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1 Introduction

About Vensim

Vensim isavisual modeling tool that allows you to conceptualize, document, simulate, analyze, and
optimize models of dynamic systems. Vensim provides asimple and flexible way of building
simulation models from causal loop or stock and flow diagrams.

By connecting words with arrows, relationships among system variables are entered and recorded as
causal connections. Thisinformation is used by the Equation Editor to help you form acomplete
simulation model. Y ou can analyze your model throughout the building process, looking at the causes
and uses of avariable, and also at the loopsinvolving the variable. When you have built amodel that
can be simulated, Vensim lets you thoroughly explore the behavior of the model.
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About this User's Guide

This User's Guide will show you the main features of the Vensim simulation software, introducing
Vensim in a hands-on environment where you can examine existing models, and construct your own
causal loop diagrams, stock and flow diagrams, and simulation models. Advanced features of Vensim,
such as sensitivity testing, subscripting (arrays), and optimization, are presented using existing
simulation models to speed learning. All of the models in this Guide (with the exception of those used
in Chapters 3, 14 and 18) are presented with all the structure and all the equations you need so that you
can build the models yourself.

This Guide is common across all Vensim configurations. 1n some cases functionality that isnot in
your Vensim configuration will be discussed. We have marked this discussion as clearly as possible.
The following table shows which chapters apply to which configurations:

Chapter 1(2(3|14|5|6|7 |8 |9 (10 |11 |12 |13 |14 |15 |16 (17 (18 (19 |20
PLE 2121212121217 (?1(?]? ? 0?7 |? ? ?|?
PLE Plus 2?20?7122 7?121?21?21?7 2 (2 [? [?7 |?7 |? ? |?
Standard 2201212272 12121?21?7 2 (2 (2 [?7 |7 |? ?|?

Professional [? |2 |2 [2 [?2 (2|2 |2 (21?2 [? [?2 [2 |2 |? |? |? |? [? |?

DSS 2?20?2012 0127212121212 2 (2 (7 |7 |7 |7 |?7 |? [? [?

For new users of Vensim, this Guide is designed to be read and worked through from beginning to end.
For experienced users of Vensim Chapters 3, 7 and especially 13 are reconmended as they describe
added and changed functionality.

How this Guide is Organized

This Guideis broadly divided in three parts. The first three chapters are intended to get you started
using the software. Chapters 4 through 10 cover the mechanics of building models with Vensim: how
to draw diagrams, add equations, simulate and analyze models, and display output. Chapters11
through 18 demonstrate some advanced operations in Vensim using existing sample models (which
you can also build).

Chapter 1 provides an overview of this Guide and of Vensim including instructions for installing
Vensim.

Chapter 2 introduces you to the Vensim User Interface. This chapter provides an overview of
Vensim’s functionality, along with information on the Sketch tools, Analysistools, and Control
windows.

Chapter 3 provides hands-on experience simulating and analyzing an existing model.

Chapter 4 introduces you to the construction and use of causal loop diagrams. Structural analysis of
diagrams using Analysistoolsis also described.

Chapter 5 covers building stock and flow (Level and Rate) diagrams.
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Chapter 6 steps you through the construction of a simulation model of the growth of a population.
This problem helps you learn the mechanics of building, simulating, and analyzing models with
Vensim.

Chapter 7 demonstrates the inclusion of functionsin models and also shows how to detect and
correct errors that occur during simulation.

Chapter 8 describes how to create and use Lookups. These are functions that relate an input to an
output by drawing a graph of the relationship. They are also called Lookup Tables and sometimes just
Tables.

Chapter 9 develops amodel with multiple views, allowing you to split amodel into different sectors.
Vensim PLE users should skip this chapter.

Chapter 10 shows you how to customize output graphs from the Analysistools. The Custom Graph
and Table editors, with which you can create customized graphical and tabular output for multiple
variables are also described.

Chapter 11 explains how to use models as games, or "flight simulators”, where you can step
progressively through time while making decisions at each time. Vensim PLE users should skip this
chapter.

Chapter 12 shows how to make use of Input Output Controls and Navigation Links to make a model
easier and more fun to use and present to others.

Chapter 13 presents SyntheSim and shows how it can be used to work with and understand models.
The SyntheSim functionality is new to Vensim 5.

Chapter 14 covers the Reality Check feature in Vensim which allows you to build model validity
tests.

Chapter 15 provides an example of Monte Carlo sensitivity testing. Y ou set parameters with
uncertainty values and then run sensitivity analysis to determine uncertainties in particular variables
over the simulation time. Vensim PLE users should skip this chapter.

Chapter 16 describes how to use datain models. Data variables are defined which access exogenous
time series and drive model behavior. This chapter coversimporting data from text files and from
spreadsheets. Not all functionality is availablein Vensim PLE.

Chapter 17 introduces subscripted models (subscript or array variablesin a model) and provides both
simple and more complex examples. This chapter is applicable to Vensim Professional and DSS only.

Chapter 18 coverstwo types of model optimization. Thefirst typeis calibration of model constants
whilefitting model output to an external data series. The second is policy optimization, finding the
best model parameters to maximize or minimize payoff variables. This Chapter is applicable to
Vensim Professional and DSS only.

Chapter 19 givesdirections and hints for making your model available to others using the Vensim
Model Reader and other Vensim configurations.

Chapter 20 isanintroduction to using reference modes as away of conceptualizing feedback models
and also as a means of testing and developing mental integration skills.
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The Appendix provides information about resources available for leaming more about building and
using dynamic models.

Finally, Support and Licenses, provides information on getting support and training for Vensim as well
as areference copy of the license agreements.

Style Conventions

To differentiate among the many elementsin Vensim, this Guide and the rest of the documentation
follow some style conventions:

?  Names of files stored on disk and their extensions are shown initalic (e.g. project.mdl). The
names of datasets are shown initalic without the .vdf extension (e.g. baserun).

?  Names of variables and equationsin aVensim model areinltal i ¢ Courier font,(eg.,
Popul ati on).

?  Names of Vensim menu items, controls, buttons, tools, toolbars, and namesin dialog boxes are al
capitalized, (e.g., Control Panel), and usually appear in bold font if the name refersto an object in
Vensim that you will be selecting or acting on (e.g., press the Simulate button).

? Actionsthat you need to perform use atriangular bullet (e.g.,
& Click the Open Model button and choose the model wfinv.mdl).

Important Notes

About Directories

All of the models discussesin this Manual are contained in the guide subdirectory of the directory into
which you installed sample models. Thiswill typically be c:\\Program Files\Vensimimodels. Onthe
Macintosh it will normally be the Models Folder in the Vensim Folder on your hard disk. However,
you can install Vensim and the models in any location you choose so we will name directories using
the path starting with guide as in guide\chapO7\complete. On the Macintosh thisjust meansthe
complete folder in the chap07 folder in the guide folder.

When you are working with your own models we strongly recommend that you storethem in a
directory that is not asubdirectory of Vensim. For the purposes of this Guide saving your work in
subdirectories of the guide directory is perfectly reasonable.
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About Screen Shots

There are some differences between the appearance of Vensim PLE, PLE Plus, Standard, Professional
and DSS and it is also possible to make changes to Toolsets. Most of the pictures of screensin this
Guide were taken using Vensim DSS and default Toolsets. If you see something that |ooks somewhat
different from your version of Vensimit is not a problem.

About the Mouse

Windows computers have left and right mouse buttons, but Macintosh computers have only one mouse
button. Vensim makes use of the left and right buttons on PCs as described below. Macintosh users
will need to use their mouse button and the Ctrl key or Apple key (for right button clicks) as described
below.

Left Button

The left button is used to perform almost all operationsin Vensim, such as selecting amenu, clicking a
button, dragging graphs or sketch objects. Whenever the Guide requires a mouse click without
mention of |eft or right, perform a click with the left button. Macintosh users should click the only
button.

Right Button

Theright button is used to set options for Sketch tools, Analysistools, and Sketch objects and also for
positioning and zooming on Sketches. When aright button click is required, click the right button on
PCs. Macintosh users need to click the mouse button while holding down the Ctrl key or the Apple
key (Ctrl + Click or & + Click). To scroll asketch drag with the right mouse button or hold down the
Ctlr key and drag with the left mouse button. To zoom drag with the right mouse button while holding
down the shift key.

Mouse Wheel

On computers equipped with a Mouse Wheel you can use this to scroll windows up and down. For
horizontal scrolling hold down the shift key and move the mouse wheel. Holding down the control key
will allow you to zoom in and out of a sketch.

About Tab Dialog Boxes

Tab Dialogs are special dialog boxes common in Windows 95and later. These dialog boxes simplify
controls by separating information into different "folders" with tabs. Y ou can switch between folders
by clicking on the appropriate tab. Examples of tab dialog boxes are the Simulation Control, the
Equation Editor, and the Control Panel (shown below):
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Control Panel I

Varial:ulel Time .-i'-.:-:isl Scaling Datasets | Graphsl F'Iau:ehu:uldersl

Ayailable - Info.. | Loaded - Info.. |
glowhire

basern
> |

Delete | Load Fram... |

[ Keepontop

Z

In this picture, the Datasets tab has been selected showing two loaded simulation runs. The Variable,
Time AXxis, Scaling, and other controls can be selected by clicking on the tab desired.

Installing Vensim

Toinstall Vensim you need to get and then start the installation program. Y ou can get the installation
program from the CD or from our website http://www.vensim.com

The Vensim CD

The Vensim CD contains the installation programs for all Vensim configurations for both Windows
and Macintosh. The label of the CD will show the version number. Though installersfor all
configurations are contained, you will only be able to install the configuration you have aregistration
code for as described below.

Downloading Vensim

Y ou can download Vensim from our website http://www.vensim.com Y our purchase of aVensim
license includes one year of free electronic updates, thereafter you will need to pay the maintenance
subscription fee to receive updates and technical support. Y ou can check our website to see what
versions are available. The menu item Help>Newer Released will also tell you if amore recent
version is available. The direct link for downloading Vensim ishttp://www.vensim.com/cgi-
bin/download.exe. When you enter thisyou will be asked to enter your registration code (see below).
Theregistration code identifies the product you have as well the date through which you have
continued maintenance.

Once you enter your registration code you will be able to choose between the versions of Vensim
availableto you. Y ou should choose the most recent available version unless thereis a specific version
you need.

To downloadVensim PLE for educational use go to http://www.vensim.com/freedownload.html.
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Windows. The Windows installer is broken into a number of relatively small files. Thefirst of these
files has a name that depends on the product (for example, vendss32.exe for Vensim DSS). The
remaining files are labeled disk2.vip, disk3.vip and so on. When downloading, be sure to save all the
filesin the same directory on your computer and it is very important that you do not change the names
of any files except thefirst. The contents of the different files are clearly marked on the download
page. Thefirst disk containsthe actual program, disk2.vip contains the sample models and disk3.vip
through disk6.vip contain the electronic documentation. Vensim DSS has an additional disk7.vip
containing the Vensim DLL and support files.

If you only want to install the updated program you can just download thefirst file.

NOTE Do not try to open the .vip files. Thewill be used during the installation process but cannot be
opened individually. Evenif you only want to install the contents of one of them you will need the
first (.exe) file.

Macintosh: There are separate installers for the programand sample models on the Macintosh. The
program installer is specific to the product configuration while the models are common.

The downloadable Macintosh files are binhex files and need to be converted to Macintosh program
files. Thiswill most likely be done automatically by your web browser, if not there are anumber of
utilities that do this conversion.

Browser based help files: The help files are available as .htmfiles on the Vensim CD. Y ou can drag
these on to your hard drive if you want. To use them open your Web Browser then open thefile
vensim.htm. Y ou can also view the help files online at
http://www.vensim.com/documentation/vensim.htm.

Start the Installation Program

From CD

If you have a CD justinsert it into your computer. Under Windows the Installation Choices dialog
should automatically open:
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:-.| ¥ensim@ 5 Installation Choices EI

Inztall a Fegistered Yenzim Application

Reqistered applications include PLE . PLE Plus, Standard, Professional,
D55, Runtime, and &pplication Runtime. v'ou will need o supply a
registration code.

Inztall the Y enzim Model Beader

[nztall the Yenzim D emonzstration Program

[nztall Yenzim PLE for Academic or Evaluation U se

Open the Yenzim Documentation from the CD

The Uzer'z Guide iz available az an adobe Open the zer's Guide in Acrobat |
acrobat file. |f you do not have Acrobat
R eader inzstalled pau can inztall it from here. Install Adobe Acrobat Feadsr |

Cloze thiz dialog |

If this dialog does not open double click on the program file setup.exe contained on the CD.

From the Installation Choices dialog select the program you want to install. 1f you have aregistration
code, click on Install a Registered Vensim Application and then enter the registration code to start
theinstaller.

On the Macintosh just open the CD folder and look for the name of the installer you want. Y ou should
install the program first, then the models, and then the help file.

From Download

If you downloaded the Vensim installation program double click on thefirst file (for example,
vendss32.exe for Vensim DSS) you downloaded. Thiswill be in the directory you chose when your
web browser queried you for the location to save to. (It isimportant to remember where you saved it
to).

If you are on the Macintosh and the download files are still binhex (.hgx) files you will need to convert
thisto an application. There are anumber of programsthat do this.

License Agreement

Beforeyou caninstall Vensim you will need to agree to the terms of alicense agreement. For your
convenience this licensee agreement is repeated at the end of thisManual. If you agree to the terms of
the license agreement indicate this and continue with the installation. 1f you do not agree to the terms
of the license agreement you may return the software for arefund of whatever license fees you have
paid.
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Registration Code

Vensim DSS, Professional, Standard, PLE Plus and PLE for commercial use require a Registration
Code. Vensim PLE for educational or evaluation use do not require aregistration code. |f you do not
have a Registration Code you will need to Install Vensim PLE for educational or evaluation use. On
the Macintosh you can use the registration code EDU for educational use and EVAL for evaluation
purposes when installing Vensim PLE. On Windowsthe install program will have radio buttons for
these choices.

The Registration Codeis a series of letters, digits and dashes. |f you purchased your license on-line or
elected to receive your license electronically, your Registration Code will be sent to you via email.
Otherwiseit will be printed on alicense certificate or on alabel placed on the back of the CD sleeve or
Jewel Case. Inany case you will see something like:

Regi strati on Code: ABCDE- FGHI J- KLMNO- PRQS
Conpany: Ventana Systens, |nc.

Product: DSS

Serial#: O

Enter the Registration Code asit appears. It isnot case sensitive and you may substitute spacesfor the
dashes. Y our company name must also match the company name shown below your registration code
(again thisis not case sensitive). If you received the code viaemail, it is easiest to copy it from the
email and pasteitin. If you make a mistake entering the code, you will be asked to edit the code you
entered. Double check to be sureit isidentical with the one you received.

If your company name isincorrect please contact us.

NOTE If you areinstalling Vensim PLE On the Macintosh you will need to enter the registration code
EDU for educational use and EVAL for evaluation purposes. On windows these choices are identified
with Radio buttons.

Installation Directory

Y ou can choose the directory or folder into which you want to install Vensim. For Windows this
defaults to the program files directory (normally c:\Program Files\Vensim). On the Macintosh a
Vensimfolder will be created on the hard disk. However, you can choose to install Vensim anywhere
that you want. When we refer to directoriesin this Manual they are subdirectories of the directory in
which Vensim has been installed.

Other Vensim Configurations

Vensim Professional and DSS will install to a program named vensim.exe. Thusif you upgrade from
Vensim Professional to Vensim DSS the installation will simply replace Vensim Professional. Vensim
PLE and PLE plus, on the other hand, install to different names. Vensim PLE installs as an executable
named venple.exe (Vensim PLE on the Macintosh) and Vensim PLE Plus as an executable named
venplep.exe (Vensim PLE Plus on the Macintosh). Therefore, you caninstall Vensim PLE or PLE
Plus and another Vensim configuration in the same directory without any conflicts. The support files
installed for all configurations are identical, though some configurationsinstall additional files not



1: Vensim User’'s Guide

needed by other configurations. Vensim also stores alimited amount of configuration in the files
vensim.ini (Professional and DSS), venple.ini (PLE) and venplep.ini (PLE Plus).

Thelong and short of thisisthat installing Vensim PLE aong with another Vensim configuration in
the same place will not cause any problems.

Other Resources

Asyou work with Vensim, you have several valuable resources at your fingertips. The Pullout
Reference card shows the names and operations of buttons found in the main Vensim window. This
User's Guide is complemented by the Modeling Guide and the Reference Manual . The Modeling
Guide describes the development of a number of different dynamics models and goes into some more
advanced modeling techniques. The Reference Manual providesin-depth coverage of all the features
and operation of Vensim. ThereisaVensim DSSReference Supplement that documents capabilities
uniqueto Vensim DSS. All of these manuals are available as on-line help, which facilitates searches

on particular topics.
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2 The Vensim User Interface

Main Features

Vensim uses an interface that can be thought of as aworkbench and a set of tools. The main Vensim
window isthe Workbench, which alwaysincludes the Title Bar, the Menu, the Toolbar, and the
Analysistools. When Vensim has a model open (as shown below), the Sketch tools and the Status Bar

also appear.

Title Bar Me Main Tpoolbar Sketch Tools

-»:] ¥ensim:pop.mdl ¥ar:Pop-ation = II:Ilﬂ
File Edit Mew Layout Model Tools Wingdws  Help _IE’IEI

ASH|S |+ BB B «s%%/“ e o

SERAEY Tk & S P20 A 3

cp i
|-

G

poe | (o] Popultion = -

% /ﬁiﬂhs deaths

Funs barth rate average lifetine

: 4 ]
++| [l \ilew1 [l TII‘I‘lNEW Foman [12]|b]i|uls EAEE A

\

Analysis Tools Status Bar  Sketch Drawing Area
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Title Bar

User’'s Guide

The Title Bar shows two important items: the model that is open (e.g., Sales.mdl) and the Workbench

Variabl

e(eg.,sal es force productivity).

] ¥enzim:Salez.mdl Var:zales force productivity

The Workbench Variable is any variable in the model that you have sdected and for which you want
more information, such as the dynamic behavior of that variable. The Workbench Variableis selected
clicking on avariable or by using the Variable Selection Control in the Control Panel ("Control Panel"

later in

Menu

this Chapter).

Many operationsin Vensim can be performed from the menu.

The Edit menu allows you to copy and paste selected portions of your model. You can also
The View menu has options for manipulating the sketch of the model and for viewing a model

The Layout menu allows you to manipul ate the position and size of elementsin the sketch.
The Model menu provides access to the Simulation Control and the Time Bounds dialogs, the

The Tools menu sets Vensim's global options and allows you to manipulate Analysistools
and Sketch tools as well as set global options. In Vensim PLE and PLE Plusthereisan

File Edit Mew Layout Model Tools Windows  Help
?  TheFile menu contains common functions such as Open Model, Save, Print, etc.
?
search for avariable in your model.
?
astext-only (available only in Vensim Professional and DSS).
?
?
model checking features, and importing and exporting datasets.
?
Options menu rather than aTool menu.
?  TheWindows menu enables you to switch among different open windows.
?

The Help menu provides access to the on-line help system.

Menus are context sensitive and the commands apply to whichever window currently isactive. The

most commonly used menu commands also have shortcut keys and can be performed from the toolbar
described below.

12
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Toolbar

The Toolbar provides buttons for some of the most commonly used menu items and simulation
features. Thefirst set of buttons access some File and Edit menu items.

LEH 8 ta@
AN N

New Model Open Model Save Print Cut Copy Paste

The next several buttons and the Runname editing box are used for simulating models.

e GET 3 2 e e R - - -
£o] g2 |Currgnt DR SR R W V3
Control Runname Simulate | Game | Optimize
Setup a Choose SyntheSim Sensitivity Reality
Simulation Runname Check

The last few buttons access the window classes. Click on abutton to bring forward that type of
window or circul ate through windows of that type.

