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PREFACE

If you want to drive a car, you are legally reqdir® have a driving license. This
demonstrates that you have learned how to contnathacle and that you are not a
major threat to other road users. Equally, nobodyld expect to be able to learn to
drive a car simply by reading the manual supplrethe glove box.

As far as simulation software with its extensivesgbilities is concerned, there is no
driving license. But here too training is a preliede to understanding the software and
its application to simulation problems. To makeamalogy with the manual supplied
with a new car: merely flipping through the pagesot likely to be sufficient to learn
how to actually drive the car.

Enterprise Dynamics® (ED) from Incontrol SimulatsorSolutions is a software
program for discrete event simulation. The softwargupplied with an extensive online
help system. However, the demand arose from bernespecially in the educational
field — for a more structured step-by-step appraaet would help this group of users
learn the first principles of ED quickly while warky alone.

The result is this Tutorial and it represents atfstep to fulfilling this demand. The
Tutorial forms a significant part of Enterprise @ynics. It teaches you the basic skills
to create your own simulation model and intergnetresults.

We expect that this tutorial will be adjusted amxtieaded in the future, which will at
least be necessary for new versions of ED. A wéitthanks goes to all the people, who
have contributed to the development of this tutpad our users who have made
comments in how to improve our tutorial and helgtegn.

We invite you to forward comments about this twbar the software, suggestions for
improvement etc. t&upport@IncontrolSim.com.

The Enterprise Dynamics Development and Suppom t&ad the Enterprise Dynamics
Training & Education team.

INCONTROL Simulations Solutions, August 2011.
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1 TUTORIAL LAYOUT

1.1 The learning perspective

This tutorial teaches beginners to find their warptgh the Enterprise Dynamics (ED)
simulation package.

The starting point in chapter 3 is simply ED’s opgnwindow. From there and through a
progressive approach, you will get to know increglsi more about ED. This occurs mostly
through examples: small problems in a specific @ty ou will learn about the functionality of
ED by building and experimenting with models.

This approach has several advantages:

1. The user learns ED through modeling a simulatiail@m, which corresponds to the
purpose for which the package is being used intjgeac

2. The functionalities of a program are more effedtivearned when they are connected to
applications.

3. The user can refer back to several solutions imgx¥as when he or she is confronted
with a similar problem.

Briefly, this tutorial aims not only to showhat a function of the software does, but afeav
andwhen it to be used. In addition, some parts of thistiat can be used as a reference
function, for example the overviews in the anndrgzarticular.

To be clear, this tutorial does not make the manuwahich is to be found under the help menu
(or when you press F1) — superfluous. Users wha wiseach a higher level in building
simulation models will use the manual frequentbgduse it forms a complete documentation
for all software functionalities.

1.2 Notation

When a submenu is referred to, the synjlhals been used. So Fjlereferences refers to the
submenu Preferences (consisting of a number oflatdrfunctions), which is to be found under
the File menu. Emphasis on important matters idessd bybold oritalic writing of words.The
case studies and the related questions are written in this font. When 4DScript code is to be
found in a textthis font has been used.

A warning is preceded byarning! and an important tip, which can also be used inynwdher
case studies, is preceded bip.

1.3 Tutorial Structure

After a short general introduction regarding the [igtDgram in chapter 2, the first contact with
the package begins in chapter 3 in the form ofwamaew of the menu structure and of the
sections to be found in ED’s opening window.
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The basic principles of the package are being dstratied in chapter 4 by a simple queuing
problem with just one server. Later on, two senaeesadded in order to show the concept of
“channels”. The atoms used in this instance arec@@ueue, Server and Sink.

The main topic in chapter 5 is the different methtmlobserve the results of a study. We use an
example of a carpenter’s factory, where the udmtfhes is explained. The user learns to apply
the following items here as well: Monitor, the SuamnReport, displaying various graphics, and
the new Experiment Wizard. Furthermore, we pradica beginner’s level the steps to go
through in a simulation study: model building, daliion, experiment layout and analysis of
results.

In Chapter 6, the emphasis is placed on obserti@gite-programmed methods through which
products get access to a next atom (input strategg)placed in a queue (queue discipline), or
are redirected after use (send to).

Chapter 7 introduces eight new atoms includingAssembler and the Conveyor atom, while
Chapter 8 is dedicated to the link between ED axxkE This chapter also provides a start in
4DScript and an introduction into labels.

The annexes play an important role as referenagifum Annex 1 contains a short explanation
of the menu structure, while Annex 2 contains adakcription of the most important atoms.
Annex 3, a first guide in 4DScript, forms the stagtpoint for the underlying programming
language in ED.

1.4 Learning Simulation

Simulation is not a simple technique. The sensiBke of a simulation program requires the
knowledge of the theoretical background to discsateulation such as probability distributions,
the model building process including validationhieiques and the design of experiments.
Although the tutorial brings knowledge in this @elt is not a textbook regarding simulation in
itself. For this, one can refer to existing book$egture notes about discrete simulation.

The development of a feeling for simulation andhbéding of models in particular are for the
better part a matter of lots of practice.

Keep an eye on the website as we will be postifiguecements to Enterprise Dynamics from
time to time. We also plan to make the first pduthes tutorial available for downloading in a
number of languages.

Examples of the models in this tutorial are alsduded in Enterprise Dynamics. Use them when
in doubt whether your own models are correct.

Tutorial ED 5



2 ED’S BACKGROUND

Enterprise Dynamics is an object-oriented softwmogram for modeling, simulation,
visualization, and control of dynamic processe® Uikers can pick up objects — called atoms -
from standard libraries in order to build their ommodel. ED is based on this concept of atoms
as modeling objects in each model.

An atom can represent a machine, a counter orduptdut can also have a non-physical
character like a graph. As far as the differenchntype of atoms is concerned, we will mention
basic atoms (five atoms often used: product, source, sink,eseand queuejransport atoms
(relating to transport such as conveyors or transps),results atoms, etc.

Thanks to the open structure of ED, the advancedaan build and use own atoms, for example
to model a machine with very specific charactessstit this point, ED includes 100 standard
atoms, but this number is ever increasing. Thertmegimay typically only need to select from
around 30 frequently used atoms to have enoughrialdiar his or her applications.

Atoms thus are predefined modeling objects usdmliilol models quickly and to carry out
studies. ED also has a built-in programming languzagjled 4DScript, which can be used for
processing specific conditions from reality in thedel. This language consists of approximately
1.100 words at this moment, but in this tutorialwi# address 4DScript only briefly.

Thanks to the open structure of ED, the user caamkthe package himself or design his own
layout. Incontrol itself provides a few of the dhmloducts:

» ED Logistics for production, material handling atigtribution

» ED Airport for airports and carriers

» ED Educational for teaching purposes, consisting cdmbination of software of ED
Logistics with a number of elaborated case studi@sh the teacher can use for student
assignments

» ED Production that allows you to swiftly model pesses that are common on a
production environment

» ED Transport to model internal and external transgod information flow

This tutorial can be used to learn the basic skiflsessary to work with the ED software, but it
also explains some atoms and features that arepaniyf ED Logistics. Furthermore it
addresses topics and questions that typically ariSemulation studies and is therefore an
important part of ED Educational.

ENTERPRISE DYNAMICS
Simulatlon Software

PLATFORM

Incontrol Simulations Solutions is a Simulation&mn Provider: in addition to building,
developing and selling the Enterprise Dynamicsvgfé, it also provides extensive services in
the field of computer simulation, such as train@mgl consulting. The consulting services involve
carrying out simulation studies as well as appiocabuilding.
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3 GETTING FAMILIAR WITH ED

3.1 Starting Enterprise Dynamics

Enterprise Dynamics can be started using the Blanu. During this phase, a splash screen
(picture 3-1) first appears; you sometimes maydked to choose an application to start (Picture
3-2). Here, an .app file has to be selected.

ENTERPRISE DYNAMICS

Simulation Software

Version 8

Incontrel Simulation Software B.V
Copyright & 1997 - 2009 All Rights Resarved.

Picture 3-1: Splash screen

Enterprise Dynamics will often select the application file, in which case the user will not get to
see the application selector window!

Look in: |'¢jApps __'__| e Iff( '

@ clean.app
@ Enterprise Dvnamics, app

My Recent |ﬂ Logistics Suike, app
Diocuments

FI.“

Deskiop

i
1

E{': ]

<

tdy Conpliter

by Metwork. File narne: |m —v—j ﬂ.]
Flaces
Files af pe: |E.D. Applications [*.app] ﬂ ﬂj

Picture 3-2: Application selector
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The functions of Enterprise Dynamics itself arééofound in the application files. They can be
programmed to determine which menus appear togbeand which atoms are directly
available. The user can adjust these applicatles.fi

3.2 The Example Wizard

Wyl omme Examples

[

Demonstrates all types of 'Conveyors'. -

Compares ‘MAecurmulation Conveyors' and
"Mon Accumulation Conveyors'.

Shows the uze of 'Conveyors' sensors.

Demonztrates the interaction of several
tppez of 'Tonvepars',

D emonstrates the uze of a 'Corner
Transter it atorm and T assesonrs =

Cloze
|:| Do nat show thiz dialog the nest time Enterprise Donamics is started.

Picture 3-3: Example page of the Example Wizard

When you first start Enterprise Dynamics, you aesented with the Example Wizard, see
Picture 3-3. The wizard offers some of the avadabtample models that come with ED. Later
on, you can also open it from the Help menu. Jiigt on one of the models to open the
example.

3.3 The window sections

As soon as Enterprise Dynamics is started up cdelpléhe opening window should be
approximately similar to Picture 3-4.

Tutorial ED 8



Untitled

ED| Entnrprise Dynamics® Developer -

Flle Model Simulate Besults Expenmentation Tools Display Search Window Help

»1P+1
Fall

Hﬁﬁ% AES4E

| s 1 B Emi E}OE

E b !GJ.Q"EE:C%|@|

= 0 Library
[+ i 1 BASIC MODELING
[+ g 2 TRANSPORT
i+ i@ 3 STORAGE
[+ g 4 PROCESSES
i+ i 5 OPERATORS
[+ g 6 NETWORK
i T AYALABILITY
[+ g 8 FLOW CONTROL
i 9 TIME

Slide Control

Settings
Stop Time 1 Randotm Generator

I~ Run Urtil Stop Time

i 10DATA

B 11 TOOLS

[+ 12 RESLLTS

[+ g 13 OPTIMIZATION

- i 14 VISUALIZATION
- 15 VIRTUAL REALITY
[+ g 16 SYSTEM

g 17 AUTOLOADED

Stop Time: ’8

ISeconds _V_J

Messurement;

world (8,93, 1.53) Seale 15.00 |

Picture 3-4: Layout of the opening window in Enterpise Dynamics

The window is divided into the following sections:

A menu bar: among others for opening and saving files. Sac8@® covers the menu
structure more thoroughly.

» Thespeed buttons. by using these buttons, specific atoms can bggd into the model
and commands can be given to Enterprise Dynamigs gave a model). When clicking
on a speed button, the atom automatically appatythe model or an action is started.

» Thelibrary: The library includes all atoms a user can plate a model. Each atom has
a definite function and by combining the right agnt is possible to re-create (‘model’)
a business process in Enterprise Dynamics. Modklibg is described in chapter 4.

* Themodel layout window: this is where the model is being built.

* Therun control: use this to reset and start the model and tdagils execution speed.

» Theclock displays the simulated time already covered duttiegsimulation (not the real
time!).

Tutorial ED 9



3.4 The menu structure

The function and the appearance of the menus mitasto those in other Windows
applications, such as Word and Excel. The most os&tl options are explained in the table
below.

The main menu is to be found in the menu bar, wiicubdivided as follows:

File Make, open or save files or to control standarctfions such as
printing or file location.

Model Create and view models.

Simulate To open a new Run Control or Clock window. Fromehgou can
also find the History settings.

Results To generate reports and graphics afrgle simulation run.

Experimentation To design, perform and evaluate an experiment muthiple
simulation runs.

Tools Contains tools such as the Atom Editor for atonidmog, 4DScript
interact and Autofit to fit a distribution to givelata.

Display Regulate the visualization of the model in 2D or. 3D

Search To find atoms in the Model Tree that are selecteithe Layout

Window, and vice versa.

Window Includes various windows such as the 4DScript wordsview,
the Tracer and the Resource Manager for icons Bna@dels.

Help Includes the complete guidebook as well as coppad version
information.

Note that the options Model, Simulate and Resoltew the successive steps of a simulation
study!

Behind each main menu item, submenus are hiddeshoA explanation of this structure
including a description of each submenu is mentidnéAnnex 1. The menu options displayed

in italic are only relevant for advanced users and canibpesk by beginners. This annex
deliberately contains a total overview, because plrt of the tutorial is intended to be used as a
reference book as well. Read Annex 1 for a firsight into the program structure. A good
knowledge of this structure is particularly usefdien creating models individually at a later
stage.

Tutorial ED 10



3.5 Structure of the library and the model

In ED we use a tree structure for the visualizatibthe organization of the atoms. We use it to

indicate which atoms contain which other atoms.dx@mple, the main tree gives you a
complete overview of the application, the libranddahe opened model. Two other important

trees are:

* The Library Tree (see Picture 3-5) which listsaitims a user can insert into the model.

The atoms are divided into groups, for exampleadport group and an operators group.
By selecting an atom and dragging it into the medaow (the ‘model layout’), the

atom is added to the model.

« The Model Tree, where all the atoms used in theeatimodel are listed. Press F5 to

refresh the list.

E‘] Library Tree
Edit  View Tree
Eﬁ 0 Library

B[(=1ES

|- 1 BASIC MODELING
@ 1 Product
2 Source
&0 3 Cueus
-9 P
3 5Sink
" B Hode
@ ¥ Container

+-igh 2 TRANSPORT

+ i 3 STORAGE

+-igh 4 PROCESSES

+-igh 5 OPERATORS

+ g & METWIORK

+ i) T AVAILABILITY

+-igh 8 FLOW CONTROL

+-igh 9 TIME

+ - 10DATA

+-igh 11 TOOLS

+-igh 12 RESLULTS

+ g 13 OPTIMIZATION

+ - 14 VISLALIZATION

+ - 15 WIRTUAL REALITY

+ g 16 SvSTEM

@ 17 AUTOLOADED

EFYEY

EB| model Tree Q@Ig|
Edit Yiew Tree YEG

= {=a] 0 Wodel
1 Sourcel
&8 2 Gueue?
= 3 Server3
1 Prociuct
¥ 4Sinkd
@ S Product

Picture 3-5: The Library Tree & Model Tree of Example 1

The windows can be opened using menu options iMttael menu and with the speed buttons

shown in Picture 3-6.

