operation, and provide the basic
functionality for the simulation model. The Source generates flowitems; in this case it generates the containers
that are to be finished. The Processor represents the finishing operation and the Queue is used to retain items
that have arrived, but cannot access the finishing machine because it is busy. By default, a Processor can only
process one item at a time. The Sink represents the next process and that is not modeled at this time. Items
should move to the packing area, but that will be modeled later — we are starting small and simple.

While the four objects define the model’s functional parts, the model is not yet complete - the relationship
among the objects still must be defined. In this simple case, the objects are related by the sequential flow of the
items between the objects. The item flow is defined by connecting the objects and, as with most aspects of
modeling, there are several ways to do this. In Flex:Sin, there are several types of connections between objects;

the item flow connection is referred to as an A-connection.

One approach for connecting objects for item flow, an A-connect, is to follow the sequence:

e Press the A key (notice the cursor changes from an arrow to links in a chain).

e Keeping the A-key pressed, click on the “from” object, where the flowitem comes from (the object
becomes highlighted with a yellow box).

e Keeping the A-key pressed, drag toward the “to” object, where the flowitem is going (notice a yellow line
emanating from the highlighted object).

e (lick on the “to” object.

e Release the A key.
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The result of an A-connect is that the two objects are connected
with a thin black line as shown in the figure to the right. Also, two

Input port

Output port
small triangles appear on the edge of the two objects. The one on et
the right-hand side of the Source is its output port, from where | = soue

flowitems leave the object. The one on the left-hand side of the

Queue is its input port, where flowitems enter the object. Every A-connect results in the automatic creation
of two ports — an output port on the “from” object and an input port on the “to” object.

Be careful with the direction of the object connections since they affect the flow direction. The first object
selected is the object frozz which items flow and the second object selected is where items flow 7. Of course,

this can be checked by looking at the ports connections as shown in the figure above.

If a connection is to be removed, follow the same steps as defined above for the A-connection, but hold down
the Q key instead of the A key. Notice the cursor changes from an arrow to links in a chain with one link
broken.

An alternative connection approach is to use the Connect Objects (A) icon on the main toolbar, next to the
arrow icon and to the right of the new, open, and save icons, as shown below. With this method, the A key is
not held down and objects are just clicked in the order that they need to be connected. The ESC key must be
clicked once all connections have been made in order to return to Standard Mode, where the cursor appears as
an arrow.

File Edit View Build Execute Statistics Debug Help

ﬂu\ﬂ ﬁgﬂ‘,.,'?;?'ﬂ"ﬂ' 7 3D

Similatly, the Disconnect Objects (Q) icon can be used to disconnect objects.

[section 4.7] Making connections

If a mistake is made in a model, the action can be undone, by using Undo command located under Edit

%

& ¢ in the Main menu.

Connect the objects, as shown in the figure below, then Reset and Run the model. It should look similar to
the following figure. Items (boxes) should move across the object named Processorl and should be
accumulating in the object Queuel. If so, congratulations — you’ve built your first Flex:Siz modell Hopefully,
this will be first of many helpful models for improving system performance.

e 38

solved.



FlexSim Simulation Software Primer software version 2020 Update 1 (20.1.2)

#% FlexSim 2018 - MyFirstModel.fsm = (=) X
File Edit View Build Execute Statistics Debug Help
Al sAav Qv B B~ H30  f Tools E]Excel 1§Tree @Script @ Dashboards 3 ProcessFlow [ @ @
KdReset P Run [l Stop DI Step Run Time: | 2387.21 v RunSpeed: | 365 |+
Library x % Model! v X  QuickProperties x
[} vbrary | Toolbox | Views
v
=) Fixed Resources ~ :
.Source ;
& Queue
Processor
:5 K -] View Settings
ini
Working Mode
®* Combiner
W separator [ Perspective Projection
o MultiProcessor l =5 []Show Connections
> [] snap to Grid
s & [—
Snap to Background
|- Task Executers Source1
" Output: 221 E\i=— " [“]show Grid
+)) Dispatcher ueue’ Sink1
CurContent: 13 Input; 207  Show Names and Stats v
4 TaskExecuter MaxContent: 14 Processor1
% operat AvgStaytime: 27.4 Output: 207 poascn
perarer %ldle: 13.3 Blueprint
“f Transporter %Processing: 86.7
W Eevator More View Settings...
.t Robot Save Settings as Default
v
A Crane =| Capture View
#] asrsvenice Width Height
5 1920 1080
BasicTE
Capture View

=) Travel Networks
'.) NetworkNode

B Use the Save option in the File menu to save the current model. Use whatever file naming convention you
=|| prefer, e.g. MyFirstModel. Flex:Sim models have the filename extension .fsm.

By default Flex:Simn displays each object’s name in the modeling view. This is the default Show Names setting
in the Quick Properties panel (accessed by clicking anywhere on the modeling surface). This can be changed to
either Show Names and Stats or Show Nothing. The Show Names and Stats option, as shown in the
figure above, displays and updates a few basic statistics about each object as the model runs. As with most
things in FlexSim, this can be customized.

A few things to note in the figure above, which is a snapshot of the model as it is running.

e The simulation time of the snapshot is 2387.21 minutes (Run Time in the Execution Toolbat) after the
simulation started. This is nearly 40 hours of simulated time, yet the model only requires about a second or
so of real time to run (at 2 Run Speed of 365, as shown in the figure).

e The Processor has been busy 86.7% of the simulated time, the current value of the %Processing statistic.

e Since the simulation began, 221 items have entered the model through the Source (its Output statistic) and
207 have left through the Sink (its Input statistic).

e The current number of items awaiting processing is 13 (CurContent). The maximum number waiting at
any time since the simulation began is 14 (MaxContent). The average time an item spends waiting is 27.4
minutes (Staytime), which may or may not be acceptable system performance; it depends on the system.
In a human-based system, it may not be acceptable to wait nearly a half hour for 10 minutes of service.

However, in a manufacturing or logistics system, the wait time may be acceptable.

This model is running with all default parameters. While the basic flow logic is correct, the model is not using
data that represents characteristics of the example system, such as inter-arrival imes and process times. The

next section begins the customization process.
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—up  Use the Save Model As option in the File menu to make a copy of the existing model so that it can be
customized beginning in the next section. Again, use any file name, but in the primer, it is referred to as

Primer_1-1.

Whenever a model is saved, FlexSim creates a second file with the same filename, but with the extension

-

o% % fsm!l Thisisa backup file so that if the basic model file is corrupted or lost this file can be enabled by
deleting the ! at the end of the extension.

- FlexSim also automatically saves the model in a separate file every 10 minutes (the default ime which can

0’ ’Q be changed on the Environment tab of the Global Preferences located in the File menu. The name of the

backup file is the filename plus _autosave, e.g. Primer_1-1_autosave.fsm.

It is good practice to save a model frequently and to save the model as a new version, with a new name,
m whenever significant changes are to be made. This permits a roll back to a model that has been tested
and works as desired if a mistake is made while making the change or if the change does not provide

the desired result.
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5 BASIC FIXED RESOURCE OBJECTS AND CUSTOMIZATION

Each of the basic modeling objects that are used in the simple model are explored, and in doing so, the objects
are modified so that the simple model becomes a better representation of the real system that is considered in
the primer.

[sections 4.4, 4.7] Fixed resources, Making connections

5.1 Basic object properties and structure

The objects are customized by modifying their properties, which are accessed by double clicking on the object
in the model view or through the Quick Properties panel when an object is selected in the model view. The
figure below shows both interfaces — the Quick Properties are available in the panel to the right and the main
or detailed properties interface is shown in the center of the figure.

¥ X Quick Properties
‘ 4] Statistics

N

™ -| General Properties

| _
g o D Co—
fs3d\Processor\Processol| v
Processor Breakdowns Flow  Triggers Labels General

Maximum Content Convey Items Across Processor Length

4

Setup Time |0 -V

IEEN
A k]| [LaCe] [CafCw]

| [Juse Operator(s) for Setup 1 W) :I:
. Use Setup Operator(s) for both Setup and Process | ?’ m :
Wi P More Properties

Process Time 10 ~S 7

Processor1 [ JUse Operator(s) for Process 1 : Xt 3 <

[ Automatically Reset o 23 25
=l Processor

Max Content

Setup Time
0 B

0.00 no preempt

N

Process Time
10 5

Send To Port
First available

N

4

;:

[ luse Transport

e Quick Properties interface provides access to a commonly-used subset of an object’s properties. It is
Th k Properti terface provid t ly-used subset of bject’s properties. It

accessed by selecting an object, i.e., just by clicking or selecting it and without opening.

However, in this primer, most of the properties will be changed through the main, detailed interface that is
accessed by double clicking the object. All of the properties of an object are organized on tabs. For the
Processor, as shown above, all of its properties are contained on six tabs.

The number of object properties in FlexSim is extensive, thus providing a great amount of modeling flexibility
and capability. Since the purpose of this primer is to introduce the basics of how FlexSim works and some of
its capabilities, only the most basic and salient features and properties are presented. Therefore, it is well beyond

(o N
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the scope of this primer to discuss every property on an object interface and every object and feature in FlexSim.
With the foundation provided in this primer, the User Manual can be used to understand other properties and
parameters.

It is important to note the buttons at the bottom of the object interface. Apply saves any changes, but does
not close the window. OK saves any changes and closes the window. Cancel does not save any changes and
closes the window. Avoid closing the object windows with the X in the upper-right corner of the window — it
functions the same as Cancel, thus not saving any changes made in the properties in the window.

One thing to note as the various objects are explored is that the basic structure of the different types of objects
is the same. Object properties are grouped using tabs. All objects have the tabs defined below and one or more
tabs that contain properties unique to that type of object. Having a common user interface for object properties
greatly enhances learning FlexSin and its overall ease of use.

e General tab — basic object information, including:

o Appearance for specifying 3D shape, color, position, size, etc.

o Flags for controlling what is displayed and the object’s accessibility.

o Ports for displaying and controlling what objects are connected to the object’s ports.

e Labels tab for defining custom attributes that are used or updated during a simulation; there are multiple
types of labels, numeric, string, pointers, arrays, etc.
e Triggers tab for invoking optional actions that can occur as a model runs.

o Triggers have many and diverse uses and are grouped both by when the action occurs and by what type
of action occurs. The type of trigger vaties by the object, but many of the triggers are common across
all of the objects.

o  When an action specified by a trigger is executed, it is said that the trigger “fires.”

o Triggers are first specified by when they occur, such as On Reset,

#% Processor! Properties - o x|
On Stop, when an item enters or exits the object or both (On P el
Entry and On Exit), etc. The figure to the right shows when . @@
triggers can fire in a Processor. For example, when a setup #°
On Setup Finish
operation is completed (On Setup Finish), when the basic process o o
. . . . On Exit
is completed (On Process Finish), when a flowitem enters the an o
‘On Pre Draw
Processor (On Entry), etc. O Faset
On Message
Pick Offset
Place Offset
On Stop
On Resume
On State Change
0 1 [ oo o
% i) solved.
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% Processar] Properties - o X

o Once when a trigger fires is defined, then what action is to
occur is specified. The figure to the right shows what actions =8 ==

are possible when an On Entry trigger fires. The actions are &

grouped by the type of actions: Data, Control (e.g., open or o
e e et

Code Snippet Set Name

push to or pull from lists), and Code Snippet. In the case of =

Wirite to Globallable

the figure to the right, for an On Entry trigger on a P o nd O 0 G

close object ports), Visual (e.g., set color or size), List (e.g.,

Processor, a variety of Data actions are possible, such as Set
Label, Set Label Table, Set Name, etc.

L7 200 = 100 N Apphy oK Cancel

o All objects have OnReset, OnMessage, and Custom Draw triggers.

o Note, all Fixed Resource objects have both OnEntry and OnExit triggers, except the Source only has
an OnExit trigger (nothing enters a Source); similarly, the Sink only has an OnEntry trigger (nothing
exits a Sink).

o All Task Executers have OnLoad and OnUnload triggers; these are analogous to the OnEntry and
OnExit triggers for Fixed Resources.

o All objects have triggers related to their type, e.g., OnCreation in a Source object, OnProcessFinish
in a Processor, or OnResourceAvailable in an Operator object.

All Fixed Resources have a Flow tab that has three major functions:

Control zo which output port a flowitem should be sent when it leaves an object, e.g. based on the downstream
object(s) availabilities or queue size, an item’s attribute or label value, or a table value.
Specity whether an item uses a transport to reach the next object. If a transporter is used, it is requested based
on specified criteria. The item waits in the current object until a transporter arrives and loads the item.
Therefore, if an object’s capacity is one item, then a new item is not moved into the object until the current
object exits via a transporter (if required).

Note that if no transport is used, then an item moves between two Fixed Resource objects in zero
simulation time regardless of the distance between the two objects.
Enable pulling items into the object. Normally items move through a model by being “pushed” from one object
to another; i.e., the current object determines to which subsequent object an item moves. Pulling enables

an object to determine which item it processes next based on specified criteria.

Each object has a name. Since FlexS$7» must ensure each object has a unique name, it automatically assigns a

name when an object is created by selecting it from the library and dropping it into the 3D modeling view.

When a model has multiple instances of a type of object, even with a relatively small number of objects, it

becomes difficult to recall which object does what in a model, e.g. the difference between Sourcel and Source2.

Therefore, each object should have a meaningful name that reflects its role in the model; e.g. ContainersArrive

is a much more meaningful name than Sourcel. The naming is for the modeler’s benefit, and others who access

the model, not for the software.

[ W] Begin with the basic model from the previous section, named Primer_1-1, and Save As Primer_1-2. Basically
=] make a copy of the model so that it can be customized and the original model is retained.
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5.2 Source object

The Source is a modeling boundary, a starting point for what is being considered in the system. For this

example, what happens to the containers prior to arriving to the finish area is not a concern at this time.

Objects should be named in a meaningful way. Therefore, change the object’s name from Sourcel.

» Name the Source object ContainersAtrive.

Information about the flowitem being created is specified on the Source tab. Flowitems are created in one of
three ways, based on: (1) inter-arrival times, (2) schedule, or (3) sequence. The default value for the Arrival
Style property is Inter-Arrival Time and the default is used in this example. The Arrival Schedule option for
the Arrival Style property is discussed later in the primer.

The time between arrivals is defined by the Inter-Arrivaltime property. The default is:

exponential(0, 10, getstream(current))

i.e., each inter-arrival time is obtained by a random sample from an exponential probability distribution with a
mean of 10 time units, 10 minutes in this example.

The property’s value can be set from a variety of drop-down menu

| #S ContainersArrive Properties - O X

options. For this example, and as shown in the figure to the right,
. . . . . . ContainersArrh <
change the inter-arrival time distribution. ‘ e WL
Source Flow Triggers Labels General i
. . . . Arrival Style Inter-Arrival Time v
» For the Inter-Arrival Time property, select the Statistical
. . . . FlowItem Class  Tote >
Distribution option and then the Triangular option in the |
[] Arrival at time 0 N
submenu. !
Inter-Arrivaltime |triangular(10, 35, 15, getstream(current)) ~E T
Distribution triangular ™
Note that there are many distributions to choose from in FlexSin. Arwe [ -
. . . . . Maximum 35 - A
Each distribution has a different set of parameters. The triangular T .
requires three parameters - the minimum, maximum, and most- Srean  |gerenioiren) i

Based on 1000 samples

likely (mode) times between arrivals.
» As shown in the figure to the right, enter the triangular

distribution’s parameters for this example. The minimum, || 1112131415161718192021 222324252627 2829303132

maximum, and most-likely (mode) values are 10, 35, 15, Ol o] O] [l

respectively.

In order to implement a distribution, the user interface provides the specified values to a FlexSiz command; so
that it can be executed; in this case, it translates the interface values to:
triangular(10, 35, 15, getstream(current))

These specified parameters result in an average time between arrivals of 20 minutes, the sum of the three
parameters divided by three. In general, the mean of a triangular distribution is the simple average of its three

parameters.

An average time between arrivals of 20 minutes corresponds to an average arrival rate of 3
customers/containers per hour. Rates are the reciprocal of time values; in this case, the average arrival rate is

(o N
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60 minutes/hour + 20 minutes/customer = 3 customers/hout. Simulation softwate typically use average times
rather than average rates.

The last parameter in specifying any probability distribution in Flex:Sim is the number of the random number
stream to be used for this source of variability. This is implemented through the command, getstream(current).
Discussion of random number streams is beyond the scope of the primer. Also, commands are discussed later
in the primer. However, it is fine to use the default for the Stream property. It is good general practice that
stream values be unique for each source of variability in the model — this is handled automatically by FlexSi
through the getstream(current) command.

Discussion of selecting probability distributions for interarrival times, process times, failure times, etc.
m is beyond the scope of this primer. ExpertFit, which comes with a FlexSim license, is a good tool for
fitting data to distributions.

Also, it is generally a good idea to use bounded distributions so that the model does not use unrealistic,
extreme values that can result from such distributions as the normal, expoenential, etc.

[Chapter 8] Modeling Randomness

The type of flowitem that is created by the Source is specified by the FlowItem Class property. The default
type is Box, but there are other options in the drop-down menu. Also, it is easy to create custom flowitems.
This is done later in the primer.

» For this example, select Tote as the Flowitem Class value.

In this example, there are multiple types of containers, all of the same class; i.e., they all use the same flowitem
container, Tote. For now, assume three equally-likely types; this will be changed later in the primer. To easily
distinguish the types in the model they will each have a different color. To model this in FlexSinm,:
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> In the Soutce object, use the OnCreation trigger and select
Data and then select the Set Label and Color option. Use
the default properties as shown in the figure to the right.

As mentioned eatlier, attributes in FlexS7m are called /labels. The
OnCreation trigger that is shown to the right creates a label
named Type for each item that is generated at the Source. In this
case, the value of Type is the result of a random sample from a
discrete-uniform distribution with possible values of 1, 2, or 3,
with each value equally likely. This action is accomplished by the
FlexcSin command

duniform(1, 3, getstream(current))

This trigger also sets the item’s color based on its Type value. The

default color scheme in FlexSim is 1=red, 2=green, 3=blue,

4=yellow, etc. Of course, a custom color scheme can be defined.

solved.

= ContainersArrive Properties -

’ | ContainersArrive

Source Flow Triggers Labels General

On Creation

\ “ et Label and Color

Object |item
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Value | duniform(1,3,getstream(current))

O Fs 8 [« [» Apply oK
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-

Cancel
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5.3 Flowitem Bin

Flowitems are customized through the FlowItem Bin, which is accessed either via the ToolBox or its icon
located on the right end of the Main Toolbar. An example of the Flowltem Bin is shown in the figure below.
The default classes of flowitems are shown in the left-hand portion of the interface. The lower-left corner
shows the packing methods that are available for the container flowitems., as defined below. The right-hand
panel in the figure below shows the Quick Properties of the selected flowitem.

#44 Modd TGRS B v X Quick Propertes x
* a4 X t 8 -

PPt et —— B

Cyfrder

Sphere o Is3dGeneraBox. 3ds -r
Pane

croe I -

Tote i X L z
Person )l 030
Truck

J 000 0.00 2
O( 0.61 2061 =030 |2

More Properties

| Labeds
*X T8N

[ Automaticaly Reset
-1 Shape Frames
0 - Base Frame *
7N Packing Methods = a

L X s
Defanit

Simgle

Layer Stackng

Truck

Edit Packing Methods
O& Propertes

There are two general categories of flowitems — Basic and Container.

e Basic flowitems are simple shapes, such as Box, Cylinder, Sphere, Plane, Circle, and Person. Their visual
appearances — such as size, shape, rotation, color - can be customized.

e Container flowitems — Pallet, Tote, and Truck — are special in that they can contain basic flowitems and
can be packed in various ways.

o The Default packing method is used by the Pallet. Items are stacked on top of the container filling
up as much available space as possible before moving to the next level. This is similar to the way items
are stacked in a Queue by default.

o The Simple packing method is used by the Tote. This is similar to the Default method except
flowitems are packed 70 and not onto the container.

o The Layer Stacking method considers the uniformity of flowitem sizes. When flowitems have a
consistent height (z direction), they are put on one layer of the container. As soon as the height of a
flow item differs from the others, it is placed on a new layer. The width (x direction) or depth (y
direction) can be checked instead of z.

o The Truck packing method is used by the Truck class of flowitem. Within the Truck item, other
flowitems are first stacked on top of each other in the forward end of the truck and the stacking moves
toward the back.

o Each of the packing methods can be customized through FlexSeript.

v
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5.4  Queue object

The Queue object delays an item if no downstream object is available to process an item. In this case, if a
container arrives to the system and the Processor is busy, it waits in the Queue.

For this example, the Queue properties are changed as follows

#% ContainersStorage Properties - O x

| @ o

and as shown in the figure to the right.
» Name the Queue object ContainerStorage ‘ [comanessoroe

» Change the Maximum Content property from the default | ©= ™ T e G
Maximum Content
[Curo

large (1000), but in this example, it is assumed that the Batihing

[Jrerform Batching
maximum realistic quantity is 50. This will likely change as the 2

value of 1000 to 50. By default, the queue size is assumed

system is designed and the space available for storage BT

Flush contents between batches

becomes clearer.
Visual

» Change the Item Placement property from the default value

Item Placement Hoarizontal Line 7

of Stack inside Queue to Horizontal Line. By default, Stack pase 2

items are stacked in the queue by filling up as much available

space as possible before moving to the next level. The guantity in a layer depends on the physical size of the Quene
and of the flowitenms.

5.5 Processor object

The function of a Processor is to invoke a planned delay on items flowing through a model.
» Name the object FinishMach_1; it is anticipated that more than one finish machine will be needed.

Each finish machine processes one container at a time, which is the default value for the Maximum Content
property. However, note that a Processor can process multiple flowitems concurrently by changing this

property’s value.
- Using the Maximum Content property is a quick and convenient way to represent multiple resources by
¢ % using only a single object. This is handy when building a simulation model to obtain a rough estimate of

system requitements. However, modeling multiple resources through a single object precludes modeling
certain system aspects, such as downtime on individual resources, operator travel to specific resources,

processing specific types of items on specific resources, etc.

The planned delay is specified by the Process Time property. The default is a constant 10 time units. In this
example, the finish ime depends on the type of container; i.e. the finish time for Type 1 is 15.0, Type 2 is 20.0,
and Type 3 is 30.0. This is implemented through the Values By Case option. In this example, each case
corresponds to a type; therefore, three cases are created.
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To model the situation where process time depends on product

| #% FinishMachine_1 Properties — m} X

type, perform the following steps: -
» Sclect the Process Time property, then select the Values By gl b4
Case option from the drop-down menu. e RS Lo
Maximum Content | 1 [Vl Convey Items Across Processor Length
» Create 3 cases, in addition to the default, by using the + — .
button; then set the values as shown in the figure to the [ use Operator(s) for Setup -
right. 2 Setup Operator(s) orboth Setup and
Process Time ~Values By Case YV
The logic works as follows. When an item enters this Processor s Ol (s) fof rocess :
and needs a process time, FlexSim checks the value of the label :::::" _— ;;
Type and it becomes the case number. Therefore, if an item’s Case [Defaut_| Time (1000 -
Type value is 2, the time specified for Case 2, 20.0, is used for the Ceel1 Time {15 L
process time. The Default Case value is used if an item has a Type :: j TT:P i ;
value other than 1, 2, or 3.
O r A Apply oK Cancel

The notation in the Case Function property is the way FlexSim refers to a label. In general, it is referred to as

@ 2

dot notation because a dot or separates parts of the notation, i.e. object.LabelName. In the case of

item.Type, the object is the flowitem, referred to as item, and the name of the label that is being considered is
Type.

The default process time in the Values By Case logic is set to 1000, or any large number. This helps

m the modeler to remember to add a Case if a new type of container is added to the model. This way, if a
fourth type is added in this example and this property is not updated with a new Case, then the item
will be delayed a long time at the Processor and things will back up in the model. This should prompt
an investigation as to the problem and hopefully the failure to update the process time is discovered
and remedied. If a small value is used for the default, this oversight may not be caught and the new
container type will use an erroneously low value, thus affecting the results.

Since the three types of containers are equally likely, the average processing time is 21.67 minutes (average of
15.0, 20.0, and 30.0). Recall, the average time between atrivals from the source is 20 minutes. This means the
single finish machine will be overloaded since the planned utilization is greater than 100%, on the average
(21.67/20.0 = 1.083 or 108.3%). The situation will actually be worse since there is vatiability in the system due
to the type of container, time between arrivals, and the finish machine not being available 100% of the time
due to downtime. One way to remedy the large queue contents is to use another finish machine, which is done
in Part 2 of the primer.

In addition to the process time, there is a sefup operation. The setup operation is separated from the process

time for two reasons:

(1) An operator will perform the setup operation, but the machine will run on its own once it is set up. ( This
will be incorporated into the model in the next part of the primer.)

(2) The setup operation only needs to be performed when the type of item (container) changes.

R FLex 49

solved.



FlexSim Simulation Software Primer software version 2020 Update 1 (20.1.2)

The time to perform the setup operation, when it needs to be performed, is assumed to be a fixed two minutes.

The setup logic is implemented into the FlexSin model as follows

and as shown in the figure to the right:

» Select the Setup Time property on the Processor object’s
Process tab, then select the drop-down menu option If Item
Label Value Changes.

» Update the resulting menu’s property values as shown in the
figure to the right and as described below.

» Label: no change, use the default Type.

» If Item’s Label Changed: Set this property’s value to 2.

» For the property Otherwise, change the default value 5 to
0.

5.6  Sink object

#< FinishMachine_1 Properties - O

»
* [ FinishMachine_1

Processor Breakdowns Fiow Triggers Labels General

| @ &

Maximum Content O Convey Items Across Processor Length

Setup Time If Ttem Label Value Changes (values are set) - =

[[J use Operatort(s) for Setup )

Label "Type" -2

If Item's Label Changed |2 v
Process Time ems Y /

Otherwise 0 \ ¥4

This option is useful if your processor has a change over time
when a new item comes in with a different label value.

0.00 no preempt

O Tz 4[] Apply OK

£

Cancel

The Sink object removes flowitems from a model; therefore, it is the opposite of a Source. However, this

functionality is much less complex than that of a Source. There is not as much involved in removing items

from a model, compared to creating them, which involves defining what to create, with what properties, when

to create them, etc. The Sink is another modeling boundary; the stopping point for what is being considered in

the system.

» 'The only change that is made to the Sink is its name, NextProcess.

If you haven’t already done so, save the model. Recall, it is good practice to save often.

solved.
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BASIC MODEL OUTPUT

Simulation models are developed to assess the dynamic behavior of an operations system. Therefore, there are

multiple means to access the results or output from a simulation model, a few simple ones are described here.

Output is usually obtained from FlexSin’s Experimenter. It, among other things, is used to:

Execute multiple experiments in a single run.

Control experimental conditions, such as number of replications and warm-up petriod (advanced topics

discussed later in the primer).
Obtain statistical estimates of system performance measures.

Directly link to OptTek’s OptQuest optimization software.

However, for now, only a few very basic output measures are discussed here.

[section 4-10] Single-run statistics

Comnsider an 80-hour run of the simulation model (equivalent to ten 8-hour shifts). In model terms this is 4,800

minutes; recall, the model’s time units were defined to be minutes when the model was initially created. The

figure below shows setting the model’s run time and is followed by the instructions.

) Run Time: | 0.00 to 4800.00 |B Run Speed: ]

I Viodel

Display Mode
@ Minutes
() Date and Time

Stop Time

| 4800.00

| 2:00:00 M 2| g/17/2018

[ ]warmup Time

0.00

| s:00:00 am 2] [ 8/14/2018

400 -

> Select the dropdown menu on the Run Time property that is located on the model’s Execution Toolbat.
» Check the Stop Time box and enter 4800 is entered into the box below it.

So that model finishes more quickly, the Run Speed can be adjusted higher than the default value of 4 by using

the slider interface.

ss. FFLex
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6.1 Object statistics and Quick Properties

A few basic output measures are provided for each object on the modeling

surface, as shown in the figure to the right. These values are continually g

updated as a model runs. At the moment when this screenshot was
captured (at the end of a 4800-minute model run) the Processor, named
FinishMachine_1, was processing an item (CurContent), the most it

processed at one time was 1 (MaxContent), and the average setup and

process time is 22.6 minutes (AvgStayTime).

Show Names and Stats setting in the Quick Properties panel. This is

explained below.

As with just about everything in FlexSim, these measures can be
changed. As shown in the figure to the right, this can be done
through a trigger. In order to access the parameters:

» Select the On Pre Draw trigger on the object’s Triggers tab
» Then, select the Change Object’s Stat Display option on the
object’s On Pre-Draw trigger.

Discussion of how to add or modify the statistics is currently
beyond the scope of the primer.

oo L
<%

solved.

FinishMachine_1
The default object statistics can be displayed for all objects through the CurContent: 1

MaxContent: 1
AvgStaytime: 22.6

#% FinishMachine_1 Properties - O X

*- [ FinishMachine_t | @ &

Processor Breakdowns Flow  Triggers Labels General

‘On Pre Draw ‘ 4 %
Change Object's Stat Display
Add / Remove Stats & X
sat |[curcontent: | Precson| 0 |
Value |current.subnodes.length - /0
Stat | MaxContent: | Precision| 0 |
Valye |current.stats.content.maximum - }
Stat ‘Avgstayllme‘ | Precskmll ‘
Valye |current.stats.staylime.average - )'

&
© =44« Apply oK Cancel
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What is displayed on the modeling surface as a simulation runs is

controlled by the View Settings section in the Quick Properties panel.

An example of the panel is shown to the right.

This panel is accessed by clicking anywhere on the modeling surface in the

3D modeling view. Three display options are available: Show Names and
Stats, Show Names, and Show Nothing.

The panel is also used to:

Create views in order to easily switch the model’s display to
predefined views, such as an overall view of the model, a close view
of a particular object, etc.

Change the basic viewing mode from the default, Working Mode, to
Presentation Mode, which removes the grid and connection lines
and uses perspective projection.

Control the view settings individually by checking or unchecking the
check boxes.

Access additional, more advanced, view settings through More View
Settings ...

Take a snapshot of the model, Capture View, and save it as a graphics
file with a png extension.

If an object is selected, a few basic output measures are displayed on the

Statistics section of the Quick Properties panel, as shown in the figure to

the right. These values are continually updated as a model runs. The panel

provides information on the object’s:

Current State; in this case, when the simulation ended, the object was
busy processing.

Throughput, how many items entered and left the object. In this case,
214 entered, 213 left; thus, one is currenty being processed.
Content, how many items are currently in the object and the minimum
and maximum number to date that have been in the object, as well as
the average number.

Staytime, how long items have stayed in an object, in terms of the

minimum, maximum, and average times. Since the process times are

software version 2020 Update 1 (20.1.2)

Quick Properties
—| Views

X

x| @l%|

—| View Settings

<

Warking Mode

Perspective Projection
Show Connections
Snap to Grid

Snap to Background
Shaw Grid

Show Mames and Stats w
Color Scheme
Blueprint w

More View Settings. ..
Save Settings as Default
—| Capture View
Width
| 1920

Height
| | 1080

Capture View

Quick Properties
-] Statistics

AN

State | processing |
Throughput
Input

| 214.00

Output
|| 213.00 ‘

Content
Curr Min

| 1.00 H 0.00
Staytime
Min Max Avg
| 15.00 || 32.00 H 22.40 ‘

Max
|| 1.00

Avg
H 1.00\

-| General Properties

constant, the Min value, 15.0, is the time to process container Type 1; and, the Max value, 32.0, is the time

to process container Type 3 plus a 2-minute setup time. The average value for all items is 22.40.

The pushpin icon is used to “pin” that statistic for that object onto a Dashboard, which is described in the next

section.

ss. FFLex
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6.2 Dashboard

Compared to considering a single value at a snapshot in time, like the on-object and Quick Properties values
described in the previous section, charts and graphs are very helpful for assessing the dynamics of a system.
FlexcSim provides a wide variety of charts and graphs through the Dashboard tool. The Dashboard is either
accessed from the Main Toolbar or from the Toolbox (Tool Library). A model may have multiple Dashboards

that capture various aspects of a system’s behavior.

Three example charts from the Dashboard are described here, two types of time-series plot (a value plotted
over time), and a histogram. Prior to describing how to create a particular chart, some background is provided
on the Dashboard itself.

Charts and graphs are created on a Dashboard.

» Click the Dashboards icon on the Main Menu and select Add a Dashboard. If you create multiple
dashboards, then they can be selected either from this Main Menu option or can be selected from the
Toolbox.

As shown in the figure below, a “blank” dashboard is automatically created in the right portion of the screen
and alibrary of chart tools and templates is created on the left side. The blank space to the right is the workspace

to create a set of charts and graphs.

s Debug Felp
cH B H0 o Toos [Fexce BaTee ESovt L Beckorounds @ Omtbonds S ocssion =1 O @ )

="

Koot P an [l S0 Dl 0 Run Time: 0,00 to 4800.00 v Run Speed ] 400 v
by X2 Model v x [ eRn v X Quek fropeties x
&R wrary ' Yoobax Dastboard Propesties

v

J Content
& Content o .
& Avecage Contert & =
& Composte WP “ o~
& WP By Type ‘ e Mok

) Output
¢ ot =
& ovpt [ o o ‘.

+ Output By Howr "~
@ Composte Ouput & i =
& Composte Output [ Howr (5 =

k. Composte Output By How oot
€ ounney Type by
& oupst/Mox By Type rm‘v

& Output By Mowr By Type MaxCanonn 0

AvgStaytime: 03

& staytme

& Staytme By Hour
@ Composte stytme
Composte Staytme By Hou
@ Sayume vy Type
Strgtere By Hou By Type
I e Trace Gantt
) State
& suee
@ Composte stve

W Stare Garey

| Zome

@ 2ome stutstes 5

The library of chart options on the left in the figure above offers many templates for commonly-used charts.
Of course, as is always the case in FlexSim, custom charts can be created. However, for now, the primer uses
the predefined ones. Notice that if you click on the grid in the 3D space, then the library changes back to the
3D objects. The library changes based on what part of the FlexSim environment you are in — 3D, Dashboard,

Process Flow, etc.
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Time-series plot

The first type of chart that is considered in this example, as

shown to the right, is a system-level plot of the total content of

the

ContainerStorage queue over the duration of the simulation

(4,800 minutes). The chart clearly depicts the dynamics of the

system. It also indicates that, as expected, the Queue is continually

growing over the duration of the simulation. Recall, this is because

the average process time is longer than the average time between

software version 2020 Update 1 (20.1.2)

Contents of Container Storage

25
20
15
10

0 10 20 30 40 50 60 70 80

arrivals. Conversely, the average service rate is less than the average arrival rate.

To create the time-series chart:

>

As shown in the figure to the right, select the Content chart
type in the Content section of the Dashboard Library; then,
select Line Chart from the pop-up menu.

Drag the Dashboard Library item onto the Dashboard panel
where it can be sized and positioned.

As shown in the figure to the right, use the Time Plot
interface to rename the chart from Content Vs Time to
something more meaningful for the example, Contents of
Container Storage.

The only required input in the selection is to identify which

object(s) to plot. Plots for multiple objects can be overlaid on the

same chart. In this simple example, only one object is considered.

>

-

<%

As shown in the figure to the right, on the Options tab, in the
Objects section, click the + button and choose Select
Obijects. This generates a list of all of the objects that are
currently in the model by category (Sources, Queues,
Processors, etc.).

the category, the
ContainerStorage. Currently the only queue in the model.
Notice that the object is highlighted. Now press the Select
button. The ContainerStorage object is now displayed in the

From Queues select object

Objects section.

FLex
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The only other parameter that should be changed for now is the Time Axis Mode property on the Settings
tab. Change the value from the default Show exact time and date to Show Duration. Also, change the
displayed units from Seconds to Hours.

Since only one value is being plotted and the chart title is desctiptive, uncheck the Show Legend box (also
on the Settings tab).

The default settings for all of the other chart parameters are fine for now. Therefore, press OK to close
the interface.

Relocate the chart on the Dashboard.

Notice when a chart is selected, it contains a double-lined frame around it with “handles.” Handles are
small squares at the corners and midpoints of the sides of the charts. Also, notice that when the cursor
is over the perimeter frame, it changes from the standard arrowed pointer to two crossed double
arrows.

Left click with the mouse anywhere on the perimeter frame of the chart to move it around and place
it anywhere on the Dashboard window.

Similarly, left click one of the handles and drag it to resize the chart. Notice the cursor changes to
arrows depicting what direction is being resize — hotizontal, vertical, or both (diagonal).

The “Content” chart that is introduced above indicates the importance of considering how long to run a
simulation. Had the model only been run 480 minutes (8 hours), the maximum contents would have only
been about five items, compared to neatly 30 when run 4800 minutes (80 hours). Different decisions could
have resulted based on the different run lengths. Discussion of this topic (how long to run a simulation),
while very important, is beyond the scope of this primer.

The “Content” chart above also illustrates the dynamics of the simulation. Due to variability and interactions
the system could behave quite differently in another 4,800-minute time petiod, just as in the real system,
behavior varies day to day or week to week. This illustrates the importance of running a simulation model
multiple times, referred to as replications, and combining the results, e.g., through averaging. Discussion
of deciding how many replication to run, while very important, is beyond the scope of this primer.

[Chapter 10] Fundamentals of Output Analysis

Time-series plot by type

chart that shows the contents of the ContainerStorage queue by
product type, as opposed to the total of all products. The chart is
shown in the figure to the right. It again clearly depicts the
dynamic and stochastic nature of the system.

The second charting example is also a system-level time-series Contents of Container Storage by Type

R 3 N2

This chart is created in a manner similar to the Content chart above.

» Select the WIP By Type chart type in the Content templates section of the Dashboard Library; then,
select Line Chart from the pop-up menu.

» Drag the chart Libraty item onto the Dashboard panel where it can be sized and positioned.

» Rename the chart to something meaningful, for the example, Contents of Container Storage by Type.
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» On the Options tab, click the + button in the Entrance Objects section and select Select Objects from
the drop-down menu. Again, his generates a list of all of the objects that are currently in the model by
category.

» From the Queues category, select the object ContainerStorage so that it is highlighted and press the Select
button. The ContainerStorage object is now displayed in the Entrance Objects section.

> Similatly, again on the Options tab, click the + button in the Exit Objects section and sclect Select
Objects from the drop-down menu. From the Queues category, select the object ContainerStorage so
that it is highlighted and press the Select button. The ContainerStorage object is now displayed in the Exit
Objects section.

» As with the Content chart, the only other parameter that should be changed for now is the Time Axis
Mode property on the Settings tab. Change the value from the default Show exact time and date to
Show Duration. Also, change the displayed units from Seconds to Hours.

» Since only there are multiple values being plotted on the one chatt, leave the Show Legend box checked
(again, on the Settings tab).

» Relocate the chart on the Dashboard.

» The default settings for all of the other chart parameters are fine for now. Therefore, press OK to close
the interface.

Note that the chart could track the contents of multiple objects over time; e.g., to track the number of items in
the queue and the processor, then the Exit Objects would be changed to the Processor, FinishMachine_1.

Also note that the type can be any label value; this example used the Type label, which is quite common. Type
is defined at the bottom of the Options tab.

Histogram plot
The third charting example is also a system-level chart and, as Process Time at Finish Machines

shown in the figure to the right, it considers the time an item | Finishuachine_1

spends in the Processor (at the finish machine). The stay time
includes the three constant process times (15, 20, and 30 minutes)
and the 2-minute setup times when they are needed in the

operation, i.e. when the item type changes.

This chart is created in a manner similar to the Content charts 15.00 18.40 21.80 25.20 28.60

described above.

» Select the Staytime chart type in the Staytime templates section of the Dashboard Library; then select
Histogram from the pop-up menu.

» Drag the chart Libraty item onto the Dashboard panel where it can be sized and positioned.

» Rename the chart to something meaningful, for the example, Process Times at Finish Machines.

» The only required input is the selection of which object(s) is the subject of the plot. As before, click the +
in the Objects section of the Options tab., then select the Select Objects option.

» Select FinishMachine_1 from the Processor section and then press the Select button at the bottom of
the interface.
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The resulting chart, when run for 4800 minutes, should look similar to the one in the figure above. While useful,

the histogram can be reformatted to be more readable. Of course, the underlying data are not changed, just the

way the data are summarized in the chart.

The following two additional steps make the chart correspond to
the one to the right. The x and y axes are customized for readability
and interpretation.

» Change the scale of the y-axis to display the frequency of the
histogram as percentages (relative values) rather than the
default, absolute number of occurrences. To do this, check the
box Normalize Values on the Settings tab.