.@. % @ [5IJ|:]
A 3 *\
Build Windows Control Panel

Output Windows  Subscript Control
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The exact appearance of the toolbar depends on your Vensim configuration. Some configurations have
fewer entries than shown above. For example the Vensim PLE toolbar appears as:

GEH |8 ¥Be | FHlCuen |4 # @R O

The Window Classes

Vensim contains several types or classes of windows:

1. Build Windows are used for constructing new models, or for modifying, navigating, and
simulating existing models. In Vensim Standard, Professional and DSS several models can be
open at once, each in its own Build Window.

2. Output Windows are created by Vensim's Analysistools, and include graphs, tables and lists.

3. Control Windows include the Control Panel, atab dialog box used to control Vensim'sinternal
settings, and the Subscript Control, used for defining and selecting subscriptsin Vensim
Professional and DSS.

Moving Among Window Classes

When awindow isfirst selected or created, that window moves to the top and is active while all other
windows become inactive. You can only work in the active window. Four different methods allow
you to move between the window classes:

1. Click on the appropriate window button on the Toolbar.
2. Press Ctrl + Shift + Tab to cycle among the window classes.

3. From the Windows menu, select Pop Build Forward, Pop Output Forward, Control Panel, or
Subscript Control.

4. Usethe mouse and click on the appropriate window (this only worksif the window isvisible).

The last method works particularly well for the Build Window, which is the largest and is not usually
covered when other windows are active.

Moving Among Windows within a Class

There can be multiple output windows open and, in the more advanced configurations multiple build
windows open. Four methods enable you to cycle through the open windows within a class:

1. Click repeatedly on the window class button.
2. PressCtrl + Tab.

3.  Fromthe Windows menu, select Output Window List for the Output windows, or click on the
desired Build window showing at the bottom of the Windows menu.

4. Usethe mouse and click on the appropriate window (this only works if the window isvisible).

The Build Window

14
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Build Windows are used to create modelsin Vensim. By default, they open with the Sketch tools for
sketching the structure of the model and for writing equations. The Status Bar provides buttons for
modifying the sketch. Except in PLE models can be built from several different sketches or sketch
views. Each sketch view shows a part of the model, much like each page in abook tells part of a story.
In Vensim Professional and DSS, the Build Window can be switched to a Text Editor for building and
editing text -based models. The Status Bar then switches to atext -editing version.

Sketch Tools

Sketch tools are grouped into a Sketch toolset. Vensim PLE and , PLE Plus have only abuilt in Sketch
toolset, but the other configurations allow you to choose and modify your Sketch tool sets by adding,
moving and changing the actions of the different tools.. Customized toolsets can be saved to files and
reopened for later use. The built in Sketch toolset (default.sts) contains most of the Sketch tools
needed for building models.

Lock Variable Arrow Model Merge Comment Hide Equations
Variable Wand

(B G B RN o N EE w2

I

Move/Size  Box Rate Shadow Input  Unhide Delete Reference
Variable Variable Output Wand Modes
Object

Vensim PLE and PLE Plus do not contain the Model Variable, Merge, Unhide Wand or Hide Wand
tools.

For the other configurations the Sketch tools can be configured by clicking with the right mouse button
on the tool and changing its options. If you change atool's configuration, you will be asked whether
you want to save the Sketch toolset when exiting Vensim. Clicking Y esoverwrites the old tool set.
Clicking No keepsthe old toolset (you will lose your changes). Clicking Cancel allows you to use the
Tools menu to save the tool set with a new name before exiting. Thereis no limit to the number of
toolsets you save, but most usersfind it simplest to use one sketch toolset configured to their needs.

15
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The Sketch tools in the built in Sketch tool set are:

?

Y Y )N

S N e N e

Lock — sketch islocked. Pointer can select sketch objects and the Workbench Variable but
cannot move sketch objects.

M ove/Size — move, sizes and sel ects sketch objects: variables, arrows, etc.
Variable — creates variables ( Constants, Auxiliaries and Data).

Box Variable— create variables with a box shape (used for Levels or Stocks).
Arrow — creates straight or curved arrows.

Rate— creates Rate (or flow) construct, consisting of perpendicular arrows, avalve and, if
necessary, sources and sinks (clouds).

Model Variable— adds an existing model variable and the causes of that variable to the
sketch view.

Shadow Variable— adds an existing model variable to the sketch view as a shadow variable
(without adding its causes).

M er ge— merges two variablesinto asingle variable, merges L evels onto existing clouds,
merges Arrows onto avariableto split an Arrow, and performs other operations.

Input Output Object— addsinput Sliders and output graphs and tables to the sketch.
Sketch Comment — adds comments and pictures to the sketch.

Unhide Wand — unhides (makes visible) variablesin a sketch view.

Hide Wand — hides variablesin a sketch view.

Delete— deletes structure, variablesin the model, and comments in a sketch.
Equations— creates and edits model equations using the Equation Editor.

Referemce Modes — use to draw and edit reference models (Chapter 20).

To build amodel, first select a Sketch tool by clicking on it with the mouse. Y ou can also select atool
by pressing acharacter on the regular keyboard (not the numeric keypad). Use 1 for the first tool, 2 for
the second and so on (O isthe 10th, Q the 11" W the 12th and so on). Notethat thisonly works when
the Build window is active.

Move the mouse to the sketch view and click once with the left mouse button to apply the tool (for
Arrows and Rates, first click once, then move the mouse and click once again).

NOTE Sketch tool selectionissticky. That is, the Sketch tool you chose stays active until you choose
another — just keep applying it to the sketch.

16
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Status Bar

The Status Bar shows the state of the sketch and objectsin the sketch. The Status Bar contains buttons
for changing the state of selected objects, and moving to another View.

G Wiew 1 ¥ Hide | Times Mew Roman | 12|b|i|u] s IS 0= 2] %

A number of sketch attributes can be controlled from the Status Bar, including:

%

?  Change characteristics on selected variables; font type, size, bold, italic, underline,
strikethrough.

? Setthehidelevel.

?  Variablecolor, box color, surround shape, text position, arrow color, arrow width, arrow
polarity etc.

When using the Text Editor (Vensim Professional and DSS), the Status Bar changes to reflect text
editing operations.

Simulating

In addition to building models, you can use the build window to perform simulation tasks. Most
importantly, you can enter Simulation Setup mode and SyntheSim mode from the build window. In
Simulation Setup mode all model Constants and Lookups will be highlighted. By clicking onthem

you can make temporary changes to the values to be used for asimulation. In SyntheSim mode each
model Constant will have a slider attached that you can use to adjust values. More details can be found
in Chapter 13. Y ou enter Simulation Setup and SyntheSim mode by clicking on the associated icon in
the Toolbar.

Output Windows

Output Windows are generated by clicking on an Analysistool. The Analysistools gather information
from the model and display the information in awindow as a diagram, graph, or text, depending on the
particular tool. Dozens of these windows can be open simultaneously, and a particular window can be
closed individually by clicking the Close button in the top left or top right corner, or all windows can
be closed at once using the menu item Windows>Close All Output.

Analysis Tools

The Analysistools are used to show information about the Workbench Variable, either its place or
value in the model, or its behavior from simulation datasets. Analysistools are grouped into tool sets.
In Vensim PLE and PLE Plusyou can only use the built in toolset. In the other configurations the
Analysis tool sets can be modified The built in toolset (also named default1.vts) and the more complete
tool set default2.vts contain many of the Analysistools needed for investigating models.

Except in Vensim PLE and PLE Plus the Analysistools can be configured to show different things
about the Workbench Variable. To configure atooal, click on the tool with the right mouse button and
changeitsoptions. Tools can also be added to atoolset. Aswith Sketch toolsets, if you make changes

17
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you will be prompted to save the toolset when exiting Vensim. Several different Analysistoolsets are
supplied with Vensim, and can be opened from the menu T ools>Analysis Toolset>Open.

The following toolsets are built in.

PLE/Reader Plus DSS/Pro/Std
e Bra; i
g o<f ﬂ
@& Gl G
Do Do Dac
= =% =
= = o~
[
[
Lt

A description of the function of the tools follows below. The tools shown below are from the tool set
default2.vts which contains more tools than the built in toolset. In Vensim PLE and PLE Plus only the
built in tools shown above are available. The Statistics tool and Text Editor tool are not available in
Vensim Standard and the Venapp Editor tool is only available in Vensim DSS.

Note that you can use Ctrl+1 to activate the first too, Ctrl+2 the second and so on. Thiswill work for
the first 10 tools (Ctrl+0 is the tenth).

Structural Analysis Tools

B Causes Tree— creates atree-type graphical representation showing the causes of the Workbench
Variable.

D
oE Uses Tree — create atree-type graphical representation showing the uses of the Workbench
Variable.

® L oops— displays alist of all feedback |oops passing through the Workbench Variable.

Dec bocument — reviews equations, definitions, units of measure, and selected values for the
Workbench Variable.

18
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Dataset Analysis Tools

= Causes Strip Graph — displays simple graphsin astrip, allowing you to trace causality by
showing the direct causes (as shown) of the Workbench Variable.

[
Graph — displays behavior in alarger graph than the Strip Graph, and contains different
options for output than the Strip Graph.

E Sensitivity Graph — creates a sensitivity graph of one variable and its range of uncertainty
generated from sensitivity testing.

[t Bar Graph — creates a bar graph of avariable at a specific time, or displays a histogram of
variables over all times or across sensitivity simulations at atime.

Table — generates atable of values for the Workbench Variable.

Funs

=7 Runs Compare— compares all Lookups and Constantsin the first |oaded dataset to those in the
second loaded dataset.

Table Running Down — table with time running down.

A Statistics— provides summary statistics on the Workbench Variable and its causes or uses.
Other Tools
2 . . . .
¢ Units Check — provides an alternative way to access the units checking feature.

i Equation Editor — provides an alternative way to access the equation for the Workbench
Variable.

YEN
#FF enapp Editor £ — supports the visual editing of Venapps.

fieo Text Editor — ageneral purpose text editor. Asshown, itis configured to edit.vgd files).

The Tree Diagram, the Strip Graph, the Sensitivity Graph, the Table and the Statisticstools can all
be configured to show either causes or uses of the Workbench Variable.

19
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Analysis Tool Output

Clicking on an Analysis tool generates a new window with formatted output, except for the Table and
Document tools, which add information to any existing Table or Document Output window. The
output of atool remains on screen until you remove it, and is not updated as changes are made to the
model. The only exception to thisistool output that isimbedded into a sketch using the Input Output
object as described in Chapter 12.

An example of Analysistool output is the graph displayed below. Descriptions of the buttons common
to all Output windows are given below.

CIKPWM Export Save Maximize Cl7se

4
n ===l Graph for Customers Ol x|
Customers
20 W
5 j
0 1 2 3 4 5]
Time (¥ eat)
Customers ; slow Ferzon
Customers | Current Person

?  If you change amodel or make a new dataset, you can delete the old output easily and quickly by
clicking one of the Close buttons |ocated in the top left or top right corner or pressing the Del key.

? Youcan delete all Output windows by selecting the menu item Windows>Close All Output.

?  You can prevent an Output window from being closed by clicking on the Padlock button in the
top left-hand corner to lock the window. Clicking on the Padlock again will unlock the window.

?  You can permanently save information in an Output window by either clicking the Save button (to
saveto afile) or the Export button (to save to the clipboard for pasting into another application)
while the Output window is active.

?  If you remove the output, you can reproduce it easily by invoking the tool that generated it again
(unless you have changed thingsin the model or set special Constant or Lookup table values).

Analysistool output iseasy to create and easy to get rid of. Analysistoolsdo not create information,
but put existing information into a more useful and digestible form.
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The Control Panel

Control Panel

Varial:ulel Time .-i'-.:-:isl Scaling Datasets | Graphsl F'Iau:ehu:uldersl

Axnailable - Infa.. I Loaded - Infa.. I

10 - hhhih
10czarmp Current
baze LI il
Delete | Load From...

[T Keepontop

&

The Control Panel allows you to change internal settings that govern the operation of Vensim, such as
which Workbench Variableis selected or what Datasets are |loaded. Open the Control Panel by

clicking on the Control Panel button @l on the Toolbar or by selecting the menu item
Windows>Control Panel. The Control Panel groups controlsin six tabbed folders (fivein Vensim

PLE and PLE Plus). Select aparticular control by clicking on the appropriate tab at the top of the
window.

Variable allows you to choose a variable in your model and select it as the Workbench Variable.
Time Axis allows you to change or focus the period of time over which Analysistools operate.
Scaling enables you to change the scales of output graphs.

Datasets allows you to manipulate the stored datasets (runs).

Graphs brings up the Custom Graph Control.

Placeholders isacontrol that sets Placeholder Values (Not PLE or PLE Plus, see the Reference
Manual).

S I N

21



2: Vensim User’s Guide

Subscript Control

Subscript Control

task 1/4 |

TASK] N
TASE2 _I

-

Al “D”‘El Full_|
[ Keepontop LEdE.. New...l Cloze y

The Subscript Control isused in Vensim Professional and DSS to create, edit and select elements for
Subscript Ranges in order to focus the operation of the Analysistools. For example, for a model with
variables subscripted by task, selecting just one task (TASK3) will focus the Analysistoolsto show
information only about the one task (TASK3). Subscripts are selected and desel ected by clicking on
them, or by clicking the buttons All or None.

To open the Subscript Control click on the Subscript Control button E.d on the toolbar. Y ou can
define new Subscript Ranges by clicking on the New... button and edit the Subscript Range for the
current tab by clicking on the Edit... button.
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3 A Hands-On Example

Modeling with Vensim

The following steps are typical for building and using Vensim models.

Construct amodel or open an existing model.

Examine the structure using the structural A nalysistools (Tree Diagrams.).

Simulate the model moving around model parameters to see how it responds.

Examine interesting behavior in more detail using the dataset Analysistools (Graphs and Tables).

Perform controlled simulation experiments and refine the model.

NNY Y NY YN

Present the model and its behavior to your audience using SyntheSim results, Analysistool output
customer Graphs and Tables.

Constructing, examining, and modifying models should follow an iterative approach. Starting from
simple models with few feedback |oops and little detail allows the quick construction of aworking
simulation model. The working model can then be modified and improved as necessary to show the
desired level of detail and complexity.

Vensim has a unique approach to displaying simulation output, allowing you to instantly see
simulation resultsfor all variables on the screen. During simulation, dynamic behavior is stored for all
variablesin the model. Y ou can select the any variable of interest and click on the appropriate
Analysistool to display more detailed results.

The Workforce Inventory Example

In this Chapter you will work through the mechanics of using Vensim with aworkforce inventory
model. Thisisasimple, but quite valuable model to study. It demonstrates how the interaction of
inventory management policies and hiring practices can lead to instabilitiesin production. It also
demonstrates the somewhat counterintuitive result that being more aggressive about hiring and laying
people off can actually lead to a more stable workforce. The workforce inventory model is developed
in Chapter 2 of the Modeling Guide.

Starting Vensim

Windows (95, 98, NT 4.0, 2000 or XP)

& Click on the Start button then Programs>Vensim>Vensim XXX (where XXX isone of PLE,
PLE Plus, Professional or DSS).
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Macintosh

& Doubleclick ontheVensimicon.

Vensim will open with anew (empty) model, or the last model you were working with. We could start
devel oping our model here, but instead we will open and simulate an existing model.

Opening the Model

=  Select the menu item File>Open Model..., or click on the Open Model button Elon the
Toolbar.

# Open the model wfinv.mdl located in the directory guide\chap03 (normally the full pathis
c:\Program Files\\VVensi mimodel s\guide\chap03 but we will omit the earlier part).

Vensim will load the Workforce/I nventory model and the screen should appear as below.

q Yensim:WFINY.MDL ¥Yar:Workforce =] B3
Eile Edit Wew Layout Model Tools wWindows Help -Iﬁllil
EE 8 sl EE % F kY ER| SR D o
ol M [ Ghoh "B WRM E8 8% € W -
(e =
@ Imrentnrg,r
P produu:tlon sales entory COVErage
=
Q productivity target mventory
(4 mventory correction
R Workforce l————") target production 1

net h:lreiate\- time to correct inventor

f target workforce
time to adjust workforce

Kl
ﬂ:ll 1 |®l Times Mew Roman [12]6] 0 [u] =IN35

This model describes the dynamic behavior of a manufacturing plant that carriesinventory. The Title
Bar displaysthe model that isloaded (wfinv.mdl) and the Workbench Variable (Wor kf or ce). We
can see that the variable Wor kf or ce also appearsin the sketch. The Workbench Variableisany
variable in the model that we are currently interested in focusing on. We can change the focus any
time we want by clicking on another variable.

&  The Sketch Lock tool should be selected by default. Place the mouse cursor over the box in the
sketch that says| nvent ory, then click onit.

We see that the Workbench Variable (on the Title Bar) changes from Wor kf orce tol nventory.
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Examining Structure

The workforce/inventory model presented isrelatively simple, although it may look confusing if you
are not familiar with the conventions of stock and flow diagramming. In thisvisual representation,
arrowsimply cause and effect: the variable at the tail of the arrow causes the variable at the head of the
arrow (to change). For example, pr oduct i on is caused by Wor kf or ce and also by
productivity.

We can investigate the structure of this model with the structural Analysistools. We will get answers
only about structure, not about dynamic behavior of the model (that comes next when we simulate the
model and use the dataset Analysistools).

& Click on thetop Analysistool, the Causes Tree Diagram and an Output window opens:

productivity

net hure rate ———————Workdforce
>produu:tion
>Imrentor§,r

sales

We see that the Workbench Variable, | nvent ory, ison theright and everything that causes it to
change (up to 2 connections distant) is on the lft.

& Click the Close button ﬂ in the upper left corner, or the Close button ﬁ in the upper right
corner, or press the Del key, to close the Tree Diagram.

b
& Click on the Uses Tree Diagram Analysistool ﬁl and an Output window opens:

arH=1EL=] Inventory: Uses Tree Ol x|

Ihwentory — inwentory correction— target production

Now we can see the Workbench Variable on the left and whereit is used in the model (what it causes
to change, up to 2 connections distant) on theright. Note that these Tree Diagrams simply present
information from the model in adifferent manner. We can observe all the causal connections by
examining the sketch, but trees present only part of amodel and can be easier to understand.

& Click the Close button or press the Del key to close the Tree Diagram.

# Place the mouse cursor pointer onthevariablenet hire rate that appearsinthe sketch, and
then click to select it as the Workbench Variable.

& Click on the L oops Analysistool @l
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i =1=1C] net hire rate : Loops [S[ES
Loop Mumber 1 of length 1

net hire rate
Weotkferce
Loop Mumber 2 of length &
net hire rate
W otkdforce
production
Inwentoty
mwentory correction
target production
target worldforce

An Output window opens that displays all variablesin all feedback loops (two) that pass through the
Workbench Variable (net hire rate).

& Click on the Document Analysis tool e

The output of thistool will depend on the configuration of Vensim you are using. For Vensim PLE
and PLE Plus the document tool provides documentation on the entire model, displaying al model
equationsin asimple text format. For the other configurations thisinformation is displayed only for
the current Workbench variable.

ged=tels) Document _ _ __ __ ___________________[=[ky
niet hire rate = (target workforce-Workforce)ftime to adjust workforce
Units: PersonTlonth

ko ok ke ok ok ok kbbb e sk b ke b sk ke b ke b b ok b bk b bk sk b ke b b e ke ke b e sk b b b ok b b ke s bk b e b ke s sk vk b sl ke ok

An Output window opens that displays the equation underlying the Workbench Variable (net hire
r at e) and the units of measurement.

& Select the menu item Windows>Close All Output.

This closes all the Output windows that have been created.

Simulating the Model

Now we would like to examine the dynamic behavior of the model. We want to look at the behavior

of variablesin the model, such asthe amount of | nvent or y over time. To do this, first we need to
simulate the model. The easiest way to simulate modelsis using the Toolbar. To access some of the
more advanced options for setting up simulations, you can use the Simulation Control as described in
Chapter 8 of the Reference Manual.

& Double click on the simulation Runname editing box on the Toolbar 5 to highlight the
default name Current (or click once and drag over the name Current), then type in the name
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baserun. Thisisthe name of the dataset that holds all the simulation output values for behavior of
variables when we make a simulation run.