L’z

MH: B

Picture 3-6: Speed buttons for the Library and Modé Tree
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4 MODEL BUILDING BASICS

In the previous chapter, only the theoretical aspetEnterprise Dynamics have been discussed.
In this chapter, we will start by building a simptedel in Enterprise Dynamics. The objective
here is to learn about ED, not to fully complet@raulation study.

At the end of this chapter, the user should be tbtkevelop a model in which several machines
are used simultaneously.

4.1 Dragging atoms into the model

The first step in the creation of a model is thecpment of the right atoms into the model. In this
section, we will start by building a simple modeht consists of the following four parts (see
Picture 4-1):

* Source: the function of this atom is to generate produtis the model.
* Queue: this atom is a waiting area for customers or potglu
* Server: the function of this atom is that of a machin@ba counter.

Atoms entering a server undergo a process and meam#iis atom for a
certain time (the process time).

e Sink: the products or customers leave the model throlighatom.

||.+ +:lv|

Picture 4-1: Speed Buttons: source, queue, serven@ sink

Example 1

An average of 20 customers an hour come into a post office and the assistant has on
average two minutes to help a customer. Of course, the number of customers may vary
from one hour to another.

The two-minute time that the assistant has to help a customer can vary as well. A
customer who only wants to buy stamps will need less time than a customer who wants
to open a new account. The customers are served on a first-in first-out basis.

A few customers complained about the queues and because the post office manager is
very concerned about the service to his customers, he wants to inquire into this
problem.

Questions and assignments
1. How high is the utilization of the post office assistant? What does that mean?
2. Can you make an estimate of the average queue length?
3. Which characteristics would you measure for the post office manager?

Tutorial ED 12



Simulation is a tool to gain insight into the average queue length. Because this model is
the first one we are going to build, it will be dealt with step by step.

We therefore use the 4 atoms mentioned in the hewgjrof this section and put them into the
model in the above-mentioned order. The first arihiis theSource then theQueueg the
Server and finally theSink.

The selection of the atoms occurs by clicking a$ipeed Buttons (see Picture 4-1) or by
dragging the atoms out of the library. In the lati@se click the “+” belonging to the first
category “BASIC MODELING” in the library window. Wén this is done, you get to see Picture
4-2 on your screen:

Picture 4-2: the first model

In case of errors, click on the atom concernedpmeds ‘delete’ to remove the atom from the
model.

To check whether the customers walk through theahindhe correct sequence, we will start a
simulation run by using the Run Control winddfthis window is not visible yet, use the option
Simulate in the main menu. In the Run Control wingdthe sub-function Slide Control has to be
selected (see Picture 4-3). This function enabdesty adjust the speed of the simulation.

Run Control

n. = +1

Settings A
Stop Time l Random Generstor ]

[ Run Until Stop Time

Stop Time: |3

Meazurement: |H|:|urs -

Picture 4-3: select Slide Control

Before the simulation can start, you first haveliok on the Reset button. It is the leftmost
button in the Run Control window. After clicking ¢ime Reset button, a blue dot appears next to
the Source atom. This is a product atom. By cliglon the start button (green triangle) the
products, in this case customendl pass through the other atoms, in this casepthst office. If
necessary, adjust the speed by dragging the spetuh lin the Run Control window!

Tutorial ED 13



In this model no queue will appear before the ceu(Berver). As a result, the blue dot is only
visible in the counter (Server). Furthermore, apetage is displayed in the server. This
percentage reflects the utilization of the Sereefas. When the percentage is not visible, you
might need to zoom in or zoom out the display ligkahg on the left and right mouse buttons
simultaneously and by moving the mouse forwardslkam#wards.

The atoms have been placed in the right orderwutill need to enter how many customers per
hour are coming in and how long the assistant neelslp a customer. Before you can enter
these cycle times in Enterprise Dynamics, you havaow thatall cycle timesin Enterprise
Dynamics are defined in seconds. When the post office assistant needs two minotéglp a
customer, you enter 120 seconds in Enterprise Digsafaqually, we must define how much
time elapses between customer arrivals, called¢htiee-arrival time, in seconds.

First, we change the parameters of the Sourcéiad@h average of 20 new customers arrive at
the post office per hour. By right-clicking (or daa-clicking) the Source atom, an input window
appears (see Picture 4-4). Normally this window agplen with the “General” tab sheet. The
time elapsing between two arrivals can be enteredd Inter-arrival time field. We use a
probability distribution to model the uncertaintythe arrival process. In this example, the
negative exponential distribution is used, which gobability distribution often applied in
unpredictable arrival or service processes. Inipnige Dynamics, the following 4DScript code
is to be usediegExp(el), where the parameter el stands for the average walexpectation

of the exponential distribution. Now enter 180 gi-arrival time and confirm with OK:

Alorn narne: |SDUICE1

Sethings

Inter-arrival e [<]: MegE «p(180) -
Tirne till first product [5] MegE +p(180] -
Murrber of products: |'|. Urlirnited j
Send to: |‘| j
Triggers

Trigger on creatiorn; 10. Do Matking j
Trigger on exit: n ﬂ

Help Ok LCancel | Apply ‘

Picture 4-4: Input window Source
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Important:

To the right of the input fields, you will oftemfi a triangle pointing downwards. Clicking or
double-clicking on this triangle opens a list watvailable and pre-defined options. Check first
whether any of these options might be useful farygpecific case! For an explanation of these
options see Annex 2, this contains a full desa@ipbf the most important atoms and their input
fields. The grey letters ‘4DS’ mean that this isamd4DScript commands, ED’s programming
language, can be entered.

Afterwards, the time that an assistant needs o tveé customer has to be entered as well. The
negative exponential distribution is used in tlasectoo. Now, right-click or double-click the
Server atom, so that the service time can be adjust the “General” tab sheet (see Picture 4-5).
After selecting NegExp(10)” click it (a 4DScript window will appear). Adjushe cycle time in
such a way that the assistant needs an averag® ofiihutes to help one customer.

EB|Server - Server3 g|
General } Specific] Visualizatiun]

Atom name: |Sewer3

Settings

Setup time [s]; ||:| ﬂ
Cucletime [3]: MegExp[1:20] j
Send bao: |1 j
Input strateqy: |a'-‘m_l,l inputchannel j
Triggers

Trigger on entry: 0 j
Trigger on exit: 0 j
Trigger on end of setup: I j

Help Ok LCancel | Apply |

Picture 4-5: Input window Server

Reset and restart the simulation with the Run @brigecause we have increased the time
between two arrivals, it is a good idea to incrahsesimulation speed. By zooming in
sufficiently, you can see how many customers aléngan the queue.
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You can replace the blue dot, representing a cuatamour example, with another icon. To this
end, double-click (or right-click) the blue dotttee left of the source. In the 2D Icon input field,
with the “Visualization” tab sheet selected fidbuble-click once again the blue dot. The
Resource Manager will appear, featuring (somehs)cons the users can select. Click on the
icon you want to select and on OK in the Resoureadger: the blue dot in the Product input
window is replaced by your new icon. Confirm thieange with OK.

The icon that Enterprise Dynamics uses in the 3pldy can be changed as well. Use for this
the option 3D Icon and select the Person icon filwerist. Now display the model in 2D and
3D. To open the 3D visualization: select the maeanmoption Display and then one of the 3D
possibilities. To navigate through the 3D modelymthe mouse and click on the mouse
buttons.

Tip: There are many more icons available. Try to adexasting icon to the standard list
(Resource Manager) with File | Import!

In this instance, the selection of a different ic®only to improve the display. However, if
distinguishing between different types of customegrsecessary, the use of several icons can
bring additional clarity. For example, one grougcostomers could be represented by a green
icon and another by a blue icon.

The model can now be saved, with File|Save astdference purposes, the model of this post
office is to be found in the tutorial models untlez namePostofficel.mod.

4.2 The Channels

Example 1 (continued)

In the neighborhood, two post offices have been shut down. The manager hopes that
many new customers are going to use his post office and even expects twice as many
customers in the near future. As a result, an average of 40 customers will come into his
post office per hour. In order to figure out if his post office can manage this flow with the
existing counter, he decides to carry out a new simulation study.

Questions and assignments
4. Does it make any sense to simulate this situation? In order to answer this
guestion, use the expected utilization and check your own supposition by
modifying the model postofficel.mod to the new situation and by carrying out a
simulation run.

Example 1 (continued)

It seems that one counter will not be enough to manage the flow. The manager now wants to
open 3 counters to be on the safe side. Once again, he wishes to see the effect of this situation
on the queue.

To begin with, we put the two counters under the existing counter (select the right atom
to model a counter). Then, the parameters for the counters’ cycle times have to be
changed in such a way that they correspond to the first counter. To this end, you might
want to go back to chapter 4.1. The model should now look like Picture 4-6.
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Picture 4-6: Post office with 3 counters

Tip: Atoms can simply be copied —including all enteriettis and parameters-! For this, first

click on the atom to be copied and then on F6:@ichte of your atom is created.

To copy more than one atom right-click and seleca@a around these atoms or choose with the
Ctrl-key your own selection of atoms: now F6 orl&twill do. Look out! With Ctrl-V the copy

will be right behind the original, so you have éposition your copy. For repositioning more

than one atom you can also use one of the selgutamedures above in combination with the
arrow keys.

However, when the simulation is started, you wek shat the customers are still sent to the first
counter. In order to correct this, we have to lodk the method that Enterprise Dynamics uses
to direct the customers.

In the Model Layout window of the View Menu, seldéoe option Channels (see Picture 4-7). By
doing so, the channels of the atoms appear. Thgoparof these channels in ED is to route
products and to transmit information and they hezdfore covered thoroughly in this chapter.

ED| podel Layout E| @|E|

Operations  Selection RIEDN Modes

v Skatusbar
arid
Channels Enabled Chel+R
Background

v Channels as Arches
Cwerride atoms display Channels as Straight Lines
Cwerride settings r Channels as Direct Lines

One atom Lp Chrl+LI
One atom Down Chrl+D

Fullscreen F11

Whorld (17,13, -2.60) Scale 15,00

Picture 4-7: Switching on Channels

Switch on the option enabled to see the channeést{ge result in Picture 4-8).
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ED| Mo del Layout E@g|

Operations  Selection  Yiew Modes

World (16,40, 2,673 Scale 15,00

Picture 4-8: The original model of the post officavith channels switched on

When the lines between two channels do not appegaed but squared, it might be helpful to
switch on the option Channels as Arches in the \[i@liannels (see again Picture 4-7). As soon
as the channels are switched on, a block is add#eeiupper left corner of all atoms. This
yellow block contains the input and output chanélhe concerned atom. (See Picture 4-9)

Cut: 0 1]

Picture 4-9: Connected channels

The block contains several dots. The left dot isn@at channel and the right one an output
channel. A channel can lopen (in green) orclosed (in red). When both the input and output
channels are open, the connection between the amulibutput channelsiisady (in green),
otherwise, the connectionmst ready (in red).

The dot in the middle (above the yellow block) esigined to receive (but not send!)

information. In this tutorial, this channel is @llthe Central Channel, which is used to register
information regarding an atom. There is always amlg central channel present on an atom, but
several atoms can be connected to the same central channel.

Products come into an atom through an input chaameleave the atom through an output
channel. An input channel always has to be conddotan output or a central channel, whereas
an output channel always has to be connected itgpaih or a central channel. Each input or
output channel can only be connected to one otieanrel.

By clicking on the “+” sign next to a dot, the nuentof input or output channels can be
increased and by clicking with the right mouse cmutbn a channel dot, an overview of all
connections of the atom appear. The “-” sign wlappears as soon as the number of input and
output channels is two or more speaks for itself.

Important: Although you can use channels for many purposeshasic function of channels is
the indication on an atom (read: queue, countea)lgfossible next locations of products
situated in this atom. In this way, the channets/le a (rough) routing of products through the
model!
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Picture 4-10 represents an atom with 4 input chianfeoutput channels and the central channel.

Picture 4-10: Atom with 4 input channels and 6 outpt channels

Remark: One of the revisers of this document happen®todbor-blind, as are most laser
printers and therefore has trouble distinguishim@pen (green) and closed (red) channel. You
can change these color settings in ED yourselfliolting File|Preferences ...|Appearences.
Change the color of2D -> Open channel” and“2D -> Closed channel”

By dragging a line between an output and an inpahnel with the mouse cursor, two atoms are
connected with each other. By dragging a line betwan input or an output channel and the
central channel of the same atom, a connectioroiseb.

Now connect the channels in the Enterprise Dynamiadel in such a way that the customers
only go to one of the three counters and afterwhiads one counter to the exit. The result
should look like Picture 4-11. Restart the simolatido not forget to reset!) and check if the
customers now go to the right counters.

Picture 4-11: Post office with connected channels

The reason why the customers are still going tditeecounter only is that unless we tell ED
otherwise, it sends all products through outpuhaleal. In the input window that appears by
double-clicking or right-clicking an atom, you cspecify the channel through which the
products to leave the atom. By double-clicking loe Queue, we can alter the parameters of our
model. In this instance, we have to adjust theevaiithe Send To field (see Picture 4-12:
Queue: Send To): if we want that each open chararebe selected, the options 2, 3 and 4 are
relevant.
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Gieneral l Visualization |

Atom name:; |QUEUE2
Sethings
Capacity: |'I 0
Send ta: Close |1 E‘
1 ~
Queus discipline: 1. Specific channel: always zend ta channe

2. b open channel [Firzt channel firgt): 2ea

3. &n open channel [Last channel first): ses
InpLt strategy:

44 random open channel: chooze a rand
5. By percentage: 90% of products goto ok
6. By atom name: if the atarm name of the 1:
7. By label value [direct]: the channel numb

Triggers
Trigger an entry: 0 j
Trigger on exit: a j

Help Ok LCancel | Apply |

Picture 4-12: Queue: Send To

Explain why in option 2 or option 3, either thesfior last server will get the highest utilization,
while the servers’ utilizations in option 4 will Ineore or less the same after the simulation has
run for some time!

In the Send To field, you can either enter a numiate a short piece of 4DScript code that will
result in the output channel number, or use preddfcode. For beginners, the last option is
definitely the easiest method. By clicking on theafl down triangle in the input field, a list
appears, showing the predefined options that theaan select. After a definite line is selected,
text displayed in blue can be modified. Obviousitys possibility is applicable only if there is
something left to change.