» Change the definition of the bars, the x axis, from a fixed

Process Time at Finish Machines
M FinishMachine_1

22%
20%
18%
16%
14%
12%
10%
8.0%
6.0%
4.0%
2.0%
0.0%

15 17 19

219 23 25 21 29 31 33

number of bars (default is 10) to a fixed bucket width. To do this, again on the Settings tab, change the
Bar Mode from By Number of Buckets to By Bucket Width. For this example, set the Bucket Width
from the default of 50.0 to 1 (1 minute) and the Bucket Offset, the staring point of chart, from the default
of 0.0 to 15 (the shortest processing time is 15 minutes with no setup).

Setting the number of bars and bar width for histograms are oftentimes done by trial and error.
However, there are some methodologies to help with this; three such methodologies are available in FlexSim
— Sturges’, Scott’s, and Freedman-Diaconis Rules. They are available when selecting By Bucket Width

property. Discussion of these methodologies is beyond the scope of the primer.

» On the Text tab, change the Precision property from the default of 2 (2 decimal places) to 0.

» Press OK to close the chart window.

The final dashboard should resemble the figure to the right.

The dashboard has been renamed Contents and Process Times 2
since other dashboards will be created later and the descriptive name

helps for reference.

» Change the name in the Dashboard Name field in the Quick .

Properties window, as shown in the figure to the right.
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Q Charts provide a very valuable means for verifying and validating simulation models.

Note the following in the charts on the Dashboard above.

e Asshown in the first two plots, the contents of the container storage is growing over time. This is an obvious
indicator that the system is unsustainable and not feasible, since in practice queues cannot continue to grow
in size. It was indicated eatlier that one solution would be to add another finish machine, which will be
done later in the primer.

e The third plot, the histogram of staytimes, verifies the three deterministic process times by container type
(15, 20, and 30 minutes), with approximate frequencies of occurrence of 15%, 10%, and 7%, respectively.
The values of 17, 22, and 32 are the process times by type including setup times; their frequencies are
approximately 22%, 23%, and 23%, respectively. Obviously, the setup operation is required more often
than not.

Also note that the total percentage of Type 1 is 37% (15%+22%), Type 2 is 33% (10% + 23%), and
Type 3 is 30%. (7% + 23%). This is close to the assumption that the products are equally likely to occut.
Of course, they will not be exactly equal to 33.33% for any run due to sampling error. However, over the
long run, the product mix should be equally likely.

If you haven’t already done so, save the model. Recall, it is good practice to save often.
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PART 2 - NEXT STEPS IN 3D MODELING

The second part of the primer builds on the model started in the previous section. The model is used to

introduce additional capabilities in Flex:Siz and illustrate how they are used to represent operations systems. In

addition to introducing new modeling objects such as task executers and conveyors, this part introduces some

of the modeling fo0/s that are available in FlexSinm.

The FlexSim capabilities included in this part are:

importing layouts and modifying object graphics,
routing flowitems between objects by various criteria,

incorporating dynamic objects, referred to as task executers into a simulation model (e.g. operators and
transporters).

transferring items between objects via conveyor objects,
managing model data through the use of global tables, and

incorporating planned and unplanned downtime on objects through time tables and reliability, respectively.
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1 CHANGING 3D GRAPHICS

Although excellent simulation models can be created with the default graphic for the objects in FlexS7m, there

are two main reasons to become acquainted with the basics of importing graphics.

1. Using images that correspond to the domain that is being modeled helps users better relate to the model.
For example, a Processor object would typically be used to represent the operation of a MRI machine in a
healthcare project. While the functional aspects of the Processor represents the MRI, the default shape is
a machine found in manufacturing. Doctors, nurses, technicians, and administrators would understandably
have a problem relating to the manufacturing image representing an MRI machine.

2. Building models on a layout makes setting sizes, locations, and distances much easier. This is especially
important when considering the transport of items between objects whether on conveyors or by task
executers (operators, fork trucks, etc.) since distance affects system performance.

This primer only considers the very basics of working with graphics. For more information, please see FlexSin’s

User Manual.

[ Begin with the basic model from the previous section, named Primer_1-2, and Save As Primer_2-1. Basically
=] make a copy of the model so that it can be customized and the original model is retained.

1.1  Importing a layout

There are several ways to import a layout into a Flex:Siz model, including importing an AuteCAD file. For the
primer, the layout is just a two-dimensional graphics file, named Layout.prg. It was created in Microsoft Office,
but could have been created in any drawing program. It is imported into FlexSim as a texture on the Plane
object, which is found in the Visual section of the object Library.

The object interface is shown below. To importt the layout:

» Drag out the Plane object to the modeling surface in the 3D view.

» Change the name of the Visual object from Plane to Layout.

» By default, the plane is a solid-colored object. To show the layout, select the Filename drop-down menu
in the Texture section of the Display tab and select Browse, at the top of the menu. The Browse option
opens Windows Explorer. Use it to locate the layout file on your computer. Note that once the graphic is
imported into FlexSim, it will appear as part of the Browse menu — therefore, if you use the graphic again
in the model, you would not need to import it from your computer.

It is good practice to place all supporting model resource files, e.g. graphics and spreadsheet files, for folders
.0"” containing the files in the same computer directory or folder as the FlexSiz model. This makes transferring

the model to other computers much easier.
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» Size the layout object to x=30, y=10, z=0.05 since =~ ST s
=) Views
the workspace is 30 meters by 10 meters. As shown | o/ we ® e .
in the figure to the right, this can be done either | ose moaes wbes s 2
. . . Appearance Flags.
through the General tab of the visual object or via | wsweo-[merane & Ostoname |
. . . -2 % [ show Ports =
the Quick Properties window. L Wlshon ostope | rated
Srape facos — — [ show Contents BT
3D Texture | Layout.png -7 ) scae Contenes %2::;0;::”5
Color -7 [ protected Snap to Background
Visuak/Anmatons Load Save Edit [ o Select [] show Grd
Position, Rotation, and Size iz Lo
L] Y z Show Names and Stats ~
[:- 3.00 = 11.41 E 0.00 E Color Scheme
000 2l oo SR = Bueprnt -
& (3000 <1 1000 2l Joos = More View Settings...
Ports Save Settings as Default
p Rank ~ =) capture View
o — o —
4 @ Propertes Delete Capture View
O M) (o8] W10 [« o cance

» Drag the layout so that it is centered at the origin as shown below. The location values should be x = 0.0,
y = 0.0,and z = 0.0.

PaclfiiishMach_1
%tput: 0
%Idle: 0.0
%Processing: 0.0

Y

As other objects are placed onto the layout, the layout object might accidentally get selected and moved or
other objected may become imbedded in the plane (a useful feature for building hierarchical models, but not

in general). In order to avoid these issues,

» The property No Select should be checked. It is found both on the Display and General tabs of the Visual
object named Layout.

A drawback of enabling the No Select property is that, as the name indicates, the object cannot be selected in

the 3D view. It must be opened from the Tree — the underlying hierarchical data structure in Flex:Siz. Wortking

with the Tree is an advanced topic, but is briefly introduced here.

The Tree is where all of the model data is stored in Flex:Sim. Each object interface is just a link to data in the
Tree. The Tree for this model is shown below. It is accessed from the Main Menu icon labeled Tree. To open
an object, just double click on the object in the Tree view. This is the same interface that is obtained by double
clicking on the object in the 3D view.
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Statistics Debug Help
~H &~ 53D {{ Tools ] Excel TgTree @ Script @l Dashboards 3 Process Flow | 2= [] @ (@

Step Run Time: ‘D.DD to 4800.00 »  Run Speed: I
#1 Model E #< Layout Properties - O X
EFpmodel Object
Tooll ¢'
008 . ‘Layout ‘ @ dn
B DefaultNetworkN... Object

B FlexsimModelFloor Object
&ODntainersArrive Object
B ContainersStorage  Object
B FinishMach_1 Object [JLuminous No Select

Display Triggers Labels General

Bp NextProcess Object . -
> &bject Billboard No Billboard v
Visual Display |Plane ~
Texture
Filename ‘ Layout.png ‘ - }

Vertical Repeats Horizontal Repeats | 1.00 | Divisions | 5.00 ‘

Placing the objects in their proper location on the layout in the 3D view is explained in the next section.

O

oo L
<%

When placing objects, it is usually better to work:

e in 2D rather than 3D (right click anywhere on the modeling surface, select View, and then
Reset View).

e not in the default perspective view (right click anywhere on the modeling surface and uncheck
the Perspective Projection box in the View Settings section of Quick Properties window).

solved.
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Changing object graphics

Before placing the existing objects on the layout, a few of their properties are changed, i.e., their size and 3D

shape.

While a 3D shape can be created to represent any system object, many such shapes are readily available. For

example, 3D Warchouse (https://3dwarchouse.sketchup.com) contains millions of 3D objects that have been

created in the 3D modeling software SkezhUp. Here are a few comments about SkerchUp and using shapes

developed in SketchUp in FlexSim simulation models.

Shapes from 3D Warehouse can be downloaded for free and used in FlexSim.

SketchUp 3D modeling software is free and can be used to modify any shape downloaded from 3D

Warehouse or to build a custom 3D shape object from scratch.

SketchUp is now a web-based application, but older downloadable versions for Mac OS and Windows are
available at the SketchUp Help Center (https:/ /help.sketchup.com/en/article/60107). SketchUp Make 2017

is suggested. It is the free version; SkezhUp Pro has more features, but requires a fee.

Since file formats change often, it is best not to use the latest format since it may not be compatible with
FlexcSim. Therefore, downloads should be SkezchUp file version 15 or eatlier.

The size of the SkerchUp model, especially the number of polygons, affects the FlexSim model size and its

run time. Therefore, very complex graphics should be avoided unless they are really needed and the model

is run on a powerful computer.

Finish Machine (Processor)
The shape of the finish machine is changed from the default

graphic to the SkezhUp file named FinishMachine.skp. As shown
in the figure to the right:

>

Another finishing machine will likely be needed since the average input rate is equal to the average processing

Associate the SkewhUp file with the FlexSim object
FinishMachine_1 by selecting Browse in the drop-down
menu under 3d Shapes in the Appearance section of the
object’s  General  tab.  The  path  SketchUp
files\FinishMachine.skp indicates that the graphics file is in a
graphics file named “SketchUp files,” which is the same
location as the FlexSinm model. By default, graphics media are
imbedded within a model so that the model may be copied
without the supporting external graphics files.

Change the object size properties to x = 3,y =3,z = 2.5, all
values are in meters; i.e. each machine is three meters square
and 2.5 meters high.

Change the location properties to x = -6.5,y = 1.5, z = 0.
The object could have been be placed in the correct location
by moving it manually on the layout

rate; therefore, it is a good time to add it now.

# FinishMachine_1 Properties

.
* ‘ FinishMachine_1

@&

Processor Breakdowns Fow Triggers Labels General

Appearance

3D Shapes 0 - | Base Frame ~ ||

Flags
[ show Name

Show Ports

SketchUp fles\FinishMachine.skp | = # 37
B — Show 3D Shape
Shape Factors Edit Reset
Show Contents
5D Texture -/ [] scake Contents
Color I - [] protected
Visuals/Animations Load Save Edit [ no select
Position, Rotation, and Size
X Y z
B [ss0 2| [1s0 2] [o00 <
o [o00 s [o0o 2] [o00 =
& [300 SRED [z] [2s0 B
Ports
TS| |1 ContainerStorage Rank ~
Central Ports
Output Ports Ranky
34 @ | Properties Delete
O Apply -m- Cancel

» Copy FinishMach_1 using Cntl-C shortcut key combination, then click on the layout near where the

v
<%

-

machine will be located, and paste using the Cntl-V keyboard shortcut.
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Rename the copied object as FinishMach_2 and place it in the proper location on the layout (x = -6.50, y
=240, and z = 0.0).

Make the flow connections: an A-connection from the Queue named ContainerStorage to the finish
machine and another A-connection from the finish machine to the Sink named NextProcess.

- When copying and pasting objects, it is best to copy (Cntl-C), then click on the modeling surface

% approximately where the new object is to be located, and then paste the copied object (Cntl-V). If you

don’t click on the modeling surface, the pasted object may become a subset of the copied object. This

is a good feature in some cases, especially where you want to build submodels, but that is a more
advanced topic.

Container Storage (Queue)

Next, the Queue or ContainerStorage object is customized. Its shape is changed to a Plane, which is a basic 3D

shape that comes with Flex:Sim. It is located on top of the storage area in the imported layout.

>

As shown in the figure below, for the 3D Shapes property in the Appearance section of the Queue’s
General tab, select Browse ... from the drop-down menu in order to find FlexSzn7’s £s3d folder, This folder
contains a variety of graphics files and is located in the FlexSim folder that is within the Program Files
folder, typically on the computer’s C: drive.

Change the following properties on the General tab or in the Quick Properties panel when the object is

selected.
» Using the drop-down menu, change the object’s color to orange.
»  Set the object’s location to x = -10.5, y = 0.0, z = 0.05. Note the object is located a bit above the base of
the modeling surface (z = 0.05, not z = 0) — this is so it can be seen above the layout object.
»  Set the object’s size to x = 1.1, y = 8, and z = 0.01. Note that the x value is set slightly larger than the
container size.
If a Queue’s size is less than or equal to the size of an item that is trying to fit onto the Queue, it
."” will not fit; as a result, Flex:Siz will position it outside of the Queue. The logic will not be affected,
but it will look strange.
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#%, ContainerStorage Properties — m] X -
‘ [ Containerstorage | @ &
Queue Fiow Triggers Labels General
Appearance Flags
3D Shapes 0 - & 3 Show Name
fs3d\General\Plane.3ds N 4 Show Ports
show 3D Shape
Shape Factors Edit Reset
Show Contents
ok
30 Texure T/ Oscalecontens
coor [N - £ Oeotece
Visuals/Animations Load Save Edit [ No select
Position, Rotation, and Size
X Y z
B [-10.50 [2] [o00 & [oos E
G |00 [z [ooo 21 (o000 E
& [1.10 [2] [s00 [z [om E
1: ContainersArrive Rank
G
Output Ports Rank v
@) @ | Properties Delete
ContainerStorage
CurCantent:l 4 9 [Ts| (4] [VI¥ Apply ©nsE

The above changes should place the object over the storage area on the imported layout.

When the model is run, as shown in the figure above, the containers do not conform to the shape of the storage

area. This is because only the general shape of the object has been changed; logically items still queue in a
horizontal line from the front of the object to the back of the object and beyond. Basically items line up from

right to left.

To correct this, make the following changes on the Queue’s -
General tab. The revised properties are shown in the figure to the n
right. The figure also shows the effect on the model — containers
now line up the same way they do in the real system.
» Rotate the Queue 90 degtrees about the z axis so that it is
vertically oriented and not horizontal. Set the z rotation to
90.0.
» Since the item is now rotated, reverse the sizes in the x and y
directions; i.e., x = 8.00 and y = 1.10.
» Since the size and rotation have changed, the object needs to
be repositioned; i.e., set the locations to x = -10.5 and y = 0.00.

&Inuﬁtnn

CurContent:

#% ContainerStorage Properties - ] X
‘ | Contanerstorage @ &
Queve Fow Trggers Labes General
Appearance Flags
30 Shapes 0 - | Base Frame I [ Show Name
fs3d\General\Pane. 3ds -2 U 4 show ports
[ Show 3D Shape
Shape Factors Edit Reset
[ Show Contents
3D Texture | ** -’ [lscae s
coor [N - 4 Dot
Visuals/Anmations Load Save [ no select
Postion, Rotation, and Size
X v z
¥ -10.50 [2] [ooo sl [oa7 =
0.00 |5 [o00 [z [s000 =
& [5m0 £ [t [2] oo =
Forts
[1: Contanersarrive Rank ~
Central Ports
Output Ports Rank v
34 @ Propertes Delete
O 1A [ hosty Cancel

This change may appear to be only for appearances, but in this

case, the queue orientation will affect estimated system performance. Later, when an operator is added to move

containers from the storage area to the machines, the location of the containers to be moved will affect the

operator’s travel time and thus performance.

ooy FLex=im
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You might notice a difference in the object’s location property values between the

General tab on the object and the Quick Properties window. This is due to the @ @ @ @
availability of different possible reference points in FlexSim. The possible reference ‘Ej @ @ @

points are shown in the figure to the right. The reference options are accessed by | cagemiarams
clicking on the small box-like icon to the left of the location values on the General tab, @ ® @ ®
as indicated by the red circle on the interface in the previous figure. @ @ @ @

DERE

= Planar Mid Points

Bl
\mf'=y

| ) Center

=)

| - Direct Spatials

QH-.

ContainersArrive (Source) and NextProcess (Sink

The Source and Sink shapes and sizes are not changed. They are just moved outside of the layout area — the
Source is moved off to the left and the Sink is moved off to the right, both outside of the layout.

If you haven’t already done so, save the model. Recall, it is good practice to save often.

o3 FFLex
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2 ALTERNATIVE ROUTINGS

Routings are a key part of modeling process flows. As items flow through a system they may follow different
paths due to the current condition or state of the system. For example, different paths may be followed
depending on the type of the object, the availability of a resource, the perceived waiting time to secutre a
resource, etc. Paths may also change randomly, such as a customer choosing between two available servers.

Until the previous step, all items (containers) followed the same routing path — they all flowed through the four
basic objects in sequence, Source to Queue to Processor to Sink. But now there are two Processors in parallel;
i.e., an item can go to either one. Thus, there is a routing decision at the Queue. Also, since the capacity of the
Queue is limited, there is a routing decision at the Source — either go to the Queue or somewhere else if the

Queue currently has no remaining capacity.

2.1  Choosing a route based on availability

The Queue for storing containers awaiting finishing has the option of sending a container to either finishing
machine 1 or 2. For now, the default setting, FirstAvailable is used. The routing logic is controlled at the Send
To Port trigger on the Flow tab, as shown in the figure below. Note in the figure that there are many available

routing options to move items from the Queue to one of the machines.

#% ContainerStorage Properties - [m] x

’ [ Containerstorage ‘ @&

Queue FOW  Triggers Labeks General

1 output -
Send To Port First available v 3 /7
[ Use Transport First Available
By Expression
ok Queue Size b
[ reevalate Sendto on Dov Random >
Round Robin 2
Input [ Use List > F
[ Pul ort Port By Case
Conditional Port I
& By Global Table Lookup
Matching Item Labels
. By Time of Day

Do Not Release Item
\ *1  ProcessFlow: Execute Sub Flow

Q 1z 8 [« [» Apply oK Cancel

The First Available option works as follows. When an item is ready to leave the Queue, it checks to see if the
downstream object that is connected to Port 1 is available to receive the item. If it is, then the item is sent —in
this case, the item leaves the Queue and artives at the first machine in zero simulated time. Recall that by default,
it takes no time to move from object to object in a model. If the first machine is not available, then the Queue
checks to see if the downstream object that is connected to Port 2 is available to receive the item. If it is, then

the item is sent — in this case, the item leaves the Queue and arrives at the second machine in zero simulated
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time. If both machines cannot accept the item, then the item waits in the Queue until one of the downstream
machines becomes available. Note that the port connections between objects drives the routing decision by
setting the sequence for checking machines for availability.

Using the FirstAvailable routing logic usually results in the object connected to the first port receiving more
items since it is always checked first. Similarly, the object connected to the last output port will receive the

fewest items.

2.2 Choosing a route based on current system conditions

The container storage area has a limited capacity (Maximum Content’s property value on the Queue is 50).
Therefore, provisions must made for the condition when the Queue is at capacity and cannot accept any more
containers. In this case, containers will be diverted to a second Sink, named ReDirectedContainers, if the Queue

is full.

Implement this in the model as follows and as shown in the

figure to the right.

» Drag out a Sink object from the Object Library onto the
modeling surface and name it ReDirectedContainers.

» A-connect the Source to the new Sink.

As shown in the figure to the right, there are now two output | |
port connections from the Source, one going to the Queue and
one going to the second Sink that was just created. As with the
case above, the default FirstAvailable is used so that items go
ReDirectedContainers ContainersStorage

out Port 1 to the Queue if there is available capacity and go out
Port 2 to the Sink if the Queue is full.

Note that if the connections are reversed the model would behave differently. That is, if the Source and Sink
are connected through Port 1 and the Source and Queue through Port 2, then all items would go to the Sink
and none to the Queue since a Sink is usually always available and has no capacity limits. Therefore, it is
important to be careful on the order in which objects are connected.

If you haven’t already done so, save the model. Recall, it is good practice to save often.
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3 TASK EXECUTERS

Task executers (TEs) are mobile or dynamic resources — they move about in a model, typically moving
tlowitems between objects. There is a section in the Object Library, right below Fixed Resources, that contains
different types of TEs, including Operators, Transporters, Cranes, Robots, etc. All of these have the same
functionality and basically differ in the way they move; e.g. Operators can move in any direction (x, y, and z),
whereas Elevators can only move vertically (z direction).

TEs can be used to represent complex behaviors, but only the most basic properties and a single type of TE,
the Operator, are covered here. Prior to discussing how to implement TEs in a FlexS7» model, a few general
concepts are introduced.

[Section 6.1] Mobile resource objects (task executers)

3.1 Basic task executer concepts

TEs have speeds (and accelerations); therefore, the location of model objects and distances between them now
become very important.

As the name indicates TEs execute tasks. Sets of tasks for performing a specific operation, called a task
sequence, are passed to TEs, typically from fixed resources (sources, processors, etc.). FlexSim includes default
task sequences, but as in most things in FlexSzz, they can be customized. For now, only default task sequences
are considered. For transporting items a TE needs to move items from one object (FromObj) to another object
(ToObj). To do so, by default, a TE executes the following sequence that is sent to the TE from the FromOb;.

Travel from current location to FromObj
Load item from FromOb;j

Travel from FromObj to ToObj

Unload item to ToObj

Tasks other than travel, load, and unload are available in FlexSim. However, developing custom task sequences

is an advanced topic and is covered later in this primer.

Fixed resource objects communicate with TEs via special connections, referred to either as a Center-connection
or S-connection. It is called a Center-connection because the connection is made between the center ports of
the two objects. Itis called an S-connection because the connection between the two objects is made by holding
down the S key while dragging the mouse between the two objects.

Objects have center ports in addition to the input and output ports that were introduced earlier. Center ports
are not for item flow, but are used for communications between objects. Communications can be bidirectional
between the objects; this is in contrast to the unidirectional flow between input and output port connections
(A-connections).

A TE will oftentimes receive more requests to perform task sequences than can be met at that time. For

example, a TE may receive a request while performing a task sequence. Therefore, TEs can queue requests to
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perform task sequences and can use different means to process items in the task queue, e.g. first-in, first-out or

priorities.

TEs not only receive tasks, but can send them to other TEs. Thus, TEs are like working mangers — they will
carryout a task-sequence request unless they are busy when they receive the request. If they are busy when they
receive the request, they can send it to an available TE. If all associated TEs are busy, the receiving TE puts the
task-sequence request into its work queue. To implement this, decide which TE is the working manager and

connect it to all associated TEs via A-connections (from the working manager TE to the associated TEs).

If all TEs are considered the same and no one is the manager, then a Dispatcher object is used. The only
function of the Dispatcher is to allocate work and maintain the work queue for all of the associated TEs. In
this case, the fixed objects communicate with the Dispatcher and not directly with the individual TEs.
Therefore, the fixed objects are connected to the Dispatcher with S-connections through their center ports and

the Dispatcher is connected to each TE with an A-connection (from Dispatcher to TE).

By default, a TE travels between objects in a straight-line path, traveling the shortest distance between two
objects. A TE’s default travel path does not consider other objects in its path. However, there are several
alternative means to control the travel path of a TE — one, using path networks, is discussed in a later sub-
section and another approach, using the A* algorithm, is discussed in a later section once the conveyors and

the packing station atre included in the model.

3.2 Adding a finish operator to the model

Since it is possible that more than one finish operator will be needed, use both the Dispatcher and Operator

objects.

[ 1] Begin with the basic model from the previous section, named Primer_2-1, and Save As Primer_2-2. Basically
=]|| make a copy of the model so that it can be customized and the original model is retained.

»  Drag out a Dispatcher object from the Task Executers

T—— o«
section of the Object Library to the modeling surface. As “\ = ve
shown in the figure to the right: e s o .

e Name the object FinishOperators. =Ny

e Locate the object where the person symbol appears on i ——————» Ehi
the layout in the finish area (x = -9.0,y = 0.0,z = 0.0). oy — - Y
It can be placed anywhere, but this is a convenient FriaOm m: - . T [
location in this example. N -

e Resize the object using the size settings x = 1.0,y = ,%z:_ =
1.0, and z = 0.1. This minimize the object’s presence hd ==
since the Dispatcher object is not a real entity in the ~ e .
system.
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The Queue makes requests of the Dispatcher, i.e. sends task sequences, to move items from the Queue to

one of the Processors. The Dispatcher then sends the request (task sequence) to one or more Operators that

it manages. Implement this aspect in the model as described below and as shown in the figure below and to

the right.

» Make an S-connection between the Dispatcher and the
ContainerStorage Queue by holding down the S key,
selecting the Dispatcher so that is highlighted by a yellow
box, dragging the mouse to the Queue, and releasing once
the Queue is highlighted with a yellow box. As shown in
the figure to the right, there should be a connection
between the two objects’ center ports. When making
center-port connections, the order of connections is not
important since it involves bi-directional communications;
i.e., the connection can be made from the TE to the fixed
object or from the fixed object to the TE.

» Drag out an Operator object from the Task Executers
section of the Object Library to the modeling surface. At
the moment, it can be placed anywhere.

» Name the object FinishOperator_1

» Make an A-connection from Dispatcher to

FinishOperator_1 by holding down the A key, selecting the

FinishOperatol

FinishMachine_2
CurContent: 0
MaxContent: 0

Dispatcher so that is highlighted by a yellow box, dragging the mouse to the finish operator, and releasing
it once the Operator is highlighted with a yellow box. As shown in the figure to the right, there should be
a connection between the Dispatcher’s output port and the Operator’s input port. Make sure the

connection is from the Dispatcher to the Operator since it is a one-way flow of information.

Now that all of the objects can communicate, the Queue needs to be able to send a task sequence to the

Dispatcher telling it what to do; in this case, the Queue requests the TE to transport an item from the Queue

to an available finish machine. This is accomplished as follows

and as shown in the figure.

» On the Flow tab of the Queue object (ContainerStorage),
check the Use Transport box. By default, the task
sequence goes to whatever object is connected to the
Queue’s center port; in this case, that is the Dispatcher.
This action is accomplished by the default Use Transport
property value, which is the
current.centerObjects[1] FlexSim command. This
command is interpreted as the object connected to the

current object’s center port. In this case, the current object

#% ContainersStorage Properties - O

‘ | ContainersStorage

Queue Flow Triggers Labels General
Output

Send To Port First available -2

[#]Use Transport current.centerObjects[1] b

Priority | 0.00 Preemption no preempt

[ Reevaluate Sendto on Downstream Availability

Input
Clpull Strategy  |Any Port

@ ¢

is the Queue and the object connected to the first center port is the Dispatcher.

Once the Dispatcher receives the task sequence it sends it to the Operator when the Operator is available.

ooy FLex=im
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The Operator also needs to perform the setup operation at each

tinish machine. This is done similar to the process just described.

As shown in the figure to the right and as described below,

modify each Processor as follows.

» On the Process tab, check the Use Operator for Setup box
that is below the Setup Time property..

» The Pick Operator property, near the bottom of the
Process tab, can remain the default. Each Processor will use
the object connected to its first Center port, which will be
the Dispatcher.

» Make a S- or Center connection between each Processor
and the Dispatcher.

Since the performance of the system depends on speeds and
distances, Operator and other Task Executer properties are
important. The default value for an Operator’s speed is 120
meters/minute. This seems a bit fast for this operation since the
average walking speed is about 84 meters/minute. Therefore,
use a value somewhat slower than average walking speed, 60
meter/minute.
» As shown in the figute to the right, change the Max Speed
value, on the Operator tab on FinishOperator_1, from the
default of 120 to 60.

Also, consider for a transport task sequence the time it takes to
load a flowitem at the originating object and unload a flowtime
at the destination object. The default time is 0.0. For this
example, change each to 3 seconds.

software version 2020 Update 1 (20.1.2)

W
* FinishMachine_1
Processor Breakdowns Flow Triggers Labels General

Maximum Content 1 /] Convey Items Across Processor Length

Setup Time  If Item Type Changes (values are set)

~FE/

[]use Operator(s) for Setup Number of Operators | 1

1 Setup and Process

@ ¢

» Also on the tab as above, change the Load and Unload property values to 0.05 minutes (3 seconds).

oo L
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Process Time  Values By Case ¥/
[[Juse Operator(s) for Process )
i
Pick Operator | current.centerObjects(1] -5 2,
Priority | 0.00 Preemption 'no preempt. v
CRORAD e conce
#4 FinishOperator_1 Properties - o X
] 4
l FinishOperator_1 D& fi
Operator Breaks Collision Triggers Labels General
[ Do Operator Animations ~ Shape  Male v
Capacity | 1 Acceleration | 3600.00 Flip Threshold | 180
Max Speed | 60.00 Deceleration  3600.00
[] Rotate while travelling Do not travel offsets for loadfunload tasks v 4
:
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Dispatcher
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Queue Strategy |Sort by TaskSequence Priority -2
Navigator DefaultNetworkNavigator - %
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Since the Operator object is mobile it can be in any location on R——— —

the modeling surface when a running model is stopped. For .

consistency in comparisons and analyses, it is good practice to P - ® &

have the Operator start at the same location each time a model ot men] Togers (Sedfcescnl

is Reset and Run. Therefore, in this case, set the location of the e

FinishOperator_1 to a location near finish machine 1 and the B *f

container queue. :T:t ::

» As shown in the figure to the right, on the Operator object’s ¥ Locaton _—
Trigger tab, add an On Reset trigger and then select the Set @ toeation ¥
Location option. Set the location values to x = -9.5,y =1, .

z = 0. The Operator moves to this location whenever the
Reset button is pushed.
2 1 M SRR Apply oK Cancel

By default, the last task in the Operator’s transport task sequence is Unload; therefore, it will become
available for another task once the Unload operation is complete. If there are no other tasks waiting, the
Operator will remain at the Unload location until it receives another task. For now, this is okay, other options
can be considered later.

If you haven’t already done so, save the model. Recall, it is good practice to save often.

» Reset and Run the model. Note that the Operator carries containers between the Queue and Processors
and remains at the Processor to perform the setup operation. You may need to slow down the model’s
speed to see this (e.g. Run Speed = 0.1) or stop the model as a transport is taking place. Also, note that the
Operator returns to the same location when the model is reset.

Another feature of the Operator object is that its form is very customizable. The form or shape of the default
Operator object is that of a Male Operator. The value of the Shape property is shown in the Quick Properties
window when an object is selected. Note that in the figure below the only customizable feature of the Male
Operator (in the Quick Properties window) is the Skin Texture property; all other properties, e.g. Head,
Hair/Hat, Shirt, Pants are all grayed out. This is also true of the Female Operator. However, all other Shape
values, as shown in the drop-down menu in the figure below, are customizable, such as Female Person/Staff,
Female Emergency, ... Boy, Gitl. While changing the shape/form of the Operator object does not affect the
system’s behavior, it does help those not familiar with simulation better identify with, and oftentimes have more
confidence in, the model. At this point in the primer, no changes are made to the Operator’s shape; the default
Operator properties are sufficient for the problem domain.
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= X Quick Properties x
< v +] Statistics o
s -1 General Properties
| FinshOperator_1
FinshOperator_1 @ g P
l o | fs3d\Operator\Operaton| « #
Operator Breaks Colson Triggers Labels General | -2
‘ [ Do Operator Animations X ¥ z
‘ G761 [shsss [2loo0 |2
Capacty |1 Acceleraion | 3600.00 Fip Threshoid | 180
5 000 000 4000 A
Max Speed | 60.00 Deceleration | 3600.00 I
& 040 [foss a8 2
Rotate whie traveling D ot travel offsets for nad/unioad tasks - |
More Properties
Load Time .05 - @ 2 |2 Labeis
Unicad Tme .05 a2 Ll ;(
| [ Automaticaby Reset P
Break Tor Hew Tasksequences Oniy -5 % 5
FinishOperator_1 Shape
Output: 0 Depatcher [Male Operator ~|
Stanuw idle PassTo First Awadable - &b W‘
Female Emergency
Queye Strategy  50rt by TaskSequence Fricnty - I ;:: &.2;”
Maie Person/Staff
| |Maie Emiergency
Navigator DefaukNetworkNavigator - % Maie Milta

[«] Fire OnRescurcewvalabie at Smultion Start

| A

O = & ropy | ok ][ cael || AC Knee Pads

Boots

Another feature of Operator object, and most other objects in FlexSim as well, is that custom animations can
be defined. Animations are a sequence of object movements that are triggered as a simulation runs. For the
Operator, the default animations are walking and carrying a flowitem. Animations are created, edited, imported,
and exported via the Animation Editor, which is accessed via the Visuals/Animations property on the object’s
General tab. At this point in the primer, no changes are made to the Operator’s animations; the default Operator
properties are sufficient for the problem domain. However, animations are introduced via an example later in
the primer.

One visual that is quite useful, and is easy to control, is an object’s color. The color of an object can be changed
through drop-down menu options on a number of triggers. For the Operator object, the shirt color is what is
changed. This can cither be done statically via the Color property on the General tab or via triggers, e.g. set the
color of a flowitem when it is created based on its type or change an object’s color when it is down or not
available. Using colors is a very effective way of testing and validating a model and is used extensively in this
primer.

3.3 Controlling task executer travel with path networks

By default, when TEs travel between objects in a model, they use straight-line paths and are not inhibited by
other objects. To better match reality, and to provide more realistic performance measures, TEs are constrained
to defined paths that are formed by what is referred to as a path network, which is similar to a roadway. A
path is defined by connecting a seties of nodes, referred to as network nodes. The nodes ate fixed objects and
are located in the Travel Networks section of the Object Library, just below the Task Executer section.
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Only a simple network is constructed here since later, once more objects are included in the model, a different
means of controlling TE travel will be used. For now, travel will be controlled with three nodes, one at each
tinish machine and one at the queue (ContainerStorage).

»Drag three Network Nodes from the Object Library to the
modeling surface and place them in the locations shown in

the figure to the right. Network Nodes are small square
objects.

» In order to get exact placement of the Nodes, you may want
to uncheck the Snap To Grid box under View Settings in
the Quick Properties window. Otherwise, nodes will be
placed on the closest grid point. Recall this interface is
accessed when clicking anywhere on the modeling surface
where there is not an object.

» Since it is good practice to name objects, name the Nodes:

nn_ContainerStorage, nn_FinMach_1, and
nn_FinMac_2. No other properties need to be modified.
» The path segments, oftentimes referred to as edges, are formed

by connecting the Nodes with A-connections, as shown in the
figure to the right,

The green arrows on the edges denote the permitted direction of
travel. By default, the edges are bidirectional. As shown in the
figure to the right, right clicking on an arrow provides the

following options: tor 1 Passing
NonPassing

e Passing permits multiple TEs on the same path to pass or No Connection

move past each other. This is the default. Straight

¢ NonPassing restricts faster TEs from passing a slower TE ish( Curved
on the same path. Delete Path

e No_Connection restricts the direction of travel:. Increase Arrow Size

Decrease Arrow Size

e  Straight declares edges, or travel paths between nodes, to be
straight lines. This is the default.

e Curved declares edges, or travel paths between nodes, to be

curves that can be adjusted.
e Delete Path eliminates an edge between nodes.
e Increase Arrow Size makes the directional arrows larger.

e Decrease Arrow Size makes the directional arrows smaller.

In order for the network to function, fixed objects must be associated with network Nodes. This is so that a
TE knows where on the network an object is located. For example, if an Operator is to travel to a Queue in
order to pick up an item, and the TE must stay on the network path, it must know which node to travel to in
order to reach the Queue.

% FLexsim 77
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Objects are associated with Nodes by making an A-connection
between them. When connected, a blue line denotes the
connection, as shown in the figure to the right.

e A single object can be associated with multiple Nodes; i
e.g., if an object can be accessed from more than one side '
or if an object is associated with multiple networks. A Operator_/1
e Similarly, a single network Node can be associated with
multiple objects, e.g. if a TE interacts with a group of
objects from a common point.
» Connect each network node to its associated object; i.e., there
are three connections. For example, one connection is from

Network Node nn_FinMach_1 to Processor
FinishMachine 1.

To use a netwotrk, each TE must be associated with the network.
This is accomplished by an A-connection between the TE and
only one of the Nodes on the network. This is considered the TE’s
“home” Node — where it will be located when the model is Reset.
The resulting connection between the TE and the Node is
indicated by a red line, as shown in the figure to the right.

» Connect the Operator to the Network Node associated with

the Queue, ContainerStorage.

When the model is run, an error will result if any of the objects where the TE needs to perform a task is
not associated with a network node.
An example error message is shown to the right. In this case, the =~ “="enimesdene .
Queue ContainerStorage has not been connected to its associated

A traveler's requested destination is not reachable from the network.

Network Node because the finish operator needs to travel there Please recheck your connections and run the mode sgain.
Traveler: FinishOperator_1 Destination: ContainerStorage

in order to pick up a container, but the Operator doesn’t know

where to go on the network to find the Queue.

OK Cancel

If a Task Executer is not connected to the netwotk, then the TE will not travel on the network, but there will
be no error messages. It should be obvious by watching the model that the TE is not constrained by the
network paths.
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The network can be hidden by right clicking on one of the Nodes and
selecting Network View Mode from the drop-down menu and then

selecting one of the following options:

e Show All is the default and what is seen when the networks are

created.

e Edges show only the connecting lines and not the Nodes.

¢ None shows only one Node, the one selected, and no edges.

The last case is shown in the figure to the right.

software version 2020 Update 1 (20.1.2)

A TE will remain on a network path until it gets to a Node that is associated with the task it is executing. At

the Node it can either travel offset or remain at the Node to execute the task. By default, it travels offset.

This is illustrated in the figure to the left below. In this case, the Operator leaves the Node and travels to the

object to load the item. If the TE does not travel offset, it performs its task at the Node, as shown in the

figure to the right below. In this case, the Operator acquires the container from the Node no matter how far

it is from the Node. Whether a TE travels offset or not is a property on the Operator tab.

For the primer example:

» Change the property on the Operator to Do not travel offsets for load/unload tasks. This invokes

the case shown in the figure to the right above.

If you haven’t already done so, save the model. Recall, it is good practice to save often.

% FLexsim
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4 CONVEYORS

A common way to move items through a system is via conveyors. Conveyor systems are often complex, but
FlexcSim has extensive capabilities to model such systems. Of course, for this introductory primer, only the
basics are considered. Objects associated with conveyors are in a section in the Object Library just below Travel
Networks. At this time, the primer considers only the first three conveyor objects: Straight Conveyors, Curved
Conveyors, and Join Conveyors. These object can be used to represent either roller or belt conveyors.

Conveyors are much like the Fixed Resources, e.g., Source, Queue, and Processor, with a few key differences.

e Conveyors have two ends, referred to as Start and End, that can be modeled independently. Flow items
enter the conveyor object at the Start and leave at the End.

e Conveyors cannot be rotated in the x, y, or z directions as fixed resources can. However, the height (z
location) can be changed at either end, resulting in a ramp or elevated conveyor.

e Each conveyor has a direction of travel, indicated by an arrow on the conveyor surface that is visible when
the object is selected.

e Curved conveyor shapes are defined by three properties, which are described below and illustrated through
a few examples in the figure below. These properties are edited through the Quick Properties interface,
rather than double clicking on the object. The properties can also be changed by selecting the conveyor
segment and dragging the resizing arrows.

o Radius is the size of the curvature of the conveyor, as measured from the center of a hypothetical
circle to the midpoint of the conveyor width.

o Start Angle is the rotation, in degrees, to the location of the Start of the conveyor

o Sweep Angle is the rotation, in degrees, from the Statt to the End of the conveyor.

A (default) B

Y

Radius = 4 Radius = 2 Radius = 4
Start Angle = -90 Start Angle = -90 Start Angle =0 Start Angle = -90
Sweep Angle = 90 Sweep Angle = 90 Sweep Angle = 90 Sweep Angle = -90

In the figure above,

e  Case A shows the default setting; i.e., those of the curved conveyor section when it is dragged out from
the Library. The conveyor segment starts 90 degrees below hotizontal (Start Angle = -90) and is formed

e 80
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by sweeping up to the hotizontal (Sweep Angle = 90) with a radius of 4 grid units (meters in this
model).

o (ase B is the same as Case A, but with a smaller radius.
e (Case Cis the same as Case A but starts at a different location (Start Angle = 0).

e (Case D is the same as Case A except it sweeps in the opposite direction (Sweep Angle = -90).
Obtaining the proper shape sometimes involves experimenting with the settings.

[ W] Begin with the basic model from the previous section, named Primer_2-2, and Save As Primer_2-3. Basically
=] make a copy of the model so that it can be customized and the original model is retained.

4.1  Straight and curved conveyor sections

For now, only the conveyors up to the Packing area are modeled. Again, this is an example of the best practice
of incremental model building — build small segments, test and validate, and then consider the next aspect of
the system.