& Click on the SyntheSim button %I on thetoolbar. Vensim will change to SyntheSim mode, and

you will see:
q Yensim:WFINY.MDL ¥Yar:Inventory !EE
File Edit Wew Changes Model Tools ‘Windows Help __Iilil
syntheSim @ = 1[0 | @ [ Pl At s | & B (D b
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titne to adjust Wnrkfurce
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++ [ 1 |1 Syrthesim Mode: Al times for all vars instanthy. 4

For each variable there is either a graph superimposed on top or aslider placed below. The sliders are
attached to Constants (variables that take on a single value for all times) and thumbnail time graphs are
shown for the remaining variables. |f you position the mouse over avariable name and wait alarger

popup graph will appear.

= Double click on the simulation Runname editing box on the Toolbar again and replace the name
baserun with experiment. Now when you make changes they will be recorded in the dataset
experiment while the dataset baserun will remain unchanged.

& Using the mouse drag the slider below pr oduct i vi t y back and forth. Asyou movetheslider

the model will simulate and the results will display in blue, with the results from baserun being
showninred. The simulation isdone quickly enough that the graphs should update almost
instantly.

Examining Behavior

While the graphs are displayed for all the model variablesit is often useful to get more detailed, and
bigger, output.
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& Position the mouse over Wor kf or ce and leaveit there. A graph should pop up just below
workforce.

“Wiorkforce
a2a1.10

o

_}.H“‘\__

1] 100

Thisisthe same as the graph shown on top of the variable except that it is bigger, and has |abels on the
axis. The graphs are made the same so that they can easily be related to the thumbnail graphs showing
on the diagram.

& Click onWor kf or ce to select it into the Workbench.

[
& Click onthe Graph Analysistool

- R=T81=] Graph for Workforce _ [=lE3
Workforce
&00
0
0 15 30 45 &0 s a0
Time (Mdonth)
Workdhrce © experiment Person
Wodkdorce : basenm Dersom

Two things are worth noting about the above graph. First both runs show a pattern of behavior known
as damped oscillation. Second, the two runs are identical except for scaling.

& Close the graph by clicking on the Close button or pressing Del.

& Click onthevariable| nvent or y appearing in the sketch and then click on the Graph tool
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e =1El=] Graph forInventory  [=]pY
Inventory
GO0
200 J
0 15 a0 45 &0 75 a0
Time (Mdonth)

Emertomy © expeTirert Widget
Errvtory © bacenm Widget

We seeagraph of | nvent or y with oscillating behavior similar towor kf or ce, although
I nvent ory starts out by declining beforeincreasing in value. More importantly, thereisonly one
graph visible. Let'slook at atable of the actual values for inventory.

& Click onthe Table tool

= & 7 B T, |
Time (Month) 20 21 22 23
"Tnventory"  Euns: experiment baserun

Inventory 300 26525 266 80 294 93
- baserun 200 265,25 266,80 294.93
< >

& Usethe bottom scrollbar of the Output window (or the left and right arrow keys) to ook through
thevaluesfor | nvent ory.

Only onegraph lineisvisiblefor | nvent or y because the values are identical for both runs.
Changing pr oduct i vi ty impacts only Wor kf orce,t ar get wor kforce andnet hire
rat e. Thisisquite clear just by looking at the model diagram as you drag the slider and occurs
because pr oduct i vi t y realy just scales the number of people required to produce oneitem.

-+ =
& Click on the Reset Slider button ilor press the Home key to return the value of
producti vi ty toitsoriginal setting.

& Repeat the above experimentation process with each of the three remaining constants. Drag the
sliders observing behavior and then bring up more detailed graphs when you see something
interesting.

The things to be looking for when you are evaluating behavior are the period of oscillation, the extent
by which variables change and the degree of damping. The period of oscillation is the time from one
peak to the next on the time graphs. Damping is the decrease in amplitude that occurs from peak to
peak, where amplitude is the distance along the y axis from the eventual value the variable settlesto. It
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should be easy to seethatpr oducti vity andi nvent ory cover age do not significantly
changethesewhileti me to adj ust workforceandtine to correct inventory do.

Causal Tracing

Just as you looked at the causes of | nvent or y by using the Causes Tree Diagram Analysis tool you
can also look at graphs of behavior of the variablesthat cause | nvent or y to change.

15
& Click onthe Reset All button ﬂl or use the key combination Ctrl+Home.

Thisresets all model constant to their original value. Y ou will see only asingle graph line on each
variable.

& Click onl nvent ory to selectit into the workbench.

& Click on the Causes Strip Analysistool %l

I =IEL=] Inventory: Causes St{slky
experiment
baserun
Inventory
£00
400 / |
200
production
200
140 ‘ g |
a0
sales
200
140 ’ |
20
0 50 100
Tune (MWlonth)

A strip graph is generated that shows the Workbench Variable (I nvent or y) at thetop, and all the
variablesthat directly cause | nvent ory to changebelow it (pr oducti on andsal es). Thetwo

runs are currently the same, so the graph lines lie on top of one another. Y ou should be ableto see two
colorsin each graph line, the Causes Striptool uses both color and line thickness to distinguish runs.

Notice something very interesting in thisgraph. |1 nvent ory has oscillating behavior which thenis
damped out and becomes stable. | nvent ory isbeing changed by both pr oducti on andsal es
but only pr oduct i on isoscillating. Sal es does not have the oscillating pattern of behavior
contained inl nvent ory and pr oduct i on. Therefore we will look intopr oduct i on and not
sal es to understand the source of this oscillation.
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Causal Tracing isaquick and powerful tool that hel ps us determine what portions of amodel are
causing which types of behavior. The Causes and Uses Tree Diagrams and the Tabletool can all be
used for Causal Tracing but the most commonly used tool isthe Causes Striptool and we will use that
to investigate the sources of oscillation in this model.

Letsfind out which feedback loops in the model are causing the oscillating behavior.

& Click onproducti on appearing inthe CausesStrip to select it asthe Workbench Variable,
then click on the Causes Striptool.

& Click onWor kf or ce inthe Causes Stripthat hasjust been displayed, then click on the Causes
Strip tool.

# Clickonnet hire rat e thenclick onthe Causes Striptool.

The three strip graphs are displayed below. Note how the oscillation is traveling through all these
variables.

FN=TEL=] net hire rate[sikd
EXpertnent ——————————————
baserun
net hire rate
&0
- W=TEL=] production: (/S| )
eXperitnent 0 '
baserun 6
. SEIEEET voricorce: (=IEd Y
production nleniie 5] ] Worldorce

experiment
200 b aserun 200
140 | Workforce 140 |
80 200 20
Worldforce 140 | target worldorce
200 400
80
140 | net ire rate 200 | fo—ry
]

80 0
0 50 100 0 _k/\__ 0 50 100

Timne (Idonth) Time (onth)
-60
productivity 0 50 100 | time to admst workforce
experiment: 1 baserun: 1 Time (Month) experiment: 3 basenn: 3

& Clickont arget wor kf or ce then click onthe Causes Striptool.
& Clickont ar get producti on thenclick onthe Causes Striptool.

# Clickoni nventory correction thenclick onthe Causes Striptool.
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el U=TE1=] target produds]d

experiment

baserun
e H=1EL:] target workfolm]ES) _ el A=TRE] inventory cols[ES)
experiment target production experiment —
baser 400 basetun —————————————

mventory correction

target workforce 200 I". - i 100 F

400
0 30

200 ’\. i mventory correction -40
Inventory

0 100 .
target production 30 | 400 f |
400 40 200
target inventory
200 ,\ ——— sales 600
0 200 400 —Ii
0 =0 100 140 I | 200
Time (onth) 0 50 100
a0 Time (Month)

productivity 0 50 100 o .
: ) ) | e to correct wventory
experiment 1 baserun: 1 Time (Mdonth) experiment 2 baserun: 2

The last two graphs show similar behavior. The CausesStrip fort ar get product i on showsthat
the oscillationiscoming from i nvent ory correction,notfromsal es. Inthei nvent ory
correction graph, weseethatl nvent ory iscausing the oscillation, nott ar get

i nventory.

We know that the oscillations follow a path back to | nvent or y and do not go through the variable
sal es. Let'slook back at the sketch to get afeel for what is happening.

& Click on the Build Windows button @l on the Toolbar.
This brings the Build window to the front and pushes the Output windows to the back.

With your eyes, trace the feedback |oop that the oscillations have followed, from | nvent ory to
producti ontoWrkforcetonet hire ratetotarget workforcetotarget
productiontoi nventory correctionandbacktol nventory.

Look at thevariablet ar get producti on. Note how the oscillations travel through the feedback
looptol nvent ory, not throughsal es. Thevariablesal es isaConstant with a STEP function.
sal es causes other variables to change, but nothing causesit to change. sal es isnot part of any
feedback loop. Thevariablesal es impartsthe sudden changetothelLevel | nvent ory (througha
stepincreaseinsal es) . The system structure (the negative feedback loop) then triesto correct

I nvent ory and sets up the oscillation at some particular frequency. Thisisvery much like a
rocking chair that will rock back and forth in response to a push in one direction.

& Select the menu item Windows>Close All Output.
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Individual Simulation Experiments

So far you have used the SyntheSim capabilities of Vensim to explore model behavior and thisis an
extremely efficient way to gain insights. Thereisamore traditional way to explore behavior, and this
involves a setup step followed by a simulation step for each simulation made. This approach has the
advantage of being very methodical, so that results are easily replicated by other people. Thisisalso
the only practical approach to dealing with very large models for which take more than afew seconds
to simulate.

& Click on the Stop Simulating button @l on the Toolbar.
The graphs and sliders will disappear. Vensim is now in the same state it was in when you first opened
the model.

& Click onthe Set Up Simulation button #£] on the Toolbar.

Some of the variable names in the sketch will appear with yellow text on a blue background. These are
Constant variables that do not change during simulation; we can set them to a different value before we
simulate and see the effect the changes have on model behavior.

# Clickonthevariableti me to adj ust wor kf orce that appearsyellow/blue on the sketch.
E

We will try an experiment where we slow the rate at which we hire new workers (and layoff current
workers), to seeif that removes the oscillation. Ideally we would like to see a smooth increase from
our old inventory (and workforce) levelsto the new levels.

An editing box will open:

& Type the number 12 into the editing box to replace the number 3, then press the Enter key.

Thiswill changetheti ne to adj ust wor kf or ce from 3 monthsto 12 months.

o
& Click onthe Simulate button il on the Toolbar, the model will simulate and store the values for
the dataset experiment.

]
& Click onthevariablel nvent ory, then click on the Graph Analysistool
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=Rl Graph forInventory _____[=[ky]
Inventory
800

400 i ;

0 15 30 45 &0 75 a0
Tine (MWonth)

Tnventory : expeniment Widget
Inventory - baserun Widget

Here we see the results of two experiments: baserun with the original value (3) for the variablet i me
to adj ust wor kf or ce, and experiment with the modified value (12) forti me t o adj ust
wor kf or ce. Theresults show that slower hiring and firing practices actually increase the size of the

oscillation, and make the oscillations last longer.
To see what the differences in the constants were for each run:

Runs

& Click onthe Runs Compare Analysis tool =2

"N =1EL:] Comparing experiment and baserunl O x|

Comparing experment and baserun
wHEER Constant differences between experiment and baserun
tine to adust worldforce - has changed i value

12 experiment

3 basetun

EEE s S5

The Runs Compar e tool lists all Constant and Lookup differences in the first two loaded simulation
datasets. We have two datasets |loaded (baserun and experiment) and the only differenceisthe value
forthevariableti me to adj ust wor kf or ce (3 and 12).
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3: A hands-On Example

Making a Custom Graph

Sometimes you will want to see all of the important variables together in one graph. Graphs generated
using the Analysis tools display behavior for the Workbench Variable. Using Custom Graphs, you can
display the desired variables, dataset runs, style and formatting in one graph. Custom Graphsare
created from the Graph Control located in the Control Panel.

& Click onthe Control Panel button @l on the Toolbar to select the Control Panel. Click thetab
for Datasets.

Control Panel

Varial:ulel Time .-i'-.:-:isl Scaling Datasets | Graphsl F'Iau:ehu:uldersl

Axnailable - Infa.. I Loaded - Infa.. I

experiment

bazerin
) I

Delete | Load Fram... |

[T Keepontop

4

& Unload baserun by double clicking on the run name baserun in the L oaded runs box.

& Click on the tab Graphs in the Control Panel.

Control Panel

Varial:ulel Time .-i'-.:-:isl Scalingl Datasetz Graphs |F'Iau:ehu:ulders|
Fec Coord I Fedo Open I

— Custom Graphzet
I*Default j
Open... | MewiEs |
Save bs. . | Save |
T | = | bodify... Copy... Mew...
fito ki mde [aki= - e e
| Digplay Delete Reorder...

[T Keepontop

4

& Click the button New.... The Custom Graph Editor opens with the cursor positioned at the graph
Title editing box.
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Graph Marme I |HiE|EZ [T Tite [T =Llabel [T Legend |

Tide |
Hebiis | sel | ®Label |

HAThin I Femnas I Hrdivisions I [T Lblntereal  v-div I

Starnp I Cormment I
Type | MNom ¢ Cum ¢ Stack | [~ Dots [ Fil ‘Wwidth | Height |
Scale  “arable D atazet Label Linet Urnitz Y-min  r-max

- _sd || | I

- _sd || ! [

F sl : il : :
| [
|

-l s |
-l s
I _sd || 1

[ &z WP Graph [maxpointz] I Copy ta... I T est output ||_ Soft Bounds

il Az Table.. | Cancel |

& Typethe name Workforce and Inventory into the Title editing box.

& Using the mouse, move to the Variable boxes on the left side of the graph editor and click on the
top button labeled Sel. A variable selection dialog box appears.

Yarnable to include in graph I

FIMAL TIME -
IMITIAL TIME —
[rventory

iFentary comection
inventary coverage
net hire rate
production
productivity —
zales

SAVEPER

target inventory

target production ;I

I arne or
Pattern

ISuI:usu:ripts TIT}'F'E I j
k. I E:-:an:tl Cancel | i

& Movethe scrollbar down thelist and double click on\Wor kf or ce.
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& Using the mouse, click on the second button down labeled Sel. A variable selection dialog box
appears, move the scrollbar down the list and double click onl nvent ory (or single click and

click OK to close the variable selection dial og).

Graph Mame | [Hide: I~ Tile [~ XLabel [ Legend |

Title IWDrkace and lresentary
Hebiis | sel | ®Label |

HeTnin I Hemnay I #-divisions I [T Lblntereal  v-div I

Starnp I Cormment I
Tupe |f" Marm & Cum £ Stack | [T Dotz [T Fill idth I Height I
Scale  “ariable D atazet Label Lingt' Uritz  -min  r-max
IWDrkfn:nrn::e | I I_I
- IInventDr_l,l I_I

| |
| | |
l—_l | | -
& —— | -
& —— | |
— | ] ——

[ &z WP Graph [maxpointz] I Copy ta... I T est autput ||_ Saft Bounds

il AsTable.. | Cancel |

& Click the OK button to close the Custom Graph Editor.

& Click the button Display in the Graph Control to show the Custom Graph.

==l Workioce and Inventory . [=[kd
Workfoce and Inventory
200 Person
800 Widget
80 Person
0 Widget
0 10 20 30 40 50 60 70 80 %0 100
Tine (MWonth)
Wotlkforce : experiment Person
Inventory ;. experiment Widget
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Making a Custom Table

Custom Tables allow you to ook at tabular output from different variables at different times.

& Click onthe Control Panel button @l on the Toolbar to select the Control Panel. Click the tab
for Graphs.

& Click the Newbutton.

& Inthe graph dialog that opens click on the As Table... button at the bottom. The Custom Table
Editor will open.

Table Hame I Clutput width I height I

Title ||
T able Content - drag to rearder

— Time

ﬂ From I ko
by | [+

[~ Running daown [~ Don't display

|

— Cell»fidth
First I rest

[T Scientific Motation

:

LI Fant - |
Highiht: ~_ Mody | _Remove | .~ Bt
Wariable | I I I I -
Cornment Line | fdd

Canicel |

& Typeinthetitle Workforce Inventory Table.

& Click onthe Variable button and select Wor kf or ce then click on the Add button at the right.

# Click onthe Variable button and select | nvent or y then click on the Add button at the right.
The dialog should look like:

38



3: A hands-On Example

T able Mame I Cutput width I height I

Title IWDrkarce [reventany Table

T able Content - drag to reorder — Tz
ok forcelll I I
Invventangll From to

by [+] I

[~ Funning down [T Don't display

— Cell ‘width
Firzt |3EI rest I'I 4

[T Scientific Motatian

Font - Times Mew Bamanl12(10-0-0 |

Highlght: ~ Modiy | Remove |, . Format
Variable | | | ! ! al:
Comment Line | fudd
Cancel |
& Click onOK

Thelist of available graphs and tableswill be updated. Notice that the name will appear as
WORKFORCE_INVENTORY_TABL - thefinal E istruncated. Y ou can also typein the name you
would liketo seein thelist in the Table Name editing box.

& Inthe control panel doubleclick WORKFORCE_INVENTORY_TABL inthelist.

You will see the output

aina 1=l YWorkforce Inventory Table Ol x|

Time (Tlonth) 20 21 22
Wotldoree 100 11083 122.49
Inwventory 200 25398 21914

A [ 2

Summary

Y ou have now worked through the use of avery simple model in Vensim. The techniques used to do
this are the foundation of model analysis with Vensim. Even with very complicated models these
analysis tools have tremendous power to help you understand and debug the models you are working
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on. The next six chapters focus on techniques for building models. After that we will return to more
analysis and reporting topics that build from the basics covered in thisChapter.
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4 Causal Loop Diagramming

Vensim Models

This chapter describes causal loop. Causal loop diagrams are called that because each link has a causal
interpretation. An arrow going from A to B indicates that A causes B. Causal |oop diagrams can be
very helpful in conceptualizing and communicating structures. Many people find causal loop
diagramming to be very helpful even when no simulation model is created, while others feel they can
be harmful if doneinisolation. This chapterisprimarily about technique, and is useful to work
through even if you choose not to build any additional causal loop diagrams. Causal loop diagrams are
also often called influence diagrams.

Causal loop diagrams do not show accumulations (levels or stocks) in a system. Construction of stock
and flow diagramsis covered in Chapter 5. However, even if you intend to build only stock and flow
diagrams, we recommend that you start with this chapter as many of the basic drawing mechanics are
the same and they are covered in more detail here.

It isimportant to note that causal loop diagrams and stock and flow diagrams are not simulation
models. Simulation models, like the one used in Chapter 3, attach algebraic relationshipsto all the
variables appearing in adiagram. In Chapter 6, "Building a Simulation Model" we describe how to
create asimulation model. If you are using Vensim Professional or DSS you can skip building model
diagrams altogether enter equations directly. Almost all people, however, find it easier to build up
models diagrammatically.

Drawing Sketches

When a Sketch Tool is selected, that tool remains active until you select another tool. A single click
(press and release) with the mouse button applies the tool to thesketch.

The Lock tool IE provides the standard mouse cursor. The Lock tool can be used for selecting
sketch objects (they highlight black) and for changing options. Sketch objects cannot be moved with
the Lock tool. Tip— you can select the Lock tool by pressing the Esc key, or the keyboard number 1.

The Move/Sizetool I_(m is used for moving sketch objects around, including resizing variables and
boxes, and reshaping arrows. The other sketch tools also allow you to move objects.

Variable sketch tools (Variable Y8 Box Variable Iﬁ and other variable tools you may configure)
and the default setting for the Rates tool bring up editing boxes (for naming the Variable or Rate)

when applied to the sketch. The Sketch Comment tool Cil brings up adialog box.
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The Arrow tool FFstarts an arrow. To do thismake asingleclick (press and release) of the mouse
button on the middle of the starting word, then finish with another single click on the middle of the
ending word. Arrows (curved) can take one intermediate point on a sketch with an extra mouse click.

NOTE Do not try to draw arrows by clicking and holding the mouse button down while dragging the
mouse. Thiswill just move the word you are starting from. The same appliesfor rates.