Now select a strategy where the utilization of3heunters is about the same. If the utilizations
of the counters are not directly visible, use buothuse buttons in order to zoom in or zoom out.
View the model also in 3D with Display | 3D Modekew!
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ED| 3D Model View

Operations  View Camera

IF‘::usitiu:-n (21.12, 10,13, 2.13) Waw 117.50 Pitch 50,75 Roll 0,00

Picture 4-13: The 3D-model with the three countermodeled as machines

Questions and assignments
5. Is the layout with 3 counters sufficient?

The model can be saved now. For reference purptieesodel of this post office is to be found
in the tutorial models under the namtoffice2.mod.
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5 ANALYSING THE RESULTS

In the last chapter we used a detailed and prageessethod to simulate a post office. You
learned how to place atoms in a model, and hovetmect the channels between atoms. You
also learned how to create a flow of product atonttsthe model at a defined interval, and how
to make them stay on a machine (counter) for teecbprocessing time. As a result, all the
basic principles for building a model have beentdeith.

In this chapter, we are going to build a more caxphodel and above all observe how to follow
and measure the results of the simulation studywill@nce again start with a (simple) example
and (after building the model) explain the diffarerays of measuring results. We will then
practice these in the model.

Example 2: The carpenter’s factory

General context:

Most of the time, a carpenter’s factory has its own design department. This department
is complex to manage because each order consists of a separate project, where the
process times of each production step has to be estimated as accurately as possible.
Large intermediate stocks, long throughput times, and variable bottlenecks often
characterize such an environment.

The management of a carpenter’s factory, which mainly produces windows and window
frames, wish to gain insight into bottlenecks, production numbers and throughput times.
For this purpose, they decide to have a simulation study carried out. To keep it simple,
only the production of windows will be treated in this case.

The windows production process can be divided into several steps. First, long timbers
come in, which are cut into 10 shorter lengths on a saw. Afterwards, these shorter
pieces are cut into the desired pattern on two milling machines. When the parts have
been milled, they go to the bench vice.

At this stage, four pieces at a time are placed in a frame and glued. There are two
milling machines and two bench vices, which are in parallel in the production process,
so the parts pass through milling and gluing only once. There are storage areas
between all consecutive production steps, and there is a continuous supply of raw
material. To control the stock levels, each intermediate storage space is limited to 100
parts.

The time to saw the incoming timber into shorter lengths is uniformly distributed
between two and three minutes and the processing time on the milling machine is
normally distributed with an average of 36 seconds and a standard deviation of 2
seconds.

The bench vice takes exactly two minutes to glue a window together. The production
process takes place continuously between 09:00 to 17:00 hours. The products that are
not completed at the end of the day remain until the next day.
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Questions and assignments: Analysis beforehand
1. Make a drawing of the process with the capacity per hour in raw lengths, milled
lengths and frames for each production stage.
2. How many window frames are expected to leave the factory each day?

Now build the model in Enterprise Dynamics. Thelbatality distributions are to be found in the
pull down menu of the cycle times. Note that far ttormal distribution, the formutaax (O,
normal(36,2)) is used to prevent negative service times froneappg. Use the Batch Rule “1
in, B out” with batch size 10 on the servers (amtib sheet “Specific”) for the 1:10 operation
from timbers to short lengths and the batch ruler’BL out” with batch size 4 for the 4:1
operation from short lengths to frames. Changetime of the Servers, so that the model is
easier to read. If everything went well, your moslebuld look like the model in Picture 5-1.

Picture 5-1: Layout of the carpenter’s factory

Changing the size of the atoms can be done byietidke atom, and then dragging the upper
left corner or the lower right corner to the plgoe want.

The Product atom (the blue dot) can be changedaibt@wn “timber’: double-click or right-
click on the product and change the input fieldhascated below.

ED| Baseclass - Product §|

WizLalization ]

Akom name; |F"":":|u'3t
Dimensions

# gize [m]: |':'-2

Y gzize [m); |1

& gize [m]: |1

Help ak. Cancel Apply

Picture 5-2: Changing the product’s general setting
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E| Baseclass - Product g|

Settings

20 leok: P

Show 200 | cor: [

30 lcor: ||:|DSEE| Carton Box j
Colar ]

Help [n]3 Cancel Apply

Picture 5-3: Changing the product’s display

Save the changes you have made. What has occurred?

The 2D icon with the blue dot is still there, blgaringShow 2D icon leaves only the brown
background visible. It has a length of 0.2 metexd @ width of 1 meter, similar to a timber in
upright position. In 3D, the height (size z) of @2ters plays another role. Note that the product
icons can differ in 2D and 3D. In 3D, select etg pallet or another icon!

In 2D the grid that is visible behind the atomsdiions as a grid for coordinates, with each
square the size of 1 x 1 meters. The visible btapkare matches the coordinates (0,0). Physical
dimensions do not play a role in this abstract rhotla carpenter's factory, but they definitely
do play a role in other applications such as wausbs with short walking distances, or fork lifts
having to cover a certain distance!

If you are not sure that you got your own modelect; you can also use the supplied model
timberl.mod in the next sections.

5.1 Techniques to measure the results

Now that we have a working model, we can start Withmeasuring results. Within Enterprise
Dynamics, there are several techniques we carousehieve this.

1. Information indicated on the atoms.
Each Queue shows how many products are in the gaaak Server shows its utilization
and each Source or Sink shows how many products ératered or left the model. This
information is particularly useful to see if a mbeworking logically during the
simulation (which is part of the verification ofetimodel).

2. The Result Atoms.
The Results atoms can be found in the Resultsosegfithe library. For example, the
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Statusindicator and StatusMonitor atoms displayctireent status of an atom and the
fraction of time that the atom is Busy, Idle or &ted.

The Generic Monitor Atom can graphically displafetinformation about an atom. The
user can select which information is to be showd, ia which form. This atom is
particularly useful to validate the model.

The Summary Reports and the Graphs from the RaveltsI.

The intermediate results of a simulation run a@shhere. This method is especially
convenient for a quick overview of the system’dustaand a rapid feedback of the effect
of changing various parameters.

Setting up an experiment with the Experiment Wizard

This technique is quite different from the lasetiand is used for the actual study. The
length of a measurement period and how often g is to be simulated, e.g. 10
times half a year, is set beforehand. We mustsgscify what variables we want to
measure. At the end of the experiment the mearesaitithe variables are given within
confidence limits.

5.2 Measuring the results

In section 5.1, four techniques have been presetitemligh which the results of a simulation
study can be shown. In this section, we are garapply these four methods to the carpenter’s
factory. For this, the carpenter’s factory moded tmbe opened in Enterprise Dynamics.

1.

Information shown on the atom

The clock function in Enterprise Dynamics has tosiséble on the screen (submenu of
Simulate). Start the simulation and see how manogywts leave the factory within eight
hours. In the Run Control window check the opti®uh until stop time”. Set the stop
time on 8 and measurement on hours. If you now starsimulation the will stop after
exactly 8 hours.

Questions and assignments
3. Perform this a few times and note the number of windows produced. Does this

correspond to the analysis carried out previously? What is the bottleneck in this
process?

Results atoms

The use of the results atoms is quite simple. Tibeaky tree (and not the Model Tree)
has to be opened. Look for the StatusMonitor atnththe Monitor atom in the Results
group and drag them into the model. If the chanaedsswitched on, the atom should
look like Picture 5-4: Part of the model with (&dy connected) Monitor atoms.

To use the StatusMonitor, it is sufficient to cocniés input channel to the central
channel of the atom to be monitored. When the stran is reset and started, the status
monitor atom will automatically begin displayingetbtatus statistics. In this case connect
it to one of the bench vices, reset the model aadspStart. Examine which proportion of
its time the bench vice spends on waiting for tintbearrive, on collecting timber after

the first arrived, and on actually processing theer.
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Picture 5-4: Part of the model with (already conneed) Monitor atoms

The Generic Monitor atom needs more work. Agaia,fifst step is to connect the monitor with
the atom you want to observe. In this case, we wakihow how many windows are leaving the
factory per hour. As a result, the monitor haséa@bnnected with the Queue before the Sink.
Connect the input channel of the monitor to theregichannel (the information channel) of the
Queue. You can also double-click or right-click thenitor atom and then press the button
“Select Atom” select from the list that appears db@m that is going to be observed.

Secondly, you have to enter what is going to beniesl. For this, double-click or right-click
once again on the monitor atom and adjust the Wi Monitor. Select the option “Output per
hour” out of the list of predefined options.

If the requested variable does not appear in giedDScript code has to be entered. To this end,
select the option 4DScript Expression from thedrsd click the square button to open a
4DScript Editor. You can now enter your own coddis is however not recommended for
beginners.

Now you see why we added the Queue before the Rinlse the pre-defined statement Output
per hour (a Sink has no output!).
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Picture 5-5: Monitor variable

The standard setting for tlsamplerateis 5 seconds. Change it to 60: measurements @l n
be taken every (simulated) minute. Because theageavutput is not likely to be restricted to
whole numbers change the number of decimals toylAdto adjust, Maximum value, to
develop a feeling for the various settings!

We choose 100 as maximum value as you can seetur@b-5. Start the simulation now.

Tip: Using a large number of monitor atoms with the gamate set to the default value of 5
seconds can be the cause of models running vemyslBemember that the monitor atom is
being displayed every $imulated seconds, and is thus taking up a lot of procedsimg} This
phenomenon even occurs when the model layout wind@wosed. In many instances, a sample
rate of 60 seconds or even 3600 seconds is prédeitierefore use the default sample rate of 5
seconds in monitor atoms with caution.
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Questions and assignments

4. How many windows are leaving the factory on average per hour?

5.2.1 Reports and graphs

A third method to measure results is to use thmo@ummary reports and Graphs from the
Results menu.

We will first deal with the option Summary reporiisenables you to get an overview of the
status of the model, where a distinction is made/&éen the following features:

» Current Content: the number of products preseahiatom at the moment when the
report is made.

» Average Content: the average number of productsabee present in the atom.

* Throughput Input: the number of products that heviered the atom.

* Throughput Output: the number of products that Haltehe atom.

» Staytime average: the average time the productspereding in the atom.

By selecting the option Summary Report in the Resuknu, a report such as in Picture 5-6

S=1E

appears.

summary report

content throughput
name current average input  output
Sourcel 1 0.941 211 210
Saw 10 G.as52 2100 2040
Queue 1 a5 a4 84y 2040 1945
Milling machine 1 0995 1000 9499
Milling machine 1 0295 9495 994
Queue 2 1 0E24 19493 19492
Bench vice 1 4 3763 945 9492
Bench vice 2 4 3761 9496 992
Storage 1] 0.000 4395 4395
Sink11 1] 0.00o0 44E ]
Product 1] 0.00o0 ] ]

hodel start time
madel end time
Funlencth (zeconds)

Thursday, March 02 2009 141727
Friday, March 06 2009 00:17:27
000,00

staytime
average

160976
133.742
1459164
2837
389
11.269
136107
136.304
0.0aa
0.0aa
0.0aa

Picture 5-6: Summary report
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Accordingly, you can read out of Picture 5-6 tharaduct is present on average 35.837 seconds
in milling-machine 1, that 992 products have beerdpced in bench vice 2 and that 4 products
are still present there.

As you can see in the lines of the saw and thelsvch vicesall measurements on servers with
batch transitions are performed in the “smallerit,ure. the units each batch consists of. For
instance, look at the output of Sourcel of 210, thednput of the Saw of 2100. The
measurements on the saw therefore apply to sihaoetis rather than long timbers, and the
measurements on the bench vices apply to the nshed timbers rather than window frames.
This is a new measurement policy introduced witlY E¥he reasons are of no interest to
anyone new in ED, but for the more experiencedaeathas something to do with the status
Collecting for the B:1 servers, and the status Béokcfor the 1:B servers. After thorough
examination it was found that this policy was tiddyane that leads to consistent results under
all circumstances. By the waywbuld have been possible that the output (not the ingfut)e
saw hachot been a multiple of 10 (like 2098 instead of 21@@cause Queuel is full and is
therefore blocking the entry of additional finish&tbrt timbers. In order to understand this,
please realize that Queuel will send short timtzetse two milling machines one by one).

Based on this report, measure that 49.6 windowasvenage per hour have been produced!

The option Graphs gives you a graphical representaf a variable. To apply this method, you
need to switch on the History option for the atdwttyou want to represent in a graph. This is
done by using the History option in the Simulatioanu.

Warning! The option ‘General history’ (by checking) as wadlthe individual atom (via option
‘One on’) has to be selected (see also Picture Bi7)rst it might seem a good idea to turn
history on for all atoms, ‘All on’. However, recang history this way, especially for large
models, will have the effect of slowing down thmslation unnecessarily.

At this stage, we will only focus on the possilyilif creating graphs by means of the menu
option Graphs, because the atom Graph often nedmtsprogrammed. The Graph atom might
be convenient for advanced users, because allpp@ssiriables can be defined by using
4DScript.
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Select all atoms Deselect all atomsz |
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Selected Atomsz

Source] [atomid = 217)
[ueue[atomid = 218]
Serverd[atomid = 213)
SinkA[atomid = 220]

Product{atormid = 221)

Ok LCancel Apply

Picture 5-7: History

If the general History is switched on and somehefdtoms are selected in the history window
each run data is collected of these atoms. Tha ciat be visualized with the Graph option in
the results menu.

By clicking on the option Graphs in the Results memwindow appears where you can select
the atom of which you want to make a graphicalesentation. If an atom is selected and history
for that specific atom was recorded, a window sagm Picture 5-8 appears. If no atom is
selected a selector window appears. In that cestecfioose one of the atoms for which you have
recorded history.
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We will first go over the last two input fields:

* Start time

The starting time of the graph is to be entereé héO is indicated, the graph
will start from the beginning of the simulation rufthe value 10 is entered,
then the graph will not include the first 10 seconéithe run.

¢ Duration

In this input field, you indicate how long the ghawill be recorded. For
example, if the value 3600 is entered here, tis¢ fiour after the starting time of
the graph will be shown. The default value is “tintee number of simulated
seconds that have passed when the simulation rarstepped.

The first input field, Graph Type, is where you catect the type of graph desired. There

are 5 possibilities:

1. Queue Graph

With this function, you can make a graph of the banof products present in an
atom. In a Server atom, the number of productsagilh rule never be higher than 1,
but in a Queue atom, the queue is being convey#teigraph. Picture 5-9 represents
a graph of the first buffer from the carpenter'stéay case study, measured between

Picture 5-8: Input window Graph

2 and 4 simulated hours after the start of the kitimn.
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Picture 5-9: Queue graph

2. Queue Histogram
The percentage of time each ‘storage level’ takess weflected here.
See Picture 5-10, displaying the distribution dfedtent queue lengths of Queuel
measured between 2 and 4 hours after the stareditulation.