As described earlier, when precisely placing objects it is best to work in an environment with the following view
characteristics:

» 2D rather than 3D view. Right click on the modeling surface, select View, and then Reset View.

»  Flat rather than perspective view. Uncheck the Petspective Projection box in Quick Properties.

» Drag out two Straight Conveyor sections.

e In the Quick Properties window, rename the two sections
to StCv_FromFM1 (straight conveyor from Finish
Machine 1) and StCv_ToPacking (straight conveyor to
the Packing atrea).

e  Set the first segment’s length to 2 and the second to 6 by

selecting the conveyor segment and in Quick Properties

window change the Horizontal Length from the default

of 10 (meters in this example).

e DPosition both segments on the layout where the

conveyors are drawn, as shown in the figure to the right.

The interfaces for each segment is shown below.
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Quick Properties x
4] Statistics V.
| Labels
& Xt 8|S

I T
[] Automatically Reset Ea|E:

=/ Straight Conveyor

@
X % z

start [-489 [S[150 [f1o0 |2

End 289 [5[150 100 2

Horizontal Length
[2.00 |m

[ virtual Length
1.00 m

Conveyor Type
ConveyorTypel ol

Reverse Direction

System Properties

Quick Properties x
+] Statistics 2
-] Labels
X% § |

I ]
[] Automatically Reset - Ea(Es

—| Straight Conveyor

“l®
X ¥ z

start | 400 [2]-055 100 [2

-

End [200 055 o0 [

Horizontal Length
[6.00 |m

[ virtual Length
1.00 m

Conveyor Type
ConveyorTypel 3

Reverse Direction

System Properties

» Drag out two Curved Conveyor sections.
e Name one CuCv_FromFM2 (curved conveyor from Finish Machine 2), set its Radius to 1.5, and
locate the object in the proper place on the layout. Note and retain the default settings for Start Angle

and Sweep Angle.

software version 2020 Update 1 (20.1.2)

e Name the other CuCv_FromFM]1, set its Radius also to 1.5, change the settings for Start Angle to
90 and Sweep Angle to -90, and locate the object in the proper place on the layout.

The interfaces for each segment is shown below.

Quick Properties x
+] Statistics 2
=l Labels
X ]84

I T
[] Automatically Reset Za|(E:

=| Curved Conveyor

CuCv_FromFM2 T || @

Radius
[ 150

Start Angle
[-80.00

Sweep Angle
[ 50.00

X Y z
start[-as6 |2[-255 [f[100 |2

End [346 2[-10s 100 2

-

[ virtual Length
1.00 m

Conveyor Type
ConveyorTypel bl |

Reverse Direction

System Properties
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Quick Properties x
| 4] statistics V.
=/ Labels
%Xt 8|4
I |
[] Automatically Reset (Y| (B

=| curved Conveyor

CuCv_FromFM1 T | @

Radius
| 150

Start Angle
| 90.00

Sweep Angle
| -s0.00

X Y z
start| 289 [2[145 [2] 100

End [-139 [[-005 Z[io0 [

[ virtual Length
1.00 m

Conveyor Type
ConveyorTypel >~ ...

Reverse Direction

System Properties

82



FlexSim Simulation Software Primer software version 2020 Update 1 (20.1.2)

4.2  Connecting conveyor sections

Connecting conveyor sections to each other is different than
connecting other FlexSim objects. When one conveyor section is
selected and dragged close to another section they automatically
snap together. As shown in the figure to the right, and highlighted
by the citcles, a Transfer connects the two sections together. The

Transfer is the small square that overlaps the two conveyor
sections. You may need to zoom in to see the Transfers.

» Check to be sure all segments are connected as shown in the
figure.

Conveyor sections are connected to basic FlexS7m objects in the
same way as described throughout the primer, with an A-
connection. An Entry Transfer is automatically added when a

Fixed Resource object is connected to a conveyor section and an i
Exit Transfer is automatically added when a conveyor section is ""I" |
connected to a Fixed Resource. In the figure to the right, the :

Transfers are small white squares at the start of the conveyor ‘

sections at the finish machines. They are highlighted by the | *

circles. g

: —
> A-connect FinishMachine_1 to StCv_FromFM1 5
» A-connect FinishMachine 2 to CuCv_FromFM2 ; \\\\\\

Fch_z

Since the conveyors now move the flowitems to the Sink, remove the connections from both finish machines

to the Sink.

» Q-disconnect the FinishMachine_1 and NextProcess objects. The Q-disconnect is the opposite of an A-
connect; therefore, hold down the Q key, select the finish machine and then select the Sink.

» Using the same process as above, Q-disconnect the FinishMachine_2 and NextProcess objects.

Connect the Straight Conveyor StCv_ToPacking to the Sink. Note that connecting the Straight Conveyor to
the Sink creates an Exit Transfer at the end of the conveyor.
» A-connect StCv_ToPack to NextProcess, the Sink.

;‘oziFLE)gSlm 83
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» Reset and Run the model.

The operation should resemble the figure to the right. Note how
the containers move on the conveyor system. As shown in the
figure, the containers change orientation because objects are
transported based on their orientation when entering a conveyor
section. When entering the conveyor system from the finish
machines the leading edge of the containers is the short

dimension. However, as the containers move onto the straight

conveyor that goes to the packing area, the leading edge of the

container is now the long dimension - that is the orientation when  ge FinishMach_2

the items joined the straight section of conveyor from the curved sections. If the orientation should remain the
same on all sections of the conveyor, then the Join Conveyors object can be used. This is defined in the next
section.

If you haven’t already done so, save the model. Recall, it is good practice to save often.

The Transfers (between two conveyor sections and between a Conveyor section and a Fixed Resource object)
&% &, are actually objects as well. They contain advanced properties that can be accessed by double clicking on a
transfer.

4.3 Join Conveyors object

The Join Conveyor object is more of a tool than an object. It connects two conveyor sections with a curve. In
this case, we'll use the Join Conveyor tool for where the curved conveyor from each finish machine joins the
main straight conveyor that goes to the packing area.

» Click on the Join Conveyors object in the Libraty to enter into conveyor joining mode. When in conveyor

+:",.l, Conveyors icon next to

joining mode, the mouse pointer changes to a plus sign with a Join
it. To exit this mode, press the ESC key.

» Click near the center of the first conveyor section to be joined, CuCv_FromFM1, and a yellow line will
follow the mouse as it moves, similar to the line that appears when connecting two FlexS7m objects. Click
on the second conveyor section that s to be joined, StCv_ToPack. As a result, a new curved conveyor will
appear between the two conveyor sections and two transfer points will also appear on both ends of the
new conveyor section.

» Use the ESC key to exit conveyor joining mode.

» Repeat the above steps to join CuCvFromFM2 and StCv_ToPack, where the second finish-machine

conveyor joins the straight conveyor.
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> Reset and Run the model.

The operation should resemble the figure to the right. Note how
the containers now maintain the same orientation with the small

edge of the container as the leading edge. g H"""I""""W /
74

T
Bl ...
% 3 Pa

1

4.4 Conveyor types

Each conveyor segment belongs to a Conveyor Type. By default, - x [T T
all conveyors are of type Conveyor Type 1. The type is accessed ;?’:::, :
through the Quick Properties window. Accessing the type is %"Qu?ﬁg"p"‘ s 1
. . . . I 14500
illustrated in the figure to the right for the straight-conveyor from Content

curr Min Max Avg

[000 Jooo [100 |o00

Staytime

Finish Machine 1, named StCv_FromFM]1. Conveyor Type is

accessed through the ... button, just to the right of Conveyor s o fom |
Type on the object’s Quick Properties window; this is highlighted % TTE ;
by the red circle in the figure to the right.. [ Avtomatealy Reset [ |23

=) Straight Conveyor

StCv_FromFM1 I« | @

\ X Y z
s start [-4.89 H1s0 JEre0 2
4 Ena [280 E[150 Z[1o0 2

Horizontal Length
2.00 m

[] virtual Length
1.00 m

Conveyor Type
ConveyorTypel O
Reverse Direction

System Properties

As shown in the figures below, the Conveyor Type Properties controls many aspects of the conveyor’s
operation. The tab in the left figure, named Behavior, is used to set speed, spacing, etc. The tab shown in the
figure to the right, named Visual, is used to set appearance properties.
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#% Conveyor Type Properties - m] #% Conveyor Type Properties - a
= ‘ ConveyorTypel = 1| ConveyorTypel
Behavior visual Behavior Visual
Accumulating Width 1.00 m ~
Acceleration m/m/m Draw Rollers
Deceleration m/m/m
Diameter 0.08 m
Spacing 0.11 m
[Joraw Belt modules\Conveyor\shapes\Belt1.png
5.00 m
Entry Space 1.00 X Item Length +[0.00  |m
[Jpower And Free
1.00 m Side Skirt
Leading
Width 0.02 m
[Islug Builder
Vertical Offset
Fill Percent [ braw Texture modules\Conveyor\shapes\BasicSideSkirt.png
Item Count Repeat Distance 0.50 m
Time Elapse Color - 7
1.00 m/m Legs &
) Avply Cancel 2] Aply Cancel

On the Behavior tab, change the Speed from the default of 60.0 to 90 meters per minute. Since all
conveyor segments in the model are of Type 1, they all have a speed of 90 meters per minute. To model

additional conveyors in the system that have different speeds, create a new type and assign all applicable
segments this type value.

Note, also on the Behavior tab, that by default the conveyor type is accumulating since the Accumulating
check box is selected. This means that the conveyor acts like a ro/ler conveyor. In a roller conveyor, an item
travels along the conveyor until the end and then stops if it cannot be removed (downstream object or
transport is not available). Subsequent items on the conveyor continue to flow on the conveyor and stop
behind the one in front.

If Accumulating is not checked it is a non-accummnlating conveyor which means it operates like a belt conveyor.
In a belt conveyor, as in a roller conveyor, an item travels down the conveyor until the end and then stops
if it cannot be removed (downstream object or transport is not available). However, on a belt conveyor

when one item stops, the belt stops and then all other items on the conveyor stop in their current location.

» Also, note a few of the properties on the Visual tab, albeit none of their values are changed at this time.

-

<%

e Width is the conveyor’s width with a default of 1 grid unit; in this example, this represents 1 meter.

e The Surface section is where the conveyor’s rendering properties are set for drawing rollers, belts, or

a texture, setting color, etc.

If you haven’t already done so, save the model. Recall, it is good practice to save often.
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5 GLOBAL TABLES

The primer now switches from FlexSim modeling objects tO  [fie edr view buid Eeare Satistis Debug Help
; 1 Z - ke v 32 - B - e S EXI
FlexcSim modeling fools. As the name suggests, tools are means to S L E - 1A e S
0.00 to 48ga.00

[KIReset P Run [ Stop DI Step Run Time:

support various aspects of simulation modeling and analysis.

Toolbox n
Tools are accessed through the Toolbox Library. As shown by i Lbrary
the circles in the figure to the right, the Toolbox Library is B TR |0

A Global Table
accessed either through: (1) the tab next to the Objects Library

5 Time Table
@ MTBF MTTR
or (2) the Tools icon on the Main Menu bar.

¢}
@
& Dashboard
i Group
=% Process Flow >
& Global List >
Also, shown in the figure to the right, tools are added to a model = i
" owlitem
through the + button in the upper left portion of the interface. Modeling Logic >
Visual >
>
>

Tools include Global Table, Time Table, MTBF/MTTR, etc. T

Conveyor System

&

These are discussed in subsequent sections of the primer;

however, since this is an introduction, not all of the tools are
discussed. One tool, Dashboards, was discussed in Section 6.2 of Part 1.

It is good modeling practice to separate data (property values) from objects, especially if the values are
m to be changed, e.g. when conducting what-if analyses and experimentation.

Tables provide a very convenient means for storing data because during model execution the model can
reference a table cell when it needs a parameter value. Tables can also be used to store output from a model.
FlexcSim provides a link to MSExve/ so that data can be easily exchanged (imported or exported) between a
model and MSExve/ via Global Tables.

Two examples are provided in this section in order to introduce the use of Global Tables. The first example
uses a table to store process times for the different types of containers; the second uses tables to store the
container product mix, the expected percentage of each type of container.

[section 5.3] Managing data through tables

1] Begin with the basic model from the previous section, named Primer_2-3, and Save As Primer_2-4. Basically
make a copy of the model so that it can be customized and the original model is retained.
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5.1 Using tables to store process times

Process times at the finish machines are stored in a table rather than within each Processor object. For one
thing, this facilitates changing parameter values. A value only needs to be changed in the table and is
propagated to all objects that reference that table cell.

» Using the green + on the Toolbox, create a Global Table and customize it to (22 Model [ TTOESTIE |
reflect the figure to the right. faz

i ] ) Finish Times |

» In the Quick Properties window, change the name of the table from |7 07 5
GlobalTablel to a more meaningful name, say ProcessTimes. Type 2 20

» Also in the Quick Properties window set the number of Rows to 3 and leave | Type3 30

the default number of Columns at 1.

> Set the cell values as shown - the process times for container types 1 through
3, respectively: 15.0, 20.0, and 30.0 minutes.

» Change shaded “headings” for the rows and columns from the default Row 1, Row 2, ... and Col 1 to the
more descriptive names shown in the figure. Note that the headings are just text for information purposes
and are not table values. However, they are very helpful in understanding what data tables contain.

» The row heights and column widths can be changed by dragging the lines dividing the cells.

Note that the table opens in a tabbed window, like the model. The view may be closed by pressing the X in the
upper-right corner of the interface. The window can be reopened by double-clicking the table in the Toolbox.

Now the finish machines’ process logic has to be changed in order to read the values from the Global Table.
» Change the Processot’s Process Time trigger option from the previous Values By Case logic to By
Global Table Lookup by using the drop-down menu.

>  Complete the property interface as shown in the figure to the |7 " .
right. The Table value is ProcessTimes - the name of the *- [Fristachine_t |@ ¢
Global Table created above. It is selected from the drop-doOWn | wocesor sreskdonns row  Tragers 1abeks cenerd
menu OptiOﬂS. Maximum Content [] Convey Items Across Processor Length

If Global Tables are created before accessing them in the | swemme  [7memabel vae cranges lues are ETS

Use Operator(s) for Setup Number of Operators

Use Setup Operator(s) for both Setup and Process

model, then they are available via a drop-down menu.
Otherwise, the table name must be typed in with quotation

Process Time | Using Global Lookup Table ( ProcessTimes ) - rd

marks around the name. The name must be typed exactly as

[] use Operator(s) for Process il

it is named in the Global Table — names are case sensitive in ) Tabk  [Processimes” |,
Picl ODETE(CIT = ]
FlexcSim. Therefore, it is better to select the name from the - e :: S
olumn A4

drop-down menu.

» Use the default values for the Row and Column properties.
The Row value is the value of the item’s (container) label
Type. As defined eatlier, this is specified in FlexSim using dot
notation in the format item.Type. The finish times ate stored

in Column 1. @ T2 a4l (<] » Apply oK Cancel
» Repeat the above steps for the other finish machine.
oo FLex
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In summary, the process time for an item (container in this example) entering the Processor (finishing machine)
is determined by a trigger that obtains the value stored in Column 1 and in the row in the Global Table
ProcessTimes that corresponds to the value of the item’s label Type.

» Reset and Run the model. Verify that the containers have different finishing times by observing the
different speeds that the containers have as they are conveyed across each Processor.

Items can remain static on a Processor while being processed by unchecking Convey Items Across

% ¥ Processor Length on the Processor tab. Checking or unchecking the box is for visual purposes only and
does not affect the model’s behavior; i.e., the processing time is the same whether the item is conveyed
across the object or not.

If you haven’t already done so, save the model. Recall, it is good practice to save often.

» Uncheck the Convey Items Across Processor Length box on both finish machine’s Processor tab.

5.2  Using tables to store product mix percentages

A second example of using a Global Table to store data involves the product mix of containers. Recall that in
the current model, as defined in Section 5.1 of Part 1, the container type is randomly generated when it is
created at the Source ContainersArrive. Recall also that it is implemented by using the FlexSiz's discrete-
uniform distribution command duniform(1, 3, getstream(current)); i.e., each container’s Type is equally likely
between 1 and 3.

However, the product mix of container types is most likely not equal. Even if this were the case now, it would
likely change in the future. A more general product mix is implemented by storing the information in a Global
Table and using a different FlexSim command at the Soutce.

. 7 Model ] ProcessTi ProductMi
> In the same manner as described above, create a Global Table, name | &0 ] ProcessTimes /_J Prodlcthix

. . Percent Type

it ProductMix, and set the number of Rows to 3 and the number of | 7,07 20‘ 1‘

Columns to 2. Type 2 30 2
Type 3 50 3

» As shown in the figure to the right, label the header rows and columns.
Again, the headers are used to clarify what information is stored in the

table. The rows correspond to the product types.

> Set the cell values as shown. Column 1 is the percentage of that type and Column 2 is the value of the type.
In this case, 20% are Type = 1, 30% Type = 2, and 50% Type = 3; i.c., in the long run, half of the containers
will be Type 3 (blue). The percentages in Colummn 1 of the table must add to 100%.
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Now the Source’s logic has to be changed in order to randomly generate a Type based on the percentages
stored in a Global Table. The change is shown in the figure to the right and described below.

» Select the Soutce’s existing OnCreation trigger option Set |~ conanersame preperves - o x
Label and Color.
. . ‘ Containersarrive ‘ D
» In the resulting interface, no changes need to be made to the

Source Fiow Triggers Labels General

Object and Label properties.

9 -

» Replace the Value property, duniform(1, 3, getstream(current)). | oncreason

P
To do so, select the Statistical Distributions option from Se;::m:::m o :
the drop-down menu option and then select dempirical from tabe e _—
the list of distributions. e |

» Modify the dempirical command in the Value box to the *

following. (Change the parameter “MyTable” to
“ProductMix”)
dempirical (“ProductMix” ,getstream(current)

The discrete-empirical command randomly generates a number between 0 and 100 percent and uses that
number to look up a Type value in the Global Table, in this example ProcessTimes.

If you haven’t already done so, save the model. Recall, it is good practice to save often.

S\ Fex 90
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6 DOWNTIME

In FlexSim, there are two means for making resources not available, i.e. incurring downtime — the Time Table
tool and the MTBF/MTTR tool. Both are accessed through the Toolbox Library. A powetful feature of FlexSim
is the management of downtimes, especially multiple types of downtimes. As such:

e Any object can be subjected to downtime.

e Any object can be subjected to multiple types of downtimes, oftentimes referred to as competing downtimes.

e Multiple objects can follow the same downtime process.

W] Begin with the basic model from the previous section, named Primer_2-4, and Save As Primer_2-5. Basically
make a copy of the model so that it can be customized and the original model is retained.

6.1 Time Tables

Time tables are used to model planned downtimes; i.e., ones that occur on a known and recurring basis, such
as breaks, shift schedules.

vt S

5% [section 7-1] Establishing Time Tables

In this example, the finish operator takes a 15-minute break two hours into an 8-hour shift, a 30-minute lunch
break four hours into the shift, and another 15-minute break six hours into the shift. It is implemented via the
Time Table tool and its three tabs — Table, Functions, and Members. The property settings for this tool are
explained below.

» In the Toolbox, press the + button and select Time Table from the drop-down menu.

» Change the name from TimeTablel to OperatorBreaks. " T Tk Pt o T - o x
» The Members tab is used to assign this downtime pattern to one | =@ 3 =
Members Functions Table
or more objects. Using the + button, select FinishOperator_1 | @ % + s ne |
from the Operators object category and press the Select button. | [[& ][5
' 4
The selection is shown in the figure to the right. - 5 vattoss -
+ 4 Sources
+ B Queues
+ wf Processors.
+ @ sinks
+ () Dispatchers
- 3 operators
B FinishOperator_1
+ # Networkhodes
+ = Conveyor
+ Conveyor
+ B4 EntryTransfers
[ - e ¥
Clear Selact
|
o Apply 3 Cancel
s FLex 1
% solved. 9
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The Functions tab is used to control what happens when a resource goes down (becomes unavailable) and then

resumes. By default, FlexSim stops the object at the appropriate time in the simulation and the object remains

down for the prescribed time. In this example, the following behavior is added to the default.

The default Down Function stops the resource wherever it is and whatever it is doing and it remains at that

location for the prescribed duration. However, in this example, the Operator takes a break at a specified

location, at the Source (ContainersArrive). The prescribed delay starts when the Operator reaches the specified

location.

To implement this, complete the following steps and refer to the

figure to the right.

>

Change the Down Function property from Stop Object to
Travel To Object, Delay Until Down Time Complete by
selecting the option from the drop-down menu.

In the resulting dialog set the Object property to
ContainersArrive using the + button and selecting the
object from the Source category. Retain the default values
for the Priority and Preempt properties.

#% Time Table Parameters Window - [m}

5} | OperatorBreaks

v | []Enabled

Members Functions Table

Down Function

Resume Function

On Down

On Resume

Od

Travel Ta Object, Delay Until Dovn Time Complete -3
Create a Task Sequence that will send the involved object to
an abject to wait for the duration of the down time
Priority Lo -
Preempt  no preempt Sk
Object | Operatorl = /7 %
(& ]
'é
+ ] visualTools -
— 4 sources
B ContainersArrive
+ B Queues
+ o ncneenee v
Clear
Apply 0K Cancel

x

In order to provide a visual cue that the operator is not available, change the object’s color during the break

period. To implement this, compete the following steps and refer to the figure to the right

>

Change the On Down option to Set Color (Group) and the
Color property value to Red (the default). This changes the
operator’s color to red when on break.

Reset the operator’s color after the downtime is concluded in
a similar manner. Change the On Resume property to Set
Color (Group) and then the Color property to Yellow. from
the drop-down list of colors. This changes the operator’s color
back to its default colot, yellow, when the operator is available
for work.

solved.

#5 Time Table Parameters Window - o

(& | OperatorBreaks

Down Function

Resume Function

On Down

On Resume

Members Functions Table

Travel To Object, Delay Until Dowin Time Complete

Resume Object

{ 4 | set Color (group)

[ Coor | Red ~ K

£

v| [ Enabled

X
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As shown in the figure to the right, the Table tab is used to set the [ e rmamems wingon LT
times the resoutce becomes unavailable (Time) and for how long | [oemoses ] Benabes
(Duration). In this case, there are three downtimes per shift and ’:Amdbec;m“‘:m:f R
all values are in minutes, the time unit specified for the model. i ER = - —— R
» Change the Mode from Date Based to Custom Repeat. I 0 * = 0 oo

> In the field next to the Custom Repeat value, set the repeat | | = = = : =
time to 480. The pattern entered into the table will now repeat
every 480 minutes of simulated time. This corresponds to an
8-hour shift. This is handy when simulating multiple shifts so that the downtimes for each shift do not
have to be explicitly included in the time table; the provided pattern just repeats for as long as the simulation
runs.

» Since there are three downtimes per shift, set Rows to 3.

» The first downtime is a 15-minutes break that occurs two hours into the shift; therefore, set Time to 120
minutes and Duration to 15 for the first row.

» Change the State parameter for each of the three rows from the default 12 to 35. Clicking on the cell results
in a list of states; select 35. The state value 12 means “scheduled down” and state value 35 means “on
break.” These are two of the 50 possible states defined in Flex:S7z. The State property is used for reporting
the resource’s utilization. Keep the default values for the Profile and DownBehavior columns.

» The second downtime is a 30-minute lunch break that occurs four hours into the shift; therefore, set Time
to 240 minutes and Duration to 30 for the second row.

» The third downtime is another 15-minutes break that occurs six hours into the shift; therefore, set Time

to 360 minutes and Duration to 15 for the third row.

Since the Operator travels to the Source for breaks, and since the Operator is constrained to the network, the

Source needs to be placed on the network; i.e., associate it with a new network node that is connected to the

other nodes. This is shown in the figure below. While the implementation steps are the same as described in

Section 3.3, they are repeated again below.

-

ol

FinishOpera@r_1

;

Pl

Containersfrrive

ReDirectedContainers Containef'sStorage FinishMach_2
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Name the node nn_OperatorBreaks.

Y V VY

A-connect the node to the previously-constructed network for the Operator, e.g. to the node near the
Queue, nn_ContainerStorage.

» A-connect the Soutce object to the new node.

» Reset and Run the model. Verify that the operator travels to the Source at the prescribed times (120,
240, 360, etc.).

If you haven’t already done so, save the model. Recall, it is good practice to save often.

ss. FFLex
<%

solved.

Select a Network Node from the Object Library and drag and drop it near the Sink, ContainersArrive.
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6.2 Reliability

Reliability refers to an object being able to perform its required functions for a specified time. It is an important
contributor to overall system performance. Two key factors are used to specify reliability, Mean Time Between
Failures MTBF) and Mean Time To Reparr (MTTR). The former is the up time, or time an object operates,
expressed as an average or mean value; the later is the time it takes to get a down object back to its operational

state, again expressed as an average or mean value.

%’ [section 7-3 through 7-6] Reliability, Estimating MTBF and MTTR, Simulating machine
’ failures, and Setting MTBF and MTTR in a simulation.

In this example, each finish machine is subject to two types of downtimes. Thus, the model has competing
downtimes that must be managed, which FlexS$7# does very well. For example, in most cases if a resource is

already down or not available, it cannot incur another type of downtime.

6.3 Constant MTTF/MTTR; MTBF based on clock time; no resource for repair

The first type of downtime on the finish machines is a quality check that occurs every 10 minutes for 15 seconds;
i.e., MTBF is a constant 10 minutes and MTTR is a constant 15 seconds. The downtime occurs regardless of
the machine’s current state and how much the machine has been used; i.e., MTBF depends on clock time only.

No other resource is needed; i.e., the machine is just down for the duration of the self check.

» In the Toolbox, press the + button and select the MTBF MTTR tool from the drop-down menu.
» In the tool’s Parameter Window change its name from MTBFMTTR1 to QualityCheck.

The MTBF MTTR tool contains three tabs — Members, Functions, and Breakdowns. The settings for the quality

check downtime are explained below.

The Members tab is used to assign this downtime pattern to one

#5 MTBF/MTTR Parameters Window - [m) X

or more objects; ie., the downtime behavior defined on the |4 auinmes -] Eebied |

Functions and Breakdowns tabs will be applied to all objects in | #embers rnctons resicouns

FARIE AN "o
the Members tab.
> In this case, using the + button, select both finish machines, 7
FinishMach_1 and FinishMach_2 from the Processors | || g :
category. This is shown in the figure to the right. Alternatively, (B
. . 2 Fnshocine_
if the category Processors is selected, all Processors are Bt
+ P Sinks
selected. + () isptchrs
+ & operators
+ " NetworkNodes
+ 2 Conveyor i
+ comeyor . i
e
O Apply oK Cancel
o FLe
0’ ’0 X solved. 95
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The Functions tab defines how often downtimes occur and their
durations. In this case, all values are deterministic or constant;
thus, the default probability distributions will be replaced by
constants, as shown in the figure to the right..

» Change the First Failure Time property from the
exponential probability distribution to a constant 5 minutes.
This assumes the simulation starts halfway between
downtimes.

» Change the Down Time property from the exponential
probability distribution to a constant 15 seconds (0.25
minutes).

» Change the Up Time property from the exponential
probability distribution to a constant 10 minutes. This is the

time between failures or between down states,.

#5 MTBF/MTTR Parameters Window
% | QualityCheck
Members Functions Breakdowns

First Failure Time
Down Time

Up Time 10

Down Behavior Custom ~
Down Function Stop Object

Resume Function  Resume Object

On Break Down
4 | Set Object color

On Repair Color  Color.orange

O

AppIy ok tancel

- O X

~ | [“]Enabled

The default values are used for the Down Behavior, Down Function, and Resume Function; i.e., when the

object experiences a downtime it is stopped for the duration of the downtime and then restarted. No resource

is needed during the downtime; the machine processes the downtime itself.

The On Break Down and On Repair triggers are used to change the color of the object when it is down. In

this case, the object is orange when it is down for a quality check and back to green when not being checked.

» 'The On Break Down trigger sets the object’s color to orange indicating that it is down. As shown in the

figure above, the Set Color (individual) option is selected from the drop-down menu and the color is set

to Color.orange.

» Similarly, the On Repair trigger sets the object’s color back to green indicating it is not down. The Set

Color (individual) option is selected from the drop-down menu and then Color.green is selected.

Now consider the third tab, Breakdowns.

For clarity, it is best to differentiate the downtime state for
failures, which is a “breakdown,” as described in the next section,
and the planned downtime for the quality checks. For the check
quality case, the time between failures (downtimes) is based on the
simulation clock and not on any of the object’s states; i.c., the
machine will be unavailable for 15 seconds every 10 minutes,
regardless if it is processing or not, in order to upload data.

Therefore, the default is used in this case. This will change in the

failure downtime described in the next section.

» On the Breakdowns tab, as shown in the figure to the right,
change the Down State from the default, breakdown, to
scheduled down, using the list of states on the menu. This
state is more descriptive of the behavior since the quality
check is a scheduled downtime and not regarded as a failure.

solved.

#% MTBF/MTTR Parameters Window o x
% | Qualitycheck [~ Enabied
Members Functions Breakdowns
Down State | scheduled down v
[~] Break down members individually
Apply MTBF to a set of states
] ~
processit
iy
ocke
neratir
ot
ollecting
t
trar
v
Ok Apply Cancel
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6.4 Random MTTF/MTTR; MTBF based on system states; tesource for repair

The second type of downtime on the finish machines is a random machine failure. The times between failures
and the times to repair are both considered random variables or probabilistic and are based on probability
distributions. For this type of downtime, a resource — the finish operator — is needed to perform the repair.

» In the Toolbox, press the + button and again select the MTBF MTTR tool from the drop-down menu.

» In its parameter window, change its name to FM_Failure.

» On the Members tab, just as was done with the QualityCheck downtime desctibed above, use the + button
and select both finish machines, FinishMach_1 and FinishMach_2, from the Processors category.

The Functions tab defines how often downtimes occur oo R

and their duration. It also defines what actions occur in 5 g =

the simulation whenever a downtime occurs. The | ipee funcions Breskdonns

Functions tab for this example is shown in the figure to  ristrareTime  exporentil(s, o0, getsreamtcurrent) .

the rlght and eXplmned belOW. Down Time uniform(5, 15, getstream(current)) v .5

Up Time exponential(0, 120, getstream(current)) -

In this case, all of the times are probabilistic and are

specified in terms of the default probability distribution. ~ Downsehaver  [custom v
For the times between failures (First Failure Time and  vownfuncton step Object end call dparators -
Up Time), the exponential distribution is the default.  resumefuncton /ot -8
. . . . . . . Execute stopobject() and call operators
The only parameter required for this distribution is its Dispatche |downobject.centerdbjectsL1] -2
. . . . . On Break Down StopID |1 - KD
mean value. For the repair times, the default distribution * -
oty
is the uniform. Two parameters are required for the — %" Preemp! no precmpt (%=
. . . . . . Number of Operat 1 v
uniform distribution, the lowest and highest values, i.e., s OTpersten [ ’
Use "waiting for operators” state while NO - ]
. . . ncel
the shortest and longest possible repair times. All repair 2% g er opertors o e
. . . . Note: This funcmn”handbes the resuming of the object.
times are assumed equally likely between these two limits. T

» Change the First Failure Time’s second parameter in the exponential distribution from the default value
of 1000 to 60 minutes. This is the distribution’s mean value and assumes the simulation started halfway
between downtimes.

» Change the Down Time’s parameters from the default values of 50 and 100 to 5 and 15. This assumes
downtime is uniformly distributed between 5 and 15 minutes.

» The Up Time property is the time between failures or time between down states, It is assumed to be
exponentially distributed with a mean of two hours (120 minutes). Therefore, change its second parameter,
the mean, from the default value of 1000 to 120.

» Change the Down Function, from the default Stop Object to Stop Object and Call Operators via the
property’s drop-down menu. The resulting interface is shown in the figure above. All default values are
used. This selection, in addition to stopping the object during a downtime, calls a finish operator to perform
the repair. The default calls the object that is connected to the object’s center port; in this case, it is the
Dispatcher.

» According to the note at the bottom of the interface for the Down Function propetty, the Resume
Function value is to be set to Do Nothing via the drop-down menu. This is because the logic for resuming

is managed in the down function.

'O‘Q’FLEX\ 97
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As with the QualityCheck downtime, the On Break Down and On Repair triggers are used to change the

color of the object when it is down.

» For the On Break Down trigger, as with the QualityCheck downtime, select Set Color (individual)
option. However, for failures the object is colored red when it is down; therefore, choose the Color.red
option.

» For the On Repair trigger, as with the QualityCheck downtime, select Set Color (individual) option and
then set the color back to green using the Color.green option.

m It is important to use the correct distribution since the choice can significantly impact system performance
and simulation results. FlexS7z includes many types of probability distributions. Discussion of how to select
the distribution is beyond the scope of this introductory primer.

In this example the time between failures (downtimes) is based on the state of the object and not the simulation
clock. The finishing machines only accrue downtime when they are running or processing. For example, if the
time to the next failure on a machine is two hours and the machine operates only 50% of the time, then the
next downtime will occur in four hours of simulation time. Also, a failure will occur only when the object is in

one of the selected states. For example, a failure will occur only when a machine is processing and not when it
is idle.

The above situation is defined on the Breakdowns tab and is | # wresmiis peremetes window - o0 «x
shown in the figure to the right. @ [Fr_raiwe <] Hlenabled
» Check the box Apply MTBF to a set of states. el st breiclones
» Move states from the States to Choose From list to States lBvesk down members ndvidualy

Applied to MTBF using the >> move button. In this case

Down State  breakdown ~

[ Apply MTBF to a set of states

> States to Choose From tates Applied to MTBF
: idle A pro g

select only the processing state.

busy

. blocked
» The type of state can be changed in the Down State drop- seneing

emp!
down menu. However, the default breakdown is used in this mf.‘;;“;

waiting for operator <<
example. ki

scheduled down

conveying

travel empty

travel loaded

offset travel empty

offset travel loaded v

Od Apply oK Cancel
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The figure to the right shows the model running when both finish
machines are experiencing downtime, albeit diffetent types.
FinishMach_1 is undergoing a quality check and thus is colored
orange; itis in the scheduled down state. FinishMach_2 has failed
and is in the breakdown state, as indicated by its red color.

If you haven’t already done so, save the model. Recall, it is good practice to save often.

6.5 Charting the effect of downtime

One way to visualize the effect of downtimes on system performance, is to create a dashboard of charts that
show the utilization of the finish machines and the finish operator.

» From the Main Toolbar select Dashboard and then Add a Dashboard. Alternatively, click the green +
on the Toolbox Library and select Dashboard.
» Name the new dashboard, Utilizations.

Pie chart for finish machine utilization

Develop a pie chart of the various states of the finish machines to assess their utilization.

;‘oziFLE)gSlm 99
problem solved.



» As shown in the figure to the right, select the State chart type in the

FlexSim Simulation Software Primer

software version 2020 Update 1 (20.1.2)

Library
[ ubrary {§ Toolbox

State section of the Dashboard Library; then, select Pie Chart from

=/ Content

Xz Model 1§ Mo

the pop-up menu. 2
. i Content
> Drag the sel he dashboard work < G
rag the selection to the dashboard workspace. ¢ Average Content e
gl composte wip S
& WP By Type =)
. - Output
Change the property values as follows and to those shown in the figure g oumpu 5
below. & output / Hour =
. .. . i Output By Hour
» Change the name of the chart from State Pie to Finish Machines. e 5
» In the Objects section of the Options tab, click the + button and @ composte output /Hour
choose the Select Objects option. Then, select the category ; el
e " Output By Type 5
Processors and press Select. As a result, both FinishMach_1 and g ouput/voursyrype 1
FinishMach_2 should appear in the Objects section of the interface. i Output gy Hour By Type
) Staytime
& staytime 5
| pie Chart - o x BSé Stayme By Hour
‘ & | Finish Machines ¢ com S o
| g Composite Staytime By Hour
Options Settings Advanced
Objects @ staytime By Type 5
* |2 X[t Mo [ Staytime By Hour By Type
FinishMachine_1 =
FinishMachine_2 &F Item Trace Gantt
-) State
¢ state m} |
1 p—
e -¢| Composte State 5
o State Profle | Default =g State Gantt Bar Chart
Display Name | Analysis [ Visible | Color - Zone
idle - 1/ Idle v e
processing - 2| Processing Utiized v I "h Zone SLatstics =
blocked - 4| Bocked v @ zone Partition Statistics 5
waiting for operator - 9| Waiting for operat v e hd X
watting for transport - 10| Waiting for transp v i . Pie Chart
breakdown - 11| Breakdown v
scheduled down - 12| Scheduled down ~ Excluded
setup - 21| Setup tiized v [TT1T1]
(7] Apply oK Close

The States section for the Pie Chart shown above contains the
default options. However, for this example, the values will be

States

&

State Profie | Default

changed to those shown in the figure to the right, both for the state
scheduled down — 12 and breakdown —11. The steps for making

idle

processing

=i
-2
-4

blocked

waiting for operator

-9

waiting for transport - 10

the changes are described below.

» Click the cell in the Analysis column and scheduled down —
12 row, currently displaying Excluded. This will change the
cell to a blank, which means that the state percentage will now
be considered “not utilized” on the chart.

breakdown - 11

scheduled down - 12

setup - 21|

Idle
Processing
Blocked

Watting for operat
Waiting for transp
Breakdown
scheduled down
Setup

Utiized

Utiized

Display Name | Analysis [ Visible [ Color
v

v
v
v
v
v
v
v

Apply Cancel

» Since the default color of the pie slices for breakdown and scheduled down states are quite similar, they

may be hard to differentiate on the chart. Therefore, click the cell in the Color column for the breakdown

row, then select red from the color palette.

» Be sure the Visible column has a green check for all of the states. If not, click the blank space in the Visible

column for that state. The green check means that the state percentage will be displayed on the chart.

-

o~ FLex
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Pie chart for finish operator utilization
Develop another pie chart of the various states of the finish operator to assess its utilization. The process is
very similar to the one used for the finish machines.

> Select the State chart type in the State section of the Dashboard Library; then, select Pie Chart from the
pop-up menu. Drag the selection from the library to the dashboard workspace. Change the property values

as shown in the figure to the right and described below. #% Pie Chant - 0 X
» Change the name of the chart to Finish Operator. @ s operator
> 1In the Objects section of the Options tab, click the + button T 0 o e fe=t
and choose the Select Objects option. Then, select the ﬁfﬁhg;m;_l . L
FinishOperator_1 object in the Operators section of the list
and press Select.
» For this chart, all of the defaults will be used in the States
section. T sotorronc. [T
Note the list of states included in this chart is much longer o |_Devly ame | Anass | el | Cobr
than the previous utilization chart because the Operator DO e o | Excded
object will be in different states than the Processor during the T ||
simulation. The percentage utilization for the Operator e |
includes all of the travel-time tasks (empty and loaded) as well sl S el e
as the time spent loading and unloading items, performing e el | ¥
setup, etc. Note the on break task is included in the states list,
but is not one where the Operator is considered utilized. o g o
sSrean 1ol
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» Reset and Run the model run for 80 hours (4800 minutes).
The results should be similar to that shown in the figure to
the right.

Based on this simulation run, the two finish machines are each
busy about 66% and 59% of the time, respectively; ot, about 62%
overall. These percentages include the times the Processors are in
the processing and setup states (overall about 59% and 3%,
respectively), as defined in the States section on the Options tab
of the Finish Machines’ pie chart.

The pie chart also shows the small percentage of the time that they
were in the breakdown (about 2%) and scheduled down (about
6%) states. The remainder of the time, the idle state, is when the
machines were ready and available, but had nothing to process; in
this case, that is about 30% overall.

The utilization of the finish operator, the time the operator is busy,

i

Finish Machines

Breakdown Scheduled down

FinishMachine_1  FinishMachine_2

66.41% 59.18%

M Processing [l Setup Idle  Waiting for operator

Finish Operator

W Travel empty M Travel loaded [l Loading
Utilize Idle Blocked On break

FinishOperator_1
1

19.12%

Unloading

is about 19%. This includes traveling both loaded with containers and unloaded, loading and unloading

containers, performing setup operations (part of the Utilize state on the chart), and repairing the finish machines

when they breakdown (the other part of the Utilize state). In addition, the operator is in the On-break state

about 13% of the time. The remaining 68% of the time the operator is in the idle state, ready and available, but

has no tasks to perform.

Note that the exact percentages for each piece of the pie is displayed when the cursor hovers over that area of

the chart.

If you haven’t already done so, save the model. Recall, it is good practice to save often.

oo L
<%
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PART 3 - MORE 3D MODELING + ANALYSIS

The third part of the primer is the final section that deals exclusively with the basic modeling in Flex:Siz’s 3D
environment. Of course, as has been stressed throughout the primer, this is only an introduction to the
capabilities of FlexS7m simulation software. Therefore, there are many more features and capabilities available
in the 3D environment for effectively building and analyzing simulation models.