Objectsin asketch can have their appearance changed by clicking on them with the right mouse
button, which brings up an options dialog box.

Mouse Tips

?  If amouse button click is called for without mention of left or right, use the left button
(Macintosh, use the only button).

? If amouseright button click is called for, with the Macintosh, hold down the Control key or
the Apple key and click (Ctrl + Click or & + Click).

Constructing a Causal Loop Diagram

This section describes the construction of a causal 1oop diagram of a construction project. A central
concept isthe amount of work to do that isleft in the project. Much of our diagram will center on this
concept. First wewill construct a diagram with one view that describes some essatial elements of
getting a project done. A view isasingle sketch of your model, like a single page of abook. Y our
model can contain multiple views. Later, we will add another view that incorporates more of our
knowledge of the system.

Project Model (project.mdl)

This model describes the competing feedback loopsin a project (think of it as a construction project
though the concepts are generic to all projects). The causal loops show the relationship between the
amount of Wor k To Do, overti ne hours required,andtheeffect of overtime on both the

amount of wor k done and alsof at i gue. Thefirst cut at this model assumes a constant size of
workforce.

& Start Vensim
Vensim will open with the last model you worked on active.
& Select the menu item File>New M odéel or click the New M odel button on the Toolbar.

The Model Settings dialog box opens:
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Muodel Settings - use Info/Sketch to set initial causes

Time Bounds Infu:ufF'asswu:urdI Sketch .-’-'-.ppearanu:el [ itz Equivl

Time Bounds for kModel

INITIAL TIME = IEI
FIMAL TIME = 100
TIME STEF = |1 vI

W Save resultz every TIME STEP
ar uze SAVEPER =

J|

IIritz far Time |k anth -

MOTE: To change later uze Model:Settings or edit the eguations

for the above parameters.

Cancel |

& Click OK to accept the default values

A causal loop diagram does not use the Time Bounds, but a simulation model needs Time Bounds. All
Vensim models (including diagrams) have Time Bounds even though they may not be used.

& Click the Save button on the Toolbar. Select the directory guide\chap04 then type in the name

project and click the Save button in the dialog box.

Adding Variables

AR
& Click with the mouse button on the Variable tool il (or press the keyboard number 3 abovethe

letter keys— not the numerical keypad).

& Click in the middle top of the sketch and typeWor k To Do inthe editing box, then press Enter.

& Click again on the sketch and continue filling out the diagram with the variables shown below.
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Moving Sketch Objects

= Select the Move/Sizetool by clicking onit (you can also press the keyboard number 2). Movethe
mouse directly over avariable. Press down and hold the mouse button then drag the mouse. A
box will move to show you the new position for the variable. Release the mouse button and the
variable will move to the new position.

Y ou can also move and reposition objects using other sketch tools.

= Select the Variable tool again (click onit, or press the keyboard number 3). Move the cursor
directly over avariable. Press down and hold the mouse button then drag the variable to anew
position.

& Return the variables to the positions shown in the diagram above.

Now that we have laid out some important variables we will show their causal influences.
Adding Arrows

& Select the Arrow tool ﬁl by clicking on it (or press the keyboard number 5). Click once on
Wor k To Do. Besureto let the mouse button up without moving the mouse! Move the cursor
tooverti me hours requiredandclick again. A straight arrow will join the two variables.

# Clickonceonovertime hours required then movethecursortowor k done andclick
again. A straight arrow will join the two variables.
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Handles

Handles are the little circles that appear in the middle of arrowsin Vensim sketches, and at the corner
of boxes and clear boxes, in the middle of rates and elsewhere. These handles allow you to resize or
move things around. These handles appear when first entering variables, when creating arrows, and
any time the M ove/Size tool is selected. Handles can be manipulated by the M ove/Size tool or any
other sketch tool except Lock.

& Select the Move/Sizetool to turn handles on.

Curved Arrows

One Way:

& Position the pointer on top of the handle in the middle of the straight arrow fromoverti ne
hours required towork done. Pressand hold the mouse button down, then drag the
mouse (and arrow) a down to make a curved arrow.

Another Way:

# Selectthe Arrow tool. Click once onwor k done, then move the cursor to ablank portion of
sketch just above and right of Wor k To Do and click once, then move the cursor onto Wor k
To Do and click once again. A curved arrow will join the two variables. Y ou can move this
arrow by dragging the handle (with the Arrow tool or the M ove/Size toal).

& Continue joining variables with curved arrows, according to the diagram below, by either making
straight arrows and moving the handle to curve them, or by making a single intermediate click on
the sketch.
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Editing Variables

# To edit avariable name, click on it with the Variable tool to open the editing box, thentypeina
new name.

Deleting Variables

If you want to delete a variable from the model you can use either Edit>Cut (Ctrl + X) or press the

Del key on the keyboard (both of which open aprompt dialog) or use the Delete tool (which
deletes from the model with no prompt).

Notethat if you pressthe Del key or use Edit>Cut you will, except in PLE and PLE Plus, have the
option to Remove from thisview but do not change model structure. If you do thisthe variable
may not appear in any sketch but will still be part of the model. Use caution in selecting this option.

&  Select the Variable tool and click on the sketch, then typein the namet enpor ar y and press
Enter.

= Select the Deletetool and click onthevariablet enpor ary.

Undo and Redo

If you make a mistake while creating a model, you can use the menu item Edit>Undo and Edit>Redo
commands to step backward or forward. Ctrl+Z isthe same as Edit>Undo and Ctrl+Y isthe same as
Edit>Redo. The undo/redo history has multiple levels for most editing changes.
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Saving Your Model

& Click the Save button or select the menuitem File>Save or press Ctrl + S. Save the model in the
directory guide\chap04 with a name such as project.

Models can be saved in text format, the default, with the file extension .mdl. Models can also be saved
in binary format using the file extension .vmf. Binary format models can be used with the Vensim
Model Reader. They also open more quickly than text format models though thisisrarely an issue
except with very large models. None of the models in this guide are big enough for this speed
difference to be noticeable.

Modifying diagrams

Sketch objects have options which you can change. These options allow you to customize your sketch.
Two different methods are used to change sketch options:

Click with the right mouse button on a sketch object (for the Macintosh, Ctrl + Click)
Select the sketch object (variable, arrow, etc.) then use the Status Bar to change the options or
attributes of the selected object.

Selecting Sketch Objects

Several methods allow you to select single or multiple sketch objects.

?  Click on asingle object with the M ove/Size tool .

?  Select multiple objects by holding the mouse button down and then dragging the M ove/Size
(or Lock) tool over aregion of sketch.

?  Select multiple objects by holding down the Shift key and clicking on each object with the
M ove/Sizetool.

?  Select the whole sketch with Edit>Select all (or Ctrl + A).

?  Deselect objects which are selected by holding down the Shift key and clicking on each object
with the M ove/Size tool.

? Deselect all objects by clicking on ablank region of sketch (outside of the selection
rectangle).

Sketch Layout

Vensim includes menu commands to help you lay out your sketch in atidy manner. These commands
allow you to resize sketch objects to default val ues, line up objects by position with a"last-sel ected”
object, size objectsto the last-sel ected, and more.

We shall tidy up the diagram, centering most variableson Wor k To Do.
= Select the Move/Sizetool by clicking on it or pressing keyboard number 2.

& Clickonceon overtinme hours required thenholdthe Shift key down and click once on
Wor k To Do. Select menu Layout>Center on LastSel.
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overtime hours requiredwill moveto lineup onthe center of Wor k To Do.

& Clickonceon qual ity of wor k then hold the Shift key down and click onceon Work To
Do. Select menu Layout>Vertical on LastSd.

& Clickonceon f ati gue then hold the Shift key down and click onceon qual ity of work.
Select menu Layout>Center on LastSel.

& Clickonceon f at i gue then hold the Shift key down and click onceon overti me hours
requi r ed. Select menu Layout>Vertical on LastSel.

& Dragwor k done toright of and halfway betweenWor k To Do andoverti me hours
required.

& Movethe arrows to make neat curves resembling acircle (see below).

Y our sketch should look something like:
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Sketch Options

Variables

&  Select the Lock tool. Use the right mouse button single click on the variableWor k To Do. For
the Macintosh, hold the Control key down and click with the mouse button (Ctrl + Click).

An options dialog box will open.
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Options forWork To Do

 Cicle Face: Times Mew Roman Size [Points]
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& Changethefont (e.g., to Arial), the size, color, or anything else, then click OK.

Note that in the options dialog the Wor d Position option only appliesif the variable has a Shape
selected (anything but None).

# Select menu Edit>Select all or press Ctrl + A. Click on the font size button on the Status Bar at
the bottom of the window (probably reads12) and choose a bigger size, say 14. Click outside of
the highlighted box.

Arrows

& Click with the right mouse button on the arrowhead of the arrow fromWor k To Do to
overtinme hours required,anoptionsdiaog box will open:
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Options for Arrow from “work, To Do to overtime hours
required
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AsWbrk To Do increases,overti nme hours required alsoincrease, apositive causality.
& Select + (under Polarity) and Outside (of the arrow's curve) then click OK.
The polarity (+) is, by default, attached to the head of the arrow inside the curve.

& Continue changing the polarity of arrows according to the figure below, selecting Outside of the
arrow's curve for each arrow:
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Now you will highlight the positive feedback loop with thicker and colored arrows.
&  Select the Move/Size tool if it isnot already selected.

& Click once on the arrowhead of the arrow from Wor k To Do toovertime hours
requi r ed. Now hold down the Shift key and click on the other arrowheads of arrows from:

? overtime hoursrequired to fatigue
? fatigueto quality of work
? quality of work to Work To Do
Thiswill highlight all the handles and show a dotted box around the perimeter of the selected arrows.

& Release the Shift key.

& Onthe Status Bar, ook for the button with two arrows of different wi dths. Click onit and
choose the fifth line from the top. All arrows highlighted will increase in width.

# Click onthecolor button just to the left of arrow width (probably colored blue) and choose a
different color (e.g., red). Now click somewhere on the diagram outside of the dotted box to
unselect the arrows.

Adding Comments and Graphics

& |f you need to make some room at the top of your diagram, select the Move/Size tool, then choose
menu Edit>Select all (or Ctrl + A), then using the cursor, drag the whole diagram lower on the
view to make room for the title.

# Select the Sketch Comment tool. Click at the top of your sketch to add atitle; the Comment
dialog box will open.
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Comment Dezcription
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&

Typein atitle for your sketch (e.g., Work To Do Project Model). Choose afont, size, color, shape
and word position for your comment, then click OK.

Still with the Sketch Comment tool, click on the sketch in the center of the left hand loop. Click
on the dropdown arrow in the Graphics field Image box and choose the positive sign ( +) or the

snowball image % , then from the Shape field choose L oop Clkwse (clockwise).

Click on the Black button in the middle right just below the word Color and click on red in the
color palette that appears. Repeat this with the button labeled Shape color, and click OK. If you
need to, reposition the loop image and resize the loop by dragging its handle. Note that you can
also include a bitmap or metafilefrom the clipboard.

Click on the sketch in the center of the right hand loop. Click on the dropdown arrow in the

Image box and choose the negative sign (— ) or the balance image T , then from the Shape
field choose L oop Counter (counter clockwise), set the two colorsto blue and click OK. If you
need to, reposition the loop image and resize the loop by dragging its handle.

Y our diagram should now look similar to the figure below:
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Refining the Model

Weseethatoverti nme hours required increasesthewor k done, which then decreases
Wor k To Do (anegative feedback loop). However,overti me hours required asodrives
the positive feedback loop that increasesWor Kk To Do. To make this model more redlistic, let us
assume that we can change the size of the workforce through hiring and layoffs. Hiring workerswill
reduce the need for overtime and therefore reduce the fatigue/Work To Do spiral.

An Additional Feedback Loop

&  Select the Move/Sizetool and movethevariablewor k done lower on the sketch. Reshape the
arrowsto and from wor k done, and move the negative loop symbol, as shown in the diagram
below.

& SelecttheVariable tool. Click on the sketch and typein the new variablesr equi r ed
wor kf or ce,act ual wor kf or ce andproducti vity (pressing Enter after each variable)
as shown in the diagram below.

& Select the Arrow tool and connect the variables as shown in the diagram below.

& Add polaritiesto the arrows. For thearrow fromr equi r ed wor kf or ce toact ual
wor kf or ce click on the Checkbox Delay Marking.

&  Select the Comment tool and click to theright of the delay marking added above. Typeinthe
phrase hiring delay, select blue asthe Color and click on OK. You may need to move this
somewhat to get the result shown below.
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& Select the M ove/Size tool, click once on the negative feedback symbol to highlight it, then choose

Edit>Copy (or Ctrl + C). Select Edit>Paste (or Ctrl + V), then click on OK or press the Enter
key in the dialog to choose Replicate. The new loop image gets pasted on top of thefirst image.
Drag the copied feedback loop from the old location and place it in the center of the new feedback
loop. Click on it with the right mouse button (Macintosh: Ctrl + click) then under Shape choose
Loop Clkwsethen click OK.

Your diagram will finally look something like this:

]

[

Printin

Vensim:PROJECT.MDL Var:quality of work
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g and Exporting the Sketch

The sketch can be printed by clicking the Print button or by selecting the menuitem File>Print while
in the Build window.
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The Print Options dialog gives a number of options, the more important ones are:

?  Selection — print whole view, or print selected (portion of view), or print all views
?  Orientation— portrait or landscape orientation

? Size—fit to pagewill fit your view onto a single page.

? Title— thiswill appear on the top of the printed page.

The sketch can be exported to the clipboard for use in other applications by using Edit>Select all, or
selecting a group of variables with the L ock tool, then selecting Edit>Copy (Ctrl + C). This exports
the sketch information to the clipboard as a metafile, which can then be pasted into other applications.

See Chapter 16 in the Reference Manual for more details on printing.

Structural Analysis of Diagrams

Analysis Tools

Vensim Analysistoolsfall into two broad classes: tools for structural analysis, and tools for dataset
analysis. Structural tools allow you to investigate the model structure; dataset tools allow you to
investigate simulation datasets to determine the behavior of variables. In this section, we will analyze
the structure of our model. Structural Analysistoolsinclude the Tree Diagram tool (Causes Tree and
Uses Tree), the L oops tool, and the Document tool.

Analysistools almost always work by generating information about the Workbench Variable. You
select the Workbench Variable by one of two methods. The easiest method isto click on the variable,
wherever it appears. The variable is usually somewhere in one of the sketches, unless the model is
text-based. You can also click on avariable in an Output window, such asa Tree Diagramor a Strip
Graph. The second way to select avariable into the workbench isto click the Control Panel button
to open the Control Panel, select the tab Variable to open the Variable Selection Control, then choose
the variable from the list. The Workbench V ariable always appears on the title bar of the model.
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NOTE If you activate an Analysistool that requires a simulation dataset, and you have no simulation
dataset loaded, y ou will see the message "No runs are loaded. Pleaseload runs'. Thistellsyou that
you need to run asimulation. Chapter 5 will describe how to build a simulation model.

EITHER

& Usethe model project.mdl that you just built,

OR

& Open the model project.mdl in the guide\chap04\compl ete directory.

& Select the Lock tool. Now moveto thevariableWbr k To Do and click onit to select it as the
Workbench Variable. Thetitle bar should look like:

] Vensim:project.mdl Var:-Work To Do

Causal Tracing® with Trees

Causal Tracing isapowerful tool for moving through amodel tracing what causes something to
change. Causal Tracing Analysistools can be configured to show the causes of avariable or the uses
of avariable (the opposite direction to causes).

Causes Tree Diagram

& Click onthe Causes Treetool. We seethe causes of Wor k To Do:

SIsIETEL=] Work To Do: Causes Tree 0| x|

fatigue ————quality of worl
actual worldforce
Worle To Do
wotl: done

overtime hours recuired

productivty

We can trace through the diagram looking at what causes any particular variable.

& Clickonf ati gue appearing in the tree diagramwindow then click on the Causes Tree tool

again:
drR=1=0=] fatique: Causes Tree O x|
Wotlk To Do overtime hours recquired tatizue
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Wecanseethatf ati gue iscaused byovertime hours required andbyWrk To Do.
Now we have traced all the way around one feedback loop, starting and finishing atWor k To Do.
Let uslook at what causesact ual wor kf or ce.

# Clickonact ual wor kforce appearingin thefirst tree diagramor on the sketch then click on

the Causes Treetool:
lnl=I=ls] actual workforce: Causes Tree O] x|

Work To Do —required workforce actual workforce

We have traced another causal loop, from Wor k To Do throughact ual wor kf orce and back
toWwsrk To Do.

& Clickonproducti vi ty either in one of the previoustree diagrams or on the model sketch and
then click on the Causes Treetool:

g R=IEl-] productivity: Causes Tree [slkd

productivity

Thereare no causes of pr oduct i vi t y;itisaConstant or Exogenousin this model.

NOTE You can get back to the sketch you built by either clicking on it, deleting the tree diagrams or

clicking on the Build Windows button & or using the Shift+Ctrl+Tab key combination. If you don't
delete the tree diagrams you can make them visible again by clicking on the Output Window button

El and circul ate between them by clicking again on this button or using the Ctrl+Tab key
combination.

Analysis Tool Options (Not PLE or PLE Plus)

The analysistoolset for Vensim PLE and PLE Plusisfixed. Inthe other Vensim configurations the
Analysistools have options which cause them to display different information about the model. To
look deeper into the model, you can set the tree diagramto different depths.

& Click using the right mouse button (or Ctrl + Click) on the Causes Treetool. The Tree Diagram
Options dialog opens:
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& Click on the drop-down arrow in the Depth box and select 6, then click on OK.

& Click onthevariableWor k To Do. Click onthe Causes Treetool . Y ou should see the causes
of Work To Do toadepth of upto 6 causes:

=1Ll Work To Do: Causes Tree 0| x|

(Work To Do) —required workforce —— actual workforce

(overtitme hours required) — fatigue — quality of work
> Wotk To Do

(Work To Do) — owvertitte hours recuired >WDI’1{ done
productivity

Notethat bothWork To Do andovertine hours required areenclosedin parenthesesand

terminate the di

agram before a depth of six causes are reached. The parenthesesindicate that this

variable appears somewhere else on the diagram, and therefore that there is a feedback |oop within this

tree diagram

Automatic To

ol Activation (Not PLE or PLE Plus)

When tracing a

lot of structure, it can be useful to have the Analysistool automatically activate

whenever you select anew variable as the Workbench Variable.

& Click using the right mouse button (or Ctrl + Click) on the Causes Treetool.

The Tree Diagram Options dial og opens (see above).

# Click on the drop-down arrow in the Depth box and select 2.

& Click on the checkbox for Activate on variable selection, then click on OK.
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& Click onthevariabler equi r ed wor kf or ce, appearing in the tree diagram

A Causes Treeisautomatically generated.

dr ==Ll required workforce: Causes Tree 0| x|
euality of wotl
>Wor1{ To Do required wotldorce
work: done

& Click using the right mouse button (or Ctrl + Click) on the Causes Treetool.

& Click on the checkbox to uncheck Activate on variable selection, then click on OK.

Uses Tree Diagram

Now let uslook at a Uses Treediagram.
& ClickonWork To Do toselectit asthe Workbench Variable (check the title bar).
& Click onthe Uses Treetool.

St =IELl ] Work To Do: Uses Tree ol x|

fatizue
owvertune hours re qujred<
Worlt To Do

work done

required workdorce actual worldorce

Uses are the opposite of causes, you see where in the model Wor k To Do isused.

Loops Tool
Now let uslook at atool that finds feedback |oops for you: the Loops tool.

& MakesureWor k To Do isstill the Workbench Variable (look at thetitle bar).

& Click ontheLoopstool. Work To Do isinvolvedin threefeedback loops:

59



4: Vensim User’'s Guide

e B=TE1=] Work To Do : Loops  [S[ES
Loop Mumber 1 of length 2

Wotk To Do
overtime hours recuired
wotl done
Loop Mumber 2 of length =
Work To Do
required wotkforce
actual worldorce
wotk done
Loop Mumber 3 of length =
Worlk To Do
overtime hours required
fatigue
ruality of worle

Document Tool

Thistool provides atext -based description of some aspect of your model. InVensim PLE and PLE
Plus the document tool will display information about all model variables. In the other configuration
you can set the optionsto display different things about the model, but the default isto document only
the Workbench variable.