ED| Standard graph |:||E|rz|
Fil= Edit Twpe Settings

SHS ke @ ®x@LLE

Queue Histogram of Queue 1

I Serie 1

sy sy
= o
5 f

-y
ka2

Percentage of total time

0246310131619222525 31 34 37 4043 46 4952 5555 61 64 67 70 73 76 70 5285 53 91 94 97
Clueue length

Picture 5-10: Queue histogram
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3. Status Pie
This function enables you to represent the statas @tom in a pie chart, such as in
Picture 5-11, where a Status Pie reflects the sttthe first milling machine from
the carpenter’s factory case study, measured dthim§rst two simulated hours.

‘T'-‘| Standard graph = E FZ|

File Edit Type Settiings

ZHE Pnlkek 7 ok @ALE &

Status overview of Milling machine 1

Biusy: 98.01%

Picture 5-11: Status Pie

4. Status Bar
With the option Status Bar, the status of an a®also reflected, but this time in a
bar chart. See Picture 5-12, which correspondsdarteasurements displayed in
Picture 5-11.

!_"-'| Standard graph Z E| E'

Eile Edit Twpe Settings

BEHE Pl lE® DAL E

Queue Histogram of Milling machine 1

Clueue length

Picture 5-12: Status Bar
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5. Wait Histogram
The Wait Histogram function produces a histogramuala product’s waiting time in
the atom. See Picture 5-13, which displays theildigion of the waiting times of the
short timbers in Queuel during the first two sinedbhours.

ED| Standard graph

File Edit Twpe Settings

HE Enkea o @k @LE &

I Serie 1

=
L

Waittime Histogram of Queue 1

a5
I

T S )
[ I R = 1 R =« R e |
I I A |

=
5

Percentage of atoms that waited a certain time W
RS

urtil 144 until 432 uritil 720 until 1008 uritil 1296
Wait Time Interval

Picture 5-13: Wait Histogram

5.2.2 Setting up an experiment with the Experiment Wizard

The three above mentioned methods for measurindtsese particularly useful to display
results directly during the simulation. For drawoanclusions about the results of the modeling,
these techniques are less appropriate. In this aasexperiment is the appropriate method to
use. An experiment can be created with the Experimézard, which can be found in the main
menu under Experimentation.

Refer to Annex 4 or the Help | Tutorials for a eMplanation on the Experiment Wizard and
Analyze Results.

It is important to understand the major differenlbesveen the options Simulate and Results on
one hand and Experimentation on the other handu$®edhe first two options in the process of
building and testing our model and for gettingtfiessults orsingle runs, while Experimentation
is used later on in the process when we more erttast our model and want resultsroultiple
runs, because we can’t draw conclusions from theomoe of a single run. For who is to say if
the outcomes of another run (under the same condijtiwill be about the same?
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Case study assignment (continued)

Questions and assignments
5. Design an experiment with a warm-up period of 10 hours and a measurement
period of 100 hours, in which the average window production per unit of time
(hour, day or week or simulation period) can be determined with a 95% reliability.
Does it correspond to your calculations made beforehand and to the results
gained with the other techniques to measure results?

We will demonstrate how to solve this assignmesy &ty step.

Basically there are four steps in experimentation:

Sepl Definition of the Experiment Settings
Defines experiment settings such as the numbarsf, the length of the observation
period and the warm-up period, etcetera

Sep 2 Definition of the Performance Measures
Define the performance measures of atoms or a grbafpms

Sep 3 Experimentation
Running the experiment according to its definitidhis step requires no action from
the user!

Sep 4 Report definition and analysis

If the sample rate of your monitor atom is still 8260 seconds, or even worse 5 seconds, this
might be a good time to set it to 36000 secondh{lls), or even 1E9 (1 billion seconds, about
32 years), since you will not need the monitor athming the experiment. It will make your
model run considerably faster during the experiment

Open the Experiment Wizard by clicking Experimeiotatin the menu bar: we start with giving
the required figures for the observation periodnhar of runs and the warm-up period in the
Experiment Setting (see Picture 5-14). If you ameshed you can click on the ‘Next’ button.

We are now ready to define the Performance Me{R¢aVis). In the ‘Edit Category Window’,
see Picture 5-15, click the ‘Add’ button to createew performance metric. We are interested in
the capacity per hour of the production system.cafemeasure this by measuring the number of
products that enter the Sink. Thus the output efdyisstem can be measured by measuring the
input of the Sink. To define a PFM on the Sinktfpgess ‘Select Atom’ and select the Sink. We
still need to define what we would like to measatehe Sink. Therefore click the ‘Add’ button

in the Performance Metric section. We can now eateaame and select a performance metric
from the list.
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ED)| Experiment wizard

Experiment Settings l

Settingz

Simulation method: |5‘3l:'*5'“5'tE funs j
Observation period [5] | hr[100]

Number of ohservations: |7

Waimn-up period [z} | hi(10]

Uze terminating cond.: [

Triggers

Or start of run: |

On end of rur; |

On end of warm-Lp: |

Drezcription

Ewperimentation for Example 2

Help LCancel | | Hext » |

Picture 5-14: Experiment Settings

Define a PFM on the Sink named "Produced per Be Ricture 5-15). The input during the 100
hours is divided by 100 to get the number of wind@er hour. Make sure you select the
“[USER DEFINED]” option for your PFM, and do notrfyet to remove the string “[USER
DEFINED] “, and type Ihput(cs)/100". “cs” is the 4DScript code for the current selection,
which can also be a group of atoms.

If both the name and the PFM are entered click@kébutton. We can click the ‘Add’ button
again to define another PFM on the Sink. In theecae only need a single PFM thus we can
click again on the ‘Ok’ button. We can click thed& button again if we need to define another
PFM on a different atom. Click ‘Next’ after all PFivave been entered.
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Cateqaory

* fAtom " Group " ko by mother

Settings

Atom: Sink12 Select Atom

Perfarmance Meazures

M ame PFh

Produced per hr |nput{c2]4100

Add Edit | Delete |

Ok | - Cancel

.................................

Picture 5-15: definition of the PFM

The actual running of the model —after start expent- is done in step 3 (see Picture 5-16) and
may take some time: In every run of 100 hours ab00twindows have to be made from 2000
short timbers and 200 long timbers!

Running ...

Mame of expenment running :  timber2.mod

Current rum : 3

Total number of runs : g

Simulation time of curent run ;. 343394735 zeconds

i Pauze Experiment Cancel Experiment

Picture 5-16: The experiment in progress

After running the experiment it's easy to make@oré See Picture 5-17 for an example of a
report. From this table the results can be expdddekcel (save Table as .csv) or put in a more
fashionable way via QuickReport (see Report Prejiew
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E| Results Tahle |Z| |E| Fs__(|

Obzervation period : 360000

Warmup period ; 36000

Mumber of obzervations | 5

Simulation methad Separate runz

Description : Ewperimentation for Example 2
Atorn Sink12

Sverage St.Deviation | Lower bound U pper bound Minimum b amirmLinm
Produced per br 50.01 n.o3 49597 a0.04 49597 a0.03

Help Save as .cav | Ereview |

Cloze

Picture 5-17: The Results Table

This concludes our example about experimentingaRbiorough examination of what is
possible we refer to our document on experimernigsee Help | Tutorials).

The model with this experiment is supplied undernbmeimber2.mod
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6 PLAYING WITH STRATEGIES

In this chapter, the emphasis lies on the pre-ddfstrategies with which products get access to
a next atom (input strategy), are selected outqpfeue (queue discipline) and are re-directed
after processing (send to).

In order to demonstrate this, a simple model has beiilt. It consists of three Sources, three
Locks (an atom regulating the products’ supplye feervers, four Queues and one Switch,
which is a self-built atom (Enterprise Dynamicseo$fthis flexibility). The purpose of this atom
is to switch the Servers on and off. There is mkStonsequently all products remain in the last
Queue (see also Picture 6-1).

The model is supplied under the nasnietegy.mod.

Tip: The most important atoms and their functionaditiacluding these strategies, are fully
described in Annex 2. Take a look at this Annextliis illustration and use it later as a reference
when building your own models!

EE| g del Layout g@g|

Cperations  Selection  Wiew  Modes
-

Use the "Switch” to switch the serers on and off

Ouk: 0

Qut: 0

Qut: 0

World (43,47, 17.33) Scale 15,00

Picture 6-1: The layout of strategy.mod

Warning: Because the source code of the last queue atofreleasadjusted and a new designed
atom is used, beginners will not be able to build model on their own. Advanced users can
however build this model by using the standard aaowh adjusting the code on the 2D Draw
event handler on the last queue so that it can shpote 100 products in it. The atom behavior
can be changed from the Atom Editor. Because th&cBws also not a standard atom, advanced
users will have to switch the servers on and offinadly. This is possible with the Availability
Control atoms, among others.

From the three sources, three types of customeve at the queues. Their arrival is regulated in
such a way that the three queues will get fillddeaquickly. We have set the option ‘Number
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of products’ on each of the sources to allow ortlyofleach type of customer to leave the source.
From the queue, the customers are helped by arsardeafter that end up in the last queue. The
role of theswitch is to switch the servers on and off.

In principle, all servers can be reached from tred queues, the first server can always be
reached through channel 1, the second through eh@netc. However, in the original settings
of strategy.mod, only server 1 has been switchebpmeans of the switch). As a result, during
a simulation, the first server is colored greenlavthe others turn red. In addition, the default
parameters are applied, which means that:

1. all input strategies are still gdny input channel,
2. all queue disciplines are still ¢rirst in first out,

3. all send to on the Queues are set #®random open channel: choose a random channel from
all the open output channels.
This means every Server available can be the m&bxbis from a Queue.

The products and their icons are visible in thé daue. As a result, the order in which the
products have entered the queue is accuratelyeigbovided the queue discipline is set on
FIFO).

Because the products receiviabel when leaving the source, they can also be sorethdhe

last queue on the basis of this label. Labels eathbught of as tags hanging on a product. They
can represent a color, a weight, a size or song#imilar. They are defined in 4DScript,
Enterprise Dynamics’ programming language, and playmportant role in most models.

Look at the other parameters of strategy.mod amy cait a few simulation runs to find out
more about it.

After that, we are now really ready for experimegtwith strategies...

6.1 Adjusting the input strategy

The input strategy regulates the access to an foympreceding atoms (i.e. those with an
output channel connected to one of its input chishjn€he role of the input strategy is to define
the order in which products will be accepted frdma available channels.

You can think of the input strategy to the sequegaif traffic lights where some roads have a
greater proportion of time at Green than more mioads.

The first three input strategies open all inputroteds and the last two open one input channel
each time.

As an exercise, we are now going to look at theatfdf the input strategy change on server 1 in
the unaltered initial model. Change the input sgggitas specified below and consider what is
happening to the performance of the systems alftegrging a few runs.

1. Anyinputchannel
When activated, this strategy opens all input cke&naf an atom. If more than one of the
atoms that are connected via the input channebedonrwarded, the atom with the
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lowest number as input channel will have priorfg.long as the products keep entering
through the first channel, the other channels vélblocked.

Largest queue

When activated, this strategy opens all input ceénaf an atom. If more than one of the
atoms that are connected via the input channebeaent, the atom with the longest
gueue or largest contents will have priority. Nibtat in the case of several equally long
gueues, the input channel with the lowest numbalwsays chosen.

Longest waiting

When activated, this strategy opens all input cke&naf an atom. If more than one of the
atoms that are connected via the input channebeasent, the atom with the highest
waiting time will have priority. In the case of sal atoms with an equal waiting time,
the input channel with the lowest number is alwetyssen. Note that it does not mean
that the queues get approximately equally longs #se case in the previous option.
Round robin

This strategy first opens the first input chanmel ghen waits for a product to be sent
through this input channel. In the second cycles ihe turn of the second input channel
etc. When the products have run through the Igsttiohannel, the procedure is resumed
with the first one.

Important remark: this strategy becomes active #fiefirst product! So, in case of three
input channels this strategy gives x,2,3, 1,23 3lwhere x can be 1,2 or 3!

Channel 1.

In this case, you can enter a specific input chiatiimeugh which all products must enter.
If 1is entered, the products may enter only throughticpannel 1. Note that this rule is
not valid for the first product entering as all ochals are open initially.

6.2 Changing the Queue Discipline

The purpose of this section is to change the Qesmpline of the last queue and to observe the
consequences.

Change the input strategy on the first server t@ést Queue. This will ensure that the products
enter with as much disorder as possible. Leavetiier four servers switched off, because when
five servers are switched on, it is harder to s®e the atoms are moving. The six possible
parameters are mentioned below (see also Année2jueue atom):

1.

2.

Firstinfirst out

The atoms are put in the queue according to tdaraf entry.

Last infirst out

The entering atoms are placed at the front of tleug. Consequently, the products leave
the queue in reverse of their order of entry.

Random

This queue discipline places the incoming producttsrandom spot in the queue.

Sort by Label Ascending

The products with the lowest value for a spectiedl are placed ahead in the queue. Test
this option by sorting according to ‘product’ lapehich is specific to all product atoms
of this exampleWarning: if the products are not sorted properly, the caunggt be a
space before or after the label name.
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5. Sort by Label Descending

The products with the highest value for a sped#ie! are placed ahead in the queue.

6. User defined

The products are placed in the queue accordingtiséion defined by the user. Try this
out for the value 5.

6.3 Adjusting the Send to Statement

In this third part of the case, we will discussuantoer of ‘Send to’ statements for the three
queues towards the servers. With the ‘Send toéstant, we define the output channel through
which a product is to be sent. The user can erfiguee, or select one of the 21 (!) pre-defined
options. For a complete overview of the Source adesctription, we refer you to annex 2.

First, we switch on the five servers; otherwisaehgill be little to send. This will give them the
color ‘green’ and allow the products to pass thtoug

Try out the following settings on the queues:

1.

Soecific channel: always send to channel 1.

The Product Atom will always be sent to a definatpat channel. Enter for example
channel 3.

An open channel (First channel first): search, starting fromthe first channel, and send to
the first open channel found.

The Product Atom is sent to the first open chatimei Enterprise Dynamics finds. The
search starts from the first output channel (chbnamber 1).

An open channel (Last channd first): search, starting fromthe last channel, and send to
the first open channel found.

The search starts from the last channel and thauptas sent to the first open channel
Enterprise Dynamics comes across.

A random open channel: choose a random channel from all the open output channels.
Enterprise Dynamics selects a random channel. Wity simulation runs, it results in
equal utilizations of e.g. a group of servers.

By percentage: 90% of products go to channel 1, the remaining percentage go to

channel 2.