This part also introduces the basics of using simulation models for analysis.

In particular, the sections in this part of the primer describe:

¢ Combining and separating flowitems through an example that is an extension of the finishing area
model from the previous sections. The extension is to a packing area where the finished containers are
packed with a variety of components.

e An alternative means to control the travel path of Task Executers, in this case the finish operators, by
using the A* algorithm.

e Using Lists as a means for representing complex flow rules. In this case, how the finish operator decides
which container to process next.

o Setting up FlexSim’s Expetimenter to compare multiple options based on key performance measures

Subsequent parts of the primer describe experimentation and analysis with FlexSi# and building complex
operations logic, both using ProcessFlow and coding in FlexScript.
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1 COMBINING AND SEPARATING FLOWITEMS

The model from the previous section is extended to include a packing area. In this area, containers are packed
with components that are produced elsewhere. At this time, it is assumed that the components arrive at the
packing area on a schedule and in batches. In a subsequent section, the model is modified so that the

components arrive based on current inventory levels and specified reorder points.

Also, in this example, there are only two types of components — referred to as A and B, which are purple
boxed-shaped items and white cylinder-shaped items, respectively. Of course, the model could consider any
number of components, but two is sufficient to introduce some key concepts. The model is developed in

such a way that scaling up to a model including more components is quite easy.

As has been mentioned before, but it is a very important concept, it is good modeling practice to build
m smaller models first in order to test, validate, verify the approach and methods, then scale up to
represent the real system.

Arriving batches wait in a buffer until the finish operator travels to the batch. The operator then unloads the
individual components in the batch so that they can be used in the packing operation. Each container type is
packed with its own mix of components. However, initially, each container will contain the same component

mix.

[ 1] Begin with the basic model from the previous section, named Primer_2-5 and Save As Primer_3-1. Basically
make a copy of the model so that it can be customized and the original model is retained.

1.1 Scheduled arrivals of components

The first step is to create two new flowitems to represent components A and B. This is done via the Flowltem
Bin, which is accessed by the button on the Main Menu bar (to the right of the Process Flow button) or through
the Toolbox.

»  Create the first component as follows and as showed in the figure below.

» Duplicate the Box item by highlighting the box in the list of flowitems (Box, Cylinder. Sphere, ...) and
pressing the Duplicate the selected flowitem button (to the right of the + button). The result is a
new flowitem at the bottom of the list called “Box copy.”

» In the Quick Properties interface:

o Change the name of the flowitem from Box copy to CompA.
o Change its color from brown to purple using the color palette.
o Change its size from the default values (x=0.61, y=0.61, z=0.3) to x=0.4, y=0.4, z=0.2.
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» Repeat the above process for the second component.

» Duplicate the Cylinder item: highlight the cylinder in the list of flowitems (Box, Cylinder. Sphere, ...)
and press the Duplicate the selected flowitem button (to the right of the + button). The resultis a
new flowitem at the bottom of the list called “Cylinder copy.”

» In the Quick Properties interface:

o Change the name of the flowitem from Cylinder copy to CompB.
o Change its color from brown to white using the color palette.
o Change its size from the default values (x=0.70, y=0.70, z=0.8) to x=0.2, y=0.2, z=0.2.

» Repeat the above process for the container.

e Duplicate the Tote item: highlight the tote in the list of flowitems (Box, Cylinder. Sphere, ...) and
press the Duplicate the selected flowitem button (to the right of the + button). The result is a new
flowitem at the bottom of the list called “Tote copy.”

» In the Quick Properties interface:

o Change the name of the flowitem from Tote copy to Container.
o Change its size from the default values (x=1.0, y=0.70, z=0.55 to x=0.50, y=0.50, z=0.50.
o Leaveits color as the default.

Each of the components need to be created by a Soutce.
» Create a Source for each component by dragging out two Sources, placing them neat the packing station,

and renaming them CompA and CompB.

The components arrive in batches, three per hour for CompA and five every half hour for CompB.
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» Change the properties of the CompA Soutce to those shown
in the figure to the right and described below.

e Change Arrival Style from the default Inter-Arrival
Time to Arrival Schedule by using the drop-down
menu.

e Change the Flowitem Class property from the default
Box to CompA by using the drop-down menu.

e Check the Repeat Schedule/Sequence box.

e Configure the two-row Arrival Table as shown in the
figure (Arrivals is 2 and ArrivalTime and Quantity as

#% CompA Properties

‘ CompA

Source Flow Triggers Labels General
Arrival Style Arrival Schedule

Flowltem Class  CompA

[+] Repeat Schedule/Sequence

Arrivals | 2 = Labels |0 =

Add Table to MTEL

ArrivalTime | ItemName |Quantity
Arrivall 0 Product 3
Arrival2 60 Product 0

shown). This creates three flowitems at time 0 and three more flowitems every 60 minutes. This pattern

will repeat since the box in the previous step is checked.

» Repeat the above steps for source CompB, as shown in the
figure to the right and described below.

e Change Arrival Style from the default Inter-Arrival
Time to Arrival Schedule by using the drop-down
menu.

e Change the Flowitem Class property from the default
Box to CompB by using the drop-down menu.

e Check the Repeat Schedule/Sequence box.

e Configure the two-row Arrival Table as shown in the
figure (Arrivals is 2 and ArrivalTime and Quantity as
shown). This creates five flowitems at time 0 and five
more flowitems every 30 minutes. This pattern will
repeat since the box in the previous step is checked.

Add a Queue for each component to store the components. Since

their properties are very similar, it is easier to set up one and then

copy and paste it to create the other.

» Drag out a Queue object from the Library and place it near
the Source.

» Modify the Queue’s General tab as shown in the figure to the
right and described below.

e Name the Queue StoreCompA.

e Set the 3D Shape to a Plane.

e For the Color property, select purple from the drop-
down menu so that the Queue is the same color as the
component it stores.

e Set each Size to x=1.0, y=2.0, and z=0.01.

e Set the height, z Location not Size, to 1.0 so that is
similar to the height of the conveyor.

oo L
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#% CompB Properties

’ CompB

Source Flow Triggers Labels General

Arrival Style Arrival Schedule

Flowltem Class | CompB

[+] Repeat Schedule/Sequence

Arrivals |2 = Labels |0

ArrivalTime IltemName Quantity
Arrivall 0 Product
Arrival2 30 Product 0

9 B A Apply

Cancel

~

‘ StoreCompA
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Appearance
3D Shapes 0 - | Base Frame v ||

fs3d\General\Plane.3ds -7 4
Shape Factors Edit Reset

3D Texture, *** -

coor [N -

Visuals/Animation  Load Save Edit
Position, Rotation, and Size
X

160

5 [0.00

b (100

Ports.

2.00

AF 4 4
v Ay A

2.00

Central Ports.
Qutput Ports

@ & Pproperties

@ M Apply

@ ¢ |

Flags
[+]Show Name

[+“]show Ports
[«]Show 3D Shape
[v]Show Contents
[scale Contents
[ protected

[INo Select

z

4r 4 4

Rank ~
Rank v

o

106




>

-

FlexSim Simulation Software Primer software version 2020 Update 1 (20.1.2)

e Locate the Queue on the layout so that it is in the space indicated on the side of the packing station.

Copy and Paste the StoreCompA Queue by either of the following methods:

e Select (click on) the Queue, press the Ctrl-C keys, click somewhere on the modeling surface, press the
Ctrl-V keys.

e Right click on the Queue, select Edit from the menu, then select Copy. Right click somewhere on the
modeling surface, select Edit from the menu, then select Paste.

Modify the General tab for second Queue, which will store Component Bs, as follows.

e Change the name of the Queue to StoreCompB.

e For the Color property, select white from the drop-down menu so that the Queue is the same color
as the component it stores.

Locate the Queue on the layout so that it is in the space indicated on the side of the packing station.
A-connect each of the Sources to its respective Queue.
Reset and Run the model. Validate that the arrivals of the components occur as expected, three CompA

arrive every 60 minutes and five CompB atrive every 30 minutes. Below is a screenshot of the model just
after one hour showing the expected queue contents — 6 in StorCompA and 15 in StorCompaB.

MaxContent: 15
AvgStaytime: 0.0

CompA
Output: 6

/\4

>

CompB
Output: 15

While changing Sources, change the Flowitem Class property on the ContainersArrive Source from Tote
to Container so that it will generate the new flowitem that was created earlier.

If you haven’t already done so, save the model. Recall, it is good practice to save often.
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1.2 Modeling the packing operation using the Combiner object

Now that the components have been created, they can be packed into containers. This is done through Flex:Si's
Combiner object. As the name indicates it combines flowitems.

The Combiner object can operate in three modes, which is specified by the Combine property on the

Combiner tab.

e Pack, the default mode option, allows items to be combined so they can be separated later. In this case, all
flowitems received through input ports 2 and above are placed 77 the item that enters port 1, referred to
in general as the container item.

e Join combines the items permanently. The flowitem entering port 1 is the only item that exits the object
once all of the components have been gathered.

e Batch releases all items that are collected based on the quantities specified in the Components List.

The Separator object is the “opposite” of a Combiner — it unpacks items that are in a container that were
packed by a Combiner. A Separator can also “copy” items; e.g., to simulate a cutting operation where single
sheet of material enters a separator, but multiple pieces of that material exit by using the “Split” option on the
Separator tab. The Separator object will be discussed further in a later section.

% [section 5-4] Grouping and ungrouping flowitems.

[ 1] If you have already done so, Save the model and then Save As Primer_3-2. Basically make a copy of the
model so that it can be customized and the original model is retained.

In order to model the packing operation in this example, complete the following steps.
» Drag out a2 Combiner object from the Fixed Resources section of the Object Library onto the modeling
surface.
» Name the Combiner, Packing 1.
» Disconnect the Straight Conveyor section just prior to packing, named StCv_ToPacking, from the Sink
NextProcess. (Recall, using Q-disconnect)
» A-connect the Straight Conveyor section just ptior to packing, named StCv_ToPacking, to the Combiner.
» Drag out a new Straight Conveyor section and then
e Name the conveyor section StCv_PackToNext
e Setits Horizontal Length to 8.0.
e Place the conveyor on the layout after the packing station.

» A-connect the Combiner to the new conveyor section, StCv_PackToNext.

Y

Connect the conveyor section, StCv_PackToNext, to the Sink NextProcess.
» One the General tab:

e  Change the Combiner’s 3D Shape property to the provided SkezchUp file named Workstation.
e Change the Combiner’s size to x=2.5, y=1.0, z=2.25.
e Change the Color property from yellow to gray.

» Locate the Combiner in the packing location on the layout, between the two Straight Conveyor sections.
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» Reset and Run the model to verify that the basic flow is correct,
as shown in the figure to the right. Of course the components are
not yet packed in the containers. That is described below.
However, before moving to the next step, it is important to make
sure all of the objects are connected propetly.

Upon closer examination, you may notice two visual problems with
the packing station, as shown in the figure to the right:

1. the container appears above the packing table and

2. the packing table is facing the wrong direction.

These types of effects can occur when importing shapes. While they
don’t affect model performance, they look odd.

The following changes correct these visual problems. The resulting property modifications are shown in the

figure below.

» To fix the flowitem’s position at the packing station, use the Combiner’s OnEntry trigger and Set
Location menu option, which is in the Visual category of the drop-down menu. Set the properties as
shown in the figure below. Normally the property settings require experimenting with different values until
the position looks right.

» To fix the rotation of the packing station, change its rotation to 180 degrees about the z axis as shown in
the General Properties section of the Quick Properties interface in the figure below.

T T
#% Packing_1 Properties — O X Quick Properties
]
|+] Statistics 7
’ -] General Properties
‘Packing,l ‘ @ dn
1o
ProcessTimes Breakdowns Combiner Flow Triggers Labels General Wt | D:\Primer - 2018 Update | +
&+ - T
z
On Entry 4 x 0.00 )
Set Center Location @ \—‘ 7
80.00 |4
Object item -2 '
-2.50 =
X Location |1.25 4
More Properties
Y Location |-0.5 -2
1= Labels
Z Location |1 -2 X8
an [JAutomatically Reset |« =2 =

The two components that are to be packed are supplied to the Combiner via connections that are made from
cach component storage area (Queue) to the Combiner.

» A-connect the Queue StoreCompA to the Combiner.

» A-connect the Queue StoreCompB to the Combiner.
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Each time a connection is made to a Combiner, a row is added in
the Components List on the Combiner tab. The list is like a
“recipe” for what to combine with the container. The Target

Quantity is the number of items to collect from each port.

» Update the Components List as shown in the figure to the
right. In this case, the Combiner is to collect 1item from Port
2 (CompA) and 4 items from Port 3 (CompB). A single

container always enters through Port 1.

One way to verify the port connections on any object is to examine
the Ports section of the General tab. The figure to the right shows
the input to the Combiner from ports 1, 2, and 3 are the conveyor
(ExitTransferl), StoreCompA, and StoreCompB, respectively.

Also, the ports (Input, Central, and Output) can be reordered by
using the Rank controls and deleted with the Delete control, both
are located to the right of the Ports list. If there are many
connections to remove, it is much easier to do it from this interface
than numerous Q-disconnects with the mouse.

» Verify that the objects are connected propetly and correct as
necessaty.

software version 2020 Update 1 (20.1.2)

#% Packing_1 Properties - [m} x
w Padking.1 l ® d”
ProcessTimes Breakdowns Combiner Flow Triggers Labels General
Combine Pack. ~
Do Not Recycle Items
[] Convey Ttems Across Combiner Length
Components List
Target Quantity
From Input Port 2 1
Fom Tt P
Add Table to MTET
GRS oy cancel |
#% Packing_1 Properties - ] X
@ e
ProcessTimes Breakdowns Combiner Flow Triggers Labels General
Appearance Flags
3D Shapes 0 - | Base Frame v | [ [ Show Name

D:\Primer\SketchUp files\Workstation.sk = /

[] show Ports

[#]show 3D Shape

Shape Factors Edit Reset
) [+ show Contents
P .

3D Texture v [Iscale Contents

Color -/ [Protected

Visuals/Animation | Load Save Edit [Ino Select

Position, Rotation, and Size

X Y z

_-{,* 1.90 = -0.06 C 0.00 O

5 | 0.00 =1 0.00 O 180.00 =1

b 250 =] [Loo 2 [200 =

Ports

1: ExitTransferl Rank A

Central Ports 2: StoreCompA

Output Ports 3: StoreCompB Rank v

4 @ Properties Delete
/1[4 oot oo

If you haven’t already done so, save the model. Recall, it is good practice to save often.

Once the Combiner collects all of the items it needs from all of the ports, it invokes a process time that is

specified in the Process Time property in the ProcessTimes tab. This tab is very similar to that tab in the

Processor object. The process time represents the combining time, such as packing, assembly, etc. The default

time is a constant 10 time units. The process time does not start until the Target Quantity for all of the items

specified in the Components List have been collected.

ss. FFLex
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contains one CompA (purple box) and four CompBs (white

» Reset and Run the model to verify that each container b
cylinders). This is shown in the figure to the right. \

The current model uses what is referred to as “fixed-recipe” combining; i.e., each type of container receives the
same number and type of components. However, in this example the Components List on the Combiner tab
needs to depend on the container type. Also, the process time, i.e., the packing time, should depend on the type

of containet.

The recipe for each container type is specified in a Global Table ++% Model /—TPBES
that is named Packing. The table, as shown in the figure to the | Type 1 [Type 2 Type 3

right, has two rows and three columns. The rows correspond to | [Port2 - CompA 2 0 1
Port 3 - CompB 0 4 4

the rows in the combiner’s Component List. In this case, they
refer to Port 2 (CompA) and Port 3 (CompB). The columns
represent the Type of the container. In this case, the container

has Type values 1, 2, or 3. Therefore, the cells in the table are the Target Quantities for the Combiner. For
this example, container Type 1 receives only two CompA, Type 2 receives only four CompB, and Type 3
receives one CompA and four CompB. Note the use of row and column headers (Row 1, Row 2, Col 1, etc.).
Again, they are text fields that are useful for annotating the table - they are not used by the model, but clarify
what information is stored in the table.

»  Create a Global Table named Packing and edit the cells to correspond to the figure above.

Notice that it would be very easy to expand this table to include many more product types (containers) than
the three included in this example model. Also, as will be discussed late, the table could be imported from
MSE-xcel.

An OnEntry trigger on the Combiner is used to instruct the Combiner to use the recipes specified in the Global
Table. Since the Combiner’s On Entry trigger is used to set the flowitem’s position, as was defined earlier, the
+ button on the On Entry trigger is used to add another On Entry trigger.

v
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» Add the additional On Entry trigger to the Packing Combiner as | racung 1 properies - o X
shown in the figures to the right and described below. -‘if’; = e
e Select the previously-defined On Entry trigger and press the | nome scoes comtrer row 1 15 ne

green + in the lower left part of the interface. *-
. . . On Entry 4 = X

e Select the menu option Update Combiner Component List sexconter ocaton ()

1 Object |item -’
With Labels. ]
X Location |1.25 \ ¥4
Y Location -0.5 '/f
ZLocaton |1 - A
.
Update Combiner Component List With Labels
Data >
Control >
Visual >
Lists >
Code Snippet
e As shown in the figure to the right, for the Table property, ™ | [scomeiocwon |
select Packing from the drop-down list of Global Tables. |tz L ”
Table "Packing” -

e Retain the default value for the Label property, “Type.” o [ >
Each column in the GlobalTable is the component list for
asingle item label.

The item label of the first fiowitem to enter is used to find
the correct column.
Tt is assumed that the global table has a row for each
input port number 2 and higher.

&

Based on how the components are wrapped and prepared at the packing station, it is estimated that it takes 30
seconds to pack a component A and 20 seconds to pack a component B. In addition, about two minutes per
container is needed to check and prepare the container, close it, and complete the necessary forms. Therefore,
it takes 2.5 minutes to pack container Type 1, 3.33 minutes to pack Type 2, and 3.83 minutes to pack Type 3.
In this case, based on the current product mix, the average packing time is 3.4 minutes. This is an average rate
of 17.6 containers per hour (60/3.4). Since containers atrive at an average rate of 3/hour, the packing area is

not expected to be a constraint.

The packing times by container type that are defined above are used by the Combiner in the same manner as
the finish times are used in the Processors - they are read from a Global Table. Since the format is the same,
the packing times can be added as the second column in the ProcessTimes table.

» For the Global Table Process Times, add a column through ##5 Model /] ProcessTimes ] ProductMix '] Packing
the table’s Quick Properties and update the cell values as Finish Times Packing Time]
. . Type 1 15 2.50
shown in the figure to the right. Type 2 20 3.33
Type 3 30 3.83
oo FFLex
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Now the Process Time property on the Combiner is changed

#% Packing_1 Properties - m} X

to use the values from the table created above.

» Change the Process Time property on the Combinet’s €; — o
Process Times tab from the default of 10 to the By Global | PressTimes sreskdouns combiner Flow  Triggers Labels General
Setup Time 0 - g

Table Lookup option on its drop-down menu, as shown in

[[Juse Operator(s) for Setup 1

the ﬁgure to the rlght Jse Setup Operator(s) for both Setup and Proces:

[ ] For the Table pI'OpCI'ty, select ProcessTimes from the Process Time  Using Global Lookup Table ( ProcessTimes ) -ET
drop-down list of Global Tables. [Juse Operator(s) for rocess :
: . .. Table “ProcessTimes” -
e The default Row property is not changed since it is uses - "
the container‘s label Type for the lookup. colomn 2 .2

e Change the Column property from 1 to 2 so that the

values in the second column of the table are used.

» Reset and Run the model to verify that the containers are packed with the correct components and that
the packing times vary by container type.

[ 1] If you have already done so, Save the model and then Save As Primer_3-3. Basically make a copy of the
model so that it can be customized and the original model is retained.

1.3 Downtime at the packing operation

In this model it is assumed that the packing operator is dedicated to a single packing station; i.e., the operator
is not dynamic or a shared resource. Therefore, even though in the physical system there is a packing operator,
an Operator object is not needed in the simulation. Of course, one could be added for visual effects, but it

would not influence system performance.

Even though a packing operator is not explicitly used in the model, the downtime due to operator breaks should
be considered. Therefore, the packing station, the Combiner object, is subjected to planned down time by using
a Time Table. Since the packing area will follow the same downtime pattern as the finishing area, the Combiner
can be added to the existing Time Table OperatorBreaks. However, in that table the operator travels to a
location during the break, which is not possible in packing since it is considered a fixed resource for modeling
purposes. Therefore, another Time Table is created, named OtherBreaks, that has all of the same propetties as
OperatorBreaks except the for the travel. Rather than recreate all aspects of the new table, it can be just be a
copy of the previous table.
» Right click the OperatorBreaks Time Table in the Toolbox and select Duplicate from the drop-down

menu. Modify the resulting Time Table OperatorBreaks_2 as follows:

o Rename the Time Table, OtherBreaks.

e On the Members tab, delete the FinishOperator_1 object.

e On the Members tab, add the Packing_1 object (Combiner).

e  Change the Down Function back to the default by selecting Stop Object on the drop-down menu.

e TFor the On Resume property change the Color property for the Set Color (group) option from
Yellow to Gray.
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As shown in the figure below, both the finishing operator and the packing area are on break since the objects
are red. However, the finish machines continue to process containers and containers continue to arrive to the
tinish area. Of course the containers cannot be loaded onto the machines because the operator is on break. If

upstream departments take a break at the same time, then the Source ContainersArrive could be added to the
OtherBreaks Time Table.

117

i ‘
o

Packing

Any finished containers that arrive at the packing area while the area is on break will wait on the conveyor until
the packing area returns to work.

If you haven’t already done so, save the model. Recall, it is good practice to save often.
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1.4 Batches of components unloaded by the finish operator using Separator objects

Currently, the Sources for the components each generate a specified number of components to arrive at

scheduled times. An alternative approach is to generate a single arrival, considered to be a batch or order, and
then “split” or duplicate that item the number of times that is specified by the batch size. The model is now
changed to take this approach.

> First, set up some parameters in a Global Table named

Components, as shown in the figure to the right. Each

column corresponds to a component and each row is a

parameter. For example, for CompA, every 60 minutes a
batch of 3 items is delivered.

# Model '] Packing ' _] ProcessTimes T Components'
| CompA ‘GompB |
Time between batches 60 30
Batch size | 3 5

Prior to changing the arrival process, a label will be added to each component’s Source in order to identify

what type of item the Source is generating. Recall that a label is a characteristic of an object or item that may

be accessed as a model runs. Also, recall that for flowitems the system automatically creates one label named

Type.

» As shown in the figure to the right, the Source label is created

on the Labels tab of each Source for the components.

Using the + button, select Add Number Label.
Change labelName to Type.

Set the value of Type to be 1 for Source CompA and 2
for CompB.

Each component’s Source is modified so that it reads the time
between batches from the Global Table Components.

» Modify CompA’s Soutce as shown in the figure to the right

and defined below. Also modify CompB’s Source in the same

manner.

ss. FFLex
<%

The Arrival Style is changed back to Inter-Arrival Time.
The box Arrival at time 0 is checked. This means that a
batch is delivered when the simulation begins and all
subsequent batches are delivered based the time between
batches.

In the drop-down menu, the Inter-ArrivalTime property
is changed to By Global Table Lookup.

For the Table property, the Components table is

#5 CompA Properties = a X

’ CompA @ &

Source Flow Triggers Labels General

Xt |«

Type 1

#5 CompA Properties m} X

’ CompA (D di.

Source Flow Triggers Labels General

Arrival Style Inter-Arrival Time hd

Flowltem Class  CompA v

[] Arrival at time 0

Inter-Arrivaltime |Using Global Lookup Table ( Components ) - 3 5 7

Table "Components’ .
i ! - "
Column | current.Type =

Labels >
Global Tables ]

@ ka0 Apply oK Cancel

selected from the list of Global Tables that are in the model.

Row is set to 1 since the first row in the Components table is for the time between batches.

Column is changed to current. Type by selecting the Labels option in the drop-down menu and then

current. Type on the subsequent menu. This means the column number that is used to obtain a value

from the table is based on the label value named Type on the current object. For Source CompA, the

lookup value is 1; whereas, the lookup value is 2 for CompB.

solved.
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The items created by the Source will have the same Type value as

the Source. This is accomplished as follows and as shown in the

figure. Use this process for both Sources.

>

>

Select the On Creation trigger on the Source’s Trigger tab,
then the Data category, and then Set Label.

The Object property is the default value, item. The label is
being set on the created flowitem.

The value of the Label property is the default Type.

The Value property is set by selecting Labels from the drop-
down men, then selecting current. Type.

software version 2020 Update 1 (20.1.2)

% CompA Properties - o x
’ CompA @ ¢
—
Source Flow Triggers Labels General
[ -
On Creation
“ SetLabel x
Object  item -’
Label  "Type" -
Value  current.Type - A =]|“H| i""h
|
Labels > cumentType
o Global Tables > item.Type
Statistical Distributions [ F
current
item
rownumber
—
@ k& Apply oK Cancel

It is important to note that when referencing the label named Type on the object, current. Type is used; when

referencing the label named Type on the flowiten, item. Type is used.

Notice that by using Global Tables it makes extending a model much easier and faster. Additional component

Sources could be added by copying and pasting CompA or CompB and just changing their name and the value
of the object’s label Type.

The component Sources now generate one flowitem at a frequency determined by the time between batches.

The Separator object is used to convert the single flowitem that represents a batch into the number of items in
the batch.

The model needs two Separators, one for each component. One Separator will be created for CompA, as
described below, and then it will be copied and pasted and the copied Separator will be modified for CompB.

» Drag out a Separator object from the Fixed Resoutces section of the object and place it on the modeling
surface near the packing area.
» Name the Separator BatchA.
» On the General tab,
e  Setits size to x=1, y=1, z=0.05.
e Setits z location to 1.0 so that it is at the same height as S _
the Queue. This makes it like a worktable. e frepee -0
e Set the Color property to purple - the color of the ’ Batch | @ ¢
flowitem it is processing. ProcessTimes Breakdawns Separator Flow  Triggers. Labels, General
» On the Separator tab, Ovunpack @ spn Efconvey tams Acruss Separator Length
split/Unpack Using Global Lookup Table ( Components) | = (4 <% #
e Uncheck the property Convey Items Across Separator Reerom (TR =
Length. Table "Components” -
e  Click the Split button; note the default is Unpack. :O‘wm jm“_wpp :::
e As shown in the figure to the right, change the property
Split/UnPack from the default Entire Contents to By
Global Table Lookup.
* For the Table property, select Components from the drop-down list.
= Set the Row property to 2. This is the row in the table that contains the values for batch size.
0"’0FLE.X solved. 116
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table is the value of the label stored in the entering item’s label named Type.

Set the Column property to item.Type by selecting Labels, then item.Type. The column in the

» Copy and Paste Separator BatchA by: selecting the Separator, pressing Cttl-C, clicking on the modeling

surface, and pressing Ctrl-V.

» Change the following on the pasted Separator. All other properties created above pertain to both objects.

e Rename the Separator BatchB.

e Change the color to white.

» Integrate the Separators into the model.

e Delete the connection between each component Source (CompA and CompB) and the Queue

(StoreCompA and StoreCompB).
e Connect each Source to their associated Separator, e.g., connect CompA to BatchA.

e Connect each Separator to their associated Queue, e.g., connect BatchA to StoreCompA.

e DPosition the Separators on the layout adjacent to their associated Queues, e.g., BatchA near

StoreCompA.

Note that the time to split batch is 10 minutes since the default Process Time property is used in the
Separator. That is okay for now since it will be changed shortly.

The use of labels is this example is summarized in the figure below. Each Soutce has a label denoting the type

of component it generates; the name of the label is Type. Whenever a flowitem is created by the Source, the

value of its label named Type is assigned to a label on the flowitem, in this case it is also named Type.

Basically the operation item. Type = current. Type is performed. The Separator then uses the flowitem’s label

value to determine the number of items that are in a batch.

The time for a finish operator to split a batch is estimated to be one minute plus 3 seconds per item. The

Flowitem

Separator
Source Type > Triooer
1
I
Type 1l -+ ===
P item.Type

current. Type

number of items in a batch is stored by component type in the second row of the Components table. Since

the fixed time per batch and the time per item might change, or vary by product type, it is a good idea to put

these in a table as well. Therefore:

oo FLe
%

solved.
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> Add two rows to the Cornponents table for these £ Model ] Packing ] ProcessTimes __| Components
parameters, as shown in the figure to the right. While the : SR | SIEE
Time between batches 60 30
tixed and variable times to unpack a batch may be the same Batch size 3 5
. Time to unload a batch - fixed (minutes} 1 1
for all component types, adding these parameters to the S e = 005 005

Components table provides the flexibility to vary the values
by type. For example, some items might be more difficult to

handle based on their size or may require special handling.

The Process Time at each Separator, to unpack a batch, is expressed as the following.
Table("Components")[3][ item.Type]
+ Table("Components")[4][ item.Type] *Table("Components")[2][item.Type]

» Enter this expression carefully and exactly as it appears

#4 BatchA Properties ) X

because this actually a programming statement. It all must
be entered on one line; the statement above is broken up ' patchi | @ &
across multiple lines for readability. Implementation of the ProcessTimes. Greakdowns Separator Flow  Triggers Labels Genera

expression is shown in the figute to the right. swomme s

As the expression is typed in the text box, FlexSin/’s

[ use Operator(s) for Setup 1
Use Setup Operator(s) for both Setup and Process

context-sensitive help makes it a bit easier by suggesting

Process Time Table("Components”)[3][item.Type] + Table{"Components :f

command names and table names and when a leading (] use Operatots)fx Process
bracket or parenthesis is entered, the ending symbol is

automatically provided by FlexSim. o no preemit

Be careful on entering (ot [ - one is a parenthesis and
the other is a bracket and they have different meanings in computer programming.

Also, copying and pasting can make entering the statement a bit easier; e.g. the first term can be
copied and pasted and then edited, as opposed to typing in each character.

Once typed into one Separator, the expression can then be copied and pasted into the other Separator.

The Process Time expression thatis defined above is interpreted as follows. In general, the fixed time per batch
is added to the product of the time per item and the number of items in the batch. In this case, the fixed process
time per batch is the value obtained from the cell in the Global Table Components that is located in row 3 and
in the column number that corresponds to the type of the entering flowitem. Similarly, the process time per
item and the number of items in a batch are the values obtained from the cells in the Global Table Components

that are located in rows 4 and 5 respectively and in the column number that corresponds to the type of the
entering flowitem.

While this operation may seem quite complicated, it demonstrates the power and flexibility of FexSim. This is
actually a coding or programming statement, albeit a simple one. A constant time could have been used, and
that might be a good strategy eatly in the model-building process. However, one goal of this primer is to
introduce, or at least illustrate, some of the power of FlexSim.

It was mentioned eatlier in the primer that one way to customize objects and logic in Flex:Sim is via scripting in
a C++ type of computer programming language called Flexscript. The expression above is a Flexscript
statement. Other Flexscript statements and commands have been used in the primer, but they have not been
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identified as such. For example, the statistical distributions - such as triangular(min, max, ml,
getstream(current)), duniform(min, max, getstream(current)), dempirical(“tableName”) - are all
examples of Flexscript commands that are programmed to obtain random samples from the designated
distribution. Also, item.Type is Flexscript’s reference to the value of the label named Type on the flowitem
that is being processed. More information on coding in Flexscript is available in the FlexSim User Manual and

the following:

‘O’Q’ Another primer by this author, entitled A Primer on Coding in FlexSim 2017.

Aok wada

= [Section 12-3] Scripting in FlexSim

» Reset and Run the model and verify that batches artive when scheduled and the Separators split each
batch into the specified batch size. In the figure below, the batch of three CompA entered the queue at
simulation time 1.15 minutes (1+3*0.05); similarly, the batch of five CompB entered its queue at time 1.25
(1+5%0.05). Thus, the Process Time expressions in the Separators are working correctly.

Run Time: | 1.25 to 4800.00 | | Runspeed: I 400 =

7] packing ] ProcessTimes ' 7] Components

StoreCompA
Output: 3
3 %Ildle: 8.0

AvStytime:- ()() %Processing: 92.0 Output: 1

s f‘
I L
)

= foallickt ). storecompe
—— CurContent: OBU::)CJ:BS
—— tent %idle: 0.0 _
— AvgStaytime: 0.0 “%Processing: 100.0 Output: 1
b =
——
———

If you haven’t already done so, save the model. Recall, it is good practice to save often.
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The finish operator must perform the operation at the Separator, - .

#5 BatchA Properties - [m} X
i.e., unload batches.
. . BatchA g
» As shown in the figure to the right, check the box Use ' ‘ ©é
Operator(s) for Process on the ProcessTimes tab of each | PreesssTimes breskdouns Separator flow Triggers Labels Generel
. Setup Time 0 - _'/
Separator, BatchA and BatchB. This sends a request for an T -
Operator to travel to the object and be delayed by the value Use Setup Operator(s) for both Setup and Process
of the Process Time property - in this case the time t0 unload | sy mine Tabietcomponents)oTitem Typel + Table Componarts « <% 2
a batch of components. [/l Use Operator(s) for Process  Number of Operators | 1
Pick Operator  Current.centerObjects[1] cF T
Note that the Pick Operator property value is grayed out until Prodty| 20 Preemption [0 presmpt .

the Use Operator(s) for Process box is checked. In this case, the
default Pick Operator property is used and the result is that the
request to perform the task is sent to the Dispatcher, then the Dispatcher sends the request to an attached
Operator. Of course, in this case there is just one finish operator.

Once the process time is complete the finish operator is free to perform another task; it becomes idle and waits
at the batch area until it receives another task. This is referred to as the basic utilize task sequence and its tasks
differ from the basic transport tasks desctibed eatlier. This task sequence is composed of just two tasks: (1)
travel to the object and (2) be utilized for the specified time. As mentioned in a previous section, the task
sequences can be customized, but that is a more advanced feature of FlexSi.

Of course each Separator must be connected to the Dispatcher.

#S FinishOperators Properties — [m] X
» Use a center- (or S-) connection to connect each Separator
. . . ( )) FinishOperat | b
and the Dispatcher. Notice, as shown in the figure to the (([) T Ll
right, the Dispatcher is now connected to five objects; i.e., it | Deetcher Tooers Labeks General
Appearance Flags
receives tasks from each of these objects. 10 Shapes 0-[BaseFrame | show Name
fs3d\Other\Dispatcher. 3ds -pu (4 show ports
: . [~ show 3D Shape
Shape Factors Edit Reset
[~]Show Contents
30 Texture) *** -/ [ | scale Contents
o N - /o
Visuals/Animation | Load Save Edit [ ]No Select
Position, Rotation, and Size
X v z
A [950 : 0.50 = 0.10 =
U (000 £ o0 = Jow =
& 100 = 1.00 = 0.0t =
Ports
Input Ports 1: ContainerStorage | "Rank ~
(Central Ports 2: FinishMachine_1
Output Ports 3: FinishMachine_2 Eany
3 @ Properties ;: ?l:?t:;:g Delete
@ h A Apply Cancel
oo, e 120
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In a previous part of the primer the Operator was placed on a e :

network in order to restrict its travel paths. Therefore, for the
operator to do the unpacking of the component batches, the
network needs to be extended to include the packing area.
Otherwise, an error will occur since the Operator object will not
know how to reach the area to unpack the batches by staying on
the network.

As shown in the figure to the right, only one Network Node is
added to the Operator’s path network. This is because in the next

= S ——— ¥
o~

‘ Status: utilize e

B i |

( = |
,_,_{.J"” %Processing: 11.3 |

I I

section an alternative means for controlling the travel paths of Task Executers is discussed. Note in the figure

that both Separators use the same Network node and the Operator performs the unpacking operation at the

Node between the two Separators since the Operator has been instructed not to travel offsets.

To enable the Operator to travel to the packing area:

YV VV VYV

Drag and drop a Network Node from the Object Library and place it between the two Separators.
Name the node, nn_UnBatching.

A-connect the node to nn_ContainersArrive.

A-connect the node to both Separators, BatchA and Batch B.
Optionally, as shown in the figure to the right, reshape the

path so that the Operator does not travel the straight-line

route between the finishing and packing areas and travel

through FinishMachine_1 and other objects. To do so:

e Right-click on one of the green arrows on the just-
completed path and select Curved from the menu.

e As a result of the above selection, two black squares,
referred to as “handles,” appear on the path between the

green arrows. Use the handles to define a smooth path

that avoids any obstacles, as shown in the figure to the right. You might need to initially place the
Node away from the area so that you can access the two handles since they may be hidden by another
object.

It would be informative for analysis to add a Dashboard that displays the contents of the component queues

over time.

»  Create a new Dashboatd by using the Add Dashboard drop-down menu and name it Component
Storage.

»  Select the Content chart template from the Content section of the Dashboard Library and then select
Line Chart. Drag the template to the new Dashboard.

» Name the chart, Contents of Component Storage over Time.

» Using the + button in the Objects section of the Options tab, add two objects, both component Queues,
StoreCompA and StoreCompB.

» On the Settings tab, change the Time Access Mode to Show Duration and set the time unit to Hours.
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» Reset and Run the model. The contents of the component storages should be similar to the plots shown
in the figure below. The plot on the left is after about two hours (120 minutes); the plot on the right is at
the end of the simulation run of 4,800 minutes (80 hours).

Contents of Component Storages Over Time Contents of Component Storages Over Time
W StoreCompB ™ StoreCompA M storeCompB M StoreCompA
12

60
10
50
40
\—\ 10 .N‘"’"‘""H

Based on the single 80-hour simulation run, shown to the right above, it appears that the trend in the number

andiinbin

o N & O @
]
o

of components waiting to be packed continues to grow over time. Therefore, the time between batches and/or
the batch size should be adjusted. The simulation model can be used to decide the best settings. Also, in the
model there is basically no limit on the number of components that can be stored prior to packing. The physical

space limitations need to be considered.

If you haven’t already done so, save the model. Recall, it is good practice to save often.

v
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2 CONTROLLING TASK EXECUTER TRAVEL PATHS USING A¥*

By default, Task Executers, such as Operators and Transporters, travel in straight lines between points in a
model. While this is efficient, it can be unrealistic —in reality operators cannot go through machines, conveyors,
etc. The straight-line path not only doesn’t look right, it can affect estimated system performance — it takes
longer to follow an object-avoidance route compared to the straight-line distance between objects.

Up to this point in the primer models, the travel paths of the Task Executers, i.e. the finish operator, is
controlled through a network of connected Network Nodes. Each Node is considered an object and is placed
on the modeling surface at key locations to establish the paths, which can have either straight or curved
segments. In essence, this approach tells the Task Executer where to go. The alternative approach that is
considered here, referred to as A* or AStar, tells the Task Executer where 7oz to go and let’s the TE decide the
path that avoids the specified obstacles.

A* (pronounced A-star) is a popular search algorithm that is commonly used in computer science and
mathematics. It uses heuristics to find the shortest path between points considering barriers or no-travel zones.
As with all other topics in the primer, only the basics are introduced here and mostly the default settings are
used.

Utllizing the A* algorithm in FlexS7m is quite easy. The objects associated with the A* algorithm are in the
section of the Object Library named A* Navigation, just below the Visual section.

2.1 The basics of the A* algorithm using a simple study model

Before implementing A* in the current primer model, use a simple study model to understand the basics.

» Create a new model using all default settings.

It is good modeling practice to try new concepts outside of the main model being constructed. These
m simple models, often referred to as sz#dy models, are useful in learning new concepts or understanding

how FlexSim features behave. They focus on a particular problem or a portion of complex logic.

As shown in the figure below, create a very simple study model of an operator transporting items between a
Source and a Sink. Use all default values. Add a Queue that is not connected to any other objects — it is used
only to represent a storage area that the operator should avoid.

Drag out a Source, Sink, Operator and Queue from the Object Library.

A-connect the Source to the Sink.

Reset the view so that it in planar view.

Place the Queue on the straight-line path between the Source and Sink.

Center-connect the Operator to the Source.

YV VVYY

On the Flow tab of the Source, check the property Use Transport.

w peex 123

solved.



FlexSim Simulation Software Primer software version 2020 Update 1 (20.1.2)

- -

» Save the model as A-StarStudy.

» Reset and Run the model. As expected the Operatot’s path should be through the Queue.

Now, use the A* tools to avoid the queue and other barriers. The

Setup Behavior Visual Barrier Conditions Triggers Labels
tools are located in the A* Navigation section of the Object | _ =
Library, right after the Visuals section.