PLE and PLE PLUS

& Click on the Document tool.
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=of &1
01y actual workforce = & FUNCTION OF( required workforce)

Tnits: **undefined**

(02)  fabgue = A FUNCTION OF( overtime hours required)
TThite: **undefined**

{03y  FIMNAL TIME = 100
TTntts: Month
The final time for the simulation.

04y INITIAL TIME =10
TTnits: Month
The mitial time for the stmulation. -

. | Ay

The different model variables are numb ered and displayed in alphabetical order. Y ou will notice that
the variablesFI NAL TI ME, | NI TI AL Tl ME, SAVEPER and TI MESTEP also appear in the
document output even though you did not add these to the model. These four variables are used to
control simulations and are part of every model - even models that have only diagrams.

Other Configurations
First, we will examine the Workbench Variable:

= MakesureWor k To Do isstill the Workbench Variable (look at the title bar).

& Click on the Document tool.

o= =sl bocument . [=[kJ
Wotlk To Do =4 FUNCTION OF( quality of wotle worle done)
Units: **undefined**

240 2 2 2 o 2 e S T D 2 D8 T o 2 2 S8 D D D S T D 2 e T o e 2 S0 o 2 4 e o e o e e e e e e b e b oo e ok

The output displays atext description of the equations and definition of the variableWor k To Do.
Next, let us document the entire model by changing the options for the Document tool:

& Use the right mouse button (or Ctrl + Click) on the Document tool.
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& IntheDisplay field, uncheck the check boxesRange and Units. Inthe Multiple Equation
Options field, click the option button All Vars. Click on OK.

& Click onthe Document tool.

A description of your entire model is generated. If you kept the document Output window (from the
exercise above) open, the output is added to thiswindow. If you closed it, a new window is generated
containing the information. Note that the time bounds for the model are included, even though thisis
not a simulation model.

Saving Analysis Toolsets Not PLE or PLE Plus

NOTE When you close Vensim, you will see a message asking you "Do you want to save the current
toolset" Yes/No/Cancel.

& Click Noif you want to keep the original default toolset (default.vts).

& |f you want to save the tool set with the settings you have made, you should click Cancel, then
select menu item Tools>Analysis Toolset>Save As, and type in a new toolset name, then click
Save.
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Stock and flow (or Level and Rate) diagrams are ways of representing the structure of a system with
more detailed information than is shown in a causal loop diagram. Stocks (Levels) are fundamental to
generating behavior in a system; flows (Rates) cause stocks to change. Stock and flow diagrams are
the most common first step in building a simulation model because they help define types of variables
that are important in causing behavior. We will construct a diagram describing the relationships
among awareness of a product and the number of customers and potential customers.

Building a diagram (customer.mdl)

& Start Vensim.

& Click onthe New Model button (or select menu File>New Model...) and click OK in the Model
Settings dial og box to accept the default values.

& Click the Save button on the Toolbar. Select the directory guide\chap05 then save as customer or
some other name of your choice.

Entering Levels

Levels are also known as stocks, accumulations, or state variables. Levels change their values by
accumulating or integrating rates. This means that the values of Levels change continuously over time
even when the rates are changing discontinuously. Rates, also known as flows, change the value of
levels. The value of arate isnot dependent on previous values of that rate; instead the levelsin a
system, along with exogenous influences, determine the values of rates. |ntermediate concepts or
calculations are known as auxiliaries and, like rates, can change immediately in response to changesin
levels or exogenous influences.

When constructing a Level and Rate diagram, consider what variables accumulate over a period of
time. Another way to think about this: if Time slowed down to zero for your system, what variables
would still be nonzero? For example, in the system where you pour water into a glass, the water
contained inthe glassisthe Level. If you frozetime, the pouring (a Rate) would stop, but you would
still see a quantity of water in the glass (aLevel). Once you know what levels you need, enter them
first and then connect the rates and auxiliaries. Model building tendsto beiterative. Don't try to get
everything right the first time; you can always change things later on.

For the problem we are working herethe levelsarePot ent i al Cust omer s and Cust oner s.

& Select the Box Variable tool @Iand click once on the diagram. TypeinPot ent i al
Cust oner s and press Enter.
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& With the Box Variable tool still selected, click on the diagram approximately 3 inches (7 cm) to
theright of Pot ent i al Cust oner s, typeinCust omer s, and press Enter.

Creating Rates

# Select the Ratetool il Click once (click and release the mouse button) on top of Pot ent i al
Cust oner s, then move the cursor on top of Cust omer s and click once again. Type the name
new custoners and press Enter.

The Rate has a single arrowhead, indicating the direction that material can flow (the Rate can only
increasethe Level). Thisisonly adiagram, in asimulation model the equation governs the direction
that material can flow. However, we can use the diagram to indicate whether the flow is intended to be
one way or two way.

& Select the Move/Sizetool.

When you do this you will see that the pipes have small circlesin the middle of them.

Fotential —
. —— o (_1StOtTIErs
Customers
- 4 hew customets
i

& Right Click (or Ctrl+Click) on the small circle to the left of thevalve(Z). Check the Arrowhead
checkbox. Click OK.

Y ou will see atwo way flow.

Fotential
- = e Clustotrers
Castomers
new customers
L+

This diagram would imply that new cust oner s could be positive or negative. We do not want that
here.

= Select Edit>Undo Options from the menu or use the Ctrl+Z key equivalents to undo the last
change. Theflow will return to one direction.

Configuring the Rate Tool (not PLE or PLE Plus)

Y ou can change the behavior of the Rate tool to always start with two way flows by Right-Clicking on
the Rate tool and unchecking the One Way Flow checkbox. For most models, however, two way
flows arerelatively infrequent and it is easier just to change them when they occur as demonstrated
above.

64



5: Stock and Flow Diagrams

Bending Rate Pipes

ot

Click once on Cust oner s, then press and hold the Shift key down and move the cursor about
half aninch (1 cm) to theright of Cust onmer s and click once. Continue holding down the Shift

key for all further clicks. Move directly down about an inch and a half (3.5 cm) (below and right
of Cust oner s) then click once. Movedirectly left to 1 inch below and left of Pot ent i al
Cust oner s and click once. Movedirectly up just left of Pot enti al Custoners and
click once. MoveontoPot enti al Custoners andclick once. Releasethe shift key. Type
the Rate nameexi ti ng cust oners and press Enter.

Y our diagram should look like the one below:
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exiting customers
O

Adding Auxiliaries and Arrows

&

Select the Variable tool. Click once just to the left of and below new cust omrer s then type
thenameti me to become custoner andpressEnter.

Click oncejust right and below exi t i ng cust oner s and typethenamepr oduct |ife
and press Enter.

Select the Arrow tool. Click onceonPot enti al Cust oner s, then once on ablank part of
the sketch above and betweenPot ent i al Cust oners and new cust omer s, then once on
the valve attached tonew cust omer s.

A curved arrow will join the Level and the Rate valve. Vensim allows you to connect arrows to either
the Rate name or the Rate valve. The Rate name and valve are structurally the same.

& Clickonceonti me to becone custoner thenonceonthe Rate namenew cust oners.
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& Click onceonCust oner s then once on the valve attached to the Rateexi t i ng
cust oners.

# Click onceonproduct |ife thenonceontheRate nameexi ti ng custoners.

Y our diagram should now look like the one below:
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More Structure

&  Select the Box Variabletool and click once on the diagram approximately 2 inches (5 cm) above
theLevel Pot enti al Cust oners. Typeinthe nameAwar eness and press Enter.

& Select the Ratetool. Click once on an empty part of the diagram about 2 inches (5 cm) left of the
Level Awar eness. Movethe cursor over to Awar eness and click onceonthisLevel. Type

inthe variablenamegai ni ng awar eness inthe editing box then press Enter.

A Ratenamedgai ni ng awar eness will be constructed between the Level and acloud. The
cloud defines the limits of the model; we do not care where the material comes from, or what happens
if the material goesinto acloud.

# Click once on the Level Awar eness. Movethe cursor to an empty part of the diagram about 2
inchesto theright of Awar eness thenclick once. Typein the Rate namef or getti ng inthe
editing box, and then press Enter.

& SelecttheVariabletool. Click onthe sketch below and |eft of the Rate gai ni ng awar eness
andtypethenameadverti si ng effecti veness but do not press Enter (leave the editing
box open).
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5: Stock and Flow Diagrams

& Click again on the sketch just below adverti si ng ef fecti veness andtypecust oner
referral .

# Click again on the sketch just above the Ratef or getti ng andtypetime to forget.
Note how you can enter multiple variables by clicking on the sketch without pressing the Enter key.

& Click again on the sketch between Awar eness and new cust oner s and typeef f ect of
awar eness on new cust omer s and press Enter.

& If you are running out of space, you can move the whole structure around the page. Choose the
menu item Edit>Select All (or press Ctrl + A) then move the structure around the page (you
cannot do thisif the L ock tool is selected, use the current Sketch tool or the M ove/Size toal).
Click outside the structure to unselect it.

Y our sketch should now ook like this:
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& Selectthe Arrow tool. Click onceon adverti sing effectiveness thenonceon
gai ni ng awar eness.

& Click onceon customer referral then once on gaining awareness.
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Click onceon Awar eness then once on ablank part of the sketch above and between
Awar eness andf or getti ng, then once onthevalve attached tof or get ti ng.

&

Click onceonti me to forget andthenonceonthevalveforforgetting.
Click once on Awareness then once on effect of awareness on new customers.

Click once on effect of awareness on new customers then once on the valve for new customers.

R & & &

Click onceonCust omer s then once on ablank part of the sketch alittle above the cloud for the
Ratef or get ti ng, then onceongai ni ng awar eness.

&

Move variables around and drag the arrow handles with the M ove/size tool if you need to make
the sketch neater.

Y our sketch should now be complete and look like this:
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& Click the Save button on the Toolbar to save your work.
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5: Stock and Flow Diagrams

Customizing Diagrams

Diagrams can be customized in many different ways. The standard practice for Vensim diagramsis to
show levels (stocks) as a box, with the name inside the box. Rates are shown with the Rate valve
explicitly named, although sometimes a Rate will be unnamed (show only avalve). Auxiliaries,
constants, lookups, data (exogenous) variables, etc. are shown as asimple name. This section
describes some options for customizing diagrams.

Sketch Options

&  Select the Move/Sizetool. Click on the handle of the Level Awar eness (littlecircle at the
bottom right corner of the box) and drag it until the box isalittle larger.

& Click onceonthelLevel Pot enti al Custoners toselectit, then hold the Shift key down
and click onceon Cust onrer s and once on Awar eness. Select menu Layout>Sizeto LastSel.

& Select menu item Edit>Select all (or Ctrl + A). Click on the button for setting color of arrows on
the Status Bar (find this button by holding the cursor over each button until the name "set color on
selected arrows" appears). Choose acolor (e.g., red) then click on the sketch outside of the
selection box.

Note that both arrows and rates are changed. If you want to change arrows and rates separately, you
need to select each type individually. You can do this with the menu items Edit>Or
Select>Information Arrows and Edit>Or Select>Rates or by holding down the Shift key and
clicking on each of the rates or information arrowsindividually.

& Click on Awar eness then hold the shift key down and click onPot enti al Custoners
and Cust oner s. Onthe Status Bar, click on bto select bold (togglestoB), and if you wish,
change the color of the variables and the box color (also located on the Status Bar).

= Pressthe Esc key or keyboard number 1 to return to the Lock tool (or click on the L ock tool).

Variable Shapes

We can change the shape of an individual variable by clicking on it with the right mouse button, then
selecting a new shape in the Options dialog box.

# Click with the right mouse button on the variable pr oduct i fe.
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Options for product life

Shape % Cicle Face: Times New Foman Size [Points)
~ .
Mone {~ Hexagon Anal AT BD'_':' 12 -
" By Type ~ Diamond .-'f-.r!aIE!aItlc [ [talic
" Box . Arial Black [ Underline
" Clear Box ® = .-i‘-.r!al = [ Strikethrough
i Up Trangle .-'f-.r!al LR .
&ial Greek [ Wertical Colar
iti Arial W bl
f"-.fﬁ:;rd Ewtmn " Above fial Haren Example g
h
L TrueType Times Mew Eoman
" FRight

Shape Color [ Thickness
[ Background

Hid
color [N L::'-.:naal Mone vl
| ] | E quation | Cancel

# Inthe Options dialog box, click on the option button for Circlein the Shapefield, click on the
button for Belowin the Word Position field then click OK.

An alternative way to do thisisto click on the variable with the Lock or Move/sizetooal to highlight it,
then select a shape from the Surround shape button on the Status Bar.

Default Sketch Options (Not PLE or PLE Plus)

In the Options dialog (T ools>Options), there is a button for Shape labeled By Type. If you select
this, the resulting shape comes from the settings in the Global Options dialog. Let uslook at, but not
change, the sketch defaults.

= Select menu Tools>Options... then click on the tab Sketch
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Global Option Settingz
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Note the By Type Shapes field with drop-down boxes for the different variable types in Vensim.

& Click the button Cancel.

Y ou can also set shape to By Type by selecting avariable using the L ock tool, then clicking on the
Surround Shape button I3 and clicki ng on the second choice from the top@.

Hiding Sketch Elements (Not PLE or PLE Plus)

L et’s customize the diagram and investigate some of the view menu capabilities.

& Select the Hide Wand tool F Click on the Level Awareness, click on forgetting, gaining
awareness, time to forget, effect of awareness on new customers, advertising effectiveness,
customer referral, and click on the two clouds.

Each element will be hidden from view, until your structure lookslike this:
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& Select View>Show Hidden>Depth 1, or pressdown arrow onthe keyboard.
Theword "Hide" on thestatus bar along the bottom will change to "Depth 1."
M| “iew1 @ Cepth1| Times Mew Roman  [12]|6] i ]u]s| IS 03 2004

A check also appears beside the menu item to show it isactive. The sketch elements hidden with the
Hide Wand will pop into view.

& Select the Unhide Wand (the white wand). Click on each of the elements that was hidden.
&  Select View>Show Hidden>None to uncheck it, or pressup arrow key on the keyboard.

Now all your sketch elements should be showing. If you have missed any, they will be hidden. Repeat
the above process again to make them visible.

NOTE You can set hide levels from 1 to 16 and use the up and down arrow keys to unhide and hide
successive levels.

Resizing the View

& Select View>Zoom>200%.
The sketch will zoom to 200 percent.

& Select View>Zoom>100%.
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5: Stock and Flow Diagrams

The sketch will zoom back to the original size. Zooming simply focusesin or out of the sketch,
making everything larger or smaller. Y ou can also zoom by holding down the Shift and Ctrl keys and
dragging the mouse up and down over the view.

Rescaling the View

= Select View>Rescale. Type 120 into the editing box under Horizontal and 140 into the editing
box under Vertical and click OK.

By default rescaling changes the scal e (distance) between sketch objects, rescaling does not change the
size of any sketch object. Note that we cannot rescale to the original size by selecting or typing 100%.
We need to shrink the scale, in this case the X scale to 83% and the Y scaleto 71%.

Modifying the Sketch Tools (Not PLE or PLE Plus)

We have been using the default Sketch tools to do our diagramming. Each of these tools can be
modified, and the whole set of toolsin use can also be changed (see Chapter 13 of the Reference
Manual for details). The most common modification of the Sketch tools will be to apply different
variable shapes.

& Click with the right mouse button on the Variabletool; an options dialog opens.
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¥ |nzide
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™ Right
Shape Color - | Thicknesz IEI
Background Color - I ¥ Use default font
Tool lzon Label I‘Jariahle - Auiliarg/C) Background - |Foreground - ||
Cancel |

This dialog box is almost the same as the Variable Options dialog used above, but has afew additional
entries. The only difference between the Variabletool and the Box Variabletool isthe selection of
shape. The Variabletool has adefault of Shape: Clear Box. Thistool createsavariable placed in a
clear box with asizing handle. Y ou can use the sizing handle to break up long names onto a number of
lines.

Sometimes you might prefer to have just one line variables. Thisis easily accomplished by selecting
Shape: None.
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& Click on the OK button to close the dialog.

Saving Sketch Toolsets

NOTE When you close Vensim, you will see a message asking you "Do you want to save the current
toolset" Yes/No/Cancel.

& Click Noif you want to keep the original default sketch toolset (default.sts).

If you want to save the toolset with the settings you have made, you should click Cancel, then select
menu item Tools>Sketch Toolset>Save As, and type in a new toolset name, then click Save.
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6 Building a Simulation Model

A Population Model

This chapter features a simulation model of rabbit population. The modeling process starts with
sketching a model, then writing equations and specifying numerical quantities. Next, the model is
simulated with simulation output automatically saved as a dataset. Finally, the simulation data can be
examined with Analysis tools to discover the dynamic behavior of variablesin the model.

Normal model construction follows a pattern of create, examine, and recreate, iterating until your
model meets your requirements. Debugging (making a model simulate properly) and model analysis
(investigating output behavior) both play a part in refining the model. Reality Check is another
technology to aid in the construction and refinement of models and is described in Chapter 14.

The behavior of asimulation model in Vensim is solely determined by the equations that govern the
relationships between different variables. We will list those equationsin full for the simulation models
developed in thisGuide. The diagram of amodel (causal loop or stock and flow) is a picture of the

rel ationships between variables. Vensim enforces consistency of the diagram and model equations, but
information can be omitted or hidden in diagrams. When you are building a simulation model, make
sure the equations match what isin this manual. If there isadiscrepancy in the appearance of the
diagrams, it may be because you have inadvertently hidden something or set an option that influences
the appearance of model diagrams.

Vensim Conventions

Naming

Model diagrams should be clearly presented to facilitate building, analysis, and presentation. Most of
the modelsin this manual follow certain naming conventions that we recommend, though you may
choose otherwiseif you wish.

Levels haveinitial letters capitalized; e.g., Popul at i on

Rates, auxiliaries, constants, lookups, data variables, and other variable types are all lower case;
eg.,average lifetine

Sketch

Levels or stocks are entered with the Box Variable tool. When using the Box Variabletool, the
variable is designated asa Level. When you open the Equation Editor you will see that variables
added with the Box Variabletool have type Level. Y ou can change type in the Equation Editor, or
make variables without boxes have type Level in the Equation Editor but this can cause confusion and
is not recommended except for special purposes.
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Rates are usually entered with the Ratetool. By default rates are added with aname and one
arrowhead to indicate a flow in the direction you drew the rate. Y ou can leave arate unnamed by
pressing the Esc key when the edit box for the rate name appears. Y ou can add an arrowhead to the
other end of the Rate by right-clicking on the handle (with the M ove/Size tool selected) and checking
the arrowhead box to indicate atwo-way flow. Except in PLE and PLE Plus you can also change the
default behavior by Right-Clicking on the Rate tool to open the options and unchecking Query Valve
Name or One Way Flow.

IMPORTANT NOTE The presence or absence of an arrowhead on a Rate has no effect on the
equation for that Rate in asimulation model. The equation for a Rate could allow it to decrease a
Level, even though a single arrowhead indicates on the sketch that the Rate increasesthat Level. Itis
the equation that determines whether the Rate behave properly.

Constants, Auxiliaries (and Lookups, Data, and other variables) are usually entered with the Variable
tool aswordsin aclear box or with shape None. Some diagramming conventions give Auxiliaries and
Constants a Circle shape (usually with the name appearing below), but this adds clutter to adiagram
without increasing the information conveyed. Having different shapes for each variable type displayed
doesincrease the information conveyed, but no standard conventions exist for doing this and the visual
clutter can be extensive. For building simulation models we recommend, and will usein this
documentation, diagrams that contain Levelsin boxes, Rates with bowtie valves and all other variables
unadorned.

That said, except for PLE and PLE Plus you can add more tools to the Sketch toolset and change the
behavior of the tools so that the Variable Sketch tool will generate shapes such asCirclesor
Diamonds.