A definite percentage of the products are sentdpezific channel and the rest to
another channel. The user can enter the channglharmpercentage. Try to send 75% to
server 1 and the rest to server 5.

By user: enter your own 4DScript expression resulting in a value between 1 and the
number of channels:1.You can press the small button for the 4DScript editor.

The user writes a 4DScript code that results irotiput channel. By clicking on the
small triangle next to the text, the 4DScript eddppears. For example, enter 2.

This concludes the example relating to the strateddf course, there are many other
possibilities, which can be defined using 4DSciiid’s underlying programming language.
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7

MORE ATOMS: FROM ASSEMBLER TO UNPACK

In the previous chapters, we described the basimmatSubsequently we practiced model
building and experimentation with simple modelstHis chapter, we will introduce eight new
atoms, with which more complex situations can belehd. Furthermore, we will address in
more detail the visualization possibilities in ED.

The atoms described in this chapter are:

1.

Assembler

This atom is used when several atoms are asseinnbdedew atom. The old atoms can
remain stored (packed) or destroyed (assembly).

Unpack

This atom can disassemble previously assembledsatnfor example, a container was
filled using an Assembler, the Unpack atom can akpizagain.

Container

The Container is an atom for storing or packingdpids. Examples are a box or pallet.
Accumulating conveyor

The Accumulating conveyor is a transport systemadlso functions as a buffer. If the
load in front of the conveyor is blocked, then Isadll continue to move forward until
their progress is blocked by another load thatdtasimulated. The Accumulating
conveyor is used for modeling roller conveyors.

Non-Accumulating conveyor

The Non-Accumulating conveyor is very similar te thccumulating conveyor, but does
not continue to move products forward if progresklocked. The distance between
products thus always stays the same. The Non-Aclatimg conveyor is used for
modeling_chain conveyors.

MultiService

The MultiService atom functions as a group of dat&ervers: it has the basic
functionalities of the Server atom and allows timeuttaneous processing of several
products or individual product processing.

Lock

The Lock atom lets only a pre-defined number otipats through. All following
products are blocked.

Unlock

When a product exits the Unlock atom, the Lock atam allow a new product through.
This makes it possible to control the amount ofknarprocess in the model or the
number of transport means.

All the above atoms are described in the follonexgmple. A full description of these atoms
can be found in Annex 2.
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Example 3: Stacking and wrapping

In the dispatch department of a factory, products are stacked on a pallet. The products
and pallets arrive via two separate conveyors at this pallet stacker or pallet-stacking
robot. This robot can stack the products on top of each other as well as next to each
other, irrespective of their size.

From the robot, the pallet stacked with products moves via the next conveyor to a
wrapping machine, which wraps the products in plastic. The wrapping machine can
wrap the products from several pallets simultaneously or independently of each other.

The system is made up of the following elements:
1. Every 5 seconds, a product arrives at the pallet stacker via a roller conveyor.
2. Via a second roller conveyor, one pallet on average arrives every 40 seconds,
according to the negative exponential distribution.
3. The pallet-stacking robot always places 8 products on the pallet and needs
exactly 20 seconds per pallet, provided all products are present.
A chain conveyor transports the full pallets to the wrapping machine.
The wrapping machine can wrap a maximum of 4 pallets simultaneously in
plastic foil. For each pallet, an average of 120 seconds is needed (using negative
exponential distribution) to wrap the products on the pallet in plastic.
6. The length of each conveyor has no bearing on this matter: select one of about
10 meter’s length. The speed is always 1 m/s. The products are 50 cm in length,
width and height and the pallets are 1 meter long and wide.

ok

We want to model this system in Enterprise Dynanfmsthe roller conveyor we use an
Accumulating conveyor, for the chain conveyor, vg8e a Non-Accumulating conveyor. Further,
for the pallet stacker we use the Assembler, femthapping machine, the MultiService atom,
and for the pallet we use the Container.

But... before you start, work out quickly whethieistsystem would be able to handle the
incoming load!

Most atoms can be placed in the model without @noisl because they are connected with other
atoms in a normal manner.

With the Assembler, the pallets must enter the ati@nthe_first channel (visualized by a small
square) and the products must enter via the sedwanthel.

Double-click on the Assembler to define the nunmtifgeroducts per pallet. This will display an
input window with various tab sheets. The Genetlalsheet allows you to enter, for each entry
channel, how many atoms are to be assembled bynguiste button “Edit B.O.M. table” (see
Picture 7-1). See Annex 2 for a full descriptiorafifatoms used, including the Assembler itself!

The Assembler stacks the products on the pallenaatically. The space reserved for each
product is defined in the Container atom. In ortdesvoid having all products stacked on top of
each other in one high column, the size of the pecbcthust be adjusted in the Product atom. To
this end, see the solution worked out in Example 2!
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E| Table of Assembler5

File Edit  Wiew
Dimengions
Rows: 2 Columns: 1 Set
Coll BOM |
lc1 Clty 1
lc:2 by a

Picture 7-1: Bill of Material of the Assembler

When all atoms are placed in the model, the lagbtite model will look like the one shown in
Picture 7-2.

Assembler | 'r}.|1 uttiService:

Picture 7-2: Layout of the conveyor system

Save your own model. If you are not sure that yawn model is correct, you can also use the
model supplied under the namwveyorl.mod in the following sections.

Let the system run for a while and see how it wamk3D. Play around with the sizes of the
products or the Container and see what happensh®same with the speed of the conveyors or
the processing times: for example, defining a moaolger processing time of the MultiService
atom will cause a buildup for the wrapping macha&] give you a clear picture of how the
Non-Accumulating conveyor works.

Questions and assignments
1. For controlling the workload, we do not want to work with more than 5 pallets at a
time in this system. Please adjust the model accordingly.

This is achieved by placing a Lock and an Unlockrain the model. The Lock and Unlock

atoms are inserted in the middle of the produgpi@tess: the Lock atom is inserted at the spot
where the restriction starts, the Unlock atom, wheends. The Lock atom shuts down by itself
after a pre-defined number of atoms have gone ¢irothe Unlock atom reverses the blockade.
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By inserting a Lock atom alone, no more than evg. &toms can enter the system. By inserting
an Unlock atom as well, we make sure that no muae five atoms are present in the system at
the same time. The Lock atom is always placed loethie Source, because the Source would
otherwise regard the Lock atom itself as a prodact send it into the system. The Unlock atom
is always inserted at the spot where the restriaticthe number of atoms has to end again, e.g.
behind a certain machine or just in front of thekSin this example, the Unlock would thus
have to be placed directly in front of the Sink.

By inserting an Unlock atom, the Lock atom will opgutomatically when an atom leaves the
Unlock atom. The Lock and Unlock atoms are conreatgomatically with another. However,
should it become necessary to connect them mantiadly the second output channel of the
Lock atom must be connected with the second inpahiel of the Unlock atom. To see more
clearly how the Lock and Unlock atoms work, the katom can be set temporarily to close
after 1 or 2 pallets already. See Annex 2 for aentatailed description!

Adapt the model now or open the file nancedveyor2.mod

Questions and assignments
2. The company now wants to separate the pallets from the products after the
wrapping process and move them back to the pallet stacker using an additional
conveyor system. The number of pallets in the system stays limited to 5. Adjust
the model accordingly.

To make re-use possible, two major adjustments ttalee made: a) separation of product and
pallet, and b) transporting the pallets to the Adder. For separating the pallet from the
products, the Unpack atom is needed. Placed béhéntlultiService atom, it sends the products
to the first output channel and the pallets toseond output channel. By connecting a roller
conveyor to this second output channel and conmgedtio the existing roller conveyor, the
pallets can then be re-used.

As the pallets no longer leave the system, the ¢kndom is superfluous. We could also leave
the Lock out and set Number of Products to 5 orSingrce. When the extra roller conveyors are
included in the model, it could look like the otfiastrated in Picture 7-3 and

Picture 7-4 (conveyor3.mod).

The length of the conveyors is set in a way, wiiadilitates an immediate visualization of the
pallets' cycle.
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Sourcel Assemblers Sink10

Qut: 0

mutiServices | Unpackid
Serving 0

Source:

Qu: 0

Picture 7-3: Re-use of pallets in 2D

Picture 7-4: Re-use of pallets in 3D

Instead of square conveyors you could, of coulse,se curved conveyors. In Picture 7-5 the
layout is mirrored and depicts curved, height-adijole conveyors.

Both models can be found under the nameveyor3.mod andconveyor4.mod respectively.
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Picture 7-5: Height-adjustable conveyors

We end with a few questions regardocanveyor3.mod:

Questions and assignments
3. How much time does an average pallet cycle take (excluding waiting times)?
4. Too few pallets in the system limit the hourly production, while — from a certain
moment — extra pallets have little, if any, effect on the hourly production. Explain!

Determine the optimal number of pallets in the systhrough experimentation. Hint: Examine
the average hourly production via a Generic Mormitothe conveyor before the Sink and vary
the number of permitted pallets with the Lock a& 8ource.
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8 ENTERPRISE DYNAMICS AND EXCEL®

From within Enterprise Dynamics, we can accessrabftfware programs such as Excel, Word
or Access for importing or writing files to disk this chapter, we will discuss a frequently used
link between ED and Excel by building on the eantiest office example.

We will further introduce a number of 4DScript cormmads and the important conceplaliels
in ED.

By the end of this chapter, the user will haveredrto access Excel and, moreover, will master
the first basics of 4DScript.

8.1 The bank

Example 4
A bank in Rotterdam functions as experimental subject for testing new customer
processing concepts. There are several customer types with different service times.

For illustration purposes, we will limit the number of customer types to two in this
example, so that 50 customers on average per hour, with a service time of 1 minute,
arrive at the bank. We will indicate these customers as type A customers. In addition,
another 5 type B customers arrive on average, with a service time of 10 minutes.

There is one single queue for both customer types, which is serviced by two counters,
according to the ‘first come, first served’ principle.

The assumption is that all arrival processes are exponentially distributed and that all
service times are constant.

Questions and assignments

1. How high is the utilization of this system?

2. Applying the queuing theory, measure the average waiting times and queues, if
both customer types had their own queue and counter (server).

3. Can you also make an estimate of these characteristics for the system with the
single queue? Why so, or why not?

4. Which of the two systems would have the shorter average waiting time? Support
your answer with arguments!

Try to answer these questions, which are of intdres a theoretical viewpoint; we shall return
to them later. Users who are not familiar with tfuguing theory on M/D/1 and M/D/2 systems
can skip question 2 and 3.

For now, let’s first build the model with the siegjueue. After that we will access Excel. See
Picture 8-1 for the layout of the model with thehels.
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To distinguish between the customers, type A custsrare represented with a blue dot and type
B customers with a red one.

Picture 8-1: Layout of the bank

The time needed by the bank assistant to helptaroes must now be set on the Server. This
service time, however, depends on the customer lgpaning that there is a choice between
several formulas!

This problem has been solved by udialggls of the kind that are — usually — hanging on a
product (tags). These labels can represent a @leeight, a barcode or a service time. A
product can have several labels attached and tinéerof labels per product can differ as well.

The idea is now to set the service time at an esislge and ‘attach’ this time to a label that also
indicates when the service time starts. The gheagjtabout this concept is that it is not
necessary to check for customer type on the Sdwsuénnly for customer label. Moreover, this
concept can easily be applied to three or moreoouest types!

We hang a label named servicetime on each produitieo Trigger on Exit’ from the first and
second Source respectively. This label containsl@evior the correct servicetime:

Label([servicetime], i) := mins(1) for type A customers
Label([servicetime], i) := mins(10) for type B customers
Important!

The need for a closer study of the underlying structure of ED and the programming
language 4DScript is clear. In Annex 2, under ‘the Server’, the use and syntax of the
commands Label is explained.

However ... for more insight into the syntax and the structure of 4DScript, this would be
the time to work your way through the English version of Annex 3!

Tips!

1. Keep referring to this annex later in order to systematically increase your
knowledge of 4DScript. Taking the step to pick up the manual with over 1000
commands will then become a good deal easier.

2. Double-clicking on fields into which 4DScript can be entered, activates the
4DScript editor. The F2 key gives access to a list with 4DScript terms and a short
explanation of each command.
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The required label is called up in the cycle tim¢éhe Servers and used as service time:
Label([servicetime], First(c)). So, instead of entering a number directly, a 4ipfcommand is
used which produces a number.

See Annex 3 for the syntax of the Label commandaamelxplanation of the meaningFakt(c).

The complete model can be found under the naamé&la.mod. This model can easily be
converted to a system of separate quebasklb.mod).

Questions and assignments
5. Estimate the average waiting times in both systems based on a number of 100-
hour runs. Do the answers correspond with your intuition?

8.2 The link with Excel

Instead of relying solely on the statistics in B2 export the raw data such as waiting times and
throughput times to Excel. With the analyses ogtimnExcel we can then determine e.g.
averages.

General procedure

1. Create a new Excel file in the same directoryas model.
In most cases this will b&:\Program Files\Enter prise Dynamics\Work.

In this example, the file is naméadnk.xIs.

2. Place the ExcelActiveX atom into the model. Th@natcan be found in the library
under the category ‘Data’. This atom then 'orgasiitee link between ED and an
Excel workbook. . The ExcelActiveX atom does nadahéo be connected via
channels with other atoms.

3. Double-click on the ExcelActiveX atom. The followjiscreen appears:
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I ExcelActiveX - ExcelActiveX1 | 23

General | Tah|eg|

Atom name; Enceltctive]
Settings
File narne: bark. =z

Browse. ..
Connect Dizconnect

Read itz funchion settings

M arme default sheet; Sheetl -

Mizcelaneous

Ewcel wigible at startup: [

Picture 8-2: The Excel Communication window

Browse to select the newly created Excel file dotik up an old one.. Once you're ready, click
on Connect and the Excel file opens and the Excel appears on the taskbar. Then you can
select a default worksheet of the Excel file. Thene of the ED worksheet must correspond with
the name of one of the worksheets in the Excel Titee Excel ActiveX Read and

Excel ActiveX_Write function will read from and write to the defautte®t if no sheet is given as

a parameter. Switch "Excel visible at startupt@see Excel on the background of Enterprise
Dynamics.

The link has now been established and — when zoauiefdr enough — can be seen in the Excel
atom. Closing the model also disconnects the liiik #xcel. Re-opening the model
automatically establishes the link; steps 1 toe3dfore do not have to be repeated manually
each time!

If everything has gone correctly, the following ¢ay has been created:
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?excel

Picture 8-3: The bank with an Excel link

In case of any problems with the link, refelBor! Reference source not found.
‘Troubleshooting’ first!