#4 A* Navigator Properties - o X

Smooth Rotations

i i i (=) Snap Dividers to G
» Drag out the A*Navigator object and place it anywhere on 7 rop v o o

Paths

. [ Cache paths
the modeling surface.

olle

» Double click the A*Navigator object and note it has Setup,
Behavior, Visual, and Barrier Conditions tabs in addition to

o

o

the common Flex:Sim object tabs Triggers and Labels. [
» In the Members section of the Setup tab, use the + button ‘
to add objects to the Traveler Members list. In this case, e
select the Operatorl in the Operators section, as shown in o
the figure to the right. Objects selected here will have the A* +:Zk
algorithm applied to them. A
TR oK Cancel
G
» In asimilar manner, add the FR Members, where FR means Fixed Resource. The interface is just below
the Traveler Members, again on the Setup tab.
e Select the Queue since this is the object the Operator needs to avoid.
e By sclecting an object category, e.g. Queues, all objects in that category are selected. Of course, in
this case, there is only one object in an object category.
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» Reset and Run the model. Note, as shown in the figure to

the right:

e A blue box provides an outline of the objects that are
considered by A*. The box can be hidden by unchecking
Show Bounds on the Visual tab of the A*Navigator
object.

e The Operator now avoids the Queue. By using A*, the
Operator takes the shortest path between the Source and
Sink that avoids the Queue.

e The size and location of the blue box may need to be

Operator1

adjusted since the operator will not travel beyond its

boundaries. It can be repositioned by selecting anywhere
on the blue border and dragging the box to the desired

location. It can be resized by selecting and dragging one

of the red arrows that appear on the border when the

object is selected.
= If you haven’t already done so, save the model. Recall, it is good practice to save often.

TEs can avoid objects that are not basic Fixed Resource objects. Two examples are illustrated here. A Barrier
object is a rectangular shape that will cause a TE to move around the object; it can be located anywhere in the
3-dimensional space. A Divider object is a set of line-segments in 3-dimensional space that creates either a one-
way or two-barrier. The line segments are analogous to walls.

» As shown in the figure to the right, drag out a Batrier object from
the Object Library and place it on the modeling surface. Its size

and location can be changed by double clicking the object or via \
Quick Properties.

The barrier could be used to represent a storage area instead
of using the queue object.

‘Operator1
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As shown in the figure to the right, a Divider object is added around
the sink:

»  Select the Divider object from the A* section of the Object
Library and then click on the layout where a divider should
start. A gray circle marks this spot.

» Use the mouse to draw the Divider, setting its direction and

length. Click at an end point of the Divider and another circle
marks this point. Continue this process until the desired

shape is drawn on the layout.
» Click the Esc key to stop drawing the Divider.
» The Divider can be repositioned and reshaped by:
e Selecting one of the line segments and moving the entire divider object, retaining its shape and
size.
e Selecting and moving a circle segment to change the dividers shape and size. Moving a circle
changes the length of the line segment and/or the angle between the segments.

> Reset and Run the model and obsetve the behavior. The Operator should identfy and follow a path
between the Source and Sink that avoids the Bartier, Divider, and Queue.

A heat map can be used to see the path the operator travels and the frequency the path is used.
» Check the Show Heat Map box on the Visual tab. Also, just below this property, check the Transpatrent
Base Color box.

The results are shown in the figure below. Initially, notice that the operator chooses a slightly different path
when going to the Sink from the Source and to the Source from the Sink. The “warmer” zone, which indicates
a higher travel frequency on that path, is in yellow, as opposed to green.

t 2

AStarNavigator

If you haven’t already done so, save the model. Recall, it is good practice to save often.
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2.2 Implementing the A* algorithm in the primer model

Now that the basics of using the A* algorithm is introduced through a simple study model, it is added to the
primer model.

W] Begin with the basic model from the previous section, named Primer_3-3, and Save As Primer_3-4. Basically
make a copy of the model so that it can be customized and the original model is retained.

» Drag out the A*Navigator object anywhere on the modeling surface outside of the layout, as shown in
the figure below.

» On the Setup tab and in its Members section, use the + button to add objects to the Traveler
Members list. In this case, select the FinishOperator_1 in the Operators section, as shown in the figure
below. Objects selected here will have the A* algorithm applied to them.

7% A* Navigator Properties - o X
‘Sﬂuv Behavior Visud Barner Condtions Triggers Labels

Surround Depth 2

J [Y]smooth Rotations

(] Snap Dwiders to Gnd

Paths
[J Cache Paths

Containersirrive
Outy 0

T T T

Al Members ¥ |Frishoperator_1
-

FR Members
X

Propertes

ReDirectedContainers
Input: 0

ContainerStorage
CurContent: 0

AvgStaytime: 0.0

(2 0= IR MEM(
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In a similar manner, add the FR Memberts.

As shown in the figure to the right, the interface is just below

the Traveler Members, again on the Setup tab.

»  Select all Queues, Processors, Conveyors (Straight and
Curved), Entry Transfers, Combiners, Exit Transfers,
and Separators. These are the objects that are used by A*
and the objects that the Operator needs to avoid.

» By selecting an object categoty, e.g. Queues, all objects in
that category are selected. In this case, by selecting the
Queues category, the objects ContainerStorage,
StoreCompA, and StoreCompB are added to the FR
Members list.

Multiple object categoties can be selected at a time by holding

down the Shift-key when selecting categories.

All of the object types in the model are selected except Visual
Tools, Sources, Sinks, Dispatchers, Operators, and Network
Nodes — these are not considered to be batriers to the
Operator’s travel.

@ Bs| 8 [« [ |+ " Networknodes

5 A* Navigator Properties

Setup Behavior Visual Barrier Conditions Triggers Labels
Surround Depth =
Smooth Rotations

Snap Dividers to Grid
Paths

[[] Cache Paths
o
0
0
0%
Members
Al Members ,‘ Containerstorage ~
Traveler Members | —— [StoreCompA
FR Members StoreCompB
EinishMachina 1
properces B
v ]
+ /7] VisualTools -
+ 4 Sources
+ ‘, Queues
+ = Processors
+ @ sinks v
+ ((+)) Dispatchers
+ % operators

+1® Conveyor
+ " conveyor
+ &Y EntryTransfers

+ T Combiners

i ¥

Cear

Cancel

—

Besides the basic FlexS77 modeling objects that are used in the model, the only other thing the Operator
should avoid are the facility’s walls. While it is not necessary to include all of the walls on the layout, they are

added in this case to get practice with the A* tool.

The Operator needs to avoid the walls in the system. The Divider tool is used to add walls to the model.

» Itis best to zoom out so that the entire layout is visible on the screen. Also, it is suggested to Reset the

view to the planar or two-dimensional view. (Recall, this is done by right clicking anywhere on the

modeling surface and selecting View, then Reset View.)
> Select the Divider object from the Object Library and click
on one end of the vertical wall to the right of the finish

machines. (This wall divides the finish area from the packing g’"

area). Then click on the other end of the wall on the layout.
Press the Esc key to stop drawing the divider. This results in
a line segment with a circle at each end, as shown in the
figure to the right.

» Adjust the shape as necessaty by dragging a circle end point
or the line segment. The wall can be located more precisely
by double clicking the Divider object and modifying the
table values, as shown in the figure to the right. Each row in

>

Dwvider1

el i Condton | No Condion

\

\

] Two way

.2
CurContent: 0

#< AStarNavigator/Divider! Properties

005
005

the table is the x-y-z coordinate of one of the circles on the Divider. This table may also be accessed in

Quick Properties when the object is selected.

> Change the name of the object from Divider] to WallBetweenFinishAndPack.
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»  Select the Divider object again and click on the end of the vertical wall at the left end of the layout at the
opening. Then, click on the wall corner (adding a circle) and finish the wall at the right-hand side of the
layout. Press the Esc key to stop drawing the divider. Adjust the shape as necessary by dragging a circle
end point or the line segment or modifying the table in Quick Properties, as shown in the figure below.
Also, name the object Wall_Top.

TERMGOEN ] ProcessTimes ' 7] ProductMix ] Packing ' ] Components v X Quick Properties x
- General Properties
Wal_Top
Condtion
No Condtion
Two Way

Points
Xt |3

» Again, similar to the step above, select the Divider object and click on the end of the vertical wall at the
left end of the layout at the other end of the opening. Then, click on the wall corner (adding a circle) and
finish the wall at the right-hand side of the layout. Press the Esc key to stop drawing the divider. Adjust

the shape as necessary.

» On the Visual tab of the A* object, check the Show Heat Map box and the Transparent Base Colotr
box.

The Operator will now be controlled using the A* algorithm and not the path network created earlier.

» Therefore, zoom in toward the Operator. Disconnect the operator from the network by holding down
the Q key, selecting the operator then dragging and selecting the network node where the operator is
connected to the network (red line). If this is done correctly, the red line between FinishOperator_1 and
nn_Container Storage should be removed.

Note that barriers and dividers have no height; the z-value is only for location of the bartier/divider in the z
direction. To represent a wall in a model, use the Walls object in the Visual section of the Object Library.

All of the network nodes for the path could be deleted, but in this case, they are left in the model.

» Reset and Run the model. Verify that the Operator avoids all of the fixed resoutces, barriets, and
dividers, as shown in the figure below.

>

In the following figure, all of the connections are removed from view; this is accomplished by:

» Click anywhete on the modeling surface. In the Quick Properties window, change the View Settings
property from Working Mode to Presentation Mode.

For clarity, you may want to uncheck all of the boxes on the Visual tab of the A* object. Of course this does
not affect the underlying logic, it just makes the model a bit cleaner.

w peex 129

solved.



FlexSim Simulation Software Primer software version 2020 Update 1 (20.1.2)

m ] Packing ] ProcessTimes '] Components ¥ X  Quick Properties
I |2l Views

=] View Settings
ion Mode

ive Projecti
Wi T
\\\\\\\\\\\\\\\\\\w\\\\‘ by Snap to Grid

/ Y Snap to Background

T
Packing ["]show Grid

Show Nothing
Color Scheme
Blueprint

[ More View Settings...

1 Save Settings as Default

b 4 |=) Capture View
Width Height
1920 1080

If you haven’t already done so, save the model. Recall, it is good practice to save often.

f‘,";“ FLextim 130

®  problen solved.



FlexSim Simulation Software Primer software version 2020 Update 1 (20.1.2)

2.3 Saving model views

While not related to the A* algorithm, it is an opportune time to introduce the ability to set and save multiple
model views. With saved views, various aspects of the model can be examined quickly. The following three
views will be created and saved.

Model views are defined in the Views section of the Quick Properties
Quick Properties X

window. As shown, in the figure to the right, the three model views that S
= ews

are listed — Overall, Finishing, and Packing — are for the views shown in [Frsh & |
INIsi rea

Overall
Fin Area
Packing Area

» Define each of the three views by otienting the 3D view of the model
to the desired look, then pressing the + button in the Views section

the figures above.

of the Quick Properties window. =] View Settings

» Each view should be renamed to a meaningful name, e.g. Overall. Presentation Mode v

Perspective Projection
[_|Show Connections
Snap to Grid

Snap to Background
[ ]Show Grid

|Shorw Nothing b |

Color Scheme
| Blueprint M |

Views can be accessed anytime by clicking on the desired view in the Views section of the Quick Properties
window.

If you haven’t already done so, save the model. Recall, it is good practice to save often.
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3 USING AN ITEM LIST FOR COMPLEXMODELING LOGIC

In the finishing area of the primer example, the current model uses the default logic in the Queue object to
determine the order in which containers are processed. That default logic is first-come, first-served (FIFO);i.e.,
items are processed in the order in which they arrive. In other words, the items that have waited the longest are
processed first. This is a common ways for queues to operate; many human systems operate this way because

it is perceived to be the fairest.

However, there are exceptions to this means of processing, such as when items are processed by priority. For
example, patients in a hospital waiting room do not follow the FIFO rule - patients are triaged based on the
seriousness of their situation. Also, customer orders are oftentimes processed before those that have waited
longer, if they are designated as close to a due date or late, or if the customer paid a premium to get the order

processed quickly.

3.1 Simple priority routing using an object trigger

In the primer example, the desire is to process containers by using the shortest processing time (SPT) rule —
process the quickest items to process first. In production control theory, processing by SPT results in more
throughput than by using FIFO. Based on the process times, the preferred order for finishing containers is:
Type=1 first, then Type=2, and then Type=3. (Recall, finish times are 15.0, 20.0, and 30.0 minutes for types 1,
2, and 3, respectively.)

To represent this in FlexSim is quite easy. As shown in the figure to the

#% ContainerStorage Properties — a X

right, the contents of the Queue can be reordered whenever an item

enters ‘ ‘Con(amers(orage ‘ D&

Queue Flow Triggers Labels General

» On the Triggers tab of the Queue ContainerStorage, add an

. ,
OnEntry trigger via the + drop-down menu. L T Y
» On the OnEntry trigger, select the Control category, then Sort by gren oder
Expression in the drop-down menu. :ZD :scmdwg . ;
» As shown in the figure to the right, change the Order property -

from the default Descending to Ascending using the drop-down
menu. Ascending is chosen because the Type=1 containers should
be processed first, then Type=2, etc. ; i.e., items should be arranged

in the Queue by increasing/ascending values of the label Type.

» The default Expression property, item.Type, is used as the sort criteria; i.e., the value of the label Type
on the items in the Queue. If there are multiple items of the same type in the Queue, they are arranged in
the order in which they arrived. Therefore, there are basically two ordering rules: first, order by type, then
by age.

Note that this approach changes the order of the items in the Queue — the contents of the Queue is sorted each
time an item arrives to the Queue and the item at the front of the queue is sent to the first available object (a
Processor in this case). Thus, containers are finished (processed at the Processors) based on the SPT or priority
rule. Many systems behave this way.
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However, other systems maintain the order in which items arrive and then items are selected from the Queue
based on the SPT rule. This would be the case if items arrive on a conveyor - items maintain the order in which
they arrive since they cannot physically be reordered. While in many cases this is a subtle difference, it can affect
performance. For example, in this case, if a priority container is the last to atrive, then the finish operator needs
to travel to the end of the queue in order to load the container, rather than taking it from the front of the queue,
resulting in a longer travel time. Of course, the level of detail is always an important modeling decision. In
many cases, it might be best to use the quick change (OnEntry trigger to reorder the Queue), make and note

an assumption that this does not significantly impact performance, and then revisit the assumption later.

The use of the List tool, described in the next section, does not reorder the queue, it just identifies the next

item to process based on a specified rule.

3.2 Multiple-criteria routing using Lists

One drawback of using the SPT rule in this example is that the Type 3 containers may wait a very long time.
This may occur because if there are any Type 1 or 2 items in the Queue when a finish machine becomes
available, then they will be processed before any Type 3. This issue is addressed by using the following rule:
process containers based on Type unless some items have waited “too long,” then process them first. Of course, “too long” must
be specified, such as one hour; this is referred to as the wait threshold. The List tool is used to implement this
more complex rule.

Prior introducing Lists, two new constructs, “pull” logic and “push” logic are defined.

e Pushlogic. In the current model, items are “pushed” from the Queue to the Processors (from
ContainerStorage to FinishMach_1 and FinishMach_2); i.e., the routing decision is in the Queue and it
pushes items to the first available Processor by default or by a rule specified in the Send To Port trigger
on the Flow tab of the Queue. The default rule is First Available, but many others are available on the
drop-down menu, such as Random, Round Robin (alternate between machines), By Expression (using
the value of a label, such as Type), etc.

e Pulllogic. The routing decision between the Queue and Processors is moved from the Queue to the
Processors. Processors pull items based on a specified critetia, rather than having items pushed from the
Queue. The pull logic is enabled on the Processor’s Flow tab by checking the Pull box in the Input
section of the tab. The values for Pull Strategy and Pull Requirement are then be specified.

1] Begin with the basic model from the previous section, named Primer_3-4, and Save As Primer_3-5. Basically
make a copy of the model so that it can be customized and the original model is retained.

F——

% [Section 6-2] Using Lists for decision making

Before proceeding with the model, it may be better to turn off the heat map from the A* algorithm.
» Uncheck the Show Heat Map on the Visual tab of the A*¥Navigator object.
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Lists, also called Global Lists, have many uses in modeling. Lists are tools that can create complex flows
between objects. There are many types of lists available in FlexSzz - Fixed Resource List, Item List, Task
Sequence List, Task Executer List, and General List. However, in this example, an Item List is used to

implement the routing logic specified above.

Information is pushed to and pulled from lists when events occur. Typically, an event causes an entry to be
placed on a list and another event causes an entry to be removed from a list. The information about an entry
is contained in fields. The overall structure of a list is like a table.

As a simple example, consider the simple To-Do list in the figure below. An entry is something that needs to
be done and is a row in the list. Entries are put on (pushed to) a list as a result of an event occurring. For
example, in the To-Do List, when we think of something or are told to do something, we make an entry onto,
or push to, the list. Entries are typically added at the bottom of the list. Entries are removed (pulled) from a
list, again when an event occurs. For example, in the To-Do list, an entry is removed, or pulled from, the list
when it is completed or deemed no longer necessary to be done.

Fields
Task When Where Priority
Replace filters Saturday Home Normal
T Pay electric bill Today Home High
. Grade tfests By Thursday Office High
Entries Pickup cleaning After Tuesday Out Normal
l Plan summer trip Anytime Home Low

The columns in the list are the fie/ds and represent characteristics of entries, such as in the To-Do List, a brief
description of what needs to be done (Task), when it needs to be done (When), where it needs to be done
(Where), and how important it is (Priority). Thus, each entry has a vaue associated with each field.

In the case of the primer example, as items enter the Queue, the Queue pashes information about the item to a
List, i.e., a list entry is made. When available, Processors scan all of the list entries and pu// an item to process
based on a specified criteria. The scanning of the list and selecting an item is referred to as a query.

The threshold value for the longest time an item should wait is stored in a Global Table called Parameters.

This way the threshold value can be easily changed. Actually, simulation experiments with this model will be

used to set the threshold value in order to find the right balance of maintaining the SPT rule, but not allowing

items to wait too long.

»  Set up a new Global Table named Parameters. For now, it will contain just one cell; also, assume the
threshold value is 30 minutes. Change the Row Heading value from Row1 to Wait Threshold.
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» Create an Item List from the Global List tool in the Toolbox st Propertes - o x|
and name it ToFinish, as shown in the figure to the right. o '
-
. . . Label Field Type CJoynamic X
Fields must be defined for the List and how the their values are B -
Expression Field ags | Dynamic X
determined for each entry; i.e., what information about the item is Eomsson [Ime0) pushiime -8
putinto the list and how that information is determined. Fields may |, === e E”V“;‘" 3
bpession_SrmptUne Ot Fom Remduter | 53
be of different types, e.g. a label value on the item or calculated P — o
using an expression that is defined in each field’s Expression Bormsn  frsiesp sbrofs g kel
propetty.
By default, FlexSim provides four fields, as shown in the figure to the |, omy Carca

right and defined below. Fields are either Dynamic (updated as

affected states change in the simulation) or not (use and maintain the current value).

e Typeis the value of the item’s label Type at the time it is placed on the list (not Dynamic).

e ggeis how long an entry has been on the list. The value is calculated based on the Expression defined as:
time() — pushTime,. This means that the age of an item on this list is the current simulation time, time(),
minus the simulation time when the entry was put onto the list, pushTime. Since the Dynamic box is
checked, the value is constantly updated while the entry is on the list.

e distance is how far (straight-line distance) the item currently is from the object that will pull the entry from
the list. The value is calculated based on the Expression defined as a drop-down menu option. Since the
Dynamic box is checked, the value is constantly updated while the entry is on the list.

o gueneSize is how many items are in the object where the item is currently located. The value is calculated
based on the Expression defined as a drop-down menu option. Since the Dynamic box is checked, the
value is constantly updated while the entry is on the list.

In the primer example, only the first two fields are needed. Therefore, the last two can be deleted. Of course,
there is no problem leaving them on the List.

» Delete the distance and queueSize fields by using the red X next to the Dynamic property for the field.

In this example, additional information, beyond the default fields, is needed. The routing logic is based on
whether an item has waited longer than a threshold value, not just how long it has waited, which is what the
age field contains.

» Using the + on the List Properties window, just under the Fields e

#% List Properties - 0o x

tab name, create a new Expression field that will indicate if an A [rormeh

Fields Back Orders General

item is “old,” i.e., has been on the List longer than the threshold v~
value that is specified in the Global Table named Parameters. As | © =™ e Fonene %

Expression Fleld | age oynamic X

.

shown in the figure to the right:

Expression time{) - pushTime ;2

> Replace the default field name, fieldName in the Expression  Ensm [o8 o
Field with the name Old. Exresson S
» Check the Dynamic box.

» Replace the 0 in the Expression box with the following:
(time()-pushTime) > Table("Parameters™)[1][1]

e The expression to the left of the > (greater than sign) can be

time() - push Time) > Table( Parometers'} (1111

Oa Aply | [0k || Cancel

copied and pasted from the age expression above. Be sure the
expression is within parentheses, (...).
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e The context-sensitive editing in Flex:Sin enables the table name to be selected from a list of all Global

Tables in the model as the expression is being entered

The “Old” expression checks to see if the amount of time that the entry has been on the List exceeds the

threshold value, which is stored in the first row and first column of the Parameters table. If the time on the

List exceeds the threshold, then the comparison is true and the field will have a value of 1. If the entry has

not be on the List longer than the threshold value, then the comparison is false and the field will have a

value of 0.

Now that the List is defined in terms of the information that it contains, the model needs to push

information to the List and pull information from the List in order to decide what to process next.

Push an item’s information to the List from the Queue

(ContainerStorage), as shown in the figure to the right.

» On the Flow tab, change the Send To Port trigger from First
Available to Use List, and then Push to Item List. Make sure
the ToFinish list is shown in the menu.

» Check the box for Reevaluate Sendto on Downstream
Availability.

»  While in the Queue object, use the outer X icon to remove the
On Entry trigger Sort by Expression. When doing so, a
dialogue box will appear asking “Remove this trigger and its

#% ContainersStorage Properties -

’ ContainersStorage

Queue Flow Triggers Labels General
Output
SendToPort  Push to ToFinish
[~]use Transport current.centerObjects[1]
Priority | 0.00 Preemption no preempt

[+ Reevaluate Sendto on Downstream Availability

Input

Clpun

-

logic?”; press OK. The List logic is now controlling the item selection from the Queue so the Queue no

longer needs to be sorted when items enter.

The finish machines will use information in the List to decide what to process next. It will:

e query the current List,
e select an entry based on the specified criteria,
e pull the information from the List, and

e pull an item from the Queue based on the information.

solved.
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» 'The above logic, as described below and as shown in the figure
to the right, is implemented on the Flow tab of each of the

finish machines (Processors).

» Check the Pull box on the Input section.

» For Pull Strategy, select Use List, then Pull from Item List
from the drop-down menus.

e Be sure the List property value is set to ToFinish.

e Enter two sort queties using the +. The query is to first sort
the List based on the Old field, then by the Type field. To
do this:

o Select Order By (Sort) from the drop-down menu,
then Old. Change ASC to DESC.
o Again using the +, select Order By (Sort) again from

the drop-down menu, then Type. Leave the default
ASC.

#% FinishMach_1 Properties

¥

* FinishMach_t

Processor Breakdowns Flow  Triggers Labels General
Output

Send To Port. First available

[Juse Transport

[[] Reevaluate Sendta on Downstream Availability
Input

[A1Pull Strategy  Pull from ToFinish

Pull Requirement  Pull Anything

List
ToFinish

Query
‘ORDER BY Old ASC, Type ASC

(> 1 - RN Apply

oK

Cancel

o The resulting syntax shown in Query should be: ORDER BY Old DESC, Type ASC

This command will sort the List and place the entries in the specified order. The List is first sorted in
descending (DESC) order of the values in the field Old. The values with Old=1 (indicating they have
been on the List longer than the threshold) are placed at the top of the list and those with Old=0 are
at the bottom of the List. The List is sorted again by the values of item’s Type and they are put in

ascending (ASC) order of Type. As a result of the query, any entries in the list that are beyond the
threshold (Old=1) and a high priority (Type=1) will be at the top of the list.

The finish machine will pull the flowitem from the Queue that is associated with the entry at the top of the List

and the entry is subsequently removed from the List.

» Be sure the above pull logic changes are repeated on the other finish machine.

> Reset and Run the model. Notice, as in the figure to the right,
the operator does select the intended item in the queue. The
operator is moving to the red container (Type 1) for processing
even through there is an item (blue) in front that has waited
longer.

ss. FFLex
<%

solved.

137



FlexSim Simulation Software Primer software version 2020 Update 1 (20.1.2)

» To view the current contents of the List, double click on the |~
ToFinish List in the Toolbox. On the General tab, select View

value ‘ Type age old

. . . . /ContainersStorage/Container 3 14.20 0
Entries... In the example to the right, based on the criteria, the | ., ieresioraqe/Containere 1 — 5

next one to be processed is the Type 1 even though one other
item has been in the queue longer.

In the figure to the right, the operator correctly selects the first item in
the queue, even though there are higher priority items in the queue.
This is because the blue item has been in the queue longer than the 30-
minute threshold.

In the example to the right, based on the criteria, the next one to be [,
processed is the Type 3 item even though another item has a higher |Trmenense=

value ‘ Type age old
priority. However, the Type 3 item has waited longer than the | /ontaiersstorsge/Container 3 CE
. . . . . ContainersStorage/Container~2 3 18.12 0
specified 30-minute threshold, as indicated by its value for the field |cotamersstorage/container~ 1 0 0
Old is 1.

The View Back Orders... option on the General tab of the List Properties displays the resources that are
awaiting flowitems. In figure below, the view on the left is for Backorders and the view on the right is for
Entries. In the case below, the finish machines are on the Backorders List because they are idle — they want to
pull items from the List, but there are none to pull. The Entries list is empty, no items are in the queue awaiting
processing.

Fal — O X -~

ToFinish Back Orders v X ToFinish Entries

puller query requested ‘required ‘fulﬁlled ‘ | value Type age Old
/FinishMach_1 ORDER BY Old DESC, Type ASC 0
/FinishMach_2 ORDER BY Old DESC, Type ASC 1 1 0

If you haven’t already done so, save the model. Recall, it is good practice to save often.

There is not a lot of queucing or waiting in the model, at least so far. Therefore, it may be difficult to find good test
conditions, especially for the routing rules between the Queue and Processors. One way to test the logic is
m to temporarily change the Process Times (column 1) values in the Process Times Global Table; e.g.,
doubling the times. Then the model can be run and the logic tested. Of course, the changed parameter(s)
need to be reset to their intended value(s).
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4 EXPRIMENTATION IN FLEXSIM

Simulation models are created for analysis. Analysis is based on the output of a simulation model and is used
to support decision making and problem solving,.

In the models considered so far, output has been limited to a single run. Also, output has also been limited to
basic object statistics that are displayed on the object and in the Quick Properties window. While these are good
for testing a model’s behavior, they are insufficient for analysis.

Analysis must be based on multiple runs of the model, called replications.

Analysis also needs to be focused on the performance measures that are important to the decision being made or
the problem being addressed.

Analyzing simulation models requires a foundation in probability and statistics and includes a variety of
methodologies. It is beyond the scope of this primer to discuss simulation analysis - it only introduces the
means in FlexSim to carry out experiments and obtain output from a simulation model. For more information
on simulation analysis, see:

[Chapters 10 and 11] Fundamentals of Output Analysis and Multi-scenario Experimentation
and Optimization

Two examples of experimenting with the current simulation model are discussed below.

4.1 Effect of buffer size on performance

The first Experimenter example is used to assess the affect on performance of the size of the containers’ buffer
(ContainersStorage object) that is located prior to the finishing area. The affect is measured by the number of
containers that have to be redirected to another area because there is no space in the buffer for an arriving
container.

Ll Begin with the basic model from the previous section, named Primer_3-5, and Save As Primer_3-6a.
Basically make a copy of the model so that it can be customized and the original model is retained. It is
denoted as 6a since two experiments are defined below.

» Launch the Experimenter by selecting it from the Statistics drop-down on the Main Menu or from the
Statistics section in the Toolbox. This opens the Simulation Experiment Control window that contains
multiple tabs. Only the first three tabs — Scenatios, Performance Measures, and Experiment Run — are
discussed here.

The first tab, Scenarios, is for specifying what alternatives are being considered. These typically represent a
combination of values for the decision variables. In the first example, there is one decision variable, the size of
the incoming container buffer, i.e., the capacity of the queue ContainersStorage.

» To add a decision variable, click the drop-down menu next to the + in the Variables section at the top of

the interface, as shown in the figure below.
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#= Simulation Experiment Control
Scenarios  Performance Measures Experiment Run Optimizer Design  Optimizer Run - Optimizer Results  Advanced

variables (5 |~ K| %] &
£ Sample

Scenarios || | X | 4= = Choose default reset scenario:

None

1 Object Variable

Object Label

Model Layout

Number of Task Executers
Number of Objects in Group
Number of Objects in People Group
Enable Time Table

Enable MTBF MTTR

Global Variable

Global Table Value

Process Flow Variable

B eocma

"
-

o

Choose From Tree

» Seclect Object Variable. And define the properties as follows and as shown in the figure below.

e Change the Variable Name from Variable 1 to BufferSize.
e Set the Object property by using the + , then select ContainersStorage from the Queues category.
[ ]

Use the default value for the Variable property, maxcontent. This references the Flex:Sz variable that
is defined by specifying Maximum Content on the Queue tab of the selected Queue object.

#% Simulation Experiment Control
Scenarios Performance Measures Experiment Run Optimizer Design Optimizer Run Optimizer Results Advanced
Variables = 5 ‘v Xt 8

Scenarios 5 [ X | |4 = Choose default reset scenario:

None

Variable

Scenario 1 ‘Scenariaz Scenario 3 |Scenario4 |Scenario 5 ‘

BufferSize |[ContainersStorage>variabIes/ maxcontent ‘ g‘ ,,' 20

10

Variable Nal me| BufferSize ‘
|4 2

maxcontent ™

Object | /ContainersStorage

Variable

As shown in the figure below, the Variable property for each decision variable is a path, defined by Flexsim, to

reference the object.

» To add and define scenatios, click the + button on the Scenatios section at the top of the interface, as
shown in the figure below. In this case, create five scenatios and enter the values 50, 20, 10, 5, 2,

respectively. Simulations will be run for each of these scenarios in order to evaluate the effect of different

buffer sizes. Recall, the currently assumed buffer size is 50.

#= Simulation Experiment Control
Scenarios Performance Measures Experiment Run Optimizer Design Optimizer Run Optimizer Results Advanced
Variables s |+ X 4|/ &

Scenarios |qa| | K| 4= | = Choose default reset scenario:

None

‘ Variable

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 ‘
1

50 20

BufferSize /ContainersStorage>variables/maxcontent
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The second tab, Performance Measures, is for specifying how the alternatives are evaluated in order to either
(1) understand the effect on the system of changes in the value of the decision variable or (2) to help select the
best option. In this example, there is only one performance measure, the number of containers that arrive for
which there is no place to store them in the buffer. The measure is the number of items sent to the Sink named
ReDirectedContainers.

» 'To add a performance measute, on the Performance Measures tab click the + button and then select from
the drop-down menu. As shown in the figure below, select Standard Performance Measures, which is at the
bottom of the list. Note that the options above it are measures that were created on the Dashboards; thus these

measures can be used as Performance Measures in the Experimenter.

#= Simulation Experiment Control — m} X
Scenarios Performance Measures Experiment Run Optimizer Design Optimizer Run Optimizer Results  Advanced 7]

L [ X |[n ] 8
Contents of Container Storage
Process Time at Finish Machines
Contents of Container Storage by Type
Finish Machines
Finish Operator
Contents of Component Storages Over Time

vow v v v v

Standard Performance Measure

Define the properties for the performance measure as follows and as shown in the figure below.
» Change the Name of the measure from PFM1 to Reditected Containers.
» Change the Label for Y-axis property from the default Value to Num. of Containers. On any plot this
is the text that describes the units of the measure.
» For Petformance Measure, select the option Statistic by individual object from the drop-down menu.
On the resulting interface:
e Change Object from the default Operator] to the Sink named ReDirectedContainers by using the
+, then selecting ReDirectedContainers from the Sinks category.
e  Change the property Statistic from the default value, Output, to Input using the drop-down menu..
Thus, the measure is the total number of items redirected from the buffer that enter the Sink.

# Simulation Experiment Control - m} X
Scenarios Performance Measures Experiment Run Optimizer Design  Optimizer Run  Optimizer Results Advanced (7]
o X t ¢ Name ‘ Redirected Containers ‘
Label for Y-axis ‘ Num. of Containers ‘
Performance Measure | Statistic by individual object - i1
Select an object and statistic
Object /ReDirectedContainers LW 4
Statistic Input o
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The third tab, Experiment Run, is for specifying the run conditions. In this case, just change the following
properties, as shown in the figure below.
» Run Time to 4800 (minutes).

> Replications per Scenario to 20.

#% Simulation Experiment Control - O X

Scenarios Performance Measures Experiment Run Optimizer Design Optimizer Run Optimizer Results Advanced 0

End Time ‘ 4:00:00 PM |5 | ‘Sun 26 Nov 2017 | []save dashboard data for each replication

Run Time | 4800.00 Minutes v | []save state after each replication
Replications per Scenario | 20.00 Warmup Minutes ~ | [_]Restore original state after each replication

Experiment Status

Run Experiment

The Experimenter will run each of the five scenarios defined earlier 20 times, with each run being 4800 minutes.
Since there are five scenatios and 20 replications of each, 100 80-hour simulations will be performed.
» Press the Run Experiment button.

As shown in the figure to the right, as each replication of each [~mrs —

Sconasias Performance Mossass. Eurivn

scenario is run, its cell in the interface changes from red to green. Reset Experiment

o Do Optnize R Optvize Rects. Achaecod o}
50000 M 3] 5 26 o 2027~
a0 vamaes

Repcations ger Sconario | 2000 Warp  [000 —

When all of the cells are green, the results can be viewed.

Experiment Status

» To view the result, press the View Results button in the
lower left portion of the interface.

View Resuts ExportiMorpe Resits =[] Excort resuts ater sach replication

As shown in the figure below, one output from the Experimenter is a plot of the performance measure value
for each scenario and for each replication within the scenario. Note that in this case, items are diverted to the
ReDivertedContainers sink only in the fifth scenario, where the Buffer Size is 2. In this scenario, items were
diverted due to a full storage area fifteen times in 20 replications. Also in this case, of the 20 replications, no
items were diverted five times, one item was diverted six times, two were diverted five times, three were diverted
three times, and one item was diverted four times.
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N

#5 Performance Measure Results - O X

Performance Measures Dashboard Statistics Statistics Tables  Console Output

Redirected Containers ~ | | Replications Plot v Data Box Plot ] Mean 90% Confidence

Redirected Containers

4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5

D_n FHEPAETTEETR AR SR 00 PH PR R ITTEETI R L0 R0 SRS SR STTITTIR It S e e
Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5

H 25%-50%-75% L Min - Max

© Report Preferences Generate Report - Close

Therefore, setting the buffer size to two should not be a problem since only a few of the approximately 240

arriving containers in 80 hours will be diverted. The 240 estimated atrivals is obtained by dividing the simulation

run time (80 hours) by the average inter-arrival time (20 minutes). However, in this example, to be a bit

conservative, we’ll use a buffer size of five,

» Change the Maximum Content of the ContainersStorage Queue from 50 to 5. Recall, this property is on
the Queue tab.

If you haven’t already done so, save the model. Recall, it is good practice to save often.

4.2 Effect of product mix on performance

The second Experimenter example is used to assess the effect on performance of the mix of products
(percentage of Type 1, 2, and 3 containers). The effect is measured by the throughput of containers — the
number of containers that leave the packing area per 80 hours (length of a simulation run).

Ll Begin with the basic model from the previous section, named Primer_3-6a, and Save As Primer_3-6b.
Basically make a copy of the model so that it can be customized and the original model is retained.

Three levels of product mix are considered in this example. The first is the current mix: 20% Type 1, 30% Type
2, and 50% Type 3 (denoted as 20-30-50). The other two mixes are: equal mix, 33-33-34 and more Type 3, 10-
20-70. Therefore, three decision variables are added to the Scenarios tab, one for the percent mix of each
container type.
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Set the properties of the Scenatios tab as shown in the figure below. Recall, the values for the percentage of

each type of container are stored in the Global Table ProductMix. Therefore, the Experimenter needs to change
the table value for each scenario.

» Add three variables, one for each of the three products. As in the previous example, use the drop-down
menu for Variables that is just to the right of the+ button. However, in each case, select the Global Table
Value option. For the first type of container:

e Change the value of Variable Name from Variable 2 to Percent Type 1.
e Tor the Global Table property, select Product Mix from the list of tables on the drop-down menu.

e Leave the default values for Row and Column at 1 and 1 since the percent value for container type 1
is located in cell (1, 1).

The resulting Variables and Variable value for Percent Type 1 should look as follows.

#< Simulation Experiment Control - O X
Scenarios  Performance Measures Experiment Run  Optimizer Design  Optimizer Run  Optimizer Results  Advanced [7]
Variables = @ \ -~ X |t & Scenarios | | X ||&= = Choose default reset scenario: | None v
Variable 20-30-50 |33-33-34 10-20-70
BufferSize J/ContainerStorage>variables/maxcontent 5 5 5
Percent Type 1 |MODEL:/Tools/GlobalTables/ProductMix > variables/data/Type IJF‘ & f 33 10
Percent Type 2 |MODEL:/Tools/GlobalTables/ProductMix = variables/data/Type 2/1 30 33 20
Percent Type 3 |MODEL:/Tools/GlobalTables/ProductMix = variables/data/Type 3/1 50 34 70
Variable Name | Percent Type 1 |
Global Table ProductMix I
Row [1 |

Column | 1 |

» Repeat the above steps for container types 2 and 3 as follows.
e Change Variable Name to Percent Type 2 and Percent Type 3, respectively.
e Set Row to 2 and 3, respectively.

e The properties Global Table and Column remain Product Mix and 1, respectively.

As defined above, in this case there are only three scenarios.
» Using the X button to the right of the Scenarios section, delete Scenatio 4 and Scenario 5.
» Rename the scenatios from Scenatrio 1, Scenatio 2, Scenario 3 by changing the column headers to 20-

30-50, 33-33-34, and 10-20-70, respectively. This is just text and does affect the experiment, but does
improve the readability of the plots.

Based on the analysis from the previous section, the buffer size is set to 5; and, thus is now the same for all

three scenarios. Therefore, this Variable could be deleted; however, it will be retained in case it is changed in
further analyses.

> Change the Buffer Size variable to a value of 5 for all scenarios.

The values for each variable are set as follows and as shown in the figure below.

» For the Scenario 1 column, 20-30-50, the values for the rows Percent Type 1, Percent Type 2, and
Percent Type 3 should be 20, 30, and 50, receptively.

o FLe
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Defining the properties for the new performance measure, #hroughput, involves basically the same steps as
described for the first measure in the previous section. Throughput is defined as the number of items exiting
the system, i.e., entering the Sink NextProcess.
» To add the performance measure, on the Performance Measures tab of the Expetimenter, click the +
button and then select Standard Performance Measures from the drop-down menu.
» Change the Name of the measure to Throughput.
» Change the Label for Y-axis property from the default Value to Num. of Containers. On any plot this
is the text that describes the units of the measure.
» For Performance Measure, select the option Statistic by individual object from the drop-down menu.
On the resulting interface:
e Change Object from the default Operatorl to the Sink named NextProcess by using the +, then
selecting NextProcess from the Sinks category.
e Change the property Statistic from the default value, Output, to Input using the drop-down menu..
Thus, the measure is the total number of items that leave the packing area and enter the Sink.

#< Simulation Experiment Control - O X
Scenarios Performance Measures Experiment Run Optimizer Design  Optimizer Run  Optimizer Results  Advanced (7]
W X 1 '§ Name | Throughput ‘
Redirected Containers
Throughnut Label for Y-axis | Num. of Containers ‘
Performance Measure |Statistic by individual object - ]
Select an object and statistic
Object /NextProcess g /‘
Statistic Tnput -

The third tab, Experiment Run, is not changed from the previous experiment, each scenario is replicated 20
times, with each replication being 4800 minutes.

» On the Expetiment Run tab, press Reset Experiment, then Run Experiment, and when all of the cells
are green, view the results by pressing the View Results button in the lower left portion of the interface.

As shown in the figure below, the product mix with the most Type 3 containers impacts the number of items
diverted to the ReDivertedContainers sink. A buffer size of five is used for all cases. In the third scenatio, items
were diverted in three of the 20 replications, with the most diversions over the 80-hour simulation period being
two.
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#% Performance Measure Results - O >
Performance Measures Dashboard Statistics Statistics Tables Console Qutput
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However, throughput is the main concern.

» To see the impact on throughput, click on the drop-down menu in the upper left corner of the interface
to change the plot from Redirected Containers to Throughput. As shown in the figure below, there is
not much difference in average throughput between the first two scenarios. However, the third scenario,
with the largest percentage of Type 3 containers, results in about an 6% reduction in average throughput.