Sketching the Rabbit Model (pop.mdl)

& Start Vensim.
& Click the New Model button, or select the menu item File>New Model...

# Inthe Model Settingsdialog (Time Boundstab) type 30 for FINAL TIME, type (or select from the
drop down box) 0.125 for TIME STEP. Click on the dropdown box for Units for Time, and
select Year. Click on OK (or press Enter).

& Select the Box Variabletool and click somewhere in the middle of the sketch. Type the name
Popul at i on, and press the Enter key.

# Select the Rate tool. Click once (single click and release of the mouse button) about 2 inches (5
cm) totheleft of the Level Popul at i on, then move the cursor on top of Popul ati on and
click once again. Typethenamebi rt hs, and press Enter.

& Click once onthe Level Popul at i on then move the cursor about 2 inches (5 cm) right and
click again. Typethe namedeat hs, and press Enter.

& SelecttheVariable tool. Click on the sketch below bi rt hs, typebirth rate and press
Enter. Click on the sketch below deat hs, typeaverage |ifetime and pressEnter.
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& Select the Arrow tool, click onceonbirth rate thenonceonbi rths. Click onceon
average lifetinme,thenonceondeat hs.

# Click once onPopul at i on, then once on the sketch alittle below and left of Popul at i on,
then once onbi rt hs.

& Click onceonPopul at i on, then once on the sketch alittle below and right of Popul at i on,
then once ondeat hs.

& Click the Save button and save your model in the directory guide\chap06. Name your model (we
call it pop.mdl).

The structure of the Population model is now complete, as shown in the figure below. A positive
feedback loop from Popul ati on tobi rths increasesPopul ati on, and anegative feedback
loopfrom deat hs decreases Popul at i on.
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Writing Equations

The model is now structurally complete. However, if you wereto try to simulate it you would get a
message saying that the model has errors and can't be simulated. In order to simulate, it needs a set of
eguations that describe each relationship. These equations are simple algebraic expressions, defining
one variablein terms of othersthat are causally connected. For example:

births = Population * birth rate

Looking at the sketch view, bi rt h rat e hasno causes; it isaConstant in the model. This
Constant has a numerical value which we will fill in later.

We will fill in units of measurement for each equation we enter. Units allow usto check for
dimensional consistency among all the equations. Dimensional consistency isimportant asaformal
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check of correct model structure. We will use the menuitem M odel>Units Check (Ctrl + U) to check
the whole model after we have added all the equations.

& Click on the Equations tool.

All the variablesin the model will turn black. The highlights are used as a visible checklist of
completeness. The highlightsindicate which variables still require equations or have incomplete
equations. Asyou complete the equations for each of the variables, the highlights will disappear. The
menu item Model>Check (Ctrl + T) or the Check Model button in the Equation Editor also checks
and displays what remains to be done.

& Clickonthevariablebi rt hs.

The Equation Editor will open. The exact appearance of the Equation Editor will depend on which
Vensim configuration you are using. Vensim PLE and PLE Plus have a simplified Equation Editor,
though the main elements are the same.

Variable Type: Auxiliary

The top of the editor has the name of the variable we clicked on: bi rt hs. The dropdown list box on

the left shows the type of variable: Auxiliary. Vensim considers rates and auxiliariesto be the same
type of variable. Click on the dropdown arrow to see the other types. Make surethat Auxiliary is till
selected when you leave the list. Put the cursor in the equation editing box (next to the =sign).
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& Complete the equation for births as below (in the editing box)
EITHER

& By typing Population* birth rate

OR

# Click onthevariable Popul ati on intheVariableslist (in the middle of the Equation Editor),
then type the * symbol (or click on it in the Equation Editor keypad), then click onbi rth rate
inthe Variableslist.

Spaces and new lines can be added to the equation for increased clarity, but are not necessary. To add
anew line hold down the Ctrl key and press Enter. Note that you can't use anew lineinside of a
variable name.

Now we will add the units of measurement for bi rt hs.

& Typeinthe units of measurementr abbi t / Year inthe Units: box. Thisindicatesthat we
measuretherate of bi rt hs in rabbit per Year. Click on OK or press Enter.

If the model structure and equation agree and there are no syntax errors in the equation, the dialog box
will disappear. If there are problems with the structure or equations, you will receive an error message
indicating what is wrong.

Variable Type: Level

# Click onPopul ati on.

The Equation Editor opens and is slightly different from what we saw with the variablebi rt hs.
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The dropdown list box on the left shows the type of variable: Level. Left of the equation editing box is
the INTEG function that defines aLevel (integrating the variable over time). An equation is already
present in the equation editing box. Because we connected rates with the namesbi rt hs and

deat hs totheLevel, Vensim automatically entersthe rates to the Level equation. Rates constructed
by clicking first outside, and then on the Level are considered positive (inwards) flows; rates
constructed by clicking on the Level, and then outside the Level are considered negative (draining)
flows. If therates are drawn in adifferent direction the sign can be changed in the Equation Editor.

The equation for this Level iscorrect, bi rt hs add toPopul ati on,deat hs subtract from

Popul at i on, sowe need not change them.

The Equation Editor for aLevel has an extra editing box to set the starting or initial value; the cursor is
placed there.

& Inthelnitial Value editing box, typein 1000.

Thisvaueistheinitial number of rabbits at the start of the simulation (time zero).
= Typeintheunitsof rabbi t inthe Unitsbox. Click onOK or press Enter.
& Clickonbirth rate. Typeinthenumbers0.125 in the editing box.

& Typeintheunitsfracti on/ Year (if you prefer, enter instead 1/ Year ), this means that the
fractional birth rate is measured in fraction (of rabbits) per year. Another way of saying thisis
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(rabbits born / rabbit population) / Year (r abbi t / rabbit)/ Year = fraction/ Year
(rabhit cancelsout). Click OK or press Enter.
& Complete the remaining two equations as they are shown in the Equations listing below.

All model variables should appear clear in the sketch after all the equations are entered. Units that
have been previously entered can be selected again by clicking on the arrow in the Units box and
selecting from the dropdown list.

pop.mdl Equations

average lifetime = 8
Units: Year

birth rate = 0.125
Units: fraction/ Year

births = Population * birth rate
Units: rabbit/ Year

deat hs = Popul ation / average lifetine
Units: rabbit/ Year

Popul ation = | NTEE
births - deaths,
1000)
Units: rabbit

Checking for Model Syntax and Units Errors

Before we simulate the model, we should check it for errorsin equations and units.

& Select Model>Check Model from the menu (or press Ctrl + T); you should get an information
box saying "Model isOK."

If the model has errors, the Equation Editor will open with the variable containing the error. Check
that the equation uses all the inputs and looks the same asin the listing above. Check that the structure
of your model is the same as in the diagram above.

&  Select Model>Units Check from the menu (or press Ctrl + U); you should get an information box
saying "Unitsare AOK."

If aunitserror is generated, read the Output window to see which variables are failing the check.
Open the Equation Editor on each variable and check the units against the list above. Unitsthat do
not check out often indicate poor or incorrect equation formulation.

NOTE The Units Check feature can also be accessed from the Analysis tools except in PLE and PLE
Plus. You need to modify the toolset (menu Tools>Analysis Toolset>M odify...) and add the Units
tool, or open the Analysis tool set default2.vts which contains the Unitstool.
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Units Equivalents (Synonyms)

When entering units, you may want to enter the plural form aswell asthe singular. For example,
rabbits aswell asrabbit. This will fail a Units check because Vensim does not see the plural form as
the sameword. The easiest way to accommodate thisisto set rabbit and rabbits as equivalent units, or
synonymes.

= Select menu Model>Settings... and click the Units Equiv tab. In the editing box, type
rabbi t, rabbi t s then click the button Add Editing. Then click OK to close the dialog.

Simulating the Model

# Double click on the Runname editing box on the Toolbar and type equilib for the first run name.
& Click on the Simul ate button (or just press Enter when the cursor isin the Runname box).

The model will simulate. Thismodel isso small that is may seem like nothing happened, if you are
not sure click on the Simulate button again. If you are asked if you want to overwrite the dataset the
model did simulate.

Model Analysis

Thismodel has been designed to show equilibrium conditionsin the rabbit population. The constants
birth rate andaverage |ifetine areboth setto generatearate of flow of 12.5 % of
Popul at i on, therefore each feedback loop is balanced numerically, resulting in no changein the
value of Popul at i on.

Graph and Table tools

# Click onthe Level Popul ati on inthesketch.

This selectsit as the Workbench Variable; another way to do thisisto choose Popul ati on fromthe
Variable Selection control. Check the title bar at the top of the Vensim window to see that
Popul ati on isselected.

& Click onthe Graph tool. A graph of Popul ati on isgenerated:
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g R=IRL] Graph for Rabbit Population _________[s=lk3
Rabbit Population
1,000
w00
0 4 B 12 16 20 24 23
Time {Year)
Rabbit Population : equilib rabhit

Popul ati on appearsasaflat line at the top of the graph at 1000 rabbits. To check that no change
isoccurring:

& Click onthe Tabletool.

An Output window shows that Popul at i on isunchanging. Scroll the window to confirm that late
in the simulation, Popul ati on isstill 1000.

=o' & T, | > |
Titne {Yeat) 295 29.625 2975 29875 30
"Population”  Euns: equilit

Population 1,000 1,000 1,000 1,000 1,000
] ]

Comparing Simulations

A key feature of Vensim is the ability to do multiple simulations on a model under different conditions
to test the impact that changes in constants (or |ookups) have on model behavior. Vensim also stores
all thedatafor all variablesfor each simulation run, so that you can easily access information about the
behavior of any variable in any run. Experiments are performed by temporarily changing Constant or
L ookup values and then simulating the model. Thisway, your underlying model stays the same, an
unchanging reference point.

Exponential Growth

Now that we are satisfied that we have equilibrium conditions, et us make changes to the model

constants to generate unconstrained growth. Thisis one of the simplest possible dynamic behaviors,
known as exponential growth.
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Simulation Experiments

& Click on the SyntheSim button %l Answer yes to whether you want to overwrite the existing
run.

The toolbar will change to

SyntheSim @ E1[7 | @ s ESE:: & B D by

and you will see variable behavior for al elements on the diagram.

- Fabbit - -
© il ol Population il
5 eaths
kirth rate average hfetime —
—01e8 AR 1 -
! I _>IJ

# Click on the Runname editing box and replace equilib with the name growth.

& Dragthe slider beneathbi rt h r at e uptill it shows 0.2 asitsvalue. If you have trouble getting

the exact value let go of the mouse button and use the left and right arrow keys on the keyboard to
move the slider in small increments.

Y our sketch should look like:

Eabbat
oy 52 - 2 -0

AR

hirth rate awerage lifetime —
= 07 AE -
! I _'*IJ

The blue lines show the current run and the red line the equilib run results.

& Click onthe Stop button to stop SyntheSim.

The behavior graphs and sliders will disappear from the sketch.

& Pressthe B key or select the menu item View>Show Behavior to see behavior graphs again.

Y ou can toggle between seeing and not seeing behavior graphs by pressing the B key.
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Alternative Simulation Setup

Asan alternative to entering SyntheSim mode you can set up and perform simulation one at atime.
For large models where the simulation takes more than afew seconds this is more practical than trying
to enter SyntheSim maode.

EEI
& Click onthe Set up a Simulation button _|""*
The Toolbar changes to the simulation toolbar.

cuer[ (0100 | O 5 % & ¥ B

& B

Thistoolbar has features specific to model simulation, allowing changes to the integration technique,
and buttons to change model constants and lookups. Y ou will aso notice that constantsin the sketch
of this Population model turn into yellow words with blue background . Also, the sketch tools are
grayed out, preventing work in the sketch window.

& If you have not already done so click on the Runname editing box and replace equilib with the
name growth.

& Click onthevariablebi rt h rat e (appearing blue/yellow in the sketch) and in the editing box

typethevalue 0.2. Pressthe Enter key. Thisisatemporary change for this run only and does not
permanently alter the value in your model.

& Click the Simulate button and the model will simulate. If you already created the rungrowth in
SyntheSim mode you will be asked if you want to overwrite the existing dataset - answer yes.

& |f you have not already done so press the B key or select the menu item View>Show Behavior to
see behavior graphs.

Causes Strip Graph

& Click onRabbi t Popul ati on to select it into the workbench.
& Click onthe Control Panel button @l to bring the Control Panel to the front. Click the Datasets
tab to open the Datasets Control and check that both runs are loaded in the right hand column.

The last run you made (growth) isloaded first (at the top of the dialog). Most Analysistools act on
both datasets, allowing comparison of behavior from both runs.

& Click on the Graph tool.
A graph will be generated showing both runs (see below).
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el B=TELS] Graph for Rabbit Population . [s]kd
Rabbit Population

10,000

0

0 4 8 12 16 20 24 28
Time (T eat)

Rabbit Poplation ; grovth rabbit
Rabbit Poplation, ; equilih Tabbit

& Pressthe Del key or click the Close button to remove the graph.
& Now click on the Causes Strip tool.

A strip graph is generated showing Popul at i on anditscausesbi rt hs anddeat hs.

el W=1E1-1 Rabbit Populatio{s|E

growth

ecquilib

Fabhit Population

10,000

5,000 //
0

births

2,000

1,000 //
0

deaths

2,000

1,000 /
0

0 15 20
Time (Teat)
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Runs Compare

To discover the differences between the first and second runs, we will use atool that compares all
Constant (and L ookup) differences. Thistool acts on thefirst two loaded runs (check in the Datasets
Contral).

# Click onthe Runs Comparetool. The text report below shows the differencesin the Constant
birth rate forrunsequilib and growth.

SaREETELT] Comparing ili 0| x|
Comparing growth and equidib
FHERHEC onstant differences between growth and equilib ¥
kirth rate - has changed i value
02 growth
0.125 ecquilib

Popul ati on grew in the growth run becausethebi rt h rat e wassettoahigher valuethan the
equilibrium value. This made the positive feedback loop throughbi rt hs stronger than the negative
feedback loop through deat hs, resultinginPopul ati on growth over time.

= Select the Menu Item Windows>Close All Output.
All of the windows you have created using the Analysistoolswill be closed.

Exponential Decay

Next, we will make changes to a model Constant to generate exponential decay or decline in the
population. Like exponential growth, thisis one of the simplest possible dynamic behaviors.

& Double click on the run name and replace growth with decay.

Do one of:

& Click on the SyntheSim button.

& Dragthe Slider under aver age |ifeti ne till it displaysavalue of 4.
# Click on the Stop Button

Or

& Click onthe Set Up a Simulation button.

& Click onthevariableaverage |ifetinme (appearing blue/yellow inthe sketch) and in the
editing box typethevalue 4. Pressthe Enter key.

& Click the Simulate button and the model will simulate.
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Both the above sets of stepsresult in the creation of the new run decay.
& Click on the Graph tool and compare the three runs.

& Click on the Control Panel button on the Main Toolbar. In the Datasets Control box, double click
on the run equilib in the right box; thiswill unload the run so the Analysistoolswill not examine
it. Notethat it can be reloaded just aseasily. (You can also single click to select the run then use
the Move button (<<) or (>>) to unload or load the dataset.)

& Click onthe Causes Striptool; astrip graph is generated showing Popul ati on and its causes
— births anddeat hs, for thetwo last runs.

=181 Rabbit Population: {slE3
decay

growth

Fabhit Population
10,000

5,000
0

births
2,000
1,000

0 BE=
deaths
2,000

1,000 /

0
0 15 30
Time (Teat)

Popul at i on declinesin the decay run becausetheaver age |ifeti me wassettoalowervalue
than the equilibrium value. This made the negative feedback loop through deat hs stronger than the
positive feedback loop throughbi rt hs, resulting inPopul at i on decline over time.

Input and Output Objects

Y ou can use I nput Output Objects to imbed sliders, graphs and tablesin asketch. We will demonstrate
this here by embedding a custom graph.

& Click on the Control Panel button and then select the Graphs tab.
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Click on the New button. The Custom Graph editor will open.

Enter thetitle "Population, Births and Deaths."

Click on thefirst Sel button and select Rabbi t Popul ati on fromthelist.
Click on the second Sel button and select bi r t hs from thellist.

Click on the third Sel button and select deat hs from thelist.

K& & & &R &

Click on the Scale checkbox to the left betweenbi r t hs anddeat hs.

The custom graph editor should look like:

Graph Mame I |Hi':|E: [T Tile [~ =Label [~ Legend |
Title IF'l:npuIati-:un birthe and deaths
Wediis | Sel | % Label

F-rnin I Hemnan I Hedivigions I [T LbHnteral  ¥-div I

Starnp I Camrment I
Type |f" Mo & Cum & Stack | [ Datz [ Fill ‘width I Height I
Scale  “ariable D atazet Label Lingt Urnitz  Y-mih  v-max

~ [Fbbi Fopuision_Sel | | [
N r—— [
S e | [ ]

! L
I —
| _sd | ] : [ : :
! [

| _se | | [
| _sd || [

[ Az 'WIP Graph [maxpoints] I Copy to... I T est output ||_ Soft Boundz

Az Table... | Cancel |

& Click onOK.

—
# Select the Input Output Object sketch tool EI

NOTE If you forgot to stop SyntheSim mode the Sketch toolbar will be grayed. Click on the Stop
button then try the above step again.

& Click on an empty areaof your sketch, below or to theright of the diagram.

The Input Output Object dialog will open.

89



7: Vensim User’s Guide

[nput Output Object settings

% [nput Slider " Dutput Woaorkbench Taoal " Dutput Custom Graph

" ariable name. Choose; I:::unstant...l Gaming... | [Mata,.. |
Il
Slider Settings

Ranging from IEI ko |1 na with increment I

[+ Label with warmame

" Object Type

Cuztom Graph or Analyziz Tool for Dutput

-]
Cancel |

Click on the Output Custom Graph radio button.

&

&

From the dropdown below Custom Graph or Analysis Tool for Output select
POPULATION_,BIRTH_AND_D - it should be the only entry available.

Click onOK.
Position and size the graph to fit your taste.

Double click on the run name and replace decay with experiment.

R & &R &

Click on the SyntheSim button.
=  Experiment with moving the sliders around and seeing the results on the graph.

Chapter 12 Input and Output Controls has more details on customizing the information displayed on
the sketch.
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7 Functions and Simulation Errors

The population model presented in the previous chapter is asimple model that uses only multiplication
and division in its equations. While addition, subtraction, multiplication and division are the most
common components of equations, sometimesit is necessary to use different types of relationships.
Vensim has a number of functions that can be used in equations and in this Chapter we will work
through the process of adding these functions to equations. In the next chapter we will cover Lookup
functions which allow you to specify functional relationships by drawing acurve.

In addition to exploring the use of functionsin this chapter we will look at how to deal with what are
called "Floating Point Errors.” These are errors that occur when the numbersin amodel get too big,
thereisadivision by zero, or afunction is given an argument that is out of range.

Price and Demand

As an example we will use a very simple model fragment with some structure around price and
demand. The example below isnot very complete. The pricing decision is made to achieve a certain
revenue goal with the expectation that demand will not be changed by price, while demand does in fact
depend on price. Thismodel embodies a single dynamic hypothesis, and is interesting to experiment
in isolation even though its behavior, asyou will see, is quite unrealistic.

& Create the diagram pictured below or open the model guide\chapO3\complete\pricel.mdl.

q Yensinm:pricel.mdl ¥Yar:time to adjust price down
File Edit Yiew Layout Model Tools wWindows Help _Iﬁllﬂ
BAEH | & 2B@ EHFECuwent [SFhY EF &2 D6
*
e @M | Ghth B WSS e | -
e<f ~
- reference demand  —
@ o t: ?ﬂn expected “_demandq‘_i effect price
Dac EERECTANONS / demand dernand
target - /" }
e W-target price
e it e o gy~ P prcc | e
(4 t:ung to dau::l_mst titne to adjust ey elasticity |
price dowmn rice 1 —» ‘r\__,./ . fer
u mutial price tF F?IEEE%CE
= .
4 3
ﬂil [l Wiew 1 || Times Mew Foman  [12|b]i|ul = h | EYER A =
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Use the steps outlined in the previous chapter to create thismodel. There are two elementsthat are
different in this diagram from what was done there. Thefirst isthetwo-way flow forchange i n
pri ce. Thesecond isthe absence of flowsinto the Level expect ed demand. To draw the two
way flow:

& Usethe Ratetool to draw aflow from the left of pri ce intopri ce and label theragechange
in price.