8.3 Writing data to Excel

To see how the link works in this example, we weiéeh customer's waiting time to Excel. This
is done using the following command on the ‘TriggerExit’ of the Queue:
ExcelActiveX_Write(Output(c), 1, Age(i)).

Excel ActiveX_Write(a,b,c) writes the result of expression c to cell(a,b)ha&f default sheet in the
Excel file. TheAge command keeps track of a product’s age from the vivits arrival in the
model. Here, this arrival time is measured fromrtieement the product leaves the Queue and
therefore matches the waiting time of the produibe Output command indicates how many
products have gone through the respective atomaattoment and functions as a teller.
Summarized: the waiting time of customer i is ventto row_ i, column 1 of the Excel file
bank.xls.

Now set the speed of the simulation to a low ragkr@set the simulation. Then start a run and
use the taskbar to switch from ED to the Excel fil@verything went correctly, something
‘wonderful’ will happen:parallel to the processin ED, the waiting times are written to the first
column of bank.xls!

Just think about that for a moment: what is possiith one bit of data can also be done with a
lot more data. This means that it is possible,egedsily, to store large amounts of raw data and
write the data to Excel, and subsequently unlelastentire arsenal of available Excel tools.

For those users whose screens shows nothing otynaesplay a large number of #####. This
problem sometimes occurs when the column widthassmall for displaying all the data in a
specific cell. Making that particular column wideill solve this problem.

For writing throughput times to the second coluthe, following command suffices on the
Trigger on Entry of the Sinkexcel ActiveX Write(Input(c), 2, Age(i)).

Warning: the waiting time of customer 100 is shawnow 100, column 1, but the throughput
time of the same customer 100 does not have tbdogrsin row 100, column 2. Explain why!

Questions and assignments
6. In Excel, measure the average waiting and throughput times of the first 1000
customers.
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The models with the Excel link can be found unokemk2a.mod andbank2b.mod. The Excel
file is namedank.xls.

Questions and assignments (For enthusiasts)
7. Enter the waiting times of type A customers in column 3, the waiting times of type
B customers in column 4, and measure — with sufficient customers — the average
waiting time. Do the results correspond with earlier outcomes?

8.4 Reading data from Excel into ED

We have succeeded in linking ED and Excel and ngitiutput data to Excel but ... reading data
from Excel into ED is something that also occuegjtrently. How this is done is the last subject
we shall illustrate now.

In the context of our example, we may well haveialty measured customer inter-arrival times
available. This arrival pattern is what we wantdad into ED and use for a simulation run.

Using a formula, generate 100 (positive!) figumreshe first and second column of postoffice.xls.
You can, of course, also use the waiting times hlaae just been generated ...

In both cases, it is useful to remove the eaHael ActiveX Write commands.

In the Source input window under Inter-arrival tinreater the following for type A customers:
ExcelActiveX_Read(Output(c)+1,1).
For the Trigger on Entry of the Queue wrii§Output(c ) = 100, CloseOutput(c)).

TheExcelActiveX_Read(a,b) command reads the value in cell(a,b) of the defaatksheet of
the Excel file, while th&CloseOutput command ensures that the output of the Source atom
shuts down after 100 customers, thereby endingehding-in data process’ as well. If this
command is not performed, ED will continue to r@adata and interpret empty cells as an inter-
arrival time of 0.

Figure out yourself how the statements for typauBt@mers should read!
The model can be found under the ndrark3.mod.

In conclusion: arrival patterns are generated with a Sourcefiked production schedules or
timetables, ED uses the ArrivalList atom. This atwen also be used for cutting and pasting
(large) schedules in the proper format from EX€ake data is then available in an external table,
which makes an open link with Excel, at least fatadnput, superfluous.

Reading data into ED through a table results ilg@aificant increase in speed and is therefore
highly recommended for most situations!
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8.5 To pool or not to pool?

The results of the new post office show sometharmgarkable: the model withsngle queue
(bankl.mod) has a longer average waiting time tharmodel withsepar ate queues
(bank2.mod)!

We found the following results:

single queue separate
average waiting times: (in minutes) queues
(in minutes)
type A customers 6.18 2.45
type B customers 6.18 25.7
average of all customers 6.18 4.56

Picture 8-4: Results of simulation runs

Just how is such a result possible? Aren't we taalgthe time that combining means
improvement?

After all, in the case with the separate queugesdtite possible that a queue with type A
customers will form in front of the first countevhile the assistant behind the counter for type B
customers twiddles thumbs. The answevasiation!

‘Combining’ reduces average waiting times whendhsrone type of customers, but not when
there are two types of customers, as is the case he

Without going too deeply into the queuing theorythe system with separate queues there are
two independent M/D/1 models. For that purpose&tatclosed formulas is available for the
most important queuing characteristics.

These formulas give the average waiting time (Wdye A and type B customers as:
Wq = 2.5 minutes and Wq = 25 minutes respectively.

The expected average waiting time of all custorttegsefore is 50/55 x 2.5 + 5/55 x 25=4.54
minutes.

In the system with a single queue, a M/G/k systeath two customer types is formed. In order
to apply the formulas from the queuing theory werge' the customers into one customer type.
They arrive at an average rate of 55 per hour aitlexpected service time of E[S]=50/55 x 1 +
5/55 x 10 = 20/11 or 1.81 minutes.

The variance Var[S] of this service time is 6.69 #me variance coefficient C, defined as
Var[S]/(E[S]Y, is 2.025.

Based on that, the waiting time is roughly — forasuare not given — Wq = 6.25 minutes.
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The results of our runs pretty much correspond Widse theoretical values:
The average waiting time in the separate queues is reduced by 27%!

The explanation? In separate queues, the irreguiomers, whose service time is 10 times
longer than that of the regular customers, no loirgerrupt the waiting time of the regulars.
Even though this results in a considerable increatige expected waiting time of the irregular
customers, the average waiting time of all custengesignificantly reduced.

Questions and assignments
1. Adapt the separated queue model such that type A customers are allowed to
jockey. This means that the first person in the queue for type A customers may
use the counter for type B customers, provided there are no type B customers
waiting. You can, of course, also experiment with jockeying between both
queues.

How does this affect the average waiting time of customers?
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9 THE OPERATOR

In this chapter the Operator takes central stalye.Qperator is a capacity source needed on
several processing sites. Though usually a malesii fand blood, the Operator can also be a
piece of equipment. We begin with an example wheareeed the Operator but where the time
required for moving up and down between machinegggigible. Subsequently we shall deal
with the different ways in which distances and mmoeat is simulated in Enterprise Dynamics.
The example will then be expanded with the free enoent of the Operator within the flat grid
and along mapped paths.

9.1 Getting started with the Operator
Example 5: The Operator for Red and Blue

Two semi-finished products, HalfBlue and HalfRed, arrive at two separate but identical
production lines. Each production line consists of a drilling machine preceded by a
storage facility. Once past the drilling machine, a ten-meter long conveyor transports the
products to a CNC machine. From the CNC machine, the products continue on to final
inspection on a five-meter long conveyor. Here both the red and the blue products are
inspected according to the arrival sequence. After that the products leave the system.
The semi-finished products arrive independently of each other with an average inter-
arrival time of one hour. Drilling takes 20 minutes on average and the inspection takes
an average of 6 minutes. All times follow an exponential distribution.

The CNC machines, on the other hand, are very constant and have an operating time of
10 minutes.

An Operator carries out the final inspection as well as the drilling of both products,
which means that the Operator is constantly moving up and down between the drilling
machines and final inspection. For now, let's assume that these walking times are
negligible.

ﬁ| Model Layout

Operations  Selection  Wiew Modes

CHC Milll
LEil: 0 %

|| EE DRILL1
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DRILLZ

Gueuell

Sourceld

wiorld (40,00, 20.53) Scale 15.00

Picture 9-1: Production line for semi-finished prodicts
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In Enterprise Dynamics the layout of this productsystem can be seen in Picture 9-1. Go ahead
and build it yourself!

Questions and assignments
1. How high is the (theoretical) utilization rate of the Operator?
2. Verify that the utilization level of the drilling machine(s), the CNC machine(s) and
inspection (as site) is 33%, 16% and 20% respectively.

Check these results by letting the model run foreggome time: the results you get should
roughly look like that!

The processing sites for both drilling and inspEttre represented as Servers. These are, after
all, operations that take a certain amount of time.

But it is insufficient nonetheless: the layoutight, but you still are left with one person wal§in
between two drilling machines and inspection.

So the idea is to simply model the sites whereotferation takes place in physical terms; in this
case as a Server. When a product arrives at theglor inspection site, a call goes out for the
assistance of an Operator. Only when the Operatoea on the scene the operation can start.
Once the Operator is no longer needed, he is edeas

In Enterprise Dynamics this issue has been solyeddans of the Operator and the Team atom.
Each Operator is part of a Team. A Team can coobimtie or more Operators.

We now drag an Operator and a Team atom into thdemBoth atoms can be found in the
library in the Operators category. By right-clicgior clicking on the Operator, a window opens
(see Picture 9-2).

Push theConnect to Team button and then select the Team atom. The Opeastmw part of
the Team. Also the name of the Team has changeddrg. Team23 to Team. This is not
necessary, but it is useful for later references.
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I Yizualization ]

Atom name: |Fh3':I
Settings
Wwialk: [

Speed [m/s]: 1
Acceleration [ms &) 0
Deceleration [msz &): 0

Action when called: | 0
Action when freed: | 0
Connections
Connect to team | Connect tao netwu:urk|

Help Ok Cancel | Apply

Picture 9-2: Input window for the operator

The location of both atoms in the Model Layout thg way, has no bearing ...

We still have to arrange that the Operator is ddite inspection and drilling. Since this is
necessary on arrival of a product, the obviousgtiindo is to set this up in the Triggers. On
every Server atom the default list is by

Trigger on Entry: CallOperators(AtomByName ([Team], Model), 1)
Trigger on Exit: FreeOperators(AtomByName ([Team], Model), i)

AtomByName searches in the model for the Team atom with ¢éheesponding name; so if
another name is being used it may have to be adiaptith CallOperators one Operator is
called (by default); the user can change this nun\iéh FreeOperators, Trigger on Exit
releases all Operators (the atom(s) involved) atjghare attached to the product.
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Since both commands play a big role, the full symgdisted below:

CallOperators(el,e2,{e3,...,e24})
This command can contain 24 variables; variablesZ3 are optional. The following

applies:

el = the reference to the team

e2 = the number of Operators required fosk ta

e3 = the priority of a task, where a highember represents a higher priority

e4..e24 = the names of the required Operators

Example:CallOperators(AtomByName ([Team],Model),2,1,[John]) requests 2 Operators

with priority 1, one of whom has to be John. Ifrdhnare more than 2 names, ED selects two
names from that specific little list. The Operatars allocated to the first product of the atom on
which this call statement is written. All eventstbrs atom are delayed until the required number
of Operators is present.

FreeOperators(el,e2)
el =the reference to the team
e2 =the reference to the atom on which the tiasks place

Example:FreeOperators(in(1,c),i) releases all Operators from the first produchin t
atom that is connected to the first input chanh¢he Team.

Openoperatorl.mod in the Tutorial Models or correctly adjust the \Baratoms in your own
model. Run the model to ensure that the Operatos bonstantly from one drilling machine to
the other or to the inspection site. Processirgg $ltat want to begin with an operation but
haven’'t an Operator at their disposal yet, turninecblor!

Requests to the Operator are processed accordihgitarrival sequence. This can lead to the
model getting stuck in a so-called deadlock, aslindg machine can no longer get rid of its
products. Make a long simulation run in order tadsgtthis situation. Later we shall learn how
such a deadlock can be prevented.

The utilization rate of the Operator can be esshleld with the Experiment Wizard and will be in
excess of 80% (see Busy status). Does this matthyeur own calculation?

In short; it seems as though the model can hahdl@aw fine, but that the Operator will have to
work hard even though walking does not (yet) taket And ‘walking’ will be discussed in the
following chapter ...

Tutorial ED 60



9.2 Moving in the model’s dimension

The Operator can be moved in 3 ways

1. Relocating without time expense (default)
2. Walking
3. Walking by means of a network

The first option is used when walking times or §aort times are negligible in the problem.
When using the second option, we introduce timel isetransport as a consequence of the
distance between two locations without worryinglftow the route is covered. When using
the last option, the Operator moves over a netwbgaths and junctions. This is intended for
situations such as order pickers in warehousesaisig also for vehicles such as forklifts and
AGV’s, which are simulated in Chapter 10 with Trpoders.

The complexity of the behavior of movement cleamlyreases with option one to three. As
designer of simulation models, therefore alwaysstjae whether adding transport times and
transport networks are relevant within the framdwadrthe problem!

Prior to studying the movement of the Operator orerdetail, first some more information
about distances and the use of dimension in Emserprynamics. The sample models in this
tutorial, with the exception of the conveyor in exae 4, have so far not made use of the
physical dimension. So what happens, when locasiae,and distances between places do play
arole?

In Picture 9-3, we see the grid — always visiblkibé the atoms — in addition to a number of
other atoms, which we shall deal with later. Thisl qunctions as the grid for coordinates; each
square measuring 1 by 1 meter. The visible bladlasgcorresponds with the coordinates (0,0)
the upper left. This means that Enterprise Dynamacssiders the north-eastern corner as
reference point for the location of an atom.

Move around with the cursor in Enterprise Dynanmcsrder to get a feel for the coordinate
system!

In Picture 9-3, we also see three points, N1-12Nihd N1-3, represented in a triangle. Verify
that (5,6) form the coordinates of N1-2.
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° _[Bix
Network Controller:
caortrofing netwaork 1
_ o' = network node
c = network manipulator
a
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M1-1 P
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7 ]
b Method
& Connect bidirectional
" Connect unidirectional
" Disconnect bidirectional
" Disconnect unidirectional
Miszellzanous
World (36,27, 9.77) ‘Scale 21,47 \Atom 245; Node Manipulators at 20,00, 2,00, 0,00} Size {2.00, 3

W Show nodes
v Show paths between nodes
¥ Show conhections to atoms

W Show node names

Help Ok | Lancel Apply

Picture 9-3: Coordinates, distances & several netwk atoms

The distance between N1-1 and N1-2 is 5 meter$,asoOperator moves between these points
with a default speed of 1 m/s, it will take himécends. Pythagoras’ theorem applies to distance
c: ¢é=a + b’ Verify that c =13!

9.3 Walking (free movement)

When distances play a role for the Operator, wectamge the default setting ‘relocate without
time expense’ to "walk’.