~e a + "

&=, Performance Measure Results — O s

Performance Measures Dashboard Statistics  Statistics Tables Console Output

Throughput ~ | Replications Plot ~ Data Box Plot[_] Mean 90% Confidence

Throughput

o 240+ . . .
235 . . e v, e T
230 * .

225 . -

220

215

20-30-50 33-33-34 10-20-70
B 25%-50%-75% T Min -Max

[7] Report Preferences Generate Report - Close

If you haven’t already done so, save the model. Recall, it is good practice to save often.
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SUMMARY OF THE PRIMER FOR FLEXSIM 3D

Even though the current model, Primer_3-6b as shown in the figure below, is not very large, it demonstrates

many of the key features of Flex:Sim simulation software. The model was built by customizing basic 3D objects

in FlexSim. and utilizing a number of model-building tools (shown on the left side of the figure below). The

model:

e is built natively in 3D.

e s constructed on an imported layout and thus is built to scale in terms of sizes and distances.

e uses standard pre-built FlexSim objects that provide basic functionality, e.g., Processors, Operators,
Conveyors, and Combiners. These objects:

o represent fixed and mobile resources.
o are customized by specifying properties via drop-down menu options and tools.

e considers multiple types of items that have different characteristics; these characteristics affect various
aspects of operations, such as processing time, batch size, routing, etc. Labels on objects and items are used
to represent the characteristics.

e uses fixed resources to include various types of activities: processors for planned delays, queues for
unplanned delays, conveyors for transport, combiners for grouping, separators for ungrouping, etc.

e uses mobile or shared resources for transportation and tasks (unbatching items).

e uses two different methods for controlling the path of mobile resources, such as Operators: path network
and the A* algorithm.

e includes planned downtime (e.g. operator breaks and quality checks).

e includes unplanned downtime (e.g. machine failure).

e includes randomness in the time between arrivals of the base item (container) and in the type of arrival.

e includes scheduled arrivals (of components) — time and batch size.

e utilizes both simple and complex routing rules; uses Lists to incorporate complex rules.

e includes imported custom graphics to make the model more realistic.

e utilizes tables for effective data management.

e uses color to facilitate model validation — different colored product and component types and different
colored states (down, on break, etc.).

e uses charts and graphs on dashboards to illustrate the dynamic behavior of the system.

e is used for analysis and deciding among alternatives via FlexSin’s Experimenter.

Toolbox. x PR
U Ubrary f Tool
e /——7 - e A
- Views
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1l Utitizations :
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PART 4 - INTRODUCTION TO PROCESS FLOW

This fourth part of the Primer focuses on developing complex logic using FlexSz#’s logic builder called
Process Flow. Process Flow enables users to define and specify logic via a flowchart-like, drag-and-drop
interface and link the logic to 3D objects.

After introducing the basic concepts of Process Flow, and defining its modeling environment, this section
describes modeling in Process Flow via two examples, both building upon the basic Primer model (finishing
and packing containers). The two examples:

1. Implement a reorder-point inventory system for the components that are packed into containers.

2. Create a custom task sequence for the finish operator.

Both examples ate not that complex, but they are complex enough that they cannot be implemented via the
drop-down menu options on the 3D objects. In the past, and with many other simulation software, the only
way to model these system behaviors is via custom coding. In the case of FlexSim, this would be via
FlexScript. While the logic can still be implemented via FlexScript, Process Flow enables the modeling
without coding and makes the logic more transparent. Transparency is enhanced through Process Flow since
all of the logic is contained in one place, on the Process Flow interface, and not dispersed in 3D objects. In
addition, the logic is more transparent because the logic is represented in an easy to understand flowchart-like
format.

Process Flow, like the 3D aspects of FlexSim, is a very robust and powerful modeling environment.
Therefore, since this primer is intended only to provide a basic introduction to FlexS$7m, only a few features
and capabilities are described. However, this should provide a good starting point and a solid foundation for
modeling with Process Flow.

While the focus is on Process Flow, in both examples various aspects of the 3D model are revisited and
additional 3D featutes are introduced.
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1  BASIC CONCEPTS

This first section introduces the basic elements of Process Flow and its modeling environment. While the
interface and library of modeling tools are different than in 3D, it operates in a similar manner. As with 3D
objects, Process Flow activities are dragged onto a modeling surface and are connected to represent the way a

system behaves. This section also desctibes the basic operation of a reorder-point inventory system.

1.1 Basic Process Flow concepts and modeling environment

Process Flow is a part of FlexSim that is used to add complex processing logic into a simulation model. The
logic is used to define interactions among FlexSim objects and other elements as a simulation runs. While
FlexSim provides a lot of logic-modeling capability through its drop-down menu options on 3D objects and
tools, there is a limit as to how much can be pre-specified. Typically, custom logic requires scripting or writing
computer code to implement the more complex logic. This can be done through FlexSin’s programming
language, called FlexScript, a subset of C++. However, Process Flow, reduces the need for programming by
using a set of logic-building activities that can be defined and combined via a flowcharting type of paradigm.

As with any modeling endeavor, it is always best to build the logic in steps.

Process Flow has its own logic-building interface, analogous to the 3D modeling surface, and its own set of
modeling objects, referred to as activities. The basic components of the Process Flow modeling environment
and their terminology are shown in the figure below. The Process Flow View is accessed via its icon in the Main
Menu or via the Toolbox. The logic is built by selecting and combining activities.

Process Flow Tab
[ sy X i Moo VY RGRHOMEE - X QU Propwtes <]

& =I Process Flow Properties ~

' Process Flow Name

-| Token Creation PN Stacked Block « 3| Post Office &
G Inter-Arvival Source | o

: scmfsum. % Customer Arrival bt
::\:‘ —— ( & Get Service  ©QO@H. Acﬁlvib/ x .

prary - s P : X ' More Theme Settvgs... | Quick ]

© ocley 3 Unhappy Customers | A e Propertie

! Custom Code
o, Dedde Connedor =
B tot . e oy

& Wait for Event (i % Service Window E 1 ,
bOuIz Tokens Token 4 3
3 s . 1 |

i SebHow O Service Time Shared Asset
2 Run Sub Flow ® End Service
@t 3 Happy Customers
. = View Tokens v ACtTD
o More Properbes
"D TS =) Process Flow Views

| 9% Run Anmaton v ]
L |
1
Process Flow View

Activities are the building blocks of Process Flow - they ate logical operations or steps in a logical process.
Activities are analogous to objects in 3D since they are dragged from their library onto a Process Flow modeling

e 150

solved.



FlexSim Simulation Software Primer software version 2020 Update 1 (20.1.2)

surface or workspace. Also like 3D objects, activities have properties that define their behavior. Activities are

grouped into the following categories. This primer only addresses a subset of the activities, but the full list is

provided so that the reader is aware of the capabilities of Process Flow.

o Token Creation activities are analogous to a Source in 3D. Tokens can be created by inter-arrival times,
schedule, and by “listening” for specific events to occur in a 3D model.

e Bayic activities include assigning labels, implementing a delay in a flow, waiting for an event to occur in a
3D model, making decisions, destroying tokens, etc.

e Sub Flowactivities are used to create a separate process flow that contains logic that may be used by multiple
objects or activities; it is analogous to a function or subroutine in computer programming.

e Visual activities change the appearance of an object in the 3D model or triggers an animation on a 3D
object.

e  Olbject activities are used to create, move, or destroy objects such as flowitems, fixed resources, task
executers, etc. in a 3D model.

o Task Sequences activities are used to build custom task sequences that are assigned to task executers in a 3D
model, including travel, load, unload, delay, etc.

o Shared Assets activities are used to define, access, and manage Lists, Resources, Variables, and Zones (keep
statistics for a group of activities and restrict access to activities based on token properties).

o Coordination activities manage relationships between multiple tokens in a process flow, including splitting,
joining, and synchronizing tokens.

e Preemption activities are used manage interruptions in a token’s flow.

e Display activities are used to annotate a process flow with text, arrows, and images; they do not affect the
logic.

o Flowchart activities are shapes that can help organize and visualize a process flow; like Displays, they do not
affect the logic.

o Pegple Activity Sets are preconfigured activities that are bundled together that model a basic People Module
task, such as Walk then Process, Escort then Process, Wait then Process, etc.

e DPegple Basic are activities that create or delete a Person flowitem or process a token.

o Pegple Resources are activities that facilitate acquiring and releasing resources (Locations, Staff, Transpotts,
and Equipment) in a People-based model.

o DPegple Sub Flows are activities that are tied to pre-built Sub-Flow objects.

A token is the basic component of Process Flow logic. Analogous to flowitems in 3D, tokens flow through
activities as a simulation runs. Tokens are typically more abstract than flowitems since they usually represent logic flow, rather
than physical flow. Each token has a unique 1D and a set of labels or characteristics. Tokens are depicted as green

circles in Process Flow as a simulation runs; they may change color depending on their use and state.

Tokens move from activity to activity either by connectors or through blocks. A block is a set of activities
that have been “snapped” together; i.c., activities that form a single sequence of process flow steps.

Tokens have Labels, which are an important part of modeling with Process Flow. Labels store information
that is used in the logic. As in the 3D objects, each label has a name and value; the value can be of any data
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type, e.g., numbers, text, arrays, object references, etc. Token labels are specified in the dot-notation format
token.LabelName, e.g. token. Type.

1] Begin with the basic model from the previous section, named Primer_3-6b, and Save As Primer_4-1.
Basically make a copy of the model so that it can be customized and the original model is retained.

1.2 Using Process Flow to model inventory policy

Continuing the primer example from the previous section, Process Flow is used to model a reordering system
for supplying components to the packing area. Rather than having components delivered in batches on a
schedule, as in the current model, components are ordered when their inventory level falls below a specified
reorder point. As shown in the figure below, when the inventory level falls below the specified reorder point
(ROP), an order is triggered for a specified quantity (ROQ) of the component and that quantity is delivered as
a batch after a specified ime (ROTime).

Inventory \ ]
level

Re-Order Re-Order Quantity
Point

Y time

Re-Order Time

Therefore, three new parameters must be specified for each component: ROP, ROQ), and ROTime.

e ROQ is analogous to the batch size.

e ROTime needs to include ordering, fulfilling, and delivery times.

e ROP is specified as a quantity, level of inventory, and not time.

Another parameter that is considered in the model is the initial inventory (IInv), the number of components
on hand when a simulation starts. It can be any value above zero. However, if the initial value is below the
reorder point, the logic would need to ensure an order is placed when the simulation starts. For simplicity,

assume the initial inventory value is above the reorder point when a simulation starfs.

These additional parameters need to be added to the model.

» Update the Global Table named Components as shown in £ Model | ] ProcessTimes ] ProductMix ] Packing (] Componants|

the figure to the right. Sl i |
Time between batches 60 30
e The time between batches will no longer be used since it || Batch size Order Quantity) 2 60
. . Time to unpack a batch - fixed (minutes) 1 1
Wl].l be replaced by the reorder pomt System. HOWCVCl’, Time to unpack a batch - per item (minutes) 0.05 0.05
. . . Initial Inventory 12 30
leave the entry in the table in case there is a need to returnt | qooiorpont 4 20
to the scheduled-order system. In fact, some components | [me o receive an order 120 120
Flowitem ID 10 11

might use the scheduled-order system and some might

use the reorder-point system.
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e The former batch size (row 2 in the table) will now be the component’s order quantity. Change the
values of the Batch size from their previous values of 3 and 5 to 24 and 60, respectively. Update the
text in the row header to indicate the values are batch sizes.

e Four new rows are added to the table for: initial inventory, reorder point, time to receive an order and
flowitem ID. Each of these are explained when used in the sections below; therefore, just enter them
in the table for now, as shown above.

MODELING INITIAL INVENTORY

A very simple extension of the model is used to introduce modeling with Process Flow.

>

Through the Main Menu icon, or via the Toolbox, select Add a General Process Flow, and change its
name from the default ProcessFlow to Reordering.

As shown in the figure below, drag out three activities onto the Process Flow modeling surface:

e Schedule Source (from the Token Creation section of the Activity Library)

e Create Object (from the Objects category)

e Sink (from the Basic category)

Link the activities using the Connector — move the mouse over an activity until the mouse cursor changes
to a chain, then holding down the left mouse button, drag the arrowed-line connector to the other activity.
The activities may be positioned by selecting them with the left mouse button and dragging them to the
desired position.
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For now, only changes are made to the properties of the Create Object activity.

» However, change the name of the Schedule Soutce activity from Source to Initial Inventory and change

oo FLe
’0

the name of the Create Object activity from Create Object to Create Components. To do this select the
activity and change its property values in the Activity Properties section of the Quick Properties window.

Activity properties are changed either by: (1) selecting the activity and editing in the Quick Properties window
or (2) clicking on the icon for the activity located in the left-hand portion of the activity’s flowchart shape.
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The Create Object activity creates flowitems that represent the components and puts them into their Queue in
the packing area. Note that the flowitems are created directly in the Quene and do not come from the Source. As a result, these
flowitems do not pass through the Queue’s OnEntry trigger. Therefore, any logic on the OnEntry trigger would
not be invoked for these flowitems.

» Change the Create Object activity as described below and as
shown in the figure to the right.

# Initial Inventory

e The value of the Object property is obtained by selecting the
drop-down menu option Flowitem By Global Table

L L
I+B Create Components m
n [ n

Lookup.
e Table Name: Components is selected from the drop-down Object
|Ohje:t By Global Lookup Tahle(cumpnnents‘ -&H S,
menu. Quantity
. |usmgG\nhalLnnkupTahIe(Cnmpnnents] ‘v e
e Row: 8, based on the revised Global Table above. Y ——
e Column: 1; this is only for the first component - it will be [forecom X - 8
. @ Assignto (O Insert at Front of
changed later to a more general setting. [fone |~ 2
Assign Labels to Created Objects
W

In this case, Row 8, Column 1 of the Global Table contains the value
10; this references the 10t entry in the Flowitem Bin, which is the
flowitem created eatlier named CompA.

» The Quantity property in the Create Object activity is obtained using the drop-down menu option By
Global Table Lookup. Values for the properties ate:
e Table: Components from the drop-down menu
e Row: 5, since the initial inventory values are stored in this row in the table

e  Column: 1, for the first component; as indicated earlier, this will be changed later to a more general
setting.

The Creates In property in the Create Object activity needs to refer to the component’s Queue. The default

model() is changed to the Queue by using the Sampler tool (pipette or eyedropper icon).

> Select the Sampler and use it to select the StoreCompA object in the 3D view. A more general means of
setting this will be described later.

The Assign to property can be left as is or its value deleted, resulting in the value None.

FLe
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» Reset and Run the model. At time 0 the inventory for
CompA should appear as in the figure to the right — there are
12 purple boxes in the StoreCompA object and one batch of -
components at the Separator for the Operator to unpack. To
obtain this view, you must be very quick on clicking between
Run and Stop on the Execution toolbar. Otherwise, the
Operator will have unpacked the batch and the Queue will
have an additional 24 items.

e

FInIshOp}u{_

il airien

The Step control, next to Stop on the Execution toolbar, can be used to move through a model’s execution
one event at a time. This is better than trying to start and stop a model quickly. It will likely take several clicks
of Step for the items to appear since FlexSim executes multiple events at simulation time zero.

If you haven’t already done so, save the model. Recall, it is good practice to save often.

The modeling steps defined above need to be repeated for CompB. However, initializing the inventory can be
generalized so that it occurs for any number components that are included in a model. To do so, the FlexSim
tool Global Variables is introduced.

Global Variables are user-defined information that can be accessed from anywhere in a Flex:Sizz model. The
variables can be of vatious types such as Real (e.g., 123.45), Integer (e.g., 12), String (e.g., ABcdE), etc. In this
case, the Global Variable is of the type Array, which means the variable contains an indexed ordered set of
values. For example, for the arrayed variable myVAR = (12,25, 17), myVAR(1) = 12, myVAR(2) = 25, etc.

» Create an arrayed Global Variable named Storages via the [~owiue -
s i

Toolbox — first select Modeling Logic, section of the drop- | & e

down menu, then select Global Variable. As shown in the | o e By
figure to the right: T——

MODEL:/StoreComgt

e Change the Variable Name from variablel to Storages.

e Using the drop-down menu, change the Type property
from the default Integer to Array.

e The elements of the array can be added by using the +

drop-down menu or the Sampler, both tools are located |, = x

below the Browse button on the interface. The figure to

the right shows the object selection menu. By either
method, add the two components’ storage objects,
StorageCompA and StorageCompB.

The data have been structured so that the ith component in the packing area is represented as both the ith column
in the Global Table Components and the it element in the Global Variable Storages. Therefore, initial inventory
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can be created for each component in a general manner by cycling through all of the components. This concept

is now implemented in the Initial-Inventory Process Flow activity.

The Schedule Source activity is modified as follows and as shown in

the figure to the right.

» The Offset Time remains at the default value 0.0 since the initial
inventory is added at the start of the simulation.

» One atrival to the process flow is needed for each component;
ie., a token is created for each component that is used in the
packing area. Therefore, a row is added to the Arrivals table in
the Initial Inventory activity. This is done with the + button. Both
arrivals are the same; they occur at Time value 0.0 and the
Quantity is 1, one token per component.

» A label is added to each token by clicking the + button at the
bottom of the interface.

e Change the Name property from the default labelName to
Storage.

e Change the Value property from the default 0.0 to Arrival

o Initial Inventory

Offset Time
[0.00 |~ ~
["]Repeat Schedule Add Table to MTEL
Arrivals
X 8 LabelsEl = |~
‘Time ‘Name |Quantity |

0 1

1] 1

Select an arrival field to edit

Assign Labels to Created Tokens

&
Name ~
Storage ‘v /' x
Value
EwNumber R A

Row Number, an option selected from the drop-down menu. When selected, FlexSim enters the

command rowNumber in the Value cell. Therefore, each token will have a label that corresponds to
the row number in the arrival table above. This will be used as an index for both the Global Table and

the Global Variable. In this case, the indexes ate 1 and 2 for CompA and CompB, respectively.

The index is used in the Create Components activity for each component. The activity is modified as follow:

» For the property Object, its Column value is changed to
token.Storage; i.c. the column in the Global Table is the
index or the number of the component. As shown in the
figure to the right, this is accomplished through drop-down
menu options in the property Columns by first selecting
Labels, then Storage.

» Similarly, for the property Quantity, its Column value is
also changed to token.Storage in the same manner as
above. The column in the Global Table is the index of the
number of the component.

» For the property Create In, use the Global Variable Storage
and replace the single specific object reference with
Storages[token.Storage]. There is no drop-down menu
option for Global Variables so this needs to be typed in, but
FlexSin’s context-sensitive help facilitates the entry.

» Initial Inventory

+Ei Create Components

Object
‘Object By Global Lookup Table ( Cumpunents| - 5 /f
Quantity

[l1sina Glnhal 1 nokun Tahls { Comnanents )| o =

Table Name | "Components” -
Row 8 -7
Column token.Storage v’f

L T v

Assign Labels to Created Objects

b

» Create alabel on the component flowitem by using the + button in the Assign Labels to Created Objects

section of the interface. The property values are:

e  Change the Name from the default labelName to Type.

e  Change the Value from the default 0.0 to token.Storage, obtained from the drop-down menu Token

Label.

oo FLe
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Tidy up the Process Flow logic. Select the Process shape from the Flowchart category on the Activity menu

and click near the three activities. The shape’s box will surround the activities. As shown in the figure below,

reshape the box border and name the shape Initial Inventory. This section of the Process Flow logic can be

easily moved as a group.

» Reset and Run the model. At time 0 the inventoties for
CompA and CompB should appear as in the figure to the
right — there are 12 purple boxes in the StoreCompA object
and 30 white cylinders in the StoreCompB object, both of
which are from the initial inventory logic just implemented in
Process Flow. Note in the Process Flow logic in the right
panel, the second token is about to exit.

Time: 000 to 480000

WS, ] pockiog ] Comporests ] ot e Fowltem 8

+ funSpead

g

* 63 Recedering

. ‘ Initial Inventory

% Initial Inventory

# Create Components

3 Sink

[ ]

If you haven’t already done so, save the model. Recall, it is good practice to save often.

Now, for each component that might be added in the future, all that needs to be changed are to add a(n):

¢ column in the Global Table Components with the property values specified,

e row in the Arrivals table in the Initial Inventory Process Flow activity, and

e clement in the arrayed Global Variable Storages referencing its Queue.

The above logic only executes once, at the beginning of a simulation whenever a model is Reset. However, it

provides the basis for the reorder-point inventory system that is modeled in the next section.

oo L
<%
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3 MODELING INVENTORY REORDER POLICY

This section defines the reorder-point inventory system logic and describes in detail how to implement it using
Process Flow. However, before doing so, a few preparatory changes are made in the 3D model. Why these
changes are being made is explained as they are used in the next section.
1] Begin with the basic model from the previous section, named Primer_4-1, and Save As Primer_4-2. Basically
make a copy of the model so that it can be customized and the original model is retained.

3.1 Changes in 3D objects for use in Process Flow

Before extending the Process Flow logic, the following preparatory changes are made to the model.

» Create and set a number label for each component’s Queue
that indicates what component it stores. Name the label
Storage and set its value to 1 for StoreCompA and 2 for
StoreCompB. Therefore, the item (component) with the label
Type=1 is stored in the Queue with the label Storage=1, the
component with the label Type=2 is stored in the Queue with
the label Storage=2, etc. The label is shown in the Quick
Properties view for StoreCompB in the figure to the right.

» Create another arrayed Global Variable, named [~comwe - o x
UnLoadBatches. As shown in the figure to the right, it [3g we
contains pointers to the Separator objects, BatchA and | & %1 & 8 e inswoe e [ .
. . . Storages
BatchB. It is created in the same way as the Global Variable w fiEer eatcn =
MODEL:/BatchB Remaove
Storages. ' rowse
8 */
» Create a Group, as shown in the figure to the right. As the [ ) )
ComponentStorage Group

name indicates, the Group tool is a way to process similar

items in a like manner. i | ComponentStorage |

e Create the Group either via the Toolbox or by right- | @ ~ # L3 K & & A9
clicking on an object and add it to a current group or add StoreCompA
StoreCompB

it to a new group. In this case, use the Toolbox to create
a Group.
e Change its name from Groupl to ComponentStorage.

e Add the two component storage Queues, StoreCompA

and StoreCompB by using either the Sampler or the +
button and then Select Objects menu.
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»  Set the color of the Sepatators, where the batches are unloaded to green. Later they will be changed to red

when they are in they are awaiting an order. As shown in the
figure to the right:

e On the Triggers tab, add an On Reset trigger, on both
objects BatchA and BatchB.
e Select the Set Object Color trigger option and change the
properties as follows:
= Change the Object property value from the default
item to current by using the drop-down menu.

* Change the Color property value from

#< BatchA Properties = ] X

' BatchA @ ¢

ProcessTimes Breakdowns Separator Flow Triggers Labels General

-

On Reset

4 | set Object color X
Object |current -2
Color  |Color.green -2

Color.random() to Color.green by using the drop-down menu.

Disconnect both component Sources. Since the Sources are being replaced by Process Flow logic, they

could be deleted, but for now just disconnect them. As indicated eatlier, in future models some of the

components may be supplied based on a schedule; if so, the sources would be used. For this primer, all

components are supplied via a reorder-point inventory system.

If you haven’t already done so, save the model. Recall, it is good practice to save often.

ss. FFLex
<%
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3.2 Implementing reorder-point inventory logic using Process Flow

The basic logic for a reorder-point inventory system is shown in the figure below. The logic is contained in
three sections, as denoted by the shaded boxes. Basically, every time a component is used in Packing the
inventory level is checked. If the inventory level is not at the reorder point, no action is taken. However, if the
inventory level equals the reorder point, the reorder quantity is ordered. There is a delay until the order is

tulfilled; then, the level of inventory is increased by the number of items in the reorder quantity.

Every time a

component leaves its *  Check inventory level.
storage area for use in ¢ Isitat ROP?
Packing
Yes No
N A 4
*  Place order * Do nothing

e Wait for order to be fulfilled
* Inventory level increases by

reorder quantity

This logic is now implemented in Flex:Sim via Process Flow in three basic sections: Check for Reorder, Reorder,
and Do Not Reorder.

3.3.1 “Check for Reorder” logic

The first set of logic involves three activities: Event-Triggered Source in the Token Creation section of the
Library and Assign Labels and Decide in the Basic section of the library.

» Therefore, drag out these three activities onto the Process Flow workspace named Reordering

The first activity, Event-Triggered Source, is used to “listen” for
any On Exit events that occur in any of the Queues that are

7N Check when a component is used

included in the Group named ComponentStorage. This is

implemented as described below and as shown in the figure to the

Object

Iight. |Group("ComponentStorage") ‘ - 3 /
. . . . . Event

» Select the activity, and in the Quick Properties window, oo I #

rename the activity Check when a component is used. _
Label Assignment

» 'The activity box can be resized as needed to make the text EventData [Label Name |
. Exiting Item
more readable by dragging one of the handles (small black Outpt Port

squares) on the perimeter of the shape. TRl R e

» The Object property is set by selecting Group from the

drop-down menu, then selecting ComponentStorage. ) ) *
Assign Event Object To

FlexcSim writes the command Group(“ComponentStorage”) [token.ComponentStorage | X ~ ~*
that obtains the property’s value. |T°ke” tame .

» The Event propetrty is OnExit, selected from its drop-down
menu.

o FLe
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» 'The value of the property Assign Event Object To is set to token.ComponentStorage. This action cteates
a label on the token that points to the Queue object from where the flowitem exited.

The next activity, Assign Labels, is used to obtain some _@Asgign Labels
information about the container that just exited the Queue and

store it on the token. Fach label is added by pressing the +. All of | [assign Labels To
the labels are shown in the figure to the right. froken A
) ) . Labels
» The first label’s Name is Type, and its Value is Fs
token.ComponentStorage.Storage. This expression can be “},3—’;; v 2 X
typed in or the token.ComponentStorage portion of the “ value
) ) ) ’mn.CompﬂnentStnrage.Stnrage ‘ - ,‘,’}
expression can be obtained from the drop-down list of — =
Token Labels and the “.Storage” portion can then be ;. [Correntinventory |~ 7
" Value
added at the end. ’ern.CompanentStﬂrage.subnodes.\ength‘ - S’
This label contains the value of the label named Storage ';r%rge .2 P
that is on the Queue object from where the flowitem just * Value
. . Object By Global Lookup Table ( Comp| - 15
exited. Recall that ComponentStorage points to the Queue o -/

object where the item/container was stored.

H . "C ts" -
» The next label is given the Name of CurrentInventory and Tesletlame | PR p
. . R 6 -
its Value is set to O:rv tokenType »
umn - -
token.ComponentStorage.subnodes.length. This label

contains the value that is the number of items in the object
from where the flowitem just exited (current contents of the object). subnodes.length is a FlexSim

method that provides this information - how many items are currently in an object.

» 'The final label’s Name is ROP and its Value is set by using the drop-down menu options Table, then By
Global Table Lookup. The property values are set as follows and are shown at the bottom of the figure:

e Table is set to Components using the drop-down menu.
e Row is changed from the default value token.labelName to 6.

e Column is changed from the default value 1 to token.Type using the Labels drop-down option.
This label stores the reorder-point value that would trigger an order; its value is obtained from the
Components table and is based on the type of component.

The final activity in the Check for Reorder section is Decide,

which is located in the Basic section of the Process Flow Library. &, Place order?
Its properties are set as shown in the figure to the right.
o > Send Token To
» Name the activity Place order? Conditons Dedd EEry

> Set the property Send Token To to Conditional Decide.
> Set the Condition to:

Connectors Qut

Condition token.CurrentInventory == token.ROP | /

True 1 = yl

False 2 T

token.Currentinventory == token.ROP.
This can be typed in or the token.Currentlnventory == 1

option can be selected from the Labels drop-down menu
and then edited; i.e., change 1 to token.ROP.
This statement compares the number of items in the Queue

where the flowitem/component just exited to the reorder point value for that type of component. If the
two values are equal, the condition is True and the token will take branch 1 from the Decide activity and
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an order will be placed. If the two values are not equal, the condition is False and the token will take branch
2 from the Decide activity and no further action is taken.

Note the use of == in the Condition expression. Since this is a comparison, the == operator must be
used. A single = is an assighment operator that assigns the value of the expression to the right of the = to
the variable named on the left side of the =.

Also, the connections from the decide activity to the two alternative blocks will be made after the
blocks are created.

As shown in the figure to the right:

ChECk for #» Check when a component is used
@ Assign Labels

&, Place order?

» Move the three activities so that they snap together in a sequence, ot | Reorder
block.

» Using the Text activity (in the Display section of the Process Flow Library), annotate this section of logic
to indicate what it does, e.g. Check for Reorder.

If you haven’t already done so, save the model. Recall, it is good practice to save often.

3.3.2 “Reorder” logic

If a component’s inventory level is at its reorder point, then:

1. adelayis incurred that simulates the order replacement time, (

2. an order is created, and

3. the resulting order is unloaded by the finish operator.
The logic below implements this and changes the color of the batch area to red to indicate that an order has
been placed. The color is reset to green once the order is fulfilled.

The Change Visual activity sets the appropriate Separator’s

(BatchA or BatchB) color to red to indicate that its component % Show &
ow Reorder
has been ordered. This is shown in the figure to the right and

described below. -
Change Visual ‘

» Select the Change Visual activity from the Visual section of R —— %
the Process Flow Library.

» Name the activity Show Reorder.

» For the Change Visual property, select using the + button

the Set Object Color option, then

Object |UnLoadBatches[token.Typ| v #

Color  |Color.red -2

e Set the Object property to UnLoadBatches[token.Type].
As you type this expression, FlexSin provides a list of
possible values, one of which is the Global Variable named UnLoadBatches, which can then be
selected. Then after the [token. is entered, then token.Type can be selected from the list of suggested
items on the drop-down menu.

This value is an Object property that points to to a Separator objects that is stored in the arrayed
Global Variable named UnLoadBatches. The value is based on the component type, which is stored
in the token’s label named Type.

e Set the Color property to Color.red which results from choosing Color.red on the drop-down menu.

w peex 162

solved.



FlexSim Simulation Software Primer software version 2020 Update 1 (20.1.2)

The Delay activity (from the Basic section of the library) is used

’gs Show Reorder |
| ¢ Reorder Time )

to set the reorder time. The token is delayed by the value stored
in the Global Table Components. As shown in the figure to the

right:
Delay Time
Using Global Lookup Table ( Components j‘ - =& 5 /'

» Name the activity Reotder Time.

> Set the Delay Time using the drop-down menu option By

Global Table Lookup with the Table parameter set by Table "Components’ -
selecting “Components” from the drop-down list of model Row |/ 4
tables, the Row parameter value set to 7, and the Column D il -/

parameter set to the value stored in the token’s label that is
named Type, i.e. token. Type. Thus, the reorder time is the

value stored in row 7 of the Global Table Components and in the column that corresponds to the value of
the token’s Type label.

The Create Object activity (in the Objects section of the

library) creates a flowitem in the appropriate Separator that *a Create Batch

represents a component order. That flowitem will later be split

into the number that is specified as the reorder quantity. This is Object

.. . L .. [Object By Global Lookup Table ( Compone » [ ©f #

very similar to the Create Object activity in the Initial Inventory p—

section of the logic. As shown in the figure to the right: [ |~ 2

» Name the activity Create Batch. ®createIn O Create At

> The Object property is set using the Flowitem by Global [UnLoadBatchesfioken-Type] X - a2
Table Lookup drop-down menu option. The token creates &Aoo to () nserat Front o

[token.item X ~ ~

a flowitem of the class that corresponds to its location (its Assign Labels to Created Objects

number) in the list of the flowitems in the Flowltem Bin. In "“Name e

this case CompA and CompB are the 10t and 11t items in [Type |~

the list, respectively. These reference values are stored in the "%ﬂ;]_we v 2

Components table. Therefore:

e Table is set to Components from the list of Global
Tables.

e Rowissetto 8.

e Column is set to token.Type. (This valued can be selected from list of tokens in the drop-down list
Labels.) The column in the table depends on the value of the token’s Type label (type of
component).

» 'The Quantity value is 1 (the default value). This activity only creates an order. The order size is handled
by the Separator.

» The value for Create In is UnLoadBatches[token.Type]. The flowitem is cteated in the object referred to
in the arrayed Global Variable UnLoadBatches and depends on the value of the token’s Type label (type
of component).

» One label on the flowitem is created using the + button in the Assign Labels to Created Objects
section of the interface.

e Change the label’s Name from labelName to Type.

e Change the Value property from 0.0 to token.Type by selecting Token Label from the drop-down
menu and then selecting Type. In this case, the value is either 1 or 2.
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Another Change Visual activity is used to reset the appropriate Separator’s (BatchA or BatchB) color, i.e., from
red to green in order to indicate that its component’s order has been delivered. The activity is the same as the
Show Reorder activity.
»  Select the activity, Change Visual from the Visual section of the Process Flow library.
» 'The activity name is Show Delivery.
»  Select Set Object Color and the propetties to:

e Object to UnLoadBatches[token.Type].

e Color to Color.green from the drop-down list of colors.

» Drag out a Sink activity (from the Basic section of the library).

» Ensure all five of the activities created above atre snapped together to form a “block” of activities.

3.3.3 “No Reorder” logic

This branch includes the activities that are executed by a token when the use of a component in the packing
area does not trigger a reorder event. The branch could be composed of just a Sink, but an arbitrary 10-
minute delay is added so the user can see the token route to this branch. There is no effect on the operation
or performance of the model.

» Drag out a Delay activity and set the Delay Time property to 10.

» Drag out a Sink activity and connect it to the Delay activity created above.

The “Reorder” and “No Reorder ““ blocks of activities are alternative responses to the “Place order?” Decide
activity. Therefore, they must be connected to the activity, but the “Check to Reorder” block must be
connected first.

» Click the bottom of the “Check to Reorder* block (the last activity in the block is “Place order?”). The
cursor changes to a chain and as the mouse is moved an arrowed line connector appears. Complete the
link by clicking on any side of the “Reorder block.”

» Repeat the above step for the “No Reorder” block of activities.

Notice the 1 and 2 labels at the bottom of “Check for Reorder” block. If the condition in the “Place Order?”
activity is True (current inventory is equal to the reorder point for that component), its value is 1 and the
“Reorder” block of activities are executed. Similarly, if the condition in the “Place Order?” activity is False, its
value is 2 and the “No Reorder “ block of activities are executed.

» Double-click the arrows and use the text box to label the connectors — Reorder and No Reorder,
respectively. The size, color, and font of the text can be edited through the Quick Properties interface.

Also, the text boxes can be moved for better placement.

The final Process Flow logic should look like the figure below.
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|51 Reordering v 3
Initial Inventory

Check for 3’;’ Check when a component is used

. @ Assign Labels
“p Initial Inventory Reorder #, Place order?
"h Create Components No Reorder
o] Q Reorder,
3 Sink
© Delay
#* Show Reorder 3 Sink

(® Reorder Time
*3 Create Batch
#® Show Delivery
3 Sink

The figure below is a screenshot of the current model running near the end of the prescribed Run Time. It
includes the Process Flow logic and a Dashboard showing the contents of the two component Queues over
time.

[Reset P Run [l Stop DI Step Run Tme: [ 4800.00 to 4800.00 v Run Speed: [} 8111 [+

#4 Model ] Components § - x
”~
%3 Reordering v o
Initial Inventory

Check for #» Check when a component is used
®

; Assign Labels
7 Initial Inventory Reorder A, Place order?
4 Create Components No Reorder
Reorder,
2 Sink
o Show Reorder g Doy
® Reorder Time@ o
*a Create Batch
* Show Delivery
3 Sink

S

RN~

Contents of Component Storages Over Time
M StoreComp M StoreCompa

60
50
40
30
20

The Process Flow logic can easily be resized to fit the window size by right-clicking on the Process Flow
g ‘: workspace, selecting View, then selecting Size to Fit.

If you haven’t already done so, save the model. Recall, it is good practice to save often.
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4 CUSTOM TASK SEQUENCES IN PROCESS FLOW

This section provides a second extension of the primer model using Process Flow. In this case, a custom task
sequence is developed using Process Flow to add a task to the finish operator’s basic activity of moving
containers from storage to finish machines for processing. The new task is that the operator must log
information at a kiosk after a container is loaded onto a finish machine.

Prior to developing the logic in Process Flow, some modifications are made to the base model. Also, a simple
study model is used to understand how to customize task sequences before implementing the logic in the main
model.

4.1 Base model modifications

Some of the modifications in this section are to set up the change in tasks on the finish operator. Other
modifications provide an opportunity to review and be introduced to new features in the 3D portion of FlexSim,
such as:

e increase the production rate to the finish area,

e change from the A* algorithm back to using path networks to control the finish operator’s travel paths,

e integrate the kiosk into the network, and

e hide the underlying layout that was used to build the model.

1] Begin with the basic model from the previous section, named Primer_4-2, and Save As Primer_4-3a.
Basically make a copy of the model so that it can be customized and the original model is retained.

» Be sute the queue ContainersStorage’s Maximum Content property is set to 5 (based on the
experimentation in Section 4 of Part 3.

Based on running the simulation model, the utilization of the finish operator is only about 20% and the finish

machines’ utilizations are only about 60-65%. Therefore, it has been decided to increase the production rate by
25%.

For the production rate to increase by 25%, the average time between arrivals must decrease by 25%. The
current inter-arrival time distribution is triangular(10, 35, 15), which has an average of 20 minutes. Therefore,
the mean needs to decrease to 15 minutes. Assume the revised distribution is triangular(5, 30, 10), which has an
average time between arrivals of 15 minutes.

» Update the triangular distribution’s parameters in the Source, ContainersArtive.

» Confirm that the planned product mix is 20% for Type 1, 30% for Type 2, and 50% for Type 3 (recall,
these are in the Global Table ProductMix).
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Another task is going to be added to the operator — after the finish
operator loads a container onto a finish machine, information
needs to be logged at a kiosk that is located between the two
machines. This task is added in the next section, but the kiosk
object is added here, as described below and as shown in the figure
to the right. It may be easier to add the object in planar view.

(Recall, this is done by right-clicking on the modeling surface,

selecting View, then Reset View.)

» To represent the kiosk, use the default Shape object, in the
Visual section of the object Library. Retain its default size, a
1-meter high cylindrical object that is 1 meter in diameter.

» Name the object Kiosk.

» Position it between the two machines, say at x = -8.5,y =
-0.25,and z = 0.

» Add the kiosk object as a barrier in the A* Navigator object
in the Members portion of the Setup tab. Select FR
Members, then use the + button to add the Kiosk, which is
in the Visual Tools section of the object list.

» Hide the A* components, since a path network will be used. To do so, on the Visual tab of the A*Navigator,
be sure all boxes are unchecked except for Show Barriers so that only the walls are displayed. If A* is
used, the objects are still considered barriers even if hidden; not showing them just hides the blue
shadowing under the object that indicates it is a barrier.

In this version of the model the path network will be used rather than the A* algorithm to control the finish
operator’s travel. Once the operator is connected to the network, it takes precedence over A*,

Make the following modifications to the path network.
» It may be easier if the Dispatcher object is moved out of the way; its placement does not affect the model.
»  Also, it will be easier to do the remaining steps if the network is made visible again. Therefore, right click
on the visible Network Node near the Queue ContainerStorage, then select Network View Mode, and
then Show All.
» Add the operator to the network with an A-connection to the node near the Queue, ContainersStorage.
(Recall, after the connection, a red line should show the connection between the two objects.)
» Change the Operatot’s property Use navigator for offset travel to Travel offsets for load/unload tasks.
» Integrate the kiosk into the path network.
o Add a Network Node for the kiosk; name it nn_Kiosk.
e Connect the Node to the kiosk object.
e Disconnect the path between the Nodes at the finish machines, nn_FinMach_1 and nn_FinMach_2.
e Connectnn_Kiosk to nn_FinMach_1 and connect nn_Kiosk to nn_FinMach_2, as shown in the figure
above.
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» Right-click on one of the green arrows on the network edge
that leads to the Break Area. From the popup menu, change
the edge property to Curved. Adjust the path around the
Queue and through the door, as shown in the figure to the
right, by dragging the handles. This is the same process that
was used eatlier to create the path to the packing area.

Additional nodes could be used to form the path, but the edge

between two nodes is a Bézier curve and is quite flexible.

» Hide all of the network nodes except the one by ContainersStorage. To do so, as before, right-click on that
node, select Network View Mode, then select None. All nodes and edges will be hidden except for the
one by the Queue. The network can be viewed again by following the same process except selecting either
Edges (which only shows the edges; no nodes are shown) or Show All (all nodes and edges are displayed).

» Hide the layout on which the model was built. To do so, open the Tree and then double-click on the Layout
object to open the user interface. In the Flags section of the General tab, uncheck the Show 3D Shape
box. This way the layout can be displayed again by reversing this process.

If you haven’t already done so, save the model. Recall, it is good practice to save often.