& Click onthe Move/Sizetool.

& With the Right Click or Control Click on the small handle appearing in the middle of the pipe
fromthecloudtochange in price.

& Inthedialog that appears check the box Arrowhead.

Options for Arrow from -junction- to -junction-

¥ Amowhead [ Delapmarking  Color - |

— Line StylesT hicknesz

C— — =

- - - ) — —
- o - - -

— Palarity
* Mome €+ (- {5 {0  DOther I_

Position paolarity mark. at the Fant |
" Amowhead % Handle onthe

{* Inzide " Outzide  of the amow's curve

Hide Lewvel| ke =
F. Cancel |

The creation of the arrowsintothelevel expect ed demand isdonein the same way that all other
arrows are created. Some more comments on the way this Level is depicted will be made when the
equation for it is created.

Entering a Function

& Select the Equation edit tool.
& Click on effect price demand.

& Click on the Functions tab to the right
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Editing equation for - effect price demand |
Ieffect price demand Add EqI

[

TPPF{_ Undo | 7| 8| 8] +| Wariahles Functions |Mn:nre |

I.fi'-.umllar_'.' 'I | 415 8] -] [e8s il Show Class
INnrmaI j Llil al - gEﬁ%ﬂKED II:-:umml:ln j
[ Supplementany llil A DELay

v g iR _osa |
Uitz I j

Conn-

]
memt: ;I

Group: |.Pricel "I Range: I I I GoTo:  Prey | Mext | HiIitel Choose | e |
Emars: |ExP( ix} ] j
Q. | Check Syntax | Check Model | Delete Wariable | Cancel |

You will seealist of available functions displayed. If you click on any item in thelist it will display
the functions arguments at the bottom of the Equation editor. You can also typethefirst letter ina
functions nameto scroll the list to functions beginning with that letter. The up and down arrow keys
will move through the list displaying argument information at the bottom of the window.

& Click on EXPinthelist of functions, scrolling if necessary.

& Pressthe Enter key.

In the editing window you should see EXP({x} ) with the {x} highlighted.

& Pressthe - key or click on- on the buttons.

Click onthe Variables tab and click onthevariabledenmand el asticity.
Pressthe * key or click on* on the button.

Click on the Functions tab.

R & & &

Click on LN in thelist of function (pressing the L key is a good shortcut to get there) and press
Enter.

Click onthe Variables tab.

Click onpri ce.
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& Pressthe/ key or click on the/ button.
& Clickonreference price inthevariablelist.
Y our equation should read:

ef fect price demand=
EXP(-demand el asticity*LN(pricel/reference price))

Y ou can always type thisin instead of working through the list of functions and sometimesthisis
easier to do.

A couple of notes on this equation are important. In this equation LN isthe function for a natural
logarithm and EXP(x) is the function that takes the special nhumber e (about 2.72) to the power x. This
equation could also be written as either one of:

ef fect price demand=
PONER( pri ce/ reference price,-demand el asticity*)

ef fect price demand=
(pricelreference price)”(-denand el asticity)

(Infact, for this equation there are three additional formulas that involve switchingpri ce and
ref erence pri ce thenchangingthesignondenmand el asticity.)

Thisequation is astandard constant elasticity demand curve. Theuseof pri ce/ ref erence
pri ce isanormalization that also prevents any units errors from occurring. We will discuss
normalizations further in the next chapter.

Independent of which functions are used, the method for entering them isthe same. Y ou can either
typethemin, or select them from thelist.

IF THEN ELSE

Itis pretty common to need to be able to switch between alternative formu lations based on some
condition. ThelF THEN EL SEfunction allows you to do this. It isimplemented asafunctionin
Vensim for two reasons. First, like other functionsit returns avalue. Second the statement

d =IFa THEN b ELSE c

actually assignsthevariable"| F a THEN b ELSE c" tothevariabled. In order for Vensim to
differentiate variables from statements something such as :IF: a:THEN: b :EL SE: ¢ would need to be
used and this seemsto create more distraction than it resolves. In Vensim this assignment takes the
form

d = I F THEN ELSE(a, b, c)
& With the Equation edit tool selected click onChange in Price.

& Click on the Functions tab then select IF THEN ELSE from thelist and press Enter.
& Click onthe Variables tab.
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& Clickont arget pri ce pressthe>key (or click onthe Moretab and click on the > button)
thenclick onpri ce.

& Double click on {ontrue} in the equation to highlight it.

&

Hold down the Ctrl key and press Enter.

& Pressthe left parenthesis ( key, click ont ar get pri ce pressthe minus- key, click onpri ce,
press the right parenthesis) key, pressthe divide/ key thenclickonti me to adj ust price

up.
& Double click on {onfalse} in the equation to highlight it.

&

Hold down the Ctrl key and press Enter.

& Presstheleft parenthesis ( key, click ont ar get pri ce pressthe minus- key, click onpri ce,
press theright parenthesis) key, pressthe divided / key thenclick onti me t o adj ust
price down.

Y our equation should read:

change in price=
| F THEN ELSE(price > target price,
(target price-price)/time to adjust price up
(target price-price)/time to adjust price down)

The function arguments appear in such away that double clicking on them will allow you to replace
them. Because the equation argumentsare enclosed in Curly braces{} they are actually treated as
comments and can even be left in, though thisisrarely desirable. The use of Ctrl+Enter putsline
breaks into the equations to keep them more readable.

SMOOTH

The SMOOTH functionis commonly used to take time averages and represent expectations. Itis
different from LN, EXP and IF THEN ELSE in that it has time behavior built intoit. That is, if you
know what value x takes on then you can compute EXP(x), but just knowing x does not tell you the
value of SMOOTH(x,4), you also need to know what value the SMOOTH previously had. Thisis
because the SMOOTH function has alevel implicitly built into it.

We will write the equation

expect ed demand=SMOOTH(dermand, tinme to form expectations)
Thisequation is exactly the same as:

expect ed demand=I NTEH (demand- expect ed demand)/
time to form expectations,

demand)

When you use a SMOOTH function Vensim actually creates two variables. One, expect ed
demand, istreated asan Auxiliary that is equal to aLevel mad up by Vensim called
#SMOOTH( derand, ti met of or nexpect at i ons) #. Normally Vensim will hide such variables
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internally, but you can display them by checking Macro Variables: Show inthe Settings tab of the
Global Optionsdialog (using the Tools>Options menu item). Thisis not availablein Vensim PLE or
PLE Plus.

To enter the smooth equation:
& Open the Equation Editor onexpect ed demand.

Becauseexpect ed denmand wasentered in abox Vensim expectsit to be aLevel and the Equation
Editor will open with thistype selected. To enter the SMOOTH equation, however, we want to change
thistype Auxiliary. We still want to keep the box around the variable, however, because of the hidden
level it contains.

& Change the equation Type from Level to Auxiliary using the dropdown list on the | eft.

Click on the Functions tab, select the function SMOOTH and press Enter.

Click onthe Variablestab and click ondemand.

Doubleclick on{st i me} thenclickonti me to form expectati ons inthevariablelist.

Add the unitsBox/ Mont h, the same as the unitsfor demand.

R & & &R &

Click on OK to close the Equation editor.

There are a number of functions which, like smooth, introduce hidden variables and dynamics. These
include DELAY1, DELAY 1l, DELAY3, DELAY 3l, FORECAST, SMOOTH3, SMOOTHa3lI,
SMOOTHI and TREND. It isoften helpful to put variables using these functionsin abox to
emphasize the hidden Levels. For the SMOOTH function itself, sinceitisso simple, it is often clearer
to use the alternative INTEG formulainstead of SMOOTH, but thisis a matter of taste.

Whether it iswritten as SMOOTH(x,t) or INTEG((x-sx)/t,x), diagrammatically we have a Level with
information arrows instead of rates coming in. There are different schools of thought on whether or
not Levels should be allowed to appear without rates. We will often use the convention shown here for
informational concepts, such asexpect ed denmand. Inthiscase, thereisno physical process that
increases or decreases an information concept, it simply adjusts in response to pressures and
imbalances. Vensim itself will let you draw both rates and informational arrows going into levels, so
you need to choose a convention that will be clear to those you want to show your work to.

STEP
Open the Equation editor ont ar get revenue.
Type "10000+" to begin the equation.

Click on the Functions Tab.

Select STEP from the list and press the Enter key.
Type "5000."

K & & & & &

Doubleclick on {stime} in the equation.
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& Type"10.".
& Enter the units$/ Mont h and click on OK.
The final equation should read

target revenue=10000+STEP(5000, 10)

The STEP function is one of the most commonly used input functions. This function returns O until

Ti me reaches { stime} and then it returns{sheight}. In our exampleit will return O till time 10 then it
will return 5000 so thatt ar get r evenue will start at 10000, remain constant till time 10 and then
jump to 15000. The STEP function isimportant because a step change isavery good way to get a
model to show the behavior modesit can generate. For examplein a supply chain model, you can use
a step change in demand to take the supply

There are anumber of functionsrelated to the STEP function. PULSE, PULSE TRAIN, RAMP and
the RANDOM ... functions. All of these functionsreturn avaluethat is different at different times.
The RANDOM... functions return values that change randomly from time to time, though they will be
the same from run to run sothat you can replicate results.

Another common source of time varying behavior is Data - thisis discussed in Chapter 16 "Using Data
in Models." You can aso usethevariable Ti me asaninput to other functions such as SIN to get
different types of behavior.

Initial Conditions

Theinitial valueforPri ce isgivenbyi ni ti al pri ce butthereisnoarrow frominiti al
priceintoPri ce. When you open the Equation editor onPr i ce youwill notseei ni ti al
pri ce listed asininput.

97



7: Vensim User’s Guide

Editing equation for - price |
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& Click onthe Choose Variable... button (the Choose Initial Variable buttonin Vensim PLE and
PLE Plus).

& Selectinitial pricefromthelist presented and click onOK.
& Enter the Units as$/ Box.
# Click on OK to close the Equation editor.

Note that if you had drawn anarrow fromini ti al price intoPricetheninitial price
would have appeared on the input list. However, when you close the Equation editor the arrow will
disappear because initial causes are not, by default, shown on model diagrams. If you want to keep the
initial arrow select the menu item M odel>Settings, click on the check the Sketch Appearance tab
and check Show initial causes on model diagrams.

Model Equations

The following are the complete equations for this model. Most of these are quite straightforward. The
model guide\chap07\complete\price2.mdl contains these equations.

change in price=
| F THEN ELSE(target price > price,
(target price - price)/tinme to adjust price up,
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(target price-price)/time to adjust price down)
Units: $/Box/Month

demand = reference demand * effect price demand
Units: Box/Month

demand elasticity= 1
Units: Dmml

effect price demand=
EXP(-demand el asticity * LN(price/reference price))
Units: Dml

expect ed demand=SMOOTH(demand, time to form expectations)
Units: Box/Month

FINAL TIME = 100
Units: Month

initial price= 100

Units: $/Box

INITIAL TIME =0

Units: Mnth

price= | NTEG (change in price
initial price)

Units: $/Box

ref erence denmand=100
Units: Box/ Mnth

reference price=100
Units: $/Box

SAVEPER = Tl ME STEP
Units: Month

target price=target revenue/expected demand
Units: $/Box

target revenue=10000+STEP(5000, 10)
Units: $/ Month

TIME STEP =1
Units: Month

time to adjust price down=10
Units: Mnth

tinme to adjust price up=10
Units: Mnth

tinme to form expectati ons=2
Units: Mnth
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Simulation Errors

The model you have created should be ready to simulate.
& Select the menu item Model>Check Model or use the shortcut key combination Ctrl+T.

Y ou should get a message saying "Model is OK." If you do not get this message the Equation Editor
will open on an equation which has a problem. Y ou will need to correct the errors reported before
proceeding.

& Select the menu item Model>Units Check or use the shortcut key combination Ctrl+U.

Y ou should get amessage saying "Unitsare A.O.K." If you do not get this message you will need to
correct the errors.

Next we will intentionally cause this model to generate some simulation errors and look at how to
resolve these problems.

Errors at Time Zero

& Click on the Setup a Simulation button.
# Click onRef er ence Denmand, typeinthevalue 0 (zero) and press Enter.
& Click on the Simulate button.

Y ou should get the error message

Stop from ¥Yensim |

@ Floating point owverflow - saving to time 0.000000,

& Click onOK.

Therewill be an error window that appears.

me=ElEl sim Current ¢ mdlcintmp . [=[p]
EEECE: Floating point error cotnputing - target price - at tne = 0000000,

Trying to save the results anyway

Thiswindow tells you what variable was being computed at what time when the problem was detected.
Because the error occurred at time O, it isonly practical to trace it using the Table tool.
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& Clickont arget price intheerror window toselect it into the workbench.
If you areusing Vensim PLE or PLE Plus:

& Click onthe Tabletool.

Click on the Causes Treetool.

Click onexpect ed demand in the Causes tree output.

Click onthe Tabletool.

Click ont ar get revenue inthe Causes tree output.

K &R & R &

Click on the Tabletool.

or if you are Using Vensim Standard, Runtime, Professional or DSS
# Right click on the Table tool.

& Under Show Link click on Causeand click onOK.

& Click onthe Tabletool.

then

Y ou will see output that |ooks something like:

=u5"l|*|ﬂj

Time (TIonth)

target price ==

expected demand 0

target revenue 10,000

Nexttot ar get pri ce youwill seethevalue"--" Thisindicatesthatt ar get pri ce wasnever

successfully computed. Bothexpect ed demand andt ar get revenue were computed and
their values are shown. Sincetheeguationfort arget priceis:
target price=target revenue/expected demand

Itisclear why thereisan error - division by 0. To determine why expect ed demand isO we can
continue to trace causes. Y ou should be able to demonstrate quite quickly thatexpect ed demand
isObecausedemand isO becauser ef er ence demand isO.

We can fix the equation for t ar get pri ce sothat it will not cause and error even when
expect ed demand is0. Thisisdonein"Model Revisions' below.

Errors During the Simulation

& Click on the Setup a Simulation button.
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& Clickondemand el asti ci ty,typeinthevalue 2 (two) and press Enter.

& Clickontinme to form expectations,typeinthevaluel (one) and press Enter.

# Click on the Simulate button and answer Yes to the query about overwriting.

Y ou should see about the same thing that we saw last time except this time the message should be:

ERROR Fl oating point error conputing - target price - at tine = 30.000000.
Trying to save the results anyway

Y ou can apply same analysis technique we used previously to understand the problem. Hereisatable
oftarget price anditscauses:

i R=1El=] Table Elﬂ
Time (Month) 29 30 -
target price 226670 eH02Y 2 266746027
expected demand G617 de-024 0

target revenue 15,000 15,000 —
Kl N By

NOTE In order to see valuesfor all times you will need to delete the Table tool output and then click
on the Table tool again.

There are two things to notice about this output. Firstthevaluefort ar get pri ce at time 29 and
30 isthe same even though the inputs are different. When an error occurs during simulation the values
reported for variables that were not successfully computed will simply be those of the previous time.
Second, the reason for the error isthe same as it was in the previous case.

Since the error occurred during the simulation we can use the Causes strip to understand what lead to
the problem.

& Clickont arget pri ce toselectitintotheworkbench.
& Click on the Causes strip.

& Tracethe causes of the behavior using the Causes strip through the sequence expect ed
demand,denmand,ef fect price demand,price,change in price andbackto

target price.

We have traced around a positive feedback |oop that isloosely higher price, lower demand, lower
expected sales higher price needed to meet revenuetargets. Thisisexponential growth and it causes
an error becauseit is occurring so quickly.

Mysterious Oscillations

# Click onthe Setup a Simulation button.

& Clickontime to form expectations,typeinthevalue 0.5 and press Enter.
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& Click on the Simulate button and answer Yes to the query about overwriting.

Y ou should be informed of an error occurring while computingef f ect pri ce demand attime
44,

= Clickoneffect price dermand and click on the Causes Strip.

g R=IEL] cffect price deman{alkl

Current

effect price demand

4

=SS0

price

s00

390

-20
0 22 44

Time (Mdonth)

demand elastictty
Current: 1

reference price
Current: 100

The values jump around alot, but the source of the error isthe negative value that pr i ce takes on at
the end.

& Trace the causes of the behavior using the Causes strip through the sequence ef f ect price
demand,price,change in price,target price,andthenexpected demand.
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e R=IELE] expected demand: [slES

Current

expected demand

400

0 w
-A00
dernand
400

200 w
0

0 22 44

Time (Idonth)

time to form expectations
Cutrent: 0.5

expect ed denmand goes negative, even throughdenmand isaways positive. This happens
because we set the time constant for changingexpect ed demand to avaue smallerthan TI ME
STEP.

Odd behavior such as that displayed here often results because of aproblem like this. If you seethis
type of oscillation and can not find the problem try changing TIME STEP to asmaller number. If this
makes a big difference in behavior you probably have atime constant somewhere that istoo short.
Note that such time constants might not be explicitly defined intheway expect ed demand is.

Errors Integrating

Thereis one other error message that is displayed. Thistakesthe form:

ERROR:
Fl oating point error integrating - Big Level - at time = 340.0
Trying to save the results anyway

This error indicates that even though the all the equations could be computed when the rates were
added into the named level it got too big. Thistype of error can usually be traced to apositive
feedback loop much like our example on Errors During the Simulation.
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Model Revisions

There is one correction we might want to make for this model to be more robust. We can replace the
equationfort ar get pri ce with something that will behave correctly even whenexpect ed
demand is0. The model with this correction is saved in guide\chap07\complete\price3.mdl.

XIDZ
& Addthevariablemaxi num pri ce tothesketchneart ar get pri ce.
# Draw and arrow from maxi num pri ce totarget price.

& Select the Equation edit tool and click ont ar get pri ce and enter the new equation:

target price=M N(
Xl DZ(target revenue, expected demand, naxinmm price),
maxi num pri ce)

Units: $/Box

& Add theequation for maxi mum pri ce.

maxi mum pri ce=25000
Units: $/Box

The XIDZ function performs division except when that division would be by 0 (actually a number
smaller than 1.0E-6 in magnitude) in which case it returns the third argument. In other words

Xl DZ(target revenue, expected demand, maxinmum price)
isthe same as
target revenue/expected denand

except whentheexpect ed denmand isO. Inthiscasethefirst returns maxi mum pri ce and the
second calises an error.

The XIDZ function isvery useful when you suspect that variables could legitimately take on O value
and you still want simulationsto continue. A closely related function is ZIDZ which returns O when
dividing by 0.
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8 Building a Function with Lookups

In the previous chapter we developed a model that used a number of functions. While the built in
functions can be used to represent many relationship they are not always enough. It is often easiest to
create special functions with the properties or shape that you want.

L ookups allow you to define customized rel ationships between a variable and its causes. An eguation
can be defined with a specially-constructed function:

y = my function(x)
The output variabley is changed by input variable x through the Lookup functionny functi on,
which has a (typically nonlinear) shape that you specify.

Lookups are also known as Lookup Functions, Graphical Functions, Lookup Tables, or simply Tables.
They can be constructed as a table of numbers (in the Equation Editor), or as a graph (in the Graph
Lookup Editor).

Limits to Rabbit Growth

The population model of Chapter 6 is extended here to include the consequences of population growth
in an environment with alimited carrying capacity. The unchecked growth of the previous model
(pop.mdl) isreplaced by growth which islimited by the size of the population relative to the carrying
capacity of the local environment (rabbit.mdl).

The value of the variabledeat hs in pop.mdl isdirectly proportional to the size of the rabbit
population. In effect, we see arelationship between Popul ati on anddeat hs that islinear:
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Thisdoes not mean that deat hs will increase linearly over time. The linearity meansdeat hs will
grow in the same manner as Popul at i on (if Popul at i on grows exponentially, so will deat hs).