By right-clicking on the Operator the input winddev the operator appears (see Picture 9-2).
Checking the option Walk makes the Operator moaelser-definable speed (default is 1 m/s)
between his present location and a new locatior.distance formula applied is the formula
given by Pythagoras, meaning that the distanceterchined in a straight line, disregarding any
objects in between. This is ‘free range’ movement.

Attention!
Atoms differ in size. The decisive coordinatesaeays those of the point in the upper left
corner of an atom!

A detailed discussion of the other fields of thee@por atom will follow later.
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Example 5 (continued): The Operator for Red and Blu e

Now adapt operatorl.mod such that the Operator walks as described or open
operator2.mod.

Questions and assignments: Run the model and note that:
3. The Operator does indeed move slantwise across the screen from one drilling
machine to inspection and vice versa.
4. That the animation of the Operator at the Server differs from the animation in the
previous model.

Calculate and check that the mentioned relocation in the model takes a little less than
21 seconds (V436 seconds, to be exact).

The utilization level of the Operator will rise alone hour on average will be taken up by 40
minutes of drilling, 12 minutes of inspection tinoeit also by 1 to 2 minutes of walking time.
This can be checked with the Experiment Wizard ...

9.4 Networks in general

In the previous chapter we have looked at freegangvement in a straight line. But free-range
movement is not always possible due to walls oeotibstacles, and so movement often occurs
by means of mapped paths.

In Enterprise Dynamics this has led to the conoépinetwork. A network is a collection of
points and lines. It is possible to connect Opesabto Transporters to such a network, and, once
connected, they can move through this network orihe points form the junctions in the
network; the lines represent the paths. These gath®e used one-directional or bi-directional.

For creating and embedding a network, we procemtgahe following steps:
1. Drag a number diletwork Nodesand aNode Manipulator into the Model Layout.
Both can be found in the Transport category andghosvn in Picture 9-3.
2. Connect two selected points by
i. placing the Node Manipulator over the first point
ii. right-clicking (the Node Manipulator turns complgtgreen)
iii. placing the Node Manipulator over the second point
iv. right-clicking again
A green link will appear between the 2 points, ihidepending on the user’s selection
on the Node Manipulator, can be used one-direction&vo-directional.
Repeat this process for all connections you wistréate.
3. Using the same technique, connect each of the atdrase the Operator is needed with a
point in the network (placed nearby).
Attention: right-clicking with the Node Manipulaton the upper left corner of such an
atom will show that connection as a blue line.
4. Connect the Operator with the network by rightidahg, with the cursor on the Operator,
and selecting Connect to network (see Picture 9-2).
5. Drag aNetwork Controller into the Model Layout, (right-)click, and push taut
Optimize Network.
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The names printed in bold refer to new atoms andaiebe found under category Transport.
The Network Node hardly requires explaining. Piet@f3 shows all options of the Node
Manipulator. To delete connections, repeat stepigtime using the Disconnect option.

If you use Connect 2 way or Connect 1 way, the Nddaipulator turns green, showing 2 or 1
respectively as legend. With Disconnect 2 way acbinnect 1 way, the Node Manipulator turns
red, showing 2 or 1 respectively as legend.

Picture 9-4 contains all options of the Network €olter. Perform exercise 5 in order to
familiarize yourself with these atoms, as well akhhe steps mentioned above, and read the
Help file for these atons

EEI Model Layout

Operations  Selection  View Modes

Hetwork Controller - Metwork Controller 24

@ \ctwork Controller24

‘ controlling neteark 1

fAikom name; Metwork, Controller24

‘Settings

Metwirk number: |1

Fiename nodes: B
Optimize network onreset,. [
Mizcelaneous
Optimize networl:, I Edit hode table I Execute node table I

Help Ok, LCancel J Lpply ‘

wurldlﬂ.ﬁ.ﬁ‘l, éB.éBj Scale 24,42

Picture 9-4: Options of the Network Controller

Questions and assignments:

5. Experiment with a new model consisting of a Source, a Server, a network that
connects them, and a Conveyor followed by a Sink. Try to add a few one-
directional routes, and delete these connections again, etc.. Make sure that the
shortest route there differs from the way back. Connect the Server and the
Conveyor by means of a network. Are blue connection lines showing? Add a
Team with an Operator. The Operator assists the Server and the Conveyor.
Connect the Operator with the network, as described above. Finally, optimize the
network with the Network Controller.

Does the Operator move nicely up and down between the various routes?
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Important!

Optimize Network with the Network Controller allowsers of the network to always take the
shortest path (the algorithm of Dijkstra is appliedhe internal network)Yhisiswhyitis
necessary to perform this step for every change made in the network.

9.5 Walking by means of a network

Example 5 (continued): The Operator for Red and Blu e

Add a network with 4 points and 5 connections to the earlier models, as can be seen in
Picture 9-5. The blue lines represent the connections between the network and the
atoms where the Operator is needed. The speed of the Operator remains 1 m/s.
Perform all steps described in Chapter 9.4 and applied in exercise 5 in a logical manner.

Questions and assignments
6. Verify that the Operator walks by means of the network and picks the shortest
route from one location to the next. Note that the Operator positions himself at
the junction leading to the atom, where the Operator is called.
7. Verify that walking from the inspection point to a drilling machine takes 23
seconds and that walking between the drilling machines takes 8 seconds. This
means that the time needed to walk along the blue connections is not counted!

ﬁ| Model Layout El El E|
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Picture 9-5: The Operator in the Network

This model can be found undgperator3.mod.

9.6 Allocation of priorities

Those of you, who simulate one of these three ngddeg enough, will observe that the
conveyors occasionally do fill up, creating a diturawhere the Operator wants to deliver a
product to a conveyor, but can’t, because the cgovis full. This is what we refer to as a
deadlock: the system hangs because an action is no longsiiye.
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This situation can occur here, since the Operatodefault, processes all requested orders
according to the FIFO principle. Let’s say thatréhare queues in front of the drilling machines
as well as the inspection point and that the Operaffinished at time 100 with assisting in the
inspection. Drilling machines 1 and 2 contain adoict and have already been ‘asking’ for an
Operator for a while: this is evident in visualnbey; as the atoms turn red in color. Let's assume
further that the order reached drilling machiné tirae 90 and drilling machine 2 at time 95.

What now happens in what sequence at time 100% fiesinspection order is completed
(uncoupling of the Operator), then a new produtiraight to inspection, subsequently the
Operator checks his list containing three potemtiders and, according to the FIFO principle,
selects the oldest [longest waiting]. Make sure thia list does not contaimwo, butthree
potential orders. That this is crucial will becooiear a little later in the priority rules!

So, if the Operator makes a new choice at time &igdjst will show:

Call From Time of call
1 Drilling machine 1 90
2 Drilling machine 2 95
3 Inspection 100

Picture 9-6: Call order sequence for the Operator vthout priorities

Based on the FIFO principle the Operator now goekitling machine 1, then to drilling
machine 2 and then back to inspection. So it iardleat in very busy periods the Operator
continues to walk around in circles and that thetesy can deadlock!

We now want to assign priority to the inspectiosktarhe syntax of the call-statement in
Chapter 9-1 offers help. On inspection, changeltigger on Entry:

CallOperators(AtomByName([Team], Model), 1)
to:
CallOperators(AtomByName([Team], Model), 1, 2)

The calls from Inspection now have priority 2, vehthe calls from the drilling machines retain
(default) priority 1. A ‘1’ can be added to thistatatement, but it is not necessary. If the galls
Picture 9-6 are now sorted by priority first, andyothen by time of call, an entirely different
picture emerges:

Call From Time of call Priority
1 Inspection 100 2
2 Drilling machine 1 90 1
3 Drilling machine 2 95 1

Picture 9-7: Call sequence for the Operator with piorities

This, in fact, means that the row of inspectioneosdvill be processed first. Why?
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Those, who want to see this phenomenon in actiest, thke one of the three operator models
without priority, watch out for when the model isdanger of deadlocking, stop the run and
adjust the priority of the inspection, and thentoare the run.

The models with priority are includedperatorl with priority.mod, and so on.

9.7 More Operator options

Much more is possible with Operators. Imagine & that requires two Operators, e.g. lifting a
heavy plate together. An Operator can also remémavwproduct longer. These possibilities are
incorporated in an assignment.

Questions and assignments
Add a second Operator to operatorl.mod and realize the following:
8. Inspection requires 2 Operators at the same time.
9. Drilling will always require an (arbitrary) Operator, but he will now accompany the
product as far as the CNC machine.
10.Same as previous; except that Operator Red now handles the red products and
Operator Blue handles the blue products.

These three modifications together can be found in operator4.mod.
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10 THE TRANSPORTER

In practice, the transport of products over distsnaccurs with forklifts, AGV’s, Reach Trucks
or other vehicles. In Enterprise Dynamics, thedgcoles are simulated with the Transporter or
the Advanced Transporter.

The Advanced Transporter can either move freeltherpane or be restricted to paths in a
network. This instantly reminds us of the Operalescribed in the previous chapter. In addition,
indeed, for the free-range movement of the Advanaadsporter on the pane or movement
restricted to paths, we are using the same conesgts the Operator. We therefore advise you
to work through Chapter 9 first!

However, there also are clear differences betweei\tlvanced Transporter and the Operator.
The Operator only moves himself from point to ppnit Advanced Transporters transport one
or more products, have load and unload points anteBmes cannot catch up with or overtake
each other. In short, an Advanced Transporter basilplities that are more complex. This has
resulted intwo Transporters being included in the Transport categhamely the Transporter
and the Advanced Transporter, but only the latherdrive over the paths of a network.

In Chapter 10-1 we list the possibilities of botfafsporters, followed by an example entailing
the Transporter in Chapter 10-2. In Chapter 10-3wlidirst repeat this example for the
Advanced Transporter, followed by expanding thgextitby adding a network. Chapter 10-4
describes in more detail the ideas behind anddheexction with the Dispatcher, the Advanced
Transporter and the Destinator. In Chapter 10-5¢diseuss load and unload strategies with
regard to the Advanced Transporter, while Chapde8 tlescribes the simultaneous use of
several Advanced Transporters.

10.1 Functionalities of the Transporter(s)

Transporters can be used for the following:

1. Moving one product from pick-up locations to destinations.

2. Automatically determining driving times between pick-up and dedion coordinates
based on distance and indicated speed (free-rangement without a network).

3. Adding acceleration and deceleration for gathesipged and breaking, while retaining
the possibility to automatically determine the ectrdriving times.

4. Adding unload and load times when picking up and/édeng products.

The Advanced Transporter has all the possibiliethe Transporter plus:

5. The capacity to movseveral products simultaneously from pick-up to destimatoints;

6. The capacity to move by means of the paths ofworkf having set the maximum
number of vehicles on a connection;

7. The capacity to lift products, that is to say taqa goods at a certain height onto racks as
iIs customary in warehouses;

8. Allows setting of (X,y,z) coordinates where producan be picked up from or stacked.
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10.2 Working with the Transporter

Example 6: Pick-up and delivery

Identical to the situation in example five, here we have two parallel production lines
where blue or red products, after completion of the machine process, are waiting on the
factory floor for a forklift. The forklift transports the product to a conveyor some distance
away, at which point the products leave the system. The straight-line distance from the
machine to the conveyor behind it is about 15 meters. The distance between both
machines is roughly 10 meters. Blue and red products are arriving at the machines with
an average inter-arrival time of 2 minutes. The machines have an average production
time of 20 seconds. Arrival and production times follow an exponential distribution. All
buffers have a standard capacity of 10, the conveyor a standard speed of 1 m/s. The
layout of this system can be seen in Picture 10-1.
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Picture 10-1: Layout of the production line

The forklift has a speed of 1 m/s and free-range movement on the pane. To begin with,
let's assume that the products are sent to one of the two conveyors with an equal
chance.

Questions and assignments
1. Approximately how high should the forklift's theoretical utilization level be?
2. How high will this utilization level become, when picking up and placing a product
takes 5 seconds each?
3. Answer both questions given a situation in which the products are sent to the
nearest conveyor only: blue products go to the upper conveyor, red products to
the lower conveyor.

Hopefully, it will not be too difficult to answehése questions! Let us now review our answers
by building this model with a Transporter.

Drag the Transporter (not the Advanced TranspQriexrin the Transport category into the
model. Connect the Transporter’s input channel 2 m@spectively with the output channel of
the buffer behind the machine of the first or secproduction line. Connect the Transporter’s
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output channel 1 or 2 respectively with the infwtranel of the conveyor of the first or second
production line. Double-clicking on the Transpom@ens the input window: see Picture 10-2.
The default setting of the speed is 1 m/s. Changé&end To statement such that products are
selected from both conveyors at random. As Inpret&€gy, select Largest Queue (well visible
on the screen) or 'the Longest Waiting'.

Input Strategy and Send To statements are discus$duhpter 5!

E| nsporter - Transporterd g|

Wisualization ]

Abarm name: |Tran$|:uorter4

Additional
Speed [mdz]: |17
acceleration [mds 2] IDi
Deceleration [mz 2] Iﬂi

Load time [s]: | 0

Unload time [=]: | 0

Send to: |1 j
IrpLt strategy: |."-".r'|_',' inputcharinel j
Triggers

Trigger an entry; 0 j
Trigger on exit: a j
Trigger an end of load: ] j
Trigger an start of unload: 0 j

Help Ok Cancel | Lpply |

Picture 10-2: Input window of the Transporter

Make a few simulation runs with your own model n@wwith transporterl.mod. Define 5 8-
hour runs in the Experiment Wizard with output ghte Status on the Transporter. Do the
answers regarding the utilization level match yown calculations?

Then add 5 seconds for loading and unloading onl Dome and Unload Time. Run the
experiment again. The utilization level of the fdtkwill increase from 55% to 71%.

In order to answer question 3, the model will htovbe adapted. This can be done very neatly
with a label; let’s call it "Destination’. This labis given value 1 for the blue products and value
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2 for the red products, and then used on the Tatesps Send to Statement to identify the
correct conveyor.

Make a few more runs with your own model or witinsporter2.mod. Compared to the
previous model, the utilization level will have gped by a few percent. This applies both to the
variant with unload time as well as to the variaithout unload time. Explain why!

10.3 The (Advanced) Transporter in the network

In Chapter 10-1 we claimed that the Advanced Trarisp could do everything the Transporter
can do. We will therefore, before expanding exangpliérst replace the Transporter in model 1
with the Advanced Transporter and compare the teslihese results will naturally have to be
the same!