4.2 Simple study model of task sequences in Process Flow

Before adding the information-logging task to the finish operator in the main model, develop a simple study
model in order to understand some basic concepts of working with Task Executers. As has been stressed in
this primer, it is good modeling practice to test out new concepts and more advanced logic in a study model
before implementing it in the primary model. This allows the modeler to focus on the salient aspects of the

change.

Start with a new FlexSim model, accept the default model units, and name it Simple TE Process Flow.

Begin with the most basic model, as shown below, with all default values. The operator is used to transport
items from the Queue to the Processor and from the Processor to the Sink.
» Drag outall of the required objects and connect them as shown in the figure below.
e In addition to A-connecting the Fixed Resource object, be sure to S-connect (Center Connect) the
Queue and Operator and the Processor and Operator.

e Also, be sure to check the Use Transport box on the Flow tab on both the Queue and Processor.
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= @ wlm s
Source1 Sink1
orl

Queuel

Processor1

For compatison, two similar models are considered. To facilitate this, we will make a copy of the above

model. This is a convenient way to duplicate sets of objects.

»  Select all of the objects — hold down the Shift key and use the left mouse button to encompass all of the
objects; this results in a gray box that contains the objects. When the mouse button is released, all of the
objects should be selected; i.e., the outline of all objects should be red.

» Copy, using Ctrl-C, the selected objects, then click on the modeling surface somewhere below the current
model, and using Ctrl V, paste the set of objects. The selected set can be moved as a group to position
them on the modeling surface. Once set, unselect all of the objects by holding down the Shift key and
clicking with the mouse anywhere on the modeling surface (not on any objects).

The two models in the file are completely independent since there are no flows, resources, events, or activities
that are shared. In this exercise the upper model will remain as is; it is there just for comparison. The lower
model will be modified to use Process Flow to control some of the operator’s tasks. The models can be used
to compare task sequences using the default 3D approach and customizing them through Process Flow.

A Shape object, like the kiosk in the main model, is used in this example. The operator will carry each
flowitem to it once processing is finished at the Processor. At the Shape object, the operator and flowitem are
delayed for additional processing. After the delay, the operator catries the flowitem to the sink and unloads it.

Note that the transport from the Source to the Processor remains unchanged. It is managed by the 3D model
(in the Flow tab of the Source) and not by Process Flow logic. There is no need to modify it since the default

logic is fine.
If you haven’t already done so, save the model. Recall, it is good practice to save often.

» Add a Shape object, from the Visual section of the Library, anywhere in the second model, somewhere
between the Processor and Sink. Again, this is like the kiosk in the main model.

In order to have the operator travel to and be delayed at the Shape object before being unloaded at the Sink,

Process Flow is used to replace the basic task sequence for transport with a custom task sequence.
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Start the Process Flow logic as shown in the figure to the right

and as described below.

» From the Process Flow icon on the Main Menu, or via the e
Toolbox, add a Sub Flow to the model.

» In the Process Flow Properties section of the Quick

@ Finish

Properties window, change the Process Flow Name from

SubFlow to Transport to Sink.
» In the Process Flow Instances section of the Quick

Properties window, change the Instance Creation property
value from Global to Per Instance.

» From the Sub Flow section of the Process Flow Library, drag out Start and Finish activities onto the
Process Flow workspace.

FlexSinss default transport logic using a Task Executer, as was described in Section 3 of Part 2, has the Operator
perform the following uninterrupted sequence of tasks. In this primer, this set of four tasks is referred to as the
Transport Task Sequence.

1. Travel to the object where the flowitem is located; the object is referred to as fromObject.
2. Load the flowitem from the fromObject.
3. Travel with the flowitem to its destination object that is referred to as toObject.
4. Unload the flowitem to the toObject.
These four tasks will now be handled by Process Flow so that they | i eracessors bropertes - o x

can be easily modified and customized. To pass the responsibility :

* Processor13 @ ¢

Processor Breakdowns Flow  Triggers Labels General

property on the Flow tab of the Processor is changed, as described | o

for transporting a flowitem from the Processor, the Use Transport

below and shown in the figure to the right. SendTabot [ aalobe ~8s
Eu;.g Transport ProcessFlow: Use Task Sequence Sub Flow = 3 .‘/
» On the Processot’s Flow tab, the Use Transport box should et -
already be checked. Change the default current.centerObjects[1] | [Reseteiess) sono oo .

Activity Stal o
to ProcessFlow: Use Task Sequence Sub Flow via its drop- | ssign Labels o Token e
down menu. Label item Value[eem .
Label port Value port -

» Change the resulting interface as follows:

Label fromObject Value current -

e Change the Owner Object property from current to Lobel[fo0blect | Volue[destination -

Labe! |dispatcher Value [current.centerObjects[1] |

current.centerObjects[1] by selecting it from the

Connected Objects option on the property’s drop-down

menu.

e All of the remaining properties are the default values.
However, be sure the SubFlow property is Transfer to Sink (the name of the newly created Process
Flow Sub Flow) and the Activity property is Start. The remaining items in the interface is information
that is sent to Process Flow about the Processor object and the flowitem that needs to be transported.
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As shown in the following figure, information needed to perform the transport in the 3D model is captured
in the Processor’s Flow tab and sent to Process Flow. The sending of this information creates a token in
Process Flow and that token contains all of this information in its labels. The token flows through a set of
activities that models the transport operation. The token’s labels are defined as:
token.item
token.fromObject

flowitem that needs to be transported.

object that the flowitem is transported from; i.e., Processor 13 for the case shown in
the figure.

token.toObject object that the flowitem is transported to; i.e., the Sink for the case shown in the
figure.

current the task executer that will perform the transport. It is the object that is connected to
the center port of Processor13, current.centerobject|1]; i.e., Operatorl3 for the case

shown in the figure.

3D

#4 Processorl3 Properties

* Processor13

Processor Breakdowns Flow Triggers Labels General
Output
SendToport  First available

[ Use Transport ProcessFlow: Use Task Sequence Sub Flow

Wi Owner Object  current.centerObjects[1]

] [Reevaluate Ser SubFlow Transfer to Sink
Activity Start

Input

2 Assign Labels to Token
[CJpun

q Transfer to Sink

Process Flow

¥ X Quick Properties
~ | -] Activity Properties

o Aé
Coamae

Executer / Task Sequence

o —
/ Item

B —

Station

Item Container A /

Wait Until Complete

Labe! item
Labg port

TR ']

Executer / Task Sequence

current - J“}

Item

T

Station

token toObject - /

Wait Until Complete

= @__Finish A dn

Return Value
X~/

[ Deallocate Shared Assets
Token Data to Preserve
v | Trace Histories b

Labg! fromObject

Ol > Labp! toObjfct

| Latf disgfatcher

3 Sink13

Processor13

As shown in the figure above, the basic transport is accomplished in Process Flow by using two activities
Load and Unload, both found in the Task Sequences section of the Activity Library. In the 3D portion of the
figure, the Operator is carrying the item to the Sink and correspondingly the token in Process Flow is in the
Unload activity.

The Load activity is actually a small task sequence, carried out by, in this case, Operator13. The task sequence
contains the first two tasks in the Transport Task Sequence thast was defined above — travel to the
fromObject and load the item. Similatly, the Unload activity is also a task sequence, again carried out by
Operatorl3 in this case, that contains the last two tasks in the Transport Task Sequence defined above —
travel to the toObject and unload the item. In both models, the task sequence is considered complete with
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the unloading of the flowitem at the Sink; therefore, the Operator waits at the Sink for the next task sequence
to be assigned.

Add the Load and Unload activities in the Sub Flow and modify their properties as shown in the figure
above.
» Drag a Load activity from the Task Sequences section of the Process Flow Library.
e Change the Executer / Task Sequence property to curtent by selecting current (Instance
Object) from the drop-down menu.
»  Similar to the previous step, drag an Unload activity from the Task Sequences section of the Process
Flow Library.
e Change the Executer / Task Sequence property to curtent by selecting current (Instance
Object) from the drop-down menu.
e Change the Station value from token.destination to token.toObject.
» Join the four activities to form a logic block that is the sequence: Start, Load, Unload, Finish.

» Reset and Run the model. Confirm that both model segments operate similarly. One model uses
FlexcSim‘s default task sequence for transporting items by a task executer; the other model uses a custom

task sequence created in Process Flow.
= If you haven’t already done so, save the model. Recall, it is good practice to save often.

The new task, to travel to the Shape object, is added as shown in

the figure to the right and described below. Wiimeoeme. x> e x
... . . @ Start = -
> Select the block of activities and click on the “scissors” # Load 3 o[ Tannse A

Executer / Task Sequence

symbol between the Load and Unload activities in order to £+ TravelTo Shape 3 forent  ]- @2

- Destination

NV

[+l wait Until Complete

break the block so a Travel activity can be inserted.

#% Unload
@ Finish

» Drag a Travel activity to Process Flow from the Task :

Sequences patt of the Library, and:

e Change the Executer / Task Sequence property to
current. As before, select current (Instance Object) from the drop-down menu.

e Change Destination property to the name of the Shape object, Shape22 in this case. (Note that the
number in the object names may be different since in this study model, the default FlexSin-generated
names are used.) The Shape object can be selected cither by:

1. the property’s drop-down menu FlexSimEventHandler and selecting the desired object or
2. clicking on the object in 3D using the property’s Sampler tool.
» Change the name of the task from the default Travel to Travel to Shape.
» Insert the Travel activity into the logic block between Load and Unload. Snap all activities together to form
one block.
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» Save, Reset, and Run the model. Check to be sure to model works as planned. Note that it does not work

as planned! Here’s what happens after an item is finished at the Processor:

1. Operator travels to the Processor and loads an item = Correct.

2. Operator travels to the Shape object > Correct.

3. Operator travels to the Source and loads another object; the operator now has two objects = Incorrect.
4.  Operator travels to the Processor and unloads the item from the Source = Correct.

5. Operator travels to the Sink and unloads the object = Correct.

The problem is there are now four task sequences: the default Transport Task Sequence (from the Source to
the Processor) plus the three Process Flow sequences: , Load (after Processing), Travel (to Shape), and Unload
(at Sink). As flowitems enter the system and finish processing their resulting tasks are sent to the Task Executer
and are queued in a First-In, First-Out manner. The Operator is processing tasks in the order in which they are

received; however, this results in an operation that is not what is desired.

To remedy the problem, all three Process Flow task [EiTwnserwsne ~ X | Quick Properties
d b d d t = Activity Properties
sequences need to be processed as one and not as separate NED Ad

task sequences. The Process Flow logic is modified as shown . p
2 Create TS Agh

Task Executer / Dispatcher

in the figure to the right and described below.

»  “Cut” the logic block and add the Create Task Sequence “ S
IO
activity (name is Create TS) between the Start and Load v/
activities. Rejoin the activities, again into one block. iy X
o (®) Assign to () Insert at Front of
» Change the Create TS activity’s Task Executer / Y -7
. o
Dispatcher property to current. Reference to the task | zgzzte 15 2 d|Loed A
sequence is stored in the token’s label named ['f2 Travel to Shape Executer / Task Sequence
| Unioad -
taskSequence (token.taskSequence). S e Er
e rmEh, -

» Change the Task Executer / Dispatcher property in Soation
all of the remaining activities (Load, Travel, and Unload) i
[v| Wait Until Complete
from current to token.taskSequence. Each of these

= g Traveltoshape A gh
can be selected from the drop-down menu Token -
Executer [/ Task Sequence

Label -

Destination

— Y

[w] wait Until Complete

=) ¢y Unload Agh
Executer / Task Sequence

token.taskSequence - j

Ttem

token.item - }

Station

ltoken. toDbject - 7

» Save, Reset, and Run the model. Verify that the model wotks as planned. It should!
The model is correct, if the Operator transports only one flowitem at a time; and, after the operation at

the Processor is complete, the Operator should take the item to the Shape object and then to the Sink,
where it is unloaded.

If you haven’t already done so, save the model. Recall, it is good practice to save often.
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4.3 Custom task sequences in the primer model

The concepts developed in the previous section are now applied to the main primer model. The Process Flow
logic is very similar to that described in the simple study model.

1] Begin with the basic model named Primer_4-3a, and Save As Primer_4-3b. Basically make a copy of the
model so that it can be customized and the original model is retained.

Start the Process Flow logic as described in the previous section.

>

>

>

From the Process Flow icon on the Main Menu, or via the Toolbox, add a Sub Flow Process Flow logic

to the model.

In the Quick Properties interface, change the Process Flow Name from SubFlow to Unload and

record at kiosk.

In the Quick Properties interface, change the Instance Creation property value from Global to Per

Instance.

From the Sub Flow section of the Process Flow Activity Library, drag out Start and Finish activities.

The responsibility for defining the tasks to transport containers from the Queue ContainersStorage to a finish

machine is changed from the 3D object to Process Flow logic so that the finish operator can travel to the kiosk

after unloading a container at the finish machine.

» On the Queue’s Flow tab, the Use Transport box should | # Continestorage Properies - 0ox |
already be checked. Change the default ’ e e ® &
current.centerObjects[1] to ProcessFlow: Use Task T e

veue Flow  Triggers s Genera
Sequence Sub Flow via its drop-down menu. outat
. . . Send To Port Push to ToFinish -
» Change the propetties on the resulting interface as follows: )
[1use Transport ProcessFlowi: Use Task Sequence Sub Flow - v4 i
e Change the Owner Object property from current to Owner Object  current centerObject{1] A
. . . [ Reevaluate Sub Flow nload and record at kiosk ud
current.centerObjects[1] by selecting it from the e :m;n = t -
. . Input
Connected Objects option on the property’s drop- S Assion Labsls o Token %
dOWﬂ menu. Label |Item Value item -
.. . Label port Value port -
e All of the remaining properties are the default values.
Label fromObject Value current -
However, be sure the SubFlow property is Unload and Lbel 100blect | Value destination S
record at kiosk (the name of the newly created Process Label (dspatcher | value|current.centerObjecs{1] |+
Flow Sub Flow) and the Activity property is Start. The
remaining items in the interface are information that is
sent to Process Flow about the Queue object and the flowitem that needs to be transported.
s FL
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Define the activities for the Process Flow and as each

activity is defined add it to the logic block, as shown in pa—— A &

the ﬁgure to thC I'ight. Talsl: B.'l?::llir:’Dispat(her e

»  So thatall of the tasks are performed as a group, statt —
the logic flow with the Create Task Sequence P :

®) Assign to () Insert at Front of
activity. -/
e Its default name, Create TS, is okay. S b Lcod contaner st iorage A
Executer / Task Sequence -
: -
e Change the Task Executer / Dispatcher e
: : -
property to the operator’s Dispatcher object e = Sttn__ P
- -
. . 4"‘
named FinishOperators. This can be selected R e wiair stsirege @ watt Ut Conplte
from the Dispatcher section of the drop-down 12 Tl o iy e 3 & Lricst contaer ¢ A g
| & Work at kiosk s i
*> token. taskSequence
menu. @ Finish . i
: -
e The default Assign To label name -— =y
, v
token.taskSequence — is okay. vt untl compes
» Use the Load activity for the Operator to travel to 3 Tl oliosk Ad
. . Executer / Task Sequence
the Queue and pick up a container. 22
Destination
e Change its name to Load container at storage. T ns
e Change the Executer / Task Sequence 3 | Workot sk A
property to token.taskSequence. from the e
. Delay Time
Token Label section of the drop-down menu. -7
State
i -
e Change the Station property to P a—
token.fromObject. Recall this is passed from
the Queue when requesting a travel resource.

1. Use the Unload activity for the Operator to travel, with the flowitem, to a finish machine and unload the

container.

e Change its name to Unload container at finish machine.

e Asin the previous activity, change the Executer / Task Sequence property to token.taskSequence.
e Change the Station property to token.toObject

» Since longer, more descriptive activity names are used, it is advised that the size of the activities be changed
for readability. To do so, select a side handle on the logic block and drag it hotizontally to the desired
width. All subsequent activities that are added to the block will be resized to this larger width.

» Use the Travel activity for the finish operator to travel to the kiosk. Change its properties as follows:

e  Change its name to Travel to kiosk.

e Asin the previous activity, change the Executer / Task Sequence property to token.taskSequence

e Change the Destination property to Kiosk either by the drop-down menu option
FlexSimEventHandler or by using the Sampler tool.

» Use the Delay activity for the finish operator to spend time at the kiosk. Be sure to use the Delay activity
in the Task Sequences section of the Library and not the one in the Basic section. Change the activity’s
properties as follows.

e Change the Delay activity’s name to Work at kiosk.
e As in the previous activity, change the Executer / Task Sequence property to the token label
token.taskSequence
FLex
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e Change the Delay Time property from the default value of 10.0 to Statistical Distribution, then
Uniform by the drop-down menu. In the resulting interface, set the distribution’s parameters:
Minimum to 0.5 and Maximum to 1.5. Therefore, the operator is delayed at the kiosk for a
randomly-generated amount of time that is between 0.5 and 1.5 minutes. Note, the average delay

time is one minute.

» Reset and Run the model. Verify that the finish operator
travels to and is delayed at the kiosk each time after a finish
machine is loaded, as shown in the figure to the right.

1] .
If you haven’t already done so, save the model. Recall, it
is good practice to save often.

A close examination of what happens during the simulation, which can be noted eatly on in the simulation via
the Step feature on the Model Execution Toolbat, is that the Operator unloads a container at a finish
machine, goes to the kiosk, then returns to the machine if a setup is required. This is because there are two
task sequences at play here:

1. the load, unload, and kiosk wotk, as defined in the section above in Process Flow and

2. the setup operation using the Operator, if needed. This may be the way the real system works, or it

may not.

In the case of this example, this is not the way the system works. The Operator should load a flowitem at
the Queue, travel to the desired finish machine, unload the item, perform the setup operation, if needed, and
then travel to, and work at, the kiosk. Therefore, the Process Flow logic needs to be modified to include the
setup operation; i.e., the setup logic on the two Processors (finish machines) that was included in the model
carlier in the primer via drop-down menu options needs to be replaced by Process Flow logic.

[ 1] Begin with the basic model named Primer_4-3b, and Save As Primer_4-3c. Basically make a copy of the
model so that it can be customized and the original model is retained.
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Prior to modifying the Process Flow logic, a new object label needs to be added to both Processors that
tracks the type of the flowitem/container that was most recently processed. This is used to determine if a
setup is required or not - no setup is required if an arriving item is of the same type as the one that was just
processed.

» On the Labels tab of each Processor (FinishMach_1 and FinishMach_2), use the + button to Add

Number Label.

e Change the name from labelName to TypeProcessed.

e Check the box at the bottom of the interface Automatically Reset Labels. Whenever, the model is
Reset, the label value will be set to 0. This will ensure that a setup always occurs when a simulation
starts because the arriving item Type value will never be 0. (In this example, the value will be 1, 2, or
3)

» On the Triggers tab of each Processor, use the + button to add an On Process Finish trigger.

e Using the + button on the trigger, select Data and then Set Label on the drop-down menus.

e Set the property values on the Set Label interface as

#% FinishMachine_2 Properties - O X

follows and as shown in the figure to the right.

o Change the Object property from the default item ‘— [Frshtrachine_2 |® &
value to current using the drop-down menu. That Processor Breskcouns Fow | Tagers Labeks Generl
is, set the label value on the machine, not on the * -
flowitem. an oo e QRS x
o Change the Label property from the default oneeom [ o et v ;"
. Label "TypeProcessed” -
“Type” value to “TypeProcessed” using the o g .

drop-down menu.
o Change the Value property from the default value
to item.Type by selecting the value from the

Labels section of the drop-down menu. This sets the value of the Processor’s label named
TypeProcessed to the value of the item’s label named Type that just finished processing.

As was defined earlier in the primer, each finish machine (Processor) handles the logic for:
1. determining if a container requires a setup ot not,
2. if asetup is required, determine the setup time, and
3. also if a setup is required, obtain an Operator to perform the setup.
All of this logic now needs to be removed from the 3D objects because it will now be handled through
Process Flow logic.
> On the Processor tab of each Processor:
e Change the Setup Time property’s value that had been added eatlier in the primer to 0 by selecting
No Setup Time (0) from the drop-down menu.

e Uncheck the Use Operator(s) for Setup box.

Define and incorporate the setup logic from the Processors into the recently created Sub Flow named
Unload and record at kiosk.
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» Modify the name of the Processor Flow to reflect the new logic; i.c., Unload, setup, and record at kiosk.
»  Split the logic block after the activity Load container at storage.
» Add an Assign activity from the Basic section of the Process — iUnesaeetp snveca sekose

Flow Library. Its properties are set as described below and |

as shown in the figure to the right. i
o . . & Create TS
e Name the activity Assign setup time label. # Load container at storage

@ Assign setup time label
&% Unload container at finish machine

e Change the token label Name to SetupTime.

e Set the Value property to Conditional Value and  |[agrismere "
. . token -
change the property values on the resulting interface. Lbeb |~ 7
e  Set the Condition property value to: * .
token.item.Type == token.toObject.TypeProcessed. [setupTime |+~
This statement compares the type of container/item that %ﬁgmnnawmue v &S .
needs to be moved from the Queue to the type of container
that was last processed at the finish machine where the Condtion token.iem.Tyze == token.ta0bjectType| +
container/item is being moved to. True 0 -2
If the two values are equal, then the value specified in the Fakse ' \d

value of True property is the setup time. Conversely, if the

values are not equal, the setup time is the value specified in

the False property.

e Set the value of the True property to 0 (no setup time is needed since the items are of the same type)
and set the value of the False property to 2. (setup time is 2 minutes).

T o, e, and o 3t Rodk.
» Add a Delay activity after the Unload activity, as shown in the '

figure to the right and as described below. ® Start

e The value of the Executer / Task Sequence property is  Create TS

# Load container at storage
@ Assign setup time label
&% Unload container at finish machine

the token label token.taskSequence.
e The value of the Delay Time property is the value of the . . .
token label that was set eatlier in the Assign activity, L CEETECEIERNE :

token.SetupTime.

X Executer / Task Sequence
e The value of the State property is 21 — setup, selected from [coken taskSequence |- 2
Delay Time
the dfOPdOWﬂ menu. ‘tuken.SetupT\me | - /
State
‘21 - setup | - f
Wait Until Complete

O T T T
The final Subflow Process Flow logic is shown in the figure to the |

right. It controls the Operator for the set of tasks that include: ® Start

transporting flowitems from the container Queue to the finish +, Create TS

machine Processors, performing a setup operation, if needed, and # Load container at storage

@) Assign setup time label

#% Unload container at finish machine
we Delay - setup time O
ow 1ravel to kiosk

v Work at Kiosk

@ Finish

performing work at the kiosk.
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If you haven’t already done so, save the model. Recall, it is good practice to save often.

» Reset and Run the model. Verify that the finish operator moves containers from the ContainerStorage
object to the finish machines, performs a setup if needed, and then travels to and works at the kiosk
before undertaking another task.

A screenshot of the final model as it is running is shown in the figure below; it includes:
e 3D view of the finishing and packing areas with a variety of fixed and mobile resources, downtimes, etc.
e Two applications of Process Flow - reorder-point inventory management and custom task sequence.

e Example Dashboard output, inventory levels of the two components; this clearly shows the dynamics of
the system and the basic reorder-point means of managing inventory.

Wrese P s [l S0 Dl Sp Run Time: | 1445.04 10 4800.00 *  Run Speed: [ ] 08 .
Ly X 34 Model ] Components © ) Productit ] ProcessTenes -

| e ~

152 Reorderny xlg

@ deon L o
Bu Create 15

R J— i Parep——
| - © 560 seup e e
I A Unioad ontanmy ot frwsh machre

Contents of Component Storages Over Time

M storeComge M StoreCompa

Note that this model can now be easily scaled up — add more finish machines, packing stations, operators,
m etc. These can be added by mostly copying and pasting the objects.

Also, if the modeling started with many finish machines or packing stations, then each change in the
model would require the change be made in each of the objects. This is not only tedious, but subjects the
model to potential errors. Therefore, i is always good modeling practice to start small, add complexity as needed in small
steps, test and verify, then scale up.
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PART 5 - WAREHOUSING, ORDER PROCESS AND ADDITIONAL
FEATURES

The final part of the primer extends the model that has evolved over the previous four sections and introduces
some additional features of FlexSim.

The model’s first extension is the addition of a small warehouse section that follows the Packing operation.
That is, containers that have been finished and packed with components flow to racks in a warehouse where
they are stored until they are used to fulfill demand. This introduces Flex:Sin’s Warehousing Module.

A second extension is the development of another model segment that adds a simple order-fulfillment
process. The ordering process uses the containers that are finished and packed to meet arriving customer
demand for packed containers.

In addition, a few of the remaining, but not all of the, basic objects (Multiprocessor, Transporter, Robot, and
Crane) are introduced, as well as FlexSzn/’s Fluids Library.

The final section provides a textual summary of the model that has evolved over the course of the primer.
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1. INTRODUCTION TO WAREHOUSE MODULE

FlexcSim provides a robust set of tools for modeling warehouse operations. These tools can represent complex
aspects of warehousing and storage systems. Since this is a primer, the warehousing capabilities are only
introduced through a simple example. However, this should provide the basic concepts and a foundation for
exploring the topic further. In any case, as has been stressed throughout the primer, it is always best to start
simple, have a clear definition of the problem being addressed, and have clear operational objective(s) for

developing the simulation model.

Objects are accessed through the Warehousing section of the Object Library. The most commonly used object,
and the only one discussed in this primer is the Rack object. There are other types of racks in the Library for
handling specific types of systems, e.g. Gravity Flow, Push Back, and Drive In Racks. While these differ from
the Standard Rack, they are structured similarly.

The first time that a Warehouse object is dragged into a model, a Storage System object is added to the Toolbox.
Most of the properties in the Storage System are for use in more advanced models; e.g., customizing schemes
for addressing locations within a warehouse object, customizing visualization of objects, and triggers.

[ 1] Begin with the basic model named Primer_4-3c, and Save As Primer_5-1. Basically make a copy of the
model so that it can be customized and the original model is retained.

-| Conveyors
*. Straight Conveyor
Curved Conveyor

» Select the Standard Rack from the submenu in the Warehousing section of the
object library, as shown in the figure to the right.

™ Join Conveyors 7
€ Dedision Point
BB station
. . .
» Drag out a Rack object into the model. 3 s
lor

Merge Controler
| Warehousing
¥ Rack o

Floor Storage
%, Paint Siot Labels £
=) Visual

A &

Plane
Gravity Flow

Standard

Side X
o > =

\Wals <
Y ught o
) AGY )
] A* Navigation ‘.[ i
= i

In the figure to the right, the default Rack object is in the
background and the customized Rack that will be used in this
model is in the foreground. Obviously, among other things, the
Rack will be resized for the primer model.

Also note in the figure, the Rack is storing all three types of

containers.
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The following steps customize the basic Rack to the Type_1 object used in this example.
» Rename the general Rack object Type_1.
» On the General tab:

e Setits color to red.

e Change the size from the defaults of x =20.0,y = 1.5, and z = 8.40 to x = 4.0, y = 0.5, and z = 1.25.
Recall that a container is a 0.5 meter cube. Therefore, the capacity of the rack, in terms of the number
of containers, is eight containers in the x direction, one in the y direction, and two in the z direction.
This reflects what is shown in the figure above.

All of the default values for the properties on the Storage Object tab are not changed.

The settings for the Dimensions tab is shown in the figure to the ——— —
#< Type_1 Properties -

ﬁ ‘Type,l | @ g

However, prior to customizing the tab, a few terms need to be  storgeobect dmensons Fow  Trgers Labess Genera

right and explained below.

defined. Bays are sections of a Rack that represent storage areas
along the horizontal axis. Bays are subdivided horizontally into

Stots. Bays also have Levels, storage areas in the vertical

dimension. Each bay/slot/level combination is referred to as a

Cell. Each cell may be considered either storable or not.

» As shown in the figute to the right, update the Rack
properties for Type_1.

° Set the Number Of Bays to 2‘ Selected: All Bays All Levels All Slots
Number of Bays Number of Levels Slots Per Bay

e Set the Number of Levels to 3. 2 E | [a | B storabl sbrs
Bay Width Level Height Slot width

e Sct the Slots Per Bay to 4. [200 Im | |m  [oso0 |m

e Set the Bay Width to 2.0. G RD Aoy o Cancel

e Set the Slot Width to 0.5.

Now, what will likely result is what is shown in the diagram in the figure above, except that all of the Level

Height values are the same, most likely 1.40. What we want is the bottom level to be 0.25 m. high and the top

two levels to be 0.5 m. each. Each cell can be customized by selecting one or more cells in the diagram on the

Dimensions tab to highlight them. While highlighted the Slot Width and/or Level Height properties can be

changed.

> Select all of the slots on the bottom row/level and set Level Height to 0.25. Also uncheck the Storage
Slots box since the lower level is not for storage; it is just to get the items off of the floor. Of course, no
containers would be stored there anyway since a container’s height exceeds the height of the cells in that
level.

»  Select all of the slots on the top two rows/levels and set Level Height to 0.5.

Thus, the 4 x 0.5 x 1.25 meter rack has 2 bays, 4 slots (in each bay), and 3 levels (2 of which can store items).
Since a container is a 0.5 m. cube, the rack can store up to 16 containers. By default, containers are placed in
the rack starting at Bay 1, Slot 1, Level 2. They are filled as follows: all slots in Bay 1 Level 2, then all slots in
Bay 1 Level 3, then all slots in Bay 2 Level 2, and finally all slots in Bay 2 Level 3.
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» Copy the Type_1 Rack object twice for the other two types of containet.
e Rename one Type_2 and set its color to green.

¢  Rename one Type_3 and set its color to blue.

» Position the racks on the layout and connect the Conveyor’s Exit Transfer to each Rack in the order of
Type; i.e., Rack Type_1 should be connected to the Transfer’s port 1, Type_2 to port 2, etc.

» Change the Send to Port property on the Exit Transfer to By Exptession using the drop-down menu.
The default value item.Type is what we want, to transfer from the Conveyor to a Rack based on the value

of the container’s label named Type.

The warehousing section of the model should resemble the figure below.

Since there is no Sink in the flow, if the model is run, then the racks will fill, containers will back up on the
conveyors blocking the packing area and the finishing machines, and finally the containers’ Queue at the
beginning of the model will fill and all subsequent entering containers will be redirected elsewhere. The next
section adds the logic to represent order fulfillment, where containers are removed from the Racks to meet

demand.
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2. ORDER PROCESSING SUBMODEL

Packed containers are pulled from the rack storage area to meet demand. Demand for containers of different
types are based on incoming orders. The following is a brief summary of a simple representation of the ordering

and fulfillment processes. This is followed by a description of how to model this in FlexS7.

2.1  Definition of the order-fulfillment process

Otders are released to production twice per 8-hour shift, halfway through (240 minutes) and at the end (480
minutes). This repeats for as long as the simulation runs.

Assume five orders are released at a time. The size of each order is a random variable, assuming there is a
request for one container in an order occurs 10% of the time, two containers 15% of the time, three containers
50% of the time, four containers 15% of the time, and five containers 10% of the time. This is referred to as
the order-size distribution. Of course, this distribution may change. Based on this distribution, an order consists

of one to five containers and the average order size is 3.0 containers.

The mix of containers in an order is assumed to be the same as the previously assumed product mix: 20% are

for Type 1 (red), 30% for Type 2 (green), and 50% for Type 3 (blue).

Once all of the containers are available for an order, the time to complete the order is normally distributed with

a mean of 3 minutes and a standard deviation of 0.5 minutes.

For simplicity, no transport activities are modeled.

2.2  Implementation of the order-fulfillment process

The order size distribution is stored in a Global Table for easy access in the model and for editing and

experimenting.

» Create a 5-row, 2-column Global Table named OrderSize, similar to the ProductMix table created earlier.
In the model, order sizes will be randomly generated using the discrete-empirical distribution; again, in the
same manner as the container’s Type is generated at its Source. The first column contains percentages: 10,
15, 50, 15, and 10, which correspond to the order sizes 1, 2, 3, 4, and 5, which are stored in the second
column of the table.

Another table is used to store the contents of each order. Each column corresponds to an order and each row
contains the quantity of each type of container that is in that order. In other words, this file will contain a
running history of all of the orders that occur during a simulation run. How this is used is discussed later, just
create the base table now.

» Create a 3-row, 1-column Global Table named Orders. The default values of 0 in each cell are fine.

However, the Order table needs to be reset whenever the model is reset; i.e., all columns must be removed. In
FlexSim, a table must have at least one column. Therefore, there is no option for this in the On Reset property
in the table’s Quick Properties window. Notice there is an option to Delete All Rows, Clear All Cell Data,
etc., but no Delete All Columns option. Therefore, the logic needs to specified using custom computer code.
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»  Select the scroll-like icon to the right of the textbox for the On Reset property. This will open a coding
window as shown below.
» The first statement, Table cutrent ..., provides a reference to the table. It does not need to be modified.

» Add the statement current. setSize(3,1); and be sute to enter the statement as shown, including the
ending semicolon. Each coding statement must end with a semicolon. This statement is a FlexSim
command that sets the size of the table to three rows by one column whenever the Reset button is

pressed.
¥ X Quick Properties x
| =] Table
L | Orders v|
©F Orders - OnReset* ¥ X || Rows Columns
2 e _Hix E
2 Table current = param(l); //Data nods
3
Use Bundle o
4 current.setSize (3,1); D LQ ’ b 0
On Reset
|Cust0m Code |j‘ P =
Description

When the coding window is closed the On Reset property will show CustomCode. The code can be
edited by clicking on the scroll-like icon to the right of the property.

While not needed for this example, the interested reader can learn more about custom coding in FlexSim
either via the FlexSim User Mannal (accessed via the Help item on the Main Menu) or by another primer
written by this author, entitled A Primer of Coding in FlexSim 2017.

Orders are represented as pallet-like flowitems and the containers are placed onto each order pallet as the order
is fulfilled.
» Create a new flowitem for the order by duplicating the existing Pallet in the Flowitem Bin. All of the default
values ate fine, except:
e Name the flowitem Order.
e Add two number labels, OrderNum and OrderSize with default values of 0.
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Otders are generated based on a repeating schedule, not randomly, from a Source object.

» Drag out a Source object from the Library and name it Orders.
» Change the properties on the Source tab as follows and as shown
in the figure to the right.
e Change the Arrival Style from the default Inter-Arrival
Time to Arrival Schedule.
e  Check the box Repeat Schedule/Sequence.
e Create an arrival schedule table with Arrivals (number of
rows) set to 3.
e  Change the Arrival Time and Quantity as shown in the table
to the right. Five orders arrive at time 240 and 480. Since the
table repeats, further orders arrive again at 720, 960, etc.

#4 Orders Properties

0 [Orders

Source Flow Triggers Labels General

Artival Style Ariival Schedule

Fowltem Class  Order

Repeat Schedule/Sequence

s 3 [5] uoes 0 |5

ArivaTime [ItemName [Quantity |
0 Product

240 Product 5

480 Product 5

Arrivall

Arrival2

Arrival3

The Arrivals Schedule works as follows. The three rows are executed at the designated times and then

Row 1 repeats 0 time (value of that row’s Arrival Time) after the last row, then all rows are executed and

Row 1 again executes 0 time after the last row, and the process repeats.

» On the Source’s Labels tab:
e Create 2 number label named OrderNum that has a value of 0. This label’s value will be the total
number of orders created and is updated each time an order leaves the Source.
e Check the box Automatically Rest Labels. Whenever, the model is Reset, the initial value of the
label, 0, is reset; i.e., zero orders are created at Reset.
> On the Source’s Triggers tab, create an On Creation trigger, B— R
actually there will be three On Creation triggers that set
labels, as shown in the figure to the right. ’ [oxces @&
e Sclect the Data category, then the Set Label option, As % o e s e
shown in the figure to the right and using the drop-down :c;atm 5 y
menu options, set the Object property to current, the | 55;:: I .
Label property to OtderNum, and Value to e o
current.OrderNum + 1. Ve |current ordertum +1 -
This increments the total number of orders created. ] — X
e Using the green + button, add the second Set Label Object [ -
trigger (selecting Data then Set Label). Using the drop- tabe - [Creerior” e
down menu options, select item for the Object T i o
property and OrderNum for Label. The Value is set * | setavel ~
to current.OrdetrNum from the Labels drop-down Z:“ :"d"s :::
menu optuon. Vot BempricaiCorderSie’, esemnicunrs = 2
This sets the created flowitem’s order number; its o HE s
value is the total number of orders created so far.
e  Using the green + button again, add the third Set Label trigger (selecting Data then Set Label). Using
the drop-down menu options, select item for the Object property and OrderSize for Label. The
Value is set using drop-down menu option Statistical Distributions, then dempirical. Change the
parameter “MyTable” to “OrderSize”.
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This sets the created flowitem’s order size to a randomly-selected value that is based on the
probability distribution defined in the Global Table OrderSize.

» The first On Exit trigger, as shown in the figure to the right, is
another small snippet of computer code. Every time a flowitem
leaves the Source, it adds a column to the Global Table Orders
with the header being the order number. Each line of code is
briefly defined and explained.

e // Add and name column in Orders table is a comment
statement that briefly describes what the snippet does. It is
not a part of the logic, it is only included for clarity.

e Table Orders =reftable(“Orders”); sets a reference to the
table that is being modified.

e Orders.addCol(); is a FlexSim method that adds a
column to the Orders table.

e The blank line is only for readability only.

e int OrderNum = item.OrderNum declares a local vatiable
as an integer (int) and sets its value to the value of the
flowitem’s label that is being released from the Source. The
label contains the total number of orders released so far.

Again on the Source’s Triggers tab, create an On Exit trigger, actually there will be four On Exit triggers.

7%, Orders Properties - [m] X

’ ‘ Orders | @&

Source Flow Triggers Labels General

&~
On Creation | Set Labe, Set Labe, Sef Label #x 8 X
On Exit .

l - ‘ Code Snippet - Add and name column ‘ X
Add and name column in Orders table
Table Orders = reftable("Orders");
Orders.addCol();
int Orderfium = item.OrderNum;
oOrders.setColHeader(Orderium, numtostring(Orderlium));
[ wrte o GobaiTable %
[ write to GiobaTable %
i 1 [ iite to GiobalTable %
+*
O Ts (44 «» Apply oK Cancel

e Order.setColHeader(OrderNum, numtostring(OrderNum)0; uses a FlexSim method to name the

column just created to the item’s order number. The header must be text so the order number must

be converted from an integer to a string; this is done by the function numtostringy(...).

As mentioned above, a complete understanding of the coding is not needed; coding is a more advanced topic.

However, the interested reader can learn more about custom coding in FlexSim cither via the FlexSim User
Mannal (accessed via the Help item on the Main Menu or by another primer written by this author, entitled .4

Primer of Coding in FlexSim 2017 .
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The Source’s On Exit trigger is also used to populate the Orders table. This is done by using three similar
triggers, one for each item/container type.

» Using the green + button, add the second On Exit triggetr by i~ owes roperies - o x
first selecting Data and then Write to Global Table. The ’ (o e
interface is shown in the figure to the right and setting the

Source Fiow Triggers Labels General
property values are described below. -
On Creation Set Label, Set Label, Set Label X 5 X
e For the Table property, select the table Orders from the l |
On Exit [ Code Snippet - Add and name column x| & X
drop-down menu. — 2
Write to a Giobal Table
e For the Row property, use the default value 1. This is for Tave  [forées -
item/container Type 1. = ::
Column  |item.Orderlium =
e For the Column property, select the table Ve Mathomd(TableCProduc )L |+ 2
item.OrderNum from the Labels section of the drop- [(Wite 1o Gotarabe Ix
down menu. The column number in the table is the item’s . [vte o Gotara X
order number
e For the Value property, type in the following:
O =& Apply [3 Cancel

Math.round(Table("ProductMix")[1][1]*item.OrderSize/100.0)t

This sets the number of item/containers of Type 1 that is in the order. It is the product of the
percentage of Type 1s that is in the ProductMix table and the size of the order. For example, the
percentage of Type 1s is 20% and if the order size sampled from the OrderSize distribution is 3, then
the number of Type 1s in the order is 20*3/100 = 0.6. Since the number of items in an order must be
an integer, the Math.round(...) method rounds the value to 1 in this case.