The Advanced Transporter wilirtually always require two additional atoms: the Dispatcher
and the Destinator. Both can be found in the Trarisgategory. The Dispatcher handles the
pick-up of the products (to dispatch = send) by mseaf the Advanced Transporter, the
Destinator deals with getting them to their degiores. Picture 10-3 depicts the three atoms in
the Model Layout. A different icon for each makesasy to distinguish between the Advanced
Transporter and the Transporter!

o @] g

Picture 10-3: The Dispatcher, the Advanced Transpder and the Destinator

The Dispatcher’s input channels are linked to thigat channels of the pick-up sites, and the
output channels are linked with one or more Advdnbensporter(s). The logic of the pick-up
process is written on the Dispatcher.

The Destinator’s input channels are connected thgtoutput channels of one or more
Advanced Transporter(s), and the output channel$irdeed to the input channels of the
destinations. Aside from adjusting channels, notmeise takes place on the Destinator.

Therefore, the Advanced Transporter is locatethénmiddle and contains, among other things,
the parameters that relate to the subsequent gojreed, and loading and unloading.

Now go ahead, remove the Transporter from transghbrhod, and drag the three above-
mentioned atoms into the model. Connect the chanribe proper manner. In order to compare
the Advanced Transporter with the Transporter, stdlhave to select the smallest queue from
the queue of red and blue products.

Therefore, on the DispatcherrETasks By. Select:
3. Content minimum --> atoms in the container with the smallest content are dispatched first.

On the Advanced Transporter under General Parasp&end To, select:
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5. By percentage: 50% of the products go to channel 1, the remaining percentage goes to channel 2

Alternatively, select option 4, where an outputroie is chosen at random.

This model can be found undeginsporter3.mod and is portrayed in Picture 10-4.

ﬁ| Model Layout |Z| |E| [$__<|

Operations  Selection  Wiew  Modes

@ Gueusld
Cut: 0

Dispatcher20

@ Queuels
Cut: 0

Sink10
In: 0

world (31,67, 15.07) Scale 15.00

Picture 10-4: The Advanced Transporter without netvork

When we run this model, we find, by using the Expent Wizard, a utilization level of 55% on
the Advanced Transporter too.

The following elements pertain to the Advanced Spanter only. Since this is clear from the
context, we will drop the prefix “advanced’.

Example 6 (first continuation)
The production lines and the running conveyors appear to be located in two different

halls of the factory. A path connects both halls and the movement in each of the halls
proceeds by way of mapped paths as shown in Picture 10-5.

ﬁ| Model Layout |Z| |E| [$__<|

Operations  Selection  Wiew  Modes

rNEtWDrk Controller2s

Dizpatcher20 o o rDestinaturm

A
Kl
ke
A
Kl

Sink10
In: 0

World (33,33, 4.40) Scale 15.00

Picture 10-5: The Advanced Transporter in a network
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Two points are connected with a pick-up site at the end of a production line, 2 points are
connected with a destination site for a running conveyor, and two points form the end
points of the path between the two halls. All connections can be used bi-directional.

Questions and assignments
4. Using transporter3.mod as basis, add the above network with 6 points.
5. How high is the utilization level of the Transporter then?
6. How high is the utilization level when adding 5 seconds for loading and
unloading?

Important!
Always use the steps described in Chapter 9 for building a network. Start by connecting
the Transporter to the network before optimizing the network!

First, check if the model works, as it should oa slsreen. Does the Transporter move along the
connections? Are the transport times correct? Wineloubt, use transporter4.mod!

If everything works out, the answer to questionil2 show a utilization level of 77%, given that
one up-and-down cycle takes 46 seconds. On aveaiggeduct enters a buffer once every
minute: 46/60 rounded is 77%. With loading and ading taking 5 seconds, we add 10 seconds
to the cycle time: the utilization level rises /&0 or 93%.

10.4 The connection between Dispatcher, Advanced Transper and Destinator

Example 6 has helped to demonstrate a number girtiperties of both these Transporters. The
‘ordinary’ Transporter is more or less discussefliih Acceleration and deceleration is all that
has been skipped, but is easily built into the rheder both Transporters — and watched on the
screen. What's more, we showed how the Advancedspater moves by means of a network.
But ... so much more is possible with this atom!

First, we shall describe the Dispatcher and Destiria greater detail. Both can be used only in
combination with the Advanced Transporter.

10.4.1 The Dispatcher

The Dispatcher generates transport tasks (no pteljidier the atoms connected to the input
channels of the Dispatcher. These tasks are afldtatthe Advanced Transporters attached to
the output channels of the Dispatcher: this melametcan be more than one!

There are 9 Dispatch To rules, with as defaultspecific channel --> always send to channel 1.
This is the Transporter attached to the first ougannel of the Dispatcher.
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ED| Dispatcher - Dispatcher20

General l

Abam nane: Dizpatcher20

Mizcelaneous

Dizpatch bo: |'I. Specific channel --» always send to chaﬂ

Sait tasks by 1. FIFD - first in first out ~|

Help Ok LCancel | Apply |

Picture 10-6: The input window for the Dispatcher

These transport tasks can be sorted ('Sort taskadnording to 10 pre-defined sorting rules,
with FIFO as default. Study all pre-defined alloagatand sorting rules!

10.4.2 The Destinator

The input channels of the Destinator are linketh&output channels of one or more Advanced
Transporters. The output channels of the Destiratfinked to all possible destination sites.
Since all the logic of delivering is placed on tha@vanced Transporter, not much else is to be
seen in the Destinator window (see Picture 10-7).

ﬁ| Destinator - Destinator 21

Atom name: Destinator2

Help Ok Cancel Apply

Picture 10-7: The Destinator

10.4.3 The Advanced Transporter

The input window of the Advanced Transporter has ifferent tab sheets in which parameters
can be set:

* General parameters
» Speed parameters
* Load parameters

» Offset parameters

* Link to network
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Here, we will discuss the General Parameters amtldlad Parameters. The Speed Parameters
are self-explanatory, as is the allocation of then§porter to the network. The Offset Parameters
will be dealt with in a later chapter, togetherhwithe Warehouse Atom.

The General Parameters (see Picture 10-8) showewdunctionality. However, it is important
to know that the Send To Statement is performedhaautput channels of the Destinator.

ED| pdvanced Transporter - Advanced Transporter19 @
General l Speed] Load ] Offzet ] Eatter_l,l] ‘-.-"isualizatiu:un]

|.-'1'-.|:|van|:eu:| Tranzporter!d

Atom name;
Settings
Send bo: 1. Specific channel: alwaps zend to chann ﬂ
Triggers
Trigger an entry: 1] ﬂ
Trigger on exit; 0 ﬂ

Mizcellaneous

Dizplay status Link, to netwaork,

Help Ok Cancel | Apply

Picture 10-8: Input window for General Parameters éthe Advanced Transporter

The Load Parameters (see Picture 10-9), howevesffdomany new options. First of all, it is
possible to adjust the load quantity. Only wher thuantity has been picked up, the Transporter
will start transporting products!
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When no load restrictions are set, loading wilktpkace based on the arrival sequence of the
transport tasks, meaning that the Transporter reayining up and down between load sites.
Six settings are possible:

No restriction (default)
Same name

Same label

Same label text
Same mother

Same container

Some of these options, we shall explain.

The load quantity with the corresponding restrictil@®comes active only after the first product is
loaded. Let's say, for example, we have a loadtigyari 5 and a Transporter makes a transport
that first takes him to a product named “radioQineuel0.

ED| pdvanced Transporter - Advanced Transporter1?9 E|
General] Speed Load lEIffset ] Eatter}l] Visualizatiun]

Time Settings

Load time [2]: | o

Unload time [<]: | o

Load Settings

Load quartity; | 1

Load restriction: |ND restriction j
Load label: |La|:ueIN ame

Unload Settings

nload sequence: |First I First Out [FIFO) ﬂ
Urload label: |LabelN anne
Automatic

Unload automatically: v

Load automatically: v

Help Ok Cancel Apply

Picture 10-9: Load Parameters of the Advanced Trarnsorter
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Then the load restriction:
Same name leads to waiting and collecting anothheadios from all pick-up sites;
Same container leads to waiting and picking up another 4aadrom QueuelO.

In both of these situations, these radios mustb&ibble to appear; so watch out for deadlocks!

10.5 Load and unload strategies of the Advanced Transpoer

Let’s build the following options into our examgdeoblem:

1. Collecting and transporting two products to thevayors;

2. Collecting and transporting twdentical products to the conveyors;

3. Collecting and transporting twdentical products to a specific conveyor: the blue
products to the first conveyor, the red productthsecond conveyor.

Option 1 is easy to realize: change the load quatati2. Verify that the Transporter is now
transporting both red-blue as well as any othedpcbcombination, depending on their arrival
sequence in the buffers.

This means that when a blue product follows a reduywrt, the Transporter will move to red

only after the red product has arrived in the buf8ibsequently the Transporter will move to
the blue product, possibly after waiting. Thenafito the conveyors. Note that the last product,
which was picked up, appears in the icon of theakded Transporter.

Unloading too has many variants: red and blue placethe same conveyor and on different
conveyors. This was the idea of option 1 as well vithy does it take place the way it does?
The answer lies in the Send to Statement: a prasillajo to the first conveyor with a 50%
chance or will go to the second conveyor with thme probability. Evidently, some kind of
draw goes on for each product inside the buffagl#ishing the ‘preferred’ conveyor. Option 1
can be seen imansporter5a.mod.

For option 2, all that we do is change the Loadtid®mn to Same Container from option 1.
This process can be seertramsportersh.mod. But delivery still occurs in an unstructured way.

For Option 3, we revert to theeBtination label as we have done before in Chapter 10-2: blue
products receive a Destination label with valueetl, products receive a Destination label with

value 2. Then, from Option 2, adjust the Send &ieBtent on the Transport@rBy label value
(direct): Use the value stored in the Label named Destination and send to the corresponding channel.

This solution can be found transporter5¢c.mod.
Come up with alternative questions yourself anddrgolve them...

10.6 The use of several Transporters

Several (advanced) Transporters with different pridps on the same network: how does that
work? And what if they are not allowed to overtake?s examine these problems again by
means of our example.
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Example 6 (second continuation)

Due to the high customer demand the production flow of both product lines has
doubled. Our one Transporter cannot handle this flow and a second Transporter has
been acquired. Both Transporters are still transporting one product at a time to an
arbitrarily selected conveyor; however, the second Transporter is significantly faster and
has a speed of 2 m/s. When both Transporters are free to pick up a product, the product
is collected by the faster Transporter.

Questions and assignments

7. Using transporter4.mod as basis, add a second Transporter to the network with
the required properties and adjust the product supply. Don't forget to optimize the
network!

8. Study the behavior of both Transporters in your own model or, when in doubt,
open transporter6.mod. Can Transporter 1 overtake Transporter 2 without
problems?

9. In order to check things, answer the questions concerning the utilization levels of
both Transporters again.

In transporter6.mod, we have added a second Addan@asporter to the network. To keep
them apart, the icon of the second Transportebbas changed into the icon of the 'normal’
Transporter. That of course does not change thatiurality of our new Advanced Transporter!

Picture 10-10 shows a section of the layout witthbBicansporters.

E-'7‘|fu'.|:ndelLawut

Cperations  Zelection  Yiew  Modes

Clueue3

cher20 “= = Destinator2
N1-2 l N1-5 o

S

Sink10

Clueued

world (41,97, 17.54) Scale 20,30

Picture 10-10: Two Transporters in one network

With the Node Manipulator and the Show Nodes optibe names of the nodes are made
visible. As home base for the yellow or red Tramtgronode N1-1 or N1-3 respectively was
selected. These adjustments can be seen when ted imoeset.
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The allocation of a product to the fast Transpomdren both Transporters are free, is done on
the Dispatcher witlispatch to:

3. A free Transporter (LTF) --> look for a free Transporter. Check the Last Transporter connected to the
dispatcher First.

This is done because the fast Transporter is coathéo the second output channel of the
Dispatcher. Study the other Dispatch To rules @eoto get an idea of the possibilities.

Question 9 is answered with the Experiment Wize/dh priority given to Transporter 2, we
observed a utilization level of 48% (Status IdIg2).for the Transporters as a group, while the
utilization level for Transporter 1 with priorityses to 56% (Status Idle 0.44).

With an equal distribution of the load, this workgt in theory at 57.5%: 2 orders per minute,
one of which is carried out by Transporter 1 (4éosels) and one by Transporter 2 (23 seconds).
This comes to an average of 34.5 seconds workfdi seconds.

Find an explanation why these 57.5% are still highan the measured 56% with priority for the
slow Transporter!

Example 6 (third continuation)

Due to security considerations, only one Transporter may use the center aisle path in both
directions. A second Transporter has to wait until the respective lane is free again. Overtaking
on this stretch therefore is impossible,

Questions and assignments
10. Realize the above situation with the two Transporters in the network.

In order to answer question 11, we examine howamerealize capacity restrictions on sections
of a network: In Picture 10-11, we see 2 Transpsmgoving on the connection N1-2 to N1-5, a
situation that now must be ruled out.

E| Model Layout

Cperations  Selection  View Modes

Queues [1-1
Ll 271 %

Dispatcher20 ==
MA-2 |

Queues Sink10

In:13

Util: 36.9 %

world (41,83, 3.13) Scale 18,46

Picture 10-11: Two Transporters on the connection -2 to N1-5
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Furthermore, point N1-2 has been selected. Thasigent from the black border to the lower
right of N1-2. Double-clicking on that point opethe table of Picture 10-12

ED| Table of N1-2
File Edit  Wiew
Dimengions

Rows: E Columns: 4 Set

Direction Capacity Content |L|se speed Iir| Speed limit [r|
pooond | 0 0

1000000 0 1] 1]
1000000 (2 1] 1]

Picture 10-12: The network table of N1-2

This table contains the three connections from Nd481-1, N1-3 and N1-8Capacity shows

the permitted number of vehicles allowed to moveuianeously on the indicated connection.
The default setting is 1000000, or better stilfinite. Content indicates how many vehicles are
moving on the indicated connection at that momené content of 2 vehicles from N1-2 to N1-
5 is part of the snapshot in Picture 10-11.

Let the model run for a while to see how the numsliethe right-hand column of Picture 10-12
continuously keep changing. Examine this behavitheother points of the network also.

By changing the capacity from N1-2 to N1-5 to 1swaring question 11 has now become easy.
Do the same from N1-5 to N1-2!

Now study how the Transporters behave on the &tfeden N1-2 to N1-5. Are the vehicles
waiting for each other? Note that the connections ted when the capacity limit is reached!

This model can be found undeansporter7.mod.

For now, we stop explaining the application of Taorters with or without network for the time
being.

It is clear that we are now able to model a nundbeomplex problems in warehouse
environments.
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