» Repeat the above steps for each other types of containers. In this case, create two more On Exit, Write to
Global Table triggers. All of the values are the same except:

e The Row value is 2 or 3, depending on the item/container type.
e The first [1] in the Math.round statement is changed to [2]or [3], depending on the item/container
type

» Drag out a Queue object and connect it to the Source.
o Name it OrderQueue.

e Set the Item Placement property, in the Visual section of the Queue tab, to Horizontal Line. This
makes it easier to visualize the orders awaiting fulfilment

> Reset and Run the model. Since many changes were made, verify that the Source is working propetly by
checking the following. The model segment should resemble the figure below. In this case, the
screenshot was made just after time 240 minutes, soon after the first set of orders was generated.
e  Check the labels on the orders/pallets — OrderNum should be sequential and OrdetSize should
vary between 1 and 5.
e The Otders table should have a column for every order with header being the order number. The
rows should be the number of containers of each type in that order.

e Resetting the model changes the table back to a single column.
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#% OrderQueue/Product~5 Properties - m} x

ST ‘ Product

tS

OrderQueue W,

CurContent: 5
MaxContent: 5

Container Labels General

Orders AvgStaytime: 0.0
Output: 5 g%t
Blocked: 88.7% T

| : OrderNum 3

-~ (Ordersze | 4
o v X
[ 1 2 3 4 5

Row 1 1 0 1 1 1 0

Row 2 1 1 1 1 1 0 [] Automatically Reset Labels

Row 3 2 1 2 2 2 0

0 T:E KRN Apply Cancel

Note in the figure above the fifth order is selected in the 3D view. By double clicking on the selected pallet, the
Labels tab shows that the value of the OrderNum label is 5. The other label shows the size of the order to 4
items. Column 5 in the Orders table shows the breakdown of the four items in the order: one Type 1, one Type
2, and two Type 3s.

The Combiner object is used to fulfill the orders. Components from the Racks are combined onto an order

pallet. The mix of components is determined from the Orders table.

» Drag out a Combiner object and connect it to the Queue (i.e., the submodel’s flow is:
Source 2 Queue = Combiner).
¢ Name it OrderProcessing.
e Set the Process Time property using the Statistical Distribution option, then select Normal. In the
resulting interface set the Mean property to 3 and the Standard Deviation to 0.5.
e On the Triggers tab, use the + button to add an On Entry trigger. Then, select Update Combiner
Component List With Labels. On the resulting interface:
o Using the drop-down menu, for the Table property, select Orders.
o Set the Label property to “OrderNum”.
» Connect each Rack to the Combiner in the order: Type_1 (red), then Type_2 (green), then Type_3 (blue).
» Drag out a Queue and connect the Combiner to it. This is only a temporary object to test the model - it
will be replaced by a Sink. If the Sink is connected initially, we cannot visually verify that the orders are
fulfilled correctly.
e Name it OrderFulfillment.
e Set the Item Placement property, in the Visual section of the Queue tab, to Horizontal Line. This
makes it easier to visualize the orders that have been fulfilled.
» Reset and Run the model and verify that the order processing logic is working propetly. Each item in the
Otder Fulfillment Queue should have the same mix of containers as in the Orders Global Table.
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Note in the model shown below, the OrderFulfillment Queue is used to verify the model. At the time the
screenshot was taken, three of the five orders that arrived at time 240 have been fulfilled (they are in the Queue),
one is in process of being fulfilled and one is awaiting processing.

Packing_1

T erFuIﬁIIm'

Orders % derProcessing  FyfilledOrders
OrderQueue
= Model | Orders
1 \2 3 4 5
Row 1 1 0 1 1 1 0
Row 2 0
Row 3 2 1 2 2 2 0

Compare the Queue contents with the first three columns in the Orders table. For example, the first completed
order in the OrderFulfillment Queue contains one red container, one green, and two blue; this corresponds to
the first column in the table. Orders two and three in the Queue also match the orders in the table.

» Once the model is verified, drag out a Sink object and name it FulfilledOrdets. Replace the connection
from the Combiner to the OrderFulfillment Queue with a connection to the Sink.

» The order process can be placed anywhere in the model and the objects can be made small, or hidden,
since the way order fulfillment is modeled here it is not a physical process. For example, the Source, Queue,
Combiner, and Sink can all be set to 0.5 meter square by O meters high, as shown in the figure below.
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./

FulfilledOrders
Orders  orderQueue ©

A o
-r— P =

[T

—

The order process objects can be hidden by covering them with a visual object.
» Drag out an instance of the Shape object (gray cylinder) from the Visual section of the Object Library.
e Rename the object OrdersOffice.
¢ On the General tab. Select the drop-down menu for the 3D Shapes property
(fs3d\General\Cylinder.3ds) and Browse. Locate the Sketchup Files folder (should be in your
FlexSim Models folder) and select the Office.skp file.
e Asshown in the figure above, resize the object so that it is 6m in the x direction, 2m in the y direction,
and 2m in the z direction.

e Hide the order process logic by covering it with the office shape.
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» Create 2 Dashboard named Order Process, as shown in the B ooeeroes M.
tigure to the right and as defined below.

Orders Waiting Over Time

» On the Dashboard, add a Content plot from the Content 18
18
14

Orders Waiting Over Time. 12
10

e  On the Options tab, use the green + button in the 8
Objects section to select the object OrderQueue.

templates section of the Dashboard Library and name it

oM B,

e On the Settings tab, using the drop-down menu, change
the Time Axis Mode to Show Duration and change 0 10 20 0 40 S0 60 70 80

the units from the default Seconds to Houts.

Order Wait Time
» On the Dashboard, add a Staytime histogram from the M OrderQueue

Staytime templates section of the Dashboard Library and 14
name it Order Wait Time.

e On the Options tab, use the green + button in the .

Objects section to select the object OrderQueue. ;

0

e On the Settings tab, change Bar Mode to By Bucket
Width and set the Bucket Width value to 60 so that

each bar represents one hour of wait time.

o

120 240 360 480 600 720 840

e On the Text tab, change the Precision property from 2.00 to 0

Note that based on the Dashboard plots, the system seems to be out of balance. This is evident in the time-
series plot where the number of orders waiting is generally increasing over time. The histogram indicates that
many of the order wait times are quite large - many are over ten hours (600 minutes)!

e 193

solved.



FlexSim Simulation Software Primer software version 2020 Update 1 (20.1.2)

3 OTHER FLEXSIM OBJECTS AND CAPABILITIES

This final section introduces some additional modeling constructs that are used to model other system features
than those described in the primer. These are certainly not all of the additional capabilities in FlexSzm; they are
a sampling that are intended to identify and introduce some other features. The additional constructs include
other objects: a Fixed Resource object, the Multiprocessor, and three more Task Executer objects, the
Transporter, Crane, and Robot. This section also includes another library of objects, the Fluids Library.

3.1  Multiprocessor object

The Multiprocessor is a Fixed Resource similar to the Processor, Combiner, Queue, etc. Its 3D shape and
Multiprocessor properties tab is shown in the figure below.

# MultiProcessor1 Properties - m] X
& [ Mutiprocessort | ® ¢h
MuttiProcessor Breakdowns Flow Triggers Labels General
4 X % B  Process Name | Processl ‘
Process Time
10 -3,
Number of Operators I:l
Pick Operator
current.centerObjects[1] g,
Py
Presmption | no preempt ~
MultiProcessor1
0 T | [ o e

The object puts a single flowitem through a sequence of separate processes; thus, only a single flowitem is in a
Multiprocessor at a time. Each process has its own Process Time, and means to set the process time, as well as
use one or more Operators.

Different types of flowitems can be processed by different processes. For example, if a Multiprocessor has four
process steps defined, say A through D, then flowitem Type 1 might use process steps A and D and flowitem
Type 2 might use process steps B and C. In this case, the process time for process B and C would be 0 for Type
1; and, the process time for process A and D would be 0 for Type 2.

It is important to note that if when a flowitem completes a process step and then another flowitem can enter
that step, then the Multiprocessor is not the object to use to model this situation. In this case, simply use several
Processor objects connect in sequence.
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3.2  Transporter object

The Transporter object is a task executer, similar to the Operator object used in the primer. The basic 3D
object, which resembles a fork truck, is shown in the figure below, along with the main tab on the object
interface. Note the similarities between the Transporter properties and the Operator object properties. One
difference between the objects is that the forks on the Transporter raise and lower to load and unload flowitems.

#R Transporter1 Propert

<
@ |Tran5p0rler1 | @ dn
a
~

Transporter Breaks Colision Triggers Labels General

Lift Speed 1.00 Do Transporter Animations.

Capacity Acceleration Fiip Threshold

Max Speed | 2.00

‘ Deceleration ‘ 1.00 ‘

Rotate whie traveling

Travel offsets for load/unioad tasks

Load Time 0 > o f
Unload Time 0 > o f
Break To New Tasksequences Only -2
Dispatcher

PassTo First Available -8
Queue Strategy  Sort by TaskSequence Priority - &

Navigator DefaultNavigator

Fire OnResourceAvaiable at Simulation Start

:0 Tel (84 [« > Apply Cancel

3.3 Robot and Crane objects

The Robot and Crane objects are both task executers, similar to the Operator object used in the primer and
the Transporter introduced above. These basic 3D objects are shown in the figure below

\
b

Robot1

'#l"lmumummui};mm

As mentioned previously, all task executers have the

same functionality, primarily to interact with Fixed
Resources and move flowitems.

g
0' " solved.
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The Robot object is a special transport that lifts flowitems from a starting point and places them at an end
point. Generally the Robot’s base does not move, but it has six rotating joints that transport flowitems.

The Crane object is also a special transport that simulates the operation of rail-guided cranes, such as gantry,
overhead, or jib cranes. Its functionality is similar to a Transporter, but with modified graphics. By default, the
crane picker rises to the height of the crane object after picking up or dropping off a flowitem, then travels to
the next location. Of course all of these actions can be customized.

3.4 Fluids Library

Fluid objects are found in the Fluids section of the Drag-and-Drop Library. These objects provide a means to
model systems where at least some of the states of the system change continuously over time rather than at
discrete points in time. These objects enable FlexS7m to simulate continuous systems representing fluid flows
(e.g., water, oil, and gases), particulate flows (e.g. powders, cereal, and potato chips), and high-speed operations
(e.g. bottling). A fluid (or continuous) flow is usually described in terms of units per time, such as gallons per
minute.

Example Fluid objects include: Fluid Generators, Fluid Tanks, Fluid Terminator, Fluid Mixer, and Fluid
Conveyors. Many of the fluid object are analogous to Discrete objects that have been discussed at length in this
primer, such as Sources, Queues, Sinks, Combiners, and Conveyors. There are also objects that convert fluid
entities into discrete entities and visa versa. Models that include a mix of both discrete and continuous elements
are referred to as hybrid models.

The following figure shows an example interface for the Fluid Mixer object on the left and a full model using
Fluid objects on the right. The Mixer object uses both a Step and Recipe table to define batch-processing
operations, which are common in most fluid systems. The full model is used to assess operations and resource
requirements (e.g. docks and tugs) at a grain-loading facility where barges are loaded with grain from silos.

. FlowMixer1 (X3

Settings Steps  Level indicator Triggers Labels General

Mixer Steps Mixer Recipe
Number of s Update Number of Ingredients: |5 Update
[Desaipﬁm \Delay Ingredient |Port Amount \step
Step 1 Ingredient A,B 0.00 A 100 30000 100
Step 2 Water 0.00 B 2.00 235.00 1.00
Step 3 Ingredient C 0.00 c 300 11000  3.00
Stepd  |Mix 0.00 Water 400 40000  2.00
Step 5 |Water 0.00 Water 0.00 112.00 5.00
Inflow Outflow
Max. Inflow Rate: 1.00 . Max. Outflow Rate: | 1.00 -
Before Step Delay Trigger XS
After Step Delay Trigger XS
o1 [ woy | [0 ]| connl
b T
<>
o Fwexim 196
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Congratulations! You have successtully completed the FlexSim Simulation Software Primer. Hopefully you
now have a better understanding of how to build Flex:S7z simulation models to solve problems and make better

decisions through the power of discrete-event simulation and the robust capabilities of FlexSin.

4 SUMMARY OF THE PRIMER MODEL

This final section provides a textual summary of the model that evolved throughout the primer. The final model
is the result of a development process that progressed from a very simplified version of the system to one that

more closely represents the real operations.

Recall that Dobre Products Limited (DPL) is planning to reuse an area in one of its production facilities to
finish and pack containers for distribution. The new production area will finish various types of containers
and then the containers are packed, where the contents depend on the type of container. The packed
containers are then moved to a warehouse area where they are used to fulfill customer demand.

In this initial model, which would likely continue to evolve and expand as the design process continues, it is
assumed that there will only be three types of containers packed with two types of components. Of course,
based on the manner in which the model was developed, it is quite easy to expand the model to consider a
larger number of products and components as well as increased production resources, people and equipment.

The basic units of measure are meters and minutes.

The key properties of the three products are summatized in the following table.

Property Product/Container

1 2 3
Size  x wxh) 0.5x0.5x 0.5 0.5x0.5x 0.5 0.5x0.5x 0.5
Percent of product mix 20 30 50
Color Red Green Blue
Finishing Time, average 15 20 30
Packing Time, average 2.5 3.33 3.83
Quantity of Components A, B packed 2,0 0,4 1,4

The key properties of the two components that are packed into the containers are summarized in the following
table.

Component

Property A B

Size  x wx h) 04x04x0.2 02x02x0.2

Shape Box Cylinder

Color Purple White

Batch Size 24 60

Initial Inventory 12 30

Reorder Point 6 20

Time to Receive and Order 120 120

Time to unload, per batch 1 1

Time to unload, per item 0.05 0.05
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The containers arrive to the finishing area (upstream boundary of the model) with an average time between

arrivals of 15 minutes. (Alternatively, the average arrival rate of four containers is per hour.) The times between

arrivals are triangularly distributed with a minimum time of 5 minutes, maximum time of 30 minutes, and most-

likely ime of 10 minutes.

e There are no breaks in the arrival pattern; i.e., there is no downtime in the upstream operation.

e The type of container that arrives is random and is based on the percentage of product mix; i.e., there is
no batching of containers in upstream operation.

Arriving containers wait to be placed on a tinish machine in an area that has the capacity to store five containers;
the size of the storage area is 1.1 meters by 8 meters. If when a container arrives and there is no available space,
it is diverted to another area in the facility and is no longer considered in the model other than it is counted as
a “diverted item.”

Containers are loaded onto one of two finish machines by a single finish operator. The operator uses the
Shortest Processing Time (SPT) rule where the container that is the quickest to process on a finish machine is
loaded first. However, Dobre does not want items to wait in the buffer too long; therefore, they use the SPT
rule unless a container has waited more than 30 minutes or some other specified threshold value.

Currently, there are two identical finish machines that can process any type of container. Each machine is 3
meters square and 2.5 meters high. The process time depends on the type of container. A setup is needed before
processing if the container being loaded is different than the one that just finished processing. The setup is
performed by the finish operator and the time to perform the setup is 1 minute. Once loaded, the machine
processes the container without the operator. After processing, containers move onto a conveyor that
transports it to the packing area.

Finish machines are subject to two types of downtime. The first type of downtime is for a quality check where
each machine pauses for 15 seconds every ten minutes to upload data. The second type of downtime is when
there is some type of failure within the machine. The time between failures is a random variable that is
exponentially distributed with a mean of two hours. The time to repair the problem is also a random variable
that is uniformly distributed between 5 and 15 minutes. For the failure downtime, the finish operator performs
the repair. Failures can only occur when a machine is running,.

After the finish operator loads a container into the finish machine and performs a setup operation, if needed,
the operator travels to a kiosk and records some production information. The recording time is uniformly
distributed between 30 and 90 seconds. Once the information is logged in, the operator is then free to perform
another task.

The finish operator travels at an average speed of 60 meters per minutes and takes 30 seconds to load or unload
any item. The operator takes two 15-minutes breaks per shift, one after two hours and one after six hours into
the shift. The operator also takes a 30-minute meal break in the middle of the eight-hour shift. For all breaks,
the operator travels to a break area outside of the finish and packing areas.

Once a container arrives at the single packing station, it is loaded with the number and type of components
that are specified in the table above and then moved by conveyor to the warchouse. Once in the warchouse
area, each container is placed on a rack; there is one rack for each type of container. The packing station follows
the same break schedule as the finish operator. The speed of all conveyors is 90 meters per minute.

Components to be packed into the containers are delivered according to a Reorder-Point type of inventory
system. That is, when the on-hand quantity of a component in the packing area drops to a specified reorder
point, a batch of that component is ordered. When a batch of components arrives, the finish operator unloads
the batch. The time to unload a batch is one minute plus three seconds per component.
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Customer orders for containers arrive throughout the day, but are released to production twice per shift, once
midway through the shift and once at the end. Five orders are released at each of those times. The number of
containers per order averages three, but varies between one and five (10% of the orders are either one or five
containers, 15% are two or four, and 50% of the orders require three containers). The type of container varies,
but is the same as the product mix defined in the first table above.

Otders are fulfilled in the warehouse in the order in which they are released. Once all of the containers for an
order are gathered, the time to complete an order is normally distributed with a mean of three minutes and a
standard deviation of one-half minute.

The following are the key performance measures of interest to Dobre. Adjusting production parameters, such
as reorder point and quantity, process times, equipment speeds, etc. should help them better design the facility.
The time it takes to fulfill an order in production, from release to production to release to shipping.

The number of orders waiting to be fulfilled in production.

The number of components in inventory.

Number of containers awaiting finishing and packing.

Utilization of finish machines and finish operator.

Each simulation run is for 80 hours and when running experiments, each scenario is replicated 20 times.
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EPILOGUE

This primer focused on the modeling and analysis of operations systems in order to understand and analyze
their dynamic behavior and performance (operations dynamics). The reader is led through detailed, step-by-
step instructions for building a comprehensive simulation model. A screenshot of the final model is on the next
page. The model evolves and builds upon simpler models using a sequential model-development process. In
addition to describing the mechanics of building a model, the primer demonstrates the power of using discrete-
event simulation in general, and Flex:Siz in particular, to support the decision-making and problem-solving
processes. As the model evolves insight and rationale are provided and good modeling and analysis practices
are introduced — this is to demonstrate that model building is not just carrying out rote commands.

While all of Flex:Sins's capabilities are not presented, the primer raises awareness of many of the more advanced
features available in Flex:Sim without covering the details at that time. Successfully completing the primer should
provide the reader with a solid foundation to explore topics in more detail in the Flex:Sin User Manual, tutorials,

videos, blogs, FlexSinm Answers, etc.

It was also beyond the scope of the primer to discuss, or even introduce, all of the topics and methods that are
associated with simulation modeling and analysis. Therefore, it is suggested that the interested reader consult
the following or other more general references on simulation.

Greenwood, A. Simulation Primer, FlexSim Software Products, Inc., 2019. AT

@ @
<
9o B

Beaverstock, M., Greenwood, A., and Nordgren, W. Applied Simulation
Modeling and Analysis Using FlexSim, 5 Edition, FlexSim Software Products, Inc., 2017.

Since improvements cannot occur in a vacuum, the author welcomes comments and suggestions; please send

them via email to allen.greenwood@flexim.com.
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APPENDIX - LIST OF MODELS

This appendix provides a list and brief description of the 23 models that are discussed in the primer. Most of
them are used as part of a sequential model-development process that evolves from a very simple representation
of the system being considered to a more complex, more realistic representation. A few of the models are
smaller “study” models that are used to understand, test and/or validate a method ot concept in isolation before
incorporating it into the main model.

As has been mentioned several times, all of the models listed below, along with supporting files (a layout file
and two 3D representations of work areas in the example), are available in a resources folder that can be
obtained at https://flexs.im/primer-files.

Filename Brief Description
MyFirstModel Part 1, Section 4. Basic objects and connections. Simple, single-server queueing
system using all default values.

Primer_1-1 Start of the primer models. Same as MyFirstModel..

Note: All subsequent primer models begin with the previous model and add further customization to
the model in order to more closely represent the system described in Part 1, Section 2.

Primer_1-2 Part 1, Sections 5 (Basic Fixed Resource Objects and Customization) and 6 (Basic
Model Output).
e Turther description and customization of the following basic objects:
o Source - inter-arrival times to triangular distribution; flowitem class to
Tote; On Creation trigger to set Type label and color.
o  Queue — maximum contents and item placement properties.
o Processor — process time based on product type; set-up time based on
whether product changes.
o Sink
o Flowitem Bin
e  Run Time and Run Speed.
e  Object statistics — on-object stats, Quick Properties stats.
e Dashboard — time-series plots of contents and staytime histogram.

Primer_2-1 Part 2, Sections 1 (Changing 3D Graphics) and 2 (Alternative Routing)
e Importing graphics — layout and object shapes; changing size, location,
rotation, and shape of objects; reference points.
e Alternative routing rules, Flow tab.
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Primer_2-2

Primer_2-3

Primer_2-4

Primer 2-5

Primer 3-1

Primer_3-2

oo FLe
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solved.

Part 2, Section 3 (Task Executers)
e Dispatcher to control Task Executer (Operator)

e  Operator transports flowitems; Operator performs setup operation on
Processor.

e  Operator properties: speed, load/unload times, location on model reset.
e Creation and use of Path Networks to control Operator travel.

Part 2, Section 4 (Conveyors)
e  Straight, Curved, and Join conveyor objects; Transfers.
e Conveyor types and properties.

Part 2, Section 5 (Global Tables)
e Global table to store and use process times.
e Global table to store and use product types (petcent product mix).

Part 2, Section 6 (Downtime)

e Time Table to control time and duration of Operator breaks; change color
and travel to break location.

e Reliability, using MTBF/MTTR tool to represent downtime for a fixed-
interval quality check activity that is clock-dependent and requires no repair
resource.

e Reliability, using MTBF/MTTR tool to represent downtime for a randomly
occurring machine breakdown that is state-dependent and requires an
Operator for repair.

e  Chart the impact of downtime using a pie chart of utilizations (Processors
and Operators) on a Dashboard.

Part 3, Section 1 (Combining and Separating Flowitems)
e Create and customize flowitems in the Flowitem Bin.
o  Use scheduled arrival of batches at a Source, rather than inter-arrival times.

Part 3, Section 1 (Combining and Separating Flowitems)

e TFixed-recipe Combiner (default) to simulate packing operation.

e Global Table to define a Combiner’s combining recipe; i.c., by flowitem
type.

e Extend a Global Table to contain packing times by product type in addition
to process times.
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Primer_3-3 Part 3, Section 1 (Combining and Separating Flowitems)

Time Table to set breaks for the packing station.

Global Table to set the inter-arrival time at a Source.

Object Label to identify the type of component it generates. The item’s
Type label is et to the same value as the object’s label.

Separator to convert the arrival of a batch to the number of flowitems in
the batch. Batch size is stored in a Global Table, along with other
parameters.

Operator to unpack a batch of items.

Process Time, the time to unpack a reorder of components is based on the
type of product and the batch size. The time is based on an expression of
Global Table values. Introduces coding in FlexSinm.

Extended path network, including curved paths.

Display the contents of a buffer over time in a Dashboard.

A-StarStudy Part 3, Section 2 (Controlling Task Executer Travel Paths Using A*)

A* is an alternative means to path networks for controlling task executer
travel. This simple model illustrates the basics of how A* works and how to
incorporate it into a model.

Ilustrates the use of a study model to test a concept and understand a
model’s behavior in an isolated environment.

Primer_3-4 Part 3, Section 2 (Controlling Task Executer Travel Paths Using A*)

Set up the model to use the A* algorithm in order to control Task Executer
(TE) travel. A* is an alternative means to using Path Networks for TE
travel.

Specify which model objects the TE needs to avoid; add Barrier and
Divider objects.

Show travel paths via a Heat Map.

Define and access Model Views.

Re-order the contents of a queue when an item arrives based on an item

label

Primer_3-5 Part 3, Section 3 (Using an Item List for Complex Routing Logic)

oo FLe
%

solved.

Simple re-ordering rules for Queues. Sort Queue based on type of flowitem.
Basic introduction to, and definition of, the Lists modeling tool, including
defining Fields, using Push To and Pull From Lists constructs, and viewing
a List’s contents and backorders.

In the example, a List is used to re-order a Queue based on two criteria —
time in queue and item type.
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Part 3, Section 4 (Experimentation in Flex:Sinz)

Basic setup of the Experimenter — defining decision/independent variables,
performance measures, and run time parameters; generating and analyzing
standard output.

Assess the affect of buffer size on performance (number of redirected
arrivals to insufficient storage).

Part 3, Section 4 (Experimentation in FlexSim)

An extension example to assess the affect of an additional variable, product
mix (percentage of each product type), on another performance measure
(system throughput).

Part 4, Section 2 (Introduction to Process Flow — Creating Initial Inventory)

Basic Process Flow environment.

Simple Process Flow Model to create flowitems in all Queues (initial
inventory) using Scheduled Source and Create Object activities. Parameters
set using Global Table lookups.

Use an Array-typed Global Variable to generalize the above process so that
inventory can be initialized in any number of Queues.

Part 4, Section 3 (Modeling Inventory Reorder Policy Using Process Flow)

Create a label on each Queue denoting what component it stores.

Create another Global Variable that contains a pointer to the Separator
object for each component.

Create a Group of Queues that store components. Use the Group tool to
help develop a general process for managing inventory in any number of
Queues.

Check for the need to reorder by “listening” for exits from Queues using
the Event-Triggered Source activity. Using the Assign Labels activity to
obtain and save information on the current state of the system. Compare
the number in Queue with the re-order point using the Decide activity.

If the decision from the process desctibed above, requires a reorder, use:
the Delay activity to implement the reorder time, Change Visual to change
the object’s color denoting a reorder has been placed, and the Create Object
activity to place the ordered item in the model.

Part 4, Section 4 (Custom Task Sequences in Process Flow)

solved.

Addition of a 3D model object that represents a kiosk and including it on
the Operator’s travel path. It is used later as part of an example that creates
a custom task sequence in Process Flow to control an Operator’s behavior.
Increase incoming production rate by 25% by adjusting the Source’s inter-
arrival time distribution parameters.

Miscellaneous model housekeeping actions: confirm parameter settings,
revert the model back to using the path network for Operator travel that
had been replaced by the A* algorithm, add curvature to some of the
network paths to avoid objects, and hide the imported layout.
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Primer_4-3b

Primer_4-3c

Primer_5-1
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solved.

Part 4, Section 4 (Custom Task Sequences in Process Flow)

Create a simple custom task sequence in Process Flow and compare its
behavior to the default travel task sequence that is used by Operators.
Ilustrate the relationship between events in the 3D model and Process
Flow.

Part 4, Section 4 (Custom Task Sequences in Process Flow)

Apply the concepts learned in the study model to the main primer model.

Add a custom task sequence to the finish operator that involves the
operator entering information at a kiosk after loading a finish machine.

Part 4, Section 4 (Custom Task Sequences in Process Flow)

Add the Processot’s setup operation to the custom task sequence created in
Process Flow in the previous model. The setup task is added to the
transport and kiosk work task sequence. Requires adding a label to the
Processor that is the flowitem’s type that just finished processing.

Part 5, Section 1 (Warehouse Module) and 2 (Order Processing)

Use customized Rack objects to store components.

Introduce a simple order-generating and order—processing model.

Otders have a randomly-generated mix of components based on an
empirical distribution. Orders are fulfilled from the Racks. Complexity
arises in writing each order’s mix of components to a Global Table that is
used by a Combiner to fulfill the order. Small custom code snippets are
required.

A new dashboard of performance measures is added.

The order processing logic is “hidden” in the model using a Visual
object with an imported office-like shape.

206



FlexSim Simulation Software Primer software version 2020 Update 1 (20.1.2)

APPENDIX - GLOSSARY

This appendix provides definitions for some of the key terms used in the primer.

3D shape A visual representation of an olject that is defined through an imported graphics
file. The size, location, color, etc. is defined through the object’s General tab user
interface.

A* Algoithm A heuristic search method used to find the shortest path between objects

considering barriers or obstacles and no-travel zones.

A* Module A FlexSim tool for creating barriers, and identifying which fixed objects are
barriers, in a model. The bartiers influence and restrict Task Executer (TE) travel
paths between objects. In contrast to Path Networks, which also controls Task
Executer movement, A* tells the TE where not to travel, compared to path
networks, which restricts where a TE can travel.

Activity (Process Flow) Logical operations or steps in a logical process that are the building blocks of
FlexcSin’s Process Flow. They are analogous to objects in 3D in that they (1) are
dragged from their library onto a Process Flow modeling surface or workspace
and (2) have properties that define their behavior.

Activity Set (Process Flow) Preconfigured activities bundled together that model a basic People Module task,
such as Walk then Process, Escort then Process, Wait then Process, etc.

Address (Rack) Identifier of where an item is located/stored in a storage system. Typically, a
combination of letters, numbers, and separators that uniquely identifies a s/ofin a
storage system.

AGV Automated Guided Vehicle. A means to transport items using portable robots.
Analysis See Simulation Analysis.

Animation A sequence of object movements that are triggered as a simulation runs.

Array A data structure that consists of an ordered series of elements that are indexed.
Bay (Rack) A section of a Rack object that represent storage areas along the horizontal axis.
Continuous simulation A type of simulation where the states of a system change continuously over time,

e.g. the filling of a tank with water or other fluid. This is compared to discrete-event
simulations where states change at discrete points in time, e.g. a part arriving at a
machine to be processed.

Conveyor A mechanical means to move items between points in space. There are different
types of conveyors, all of which can easily be modeled in FlexSim, including:
e Belt conveyor, sometimes referred to as a non-accumulating conveyor,
behaves as follows. An item travels down the conveyor until the end and
then stops if it cannot be removed (downstream object or transport is not
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available). When one item stops, the belt stops and then all other items on
the conveyor stop in their current location,

e Merge conveyor, combine items from multiple conveyor lines into a single
line for further transportation.

e Power and free conveyor, uses a free rail and multiple drive rails to move
items loaded on trolleys through a system.

e Roller conveyor, sometimes referred to as an accumulating conveyor,
behaves as follows. An item travels along the conveyor until the end and
then stops if it cannot be removed (downstream object or transport is not
available). Subsequent items on the conveyor continue to flow on the
conveyor and stop behind the one in front.

e Slug conveyor, a type of merging where a group of accumulated items are
release for further transport as a group, thus items are released in “slugs.”.

e Sorting conveyor, transports items to different destinations based on stated
criteria and item properties. Sorting typically involve conveyor logic objects
such as decision points, stations, and photo eyes.

An area for displaying values of some variable as a model runs, typically the
current state of a system or a summary measures (e.g. mean). The display may be
in text form, but is typically a graph or chart that updates as a model runs.
Dashboards provides a means to view the system dynamics.

The means to consider the dynamics of a system by creating and managing events
at discrete points in time. Each event changes one or more states of a system.
The resulting state change and modeling logic causes an action or activity to
occur.

A person with specialized knowledge or skill in an area of interest.

A notational convention in object-otiented programming where the elements of
an object (variables and methods) are separated by dots, e.g. Processor.Type
where Type is a variable attribute of the object Processor.

The time period when a resource is not available to perform its basic functions.

Downtimes are either planned or unplanned.

e Planned downtimes are expected to occur at known times and typically
recur on a regular basis. Examples include: shift schedules, operator breaks,
and periodic quality checks. Planned downtimes are implemented in
FlexcSim via the Time Table tool.

e Unplanned downtimes occur unexpectedly. Examples include: machine

breakdowns and operator absenteeism, Unplanned downtimes are
implemented in FlexSim via the MTBF/MTTR tool.

An occurrence at an instance in time. When an event occurs, it causes one or
more system states to change and possibly one or more actions.

A set of scenarios and performance measures considered for analysis. The simulation

model is run for a prescribed number of replications and duration and may
involve excluding a warm-up period.
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A tool for designing, executing, analyzing, and possibly optimizing simulation
models. It provides a means for defining scenarios, performance measures, number of
replications, simulated time or duration, and whether a wamz-up period is
considered. IA direct connection to OptQuest for optimization is provided.

Software included with FlexSim, developed by Dr. Averill Law, to best fit data to
probability distributions. The software is typically used to define input
distributions to a simulation model from operational data, but may also be used
to characterize output data from a simulation in terms of probability distributions.

Objects in a model that are fixed or stationary, e.g. Processor or Combiner.
Typically, fixed resources process flowitems.

A scripting language, that is a subset of C++, within Flex:S7m that can be used to
define logic and behaviors via custom coding. FlexScript includes many pre-built
functions, or commands, for performing common programming operations.

As the name indicates, an item that flows through a simulation model. Movement
is triggered by events and controlled by model logic. Similar to entities or
transactions in other simulation software.

A tool in the Toolbox for customizing and creating flowitem classes, including
size, shape, graphic, labels, packing method, etc.

A systematic means to store information in terms of rows and columns.

User-defined information that can be accessed and updated from anywhere in a
FlexSim model at any time during a simulation. Each variable is typed as Integer,
Real, String, Array, etc.

A user-defined property, on an object or item, that can be defined, used, and/or
updated at any time during a simulation.

Storage spaces along the vertical axis of a Bay in a Rack object.

A tool for creating complex flows in a model. Basically, in a certain condition an
object pushes information onto a list (referred to as a list entry) and under a
different condition an object, using selection critetia, pulls an entry from the list,
resulting in an action in a model.

see Task Execnter.

Representation or abstract of a system and its behavior. A model represents a
system’s components and the interaction among the components, variability
inherent in the system, and the system’s dynamic behavior.

The degree to which a model represents the real system. While it might appear
that more is better; in this case, it is not. A model should only be as detailed as
needed to answer the posed question(s). Of course, this is easier said than done;

determining the right fidelity comes with practice and experience.

See Simulation Modeling.
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The interface where models are built in 3D space by dragging and dropping
objects onto the gridded-surface and locating them in 3D space in terms of their
X, y, and z coordinates. In FlexSim, the surface grid’s unit of measure is specified
as Length Units when a model is started; e.g., if the Length Unit is feet, then each
grid unit represents one foot in the x and y directions. Similar modeling
environments are available when defining model logic in Process Flow and
creating charts and graphs in Dashboards; however, these a just dimensionless
work surfaces for organizing work.

A means to obtain numerical results based on repeated random sampling.

Mean Time Between Failures / Mean Time To Repair. In FlexSim, this tool
provides the ability to model the reliability of an object in terms of a set of
parameters and properties such as: the time between failures (operating time),
downtime duration, resources needed, states affecting the time between failures
(e.g. clock time versus processing time), etc. Typically, the time between failures
and repair times are random variables.

A pre-built, yet customizable, representation of actions commonly found in
operations systems, such as planned and unplanned delays (e.g. processing,
storage), transportation via fixed (e.g. conveyor) or mobile (e.g. operator) means,
combining or separating objects, etc. Its behavior is defined through properties
that are specified via its user interface, the Process Flow logic builder, or custom
computer code using FlexSeript.

A list of available objects that can be selected and dragged and dropped onto the
modeling or work surface. The primary FlexSim library contains Fixed Resources,
Task Executers, Conveyors, Fluids, Modules, etc. User libraties of objects can be
developed that contain special user-developed objects. Other libraties ate
available for the defining logic in Process Flow and creating charts and graphs.

A diagramming methodology, used duting the conceptual design phase of model
development, to identify and tepresent the various system elements and
relationships that must be considered by the simulation.

The changing behavior and performance of an operations system over time.

A collection of elements that transform input into output through a set of related
activities and processes that require a variety of resources, such as equipment,
material, people, and information. Operations systems are characterized by
complex interactions among resources, numerous sources of variability, and
exhibit dynamic behavior, i.e. change over time.

A simulation optimization software product, developed and maintained by
OptTek Systems, Inc., that provides algorithms and analysis techniques for
determining the best input values to obtain the best outcomes.

A set of connected nodes that defines a path on which Task Executers (TE) can

travel. In FlexSim, the paths can restrict direction of travel, speed and, passing, as
well as be straight-line or curved. In contrast to .A-S7ar, which also controls Task
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Executer movement, a Path Network explicitly restricts or limits where a TE can
travel; whereas, A* identifies where a TE needs to avoid ot cannot travel.

An output of a simulation model that is of interest for analyzing and
understanding the estimated behavior of the system being considered.

A way for flowitems to move in to and out of objects (input ports and output ports).
Also, provide a means for objects to communicate (center ports). Whenever two
items are connected, a port is created on each object. Theoretically, there is no
limit on the number of ports an object may have.

Drag-and-drop, flowchart-like logic builder within Flex:S7z that is used to specify
inter-object or intra-object logic.

A means of flow between objects where the decision as to which object an item
is obtained from is determined by the receiving object, not the sending object.
See also Push logic.

A means of flow between objects where the decision as to which object receives
the item is determined by the sending object, not the receiving object. See also
Pull logie.

Composed of three main elements - customers, servers, and queues (also referred
to as buffers). Customers require service from one or more servers and if a server
is not available when the customer demands the service, the customer waits in
queue until a server is available. The interaction among the three elements result
in the behavior of the system.

The probability that an object performs its desired functions under certain
conditions for a period of time. Another way to state this is that reliability is the
probability that an object does not fail over a petiod of time. See MTBF/MTTR
for the means to specify reliability in FlexSim.

The repeating of a simulation experiment. Replications are necessary because
simulation involve random variables or stochastic parameters.

The logic that is used to move flowitems between objects. Commonly, items are
“pushed” from one object to another, but may also be “pulled” from one object
to another. Routing is typically defined on an object’s Flow tab.

e Push logic involves deciding which output port will be used and includes
the first downstream object that is available or the one with the shortest
queue, conditioned on the value of the item’s attribute (label) or a state of
the system, etc.

e Pull logic options are similar to those used for pushing, but the decision
involves which input port on the object should be used to obtain an item.

The duration of a simulation run in simulated time, not real time. Time in FlexSim
is unit-less; it is given context through the user’s specification of time units (e.g.,
seconds, minutes, days). If the user specifies the model units as seconds, then a
Run Time of 10,000 is 10,000 seconds of simulated time (about 2.8 hours).
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How fast a model runs relative to real time. For example, if a model’s units are
specified as seconds, then a Run Speed of 1000 means the model runs 1000 times
faster than real time. Therefore, if a model’s Run Time is 10,000 seconds (about
2.8 hours) and Run Speed is set to 1000, then the 2.8 hour simulation will take 10
seconds to run.

A combination of model variable settings or characteristics. The values of the
variables are changed during experimentation in order to determine their affect
on estimated system performance.

A process that involves the modeling and analysis of an operations system in
order to improve organizational performance.

Simulation models are built for analysis. As such, this is the ways and means of
using a simulation model to experiment with and test ideas and alternatives before
deciding actions and committing resources. Analyses may be performed within
the software or exported to other software. In addition to output analyses, input
analyses are needed to define system properties and represent them in a model.
Oftentimes, input analyses involve selecting the most appropriate probability
distributions to represent aspects of the system, e.g. process times, inter-arrival
times, and quality.

The ways and means for representing a system physically (size, distance, speed,
etc.) and logically (what, who, when, and where things are done, as well as how
much and how long) in order to understand its behavior over space and time and
to assess possible consequences of actions, virtually.

A storage space in a Rack object that is a subdivision of a Bay in the hotizontal
direction.

A condition of a system or the value of a system variable, such as whether a
resource is busy or idle or how many customers are currently in the system.

How long an items stays in an object.

A small model that is developed to test and validate a method or concept in
isolation before incorporating it into the main model. This good modeling
practice is commonly used to develop logic for a single object or set of objects.

A systematic means to store information. In FexSim, tables can be imported
from, or exported to, Microsoft Excel. See cither Global Table or Timetable.

A mobile resource that moves about in a model, typically to move flowitems
between objects. They include such objects as operator, fork truck, AGV, crane,
etc. As the name indicates, the object executes a sequence of tasks that are sent
from another object. Tasks include travel between objects, load an item, process
an item, etc.

A set of tasks that a task executer (operator, fork truck, crane, etc.) carries out.

Typically, task sequences are requested and sent by fixed resources and involve
tasks such as travel between objects, load an item, process an item, etc.
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A means to define and specify a resource’s deterministic availability, such as shift
schedule, operator break times, periodic inspections, etc.

The basic component of FlexSin’s Process Flow logic. Tokens are analogous to
flowitems in 3D in that they flow through activities as a simulation runs.
However, tokens are typically more abstract than flowitems since they usually
represent logic flow, rather than physical flow. Each token has a set of labels or
characteristics.

A type of library that contains modeling tools or aides, such as data tables, time
tables, storage systems, etc.

Objects that are automatically created in a model whenever a conveyor segment
is connected to another conveyor segment or to another type of fixed resource.

The hierarchical, object-oriented data structure that stores the model data. In
FlexcSim, all of this data is readily accessible.

A place in a model, typically on an object, where optional actions can be defined
to occur when certain conditions are met as a model runs, such as: when a
flowitem enters/exits an object, a process is finished, a message is received, the
model is reset. There are many types of actions that can occur when a trigger is
“fired,” such as: change an item’s appearance (shape, colot, etc.), read/write a
table or label value, open/close portts, send a message, etc.

Units of measure - time, length, and volume (for fluid-based models only) - that
must be specified at the beginning of a simulation.

The process of determining if a model is accurate enough for its intended use.
The process of determining if a model has been implemented correctly.

A period of time at the beginning of a simulation where statistics are not collected.
This allows the simulation to get to a point where the conditions are more
representative of those that would occur in the real system. For example, a
simulation may start with all resources empty and idle, which may not be typical
in the real system, and thus the statistics would be biased low if this early time is
included in an analysis.
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