We could make a L ookup table (as above) that expresses this linear relationship, but it is easier just to
use aconstant (that has the same value as the slope of the Lookup) multiplied by Popul ati on. In
fact, the model developed in Chapter 6 usesPopul ati on/ average |ifeti ne sothattheslope
of the straight [inewould be 1/ aver age 1i feti me. Thisformulation was chosen becauseit is
much easier to understand whataver age |i feti me is(and what achangein it means) than to
understand the shape and slope of acurve.

What we want to do in this model ishave deat hs increase more quickly than Popul ati on as
population growsto alargesize. This happens because higher populations are nearer resource limits
(such asfood) and therefore rabbits will, on average, die more quickly. We are looking for afunction
such as:
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deaths

Population

Y ou can develop such afunction using Lookups, and that is what you will do next. Before that
happens, however, it isimportant normalize the input and output of the Lookup.

Normalized Lookups

The graphical function drawn above has the number of rabbits asits input and the number of rabbits
that die per year asitsoutput. Thisisadifficult graph to create, and worse, it is very tricky to change.
Suppose, for example, you want to understand what happens when alonger lived breed of rabbitsis
introduced — the whole function needs to be redone. Or suppose you want to understand the effects of
increasing the carrying capacity of the rabbit's environment — the whole function again needs to be
redone.

A normalized input is built around reference points such as0,0 and 1,1. Theinput is adjusted to be
dimensionless and independent of the units of measure or scale of other variablesin the model. The
output is very often dimensionless and is also independent of the units of measure and scale of other
variables. For example, suppose we were to measure Popul at i on in thousands of rabbits and

deat hs in thousands of rabbits per month. A Lookup function taking Popul at i on asitsinput and
having deat hs asits output would no longer be valid.

On the other hand, a Lookup function, normalized by using Popul ati on relativetocar ryi ng
capaci ty asitsinput and having the outputef f ect on deat hs act on abaseline or normal
number of deaths (Popul ati on / average |ifeti nme), doesnot need to be changed when
units of measure or scale change.

Normalization allows us to achieve the desired behavioral relationship with a generalized set of
numbersin the Lookup function. If information about the size or characteristics of the population
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changes, you can simply changethevalueof carryi ng capacity oraverage lifetine,
rather than the whole L ookup function.

2

effect on deaths 1

0 1 2 3 4
population / carrying capacity

To normalize, divide the input variable by anormal or average value (e.g., Popul ati on /
carrying capacity). Whentheactual Popul at i on isequal to this normal value, the input (to
the Lookup) is 1. Other values of Popul at i on will vary theinput either higher or lower than 1. The
output values of aLookup are also usually made to vary about the value of 1. The output of the

L ookup can then be used to drive another model variable above or below its normal value. Another
way of saying thisis: when theinput variableisequal to itsnormal or average value, the output from
the Lookup is 1 and therefore has no effect on the connected output variable's value.

NOTE Thisformulaissimilar to the Lookup eguation example in the beginning of thischaptery =
fn (x),buttakestwo variables as the (normalized) input and computes the output relative to a
normalizedvalue:y = normal y * fn (x/normal Xx).

Sketching the Model (rabbit.mdl)

Thismodel (rabbit.mdl) demonstrates the simple and direct approach to building models with Lookup
functions. The normalization is done within the Lookup output variableef f ect of rabbit
crowdi ng on deat hs and the output of thisvariable acts directly ontheratedeat hs. To seean
example where the input and outputs are separated, see the section Separate Normalized Variables later
in this chapter, or open the model rabbit2.mdl. Thisisfunctionally the same model asrabbit.mdl but
contains more variables. You decide which is clearer.

& Click the New Model button.

& Inthe Model Settings dialog, Time Bounds tab, type 30 for FINAL TIME, type (or select from the
drop down box) 0.125 for TIME STEP. Click on the drop-down box for Unitsfor Time, and
select Year (or typein Year).
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& Click the Units Equiv tab. Inthe editing box, typer abbi t , r abbi t s then click the button
Add Editing. Click onOK (or press Enter).

& Sketch the model shown below in the diagram below.
&  Saveyour model (e.g., rabbit.mdl) in the guide\chap08 directory.

q ¥Yensim:rabbit.mdl ¥ar:Rabbit Population [_|O]

File Edit Wwiew Layout Model Tools Windows Help _|5’|ﬂ

BEEH & B3| EFtret [[4F4 Y BF | &

SEIARY: Yak AN A T2 0T X A
ot e ]
® birth rate initial papulation e
D . /_\\_/
Fabhit
S m¥ ) r gy
% births Population deé?hs
E —
. . flect of rabhit
u:an;nngn:apamt;r—h-—cr; E]'? Du:un dﬁa;ths
IJ%!

Fay
4
ﬂill "iew 1 Il Times Mew Boman  [12|b] i |u] =

Entering Equations

& Click the Equations tool, click on the following variables and enter the equations and units of
measurements as follows:

Rabbit Popul ation = I NTEG (
bi rt hs- deat hs,
initial population)
Units: rabbit
initial population = 1000
Units: rabbit

birth rate= 0.23
Units: fraction/ Year

average lifetime = 8
Units: Year

births = Rabbit Population * birth rate
Units: rabbit/ Year
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deat hs = (Rabbit Popul ation / average lifetine) *
effect of rabbit crowdi ng on deaths

Units: rabbit/ Year

carrying capacity = 1000

Units: rabbit

Thevariablecar ryi ng capaci ty isnot the maximum number of rabbits that the environment can

hold. Instead, carryi ng capacity representsthe normal number of rabbits for that environment.
We would use a different formulation if we wanted to represent maximum carrying capacity.

Note that we are initializing the Level with the Constanti ni ti al popul ati on rather than typing
in anumber. Thisallows usto make changes to the value during simulation experiments. Note also
that the deat hs equation hasamultiplier ef f ect of rabbit crowdi ng on deat hs which

will change the value of deaths.

Remember: To add avariable asaninitial value use the Choose Variable (Choose Initial Variable in
PLE and PLE Plus) button on the Variables tab.

Creating and Normalizing Lookups

& With the Equationstool selected, click onef f ect of rabbit crowdi ng on deat hs.

Under the Type label there are two drop down boxes, one showing Auxiliary, the other showing
Normal.

& Click on the drop down box showing Normal and select with L ookup.

This creates a L ookup table embedded within the Auxiliary variable.

# Click onthe Variables tab then click on the variableRabbi t Popul ati on inthelist.
& Typeadivide by symbol (/) thenclickoncarryi ng capacity.

effect of rabbit crowding on deaths = W TH LOOKUP(
Rabbit Popul ati on/carrying capacity

AsRabbit Popul ati on changes,theef f ect of rabbit crowdi ng on deat hs will
change according to the shape of the Lookup function. Now we need to create the actual table of
figures or graph that describes the Lookup.

& Click on the button As Graph in the Equation Editor (below the Type boxes). The Graph Lookup
Editor opens:
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Graph Lookup - effect of rabbit crowding on deaths

E =port I
Print I

Input Output : : . NBI1=03

| = o =]

-t

[

U U |
B i i Bt i I
Il e E e

I e

| | |
Importals | mirg 0 > |x=6024 y=10.09 wemax|10 v| ResetSealing |

k. | Clear F'u:nintsl Clear All F"n:nintsl Cur->Ref EIearHeferencel Hef->Eur| Cancel |

& Click on the left hand New (values) box near the bottom left corner and typein O then press the
Enter key. The cursor moves to the right hand box; type 0.9 and press Enter again. The cursor
moves back to the left hand box and the old numbers are moved to the input/output columns
making way for new numbersto be entered.

& Continue typing inthe rest of the pairs of values below, pressing the Enter key eachtime avalueis
typed. The graph will draw itself.
(0,0.9), (1,1), (2,1.2), (3,1.5), (4,2

= Alternatively, you can sketch the graph using the pointer by clicking on the graph to add points,
and dragging the points to reposition them on the graph. You will first need to set the X-max and
Y-max valuesto 4 and 2 respectively.

& Click on the button Reset Scaling to set the X and Y scalesto your points.

Do not worry about getting the exact nunerical values for points shown in the figure if you are adding
points with the mouse. The shape of the curve is moreimportant that the exact values. But do set (1,1)
exactly because thisis areference point: whenRabbi t Popul ati on isequa tocarryi ng

capaci t y, thereisno change on the normal rate of deat hs.
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Editing Values

& You can modify valuesin the I nput/Output list, or by dragging a point around on the graph.

& Toremove apoint, click on the button Clear Pointsand then with the Delete icon, click on the
point on the graph. Y our graph should look like:

Graph Lookup - effect of rabbit crowding on deaths
E =puort I
Print I
Input Output : : : Nomnan:
0 o = ; ; ; E -
1 1 i i i
2 12 M o o L
3 1.5 i i i
| 5 : 5
j : : : f-mit;
I e : : : a hd
Import  alz | X-min:lﬂ j x=1.433 y= 0 X-ma:-::l*i :
k. | Clear Paoints | Clear &ll Points | Cur->Ref Clear Reference | Hef->Eur| Cancel |

& Click on OK and the Graph Lookup Editor closes.

Now you will see the graph equation expressed as a table of values enclosed in parentheses. These
values could have been typed in directly, but instead we generated them in the Graph Lookup Editor.

& Addthe unitsDmrml (for Dimensionless, which you could also have typed in) to the Unitsediting
box, then click OK to close the Equation Editor.

The units Dimensionless are pretty imp ortant to understand. When we normalized the input to the
Lookup, we divided the Rabbi t Popul ati on (measuredinrabbits) bycarryi ng capacity
(also measured in rabbits) leaving adimensionless variable.

& Click on the Save button on the Toolbar to save your model.
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Checking for Model Syntax and Units Errors

Before you simulate the model, you should check it for errorsin equations and units.

&  Select Model>Check Model (or press Ctrl+T), you should get an information box saying "M odel
isOK."

If the model has errors, check that the structure is the same asin diagram. If the structure looks the
same, open the Equation Editor on each variable and check the equation against the list above.

&  Select Model>Units Check from the menu (or press Ctrl + U); you should get an information box
saying "Unitsare AOK."

If aunitserror is generated, read the Output window to see which variables are failing the check.
Open the Equation Editor on each variable and check the units against the equations listed above.
Units that do not check correctly are often an indication of poor or incorrect equation formulations.

Simulating the Model

& Click on the Runname editing box on the Toolbar and type a name for the first run (e.g., base).
& Click on the Simulate button.
The model will simulate, showing awork-in-progress window until completion (on afast computer,

you might not see thiswindow).

Model Analysis

& Click onthe Level Rabbi t Popul ati on inthesketch. Thisselectsit asthe Workbench
Variable. Check thetitle bar at the top of the Vensim window to see that Rabbi t
Popul ati on isselected.

& Click onthe Graph tool. A graph of Rabbi t Popul ati on isgenerated:
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eB=TRI=] Graph for Rabbit Population . [s[k]
Graph for Rabbit Population
4.000
2,000
0
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Tune {Year)
Eabbit Population : base rabhat

We can seethat the Rabbi t Popul ati on first grows exponentially then grows at a slower and

slower rate until it eventually approaches a maximum value of approximately 3500 (because of the
effect of the Lookup table).

Separate Normalized Variables

This section is optional and produces a model with the same behavior as the rabbit.mdl model already
constructed.

L ookup tables are best used to drive model variables above or below their "normal” values. Inthe
previous model (rabbit.mdl), the normal value was implicit and hidden within the Rate equation for
deaths. In other models, you might want to have an explicit normal value. This might be a Constant,
or an Auxiliary asnor mal deat h r at e intherabbit2.mdl model below:
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Thismodel aso includes an explict (separated) normalized input, rather than normalizing the input
variableinsidethe variableef f ect of rabbit crowdi ng on deat hs.

& Savethe previous rabbit model as another name (rabbit2.mdl) and then create the structure above.

& To movethe arrows from the Rate deat hs to the Auxiliary nor mal deat h rat e, usethe

M ove/Size tool to grab the arrowhead from deaths and drop it on the Auxiliary. Alternatively,
you can delete the arrows using the Delete tool by clicking on the arrowhead, then draw new
arrowswith the Arrow tool.

& Clickonnormal deat h rat e and enter the following equation (the same equation for deaths
before we introduced the effect from the Lookup) and units then press Enter:

normal death rate=
Rabbit Popul ation / average lifetine
Units: rabbit/Year

& Click ondeat hs and replace the equation with the one below then press Enter.

deat hs=
normal death rate * effect of rabbit crowdi ng on deaths
& Clickonnormal i zed popul ati on and enter the equation below:

normal i zed popul ation =
Rabbit Popul ation / carrying capacity

Units: Dmml

& Clickoneffect of rabbit crowdi ng on deat hs andreplacethe equationinthe
WITH LOOKUP editing box with (leaving the Lookup table and units as they are):
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effect of rabbit crowding on deaths= W TH LOOKUP (

normal i zed popul ation

The Equation Editor should close and no variables on the diagram should have highlights.

& Click on the Save button on the Toolbar to save your model.

Note that the normal output variablenor mal deat h rat e could (in adifferent model) be a
Constant, and not the Auxiliary that it is here. Seefor example, the structure below:

nortal price

actual price

_——\_\_—_—i- o
effect of price on—pacmal demand

demand
— /

norimnal demand

Simulation

&

&

Before simulating, perform a Units Check (Ctrl + U) and a Model Check (Ctrl + T).

Choose a simulation run name and simulate the model. Check output with the graph tools. You
should get exactly the same behavior as the previous model (see graph earlier).

Onething to noteisthe extravariablenor mal deat h rat e. Thiscalculates what would be the
amount of deathsif there was no population crowding affecting the death rate (viathe Lookup table).
We could have embedded this calculation in the Rate deat hs asin the previous model (rabbit), but
we chose to separateit for clarity and to teach the use of Lookup output driving a"normalized"
variable.

Changing Model Lookups

Now let us make atemporary change to the Lookup and simulate the model again.

st

st

&

Click onthe Set Up a Simulation button.
Click on the Runname editing box and type run2 or some other run name.

Click onthevariableef f ect of rabbit crowdi ng on deat hs appearingyellow/blue
in the sketch.

The Graph Lookup Editor will appear.

& With the mouse, move some of the points on the graph to change the steepness of the curve. For

example, drag the points alittle higher. If you need to, increase or decrease the scale by clicking
on the drop down boxesfor Y-max: Y-min: X-max: X-min: or typing in new values. You can
also add extra points or delete points. (Y ou could also change the values from the keyboard in the
Input and Output fields on the left.) Click the OK button.
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Thisisatemporary change for this run only, and does not permanently alter the valuesin your model.
& Click the Simulate button and the model will simulate.
& ClickonRabbit Popul ati on toselectit, then click onthe Graph tool.

Y ou might get a graph such as the one below, showing reduced sizein final Rabbi t Popul ati on,
or something quite different. The graph below was aresult of an increased effect of the Lookup table
(increased values).

gEI=1RLE] Graph for Rabbit Population . [=lE3
Graph for Rabbit Population
4,000
2,000
0
0 4 8 12 14 20 24 28
Time {Tear)
Eabbit Population : nun2 rabhbit
Eabkit Population : base rabhbat

Named Lookups

In the previous models we have used an Auxiliary variable with subtype with L ookup to enter the
nonlinear effect of population density on the rate at which rabbitsdie. In some casesit isdesirable to
place a name on the functional form. Thisis especially trueif you want to use the L ookup in more
than one place.

&  Save the model rabbit2.mdl as anew name (rabbit3.mdl).

# Click on the Variable tool and add the new variableef f ect of rabbit crowdi ng on
deat hs functi on.

& Draw an arrow from the effect of rabbit crowding on deaths function to effect of rabbit crowding
on deaths.
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& Open the equation editor on effect of rabbit crowding on deaths function.

& Click on the dropdown for type and select Lookup. Clickon the As Graph button to open the
Graph Editor and enter the Lookup values as you did before.

& Close the Graph Editor, add in units Dmnl and click on OK to close the Equation Editor. Your
equation should look like:

effect of rabbit crowding on deaths function( [(0,O0)-
(4,2)]1,(0,0.9),(1,1),(2,1.2),(3,1.5),(4,2))

Units: Dmml

& Open the equation editor on effect of rabbit crowding on deaths.

#  Select the Subtype Normal from the dropdown. The lower window will disappear. Click on the
beginning of the equationand selectef f ect of rabbit crowdi ng on deaths
functionfromtheVariablelist. Add parentheses () aroundnor mal i zed popul ati on.

effect of rabbit crowdi ng on deaths=
ef fect of rabbit crowding on deaths function(

normal i zed popul ati on)

& Click on OK to closethedialog.

This model is exactly the same asrabbit2.mdl except that the Lookup relationship has been explicitly
named. While naming Lookups in this manner is cumbersome for a simple relationship such as the
one defined here it can be very helpful in more complex situations, especially if you want to use the
same nonlinear relationship in more than one place. When you click on the Simulation Setup button
the named Lookup will highlight allowing you to changeit.
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The larger amodel isthe more difficult it isto understand the model. When devel oping a model
diagram, if everything appears in one place, things can quickly become overwhelming. The solution to
thisisto break the model up into a number of more manageable pieces called Views. Views are
supported in all Vensim configurations though older versions of Vensim PLE did not have this
capability.

How Views Work

Large models can be presented more clearly in multiple views than in asingle view. Views can be
thought of as similar to pages of a book, each page telling a portion of the story. Each view displaysa
sketch and is connected to one (or more) of the other views through variables or shadow variables.
Multiple views allow models to be broken into sectors, such as production, financial, customer and so
on.

Graphic Models and Variables

Vensim models are definitively expressed in equation or text form. A sketch or graphical view of a
model might not show all of the variables present or all of the relationships among those variables.
When sketching anew model, you add variablesto aview. These variables can be removed (cut) from
the view but still be present in the model. Variables and structure also can be hidden with the Magic
Wand tool. Variables can be added directly to the model by using the Equation Editor (or Text Editor
in Professional and DSS); these variables will not show on the sketch unless you add them (using the
Variabletool) or Vensim adds them (as a cause to another variable).

Models represented graphically can show the same variable in many different views; conversely a
variable present in the model might not be displayed in any view. The variable can be shown asa
regular variable (with causes attached), or a shadow variable (without causes attached).

NOTE Itispossibleto build separate working modelsin different views, but this is not recommended
unlessyou intend to link them causally together at some later time. It is better to build complete new
models (this gives them their own name and Time Bounds).

Customer Diffusion Model

This model describes a simple diffusion process, where Potential Customers of a product are
influenced into buying the product by word of mouth from Customers (who already own the product).
Thefirst view shows the diffusion process. The second view will add a production capacity variable
which will potentially limit the quantity of product sold at any onetime. Thethird view will describe
the sales revenue generated from sales of the product.

Some of the theory behind models of thistype is discussed in Chapter 4 of the Modeling Guide.
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Building the Diffusion Model (custl.mdl)
EITHER

& Open the existing model: Click the Open M odel button and sel ect the model cust1.mdl from the
guid\chap09\complete directory and save it ascustl.mdl in the guide\chap09 directory, then skip
forward to section " Simulating the Model."

Build anew model: Click the New Model button or select the menu item File>New Model

&
& Click OK to accept the default Time Bounds.
& Sketch the model shown in the figure below.

&5

Save your model ascustl.mdl in the guide\chap09 directory.
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The sketch shown here contains what is called a Polyline Arrow. A Polyline arrow is like an ordinary
arrow except that instead of an arc it appears as a series of line segments. Vensim PLE Plus user’ swill
need to draw aregular arrow here (there is no way to draw a Polyline Arrow in PLE or PLE Plus). To
draw a Polyline Arrow using Standard, Processional or DSS:

122



9: Multiple Views
&  Right-Click or Ctrl-Click on Arrow tool in the Sketch Tool set.
# Click onthe Polyline option and Click OK. Theicon will change to il and the mouse pointer

will also change.

# ClickonTot al Mar ket , moveto the left and click again, move straight up and click again then
clickonpot enti al custoner concentration.

& Right-Click on the Arrow tool and reset the type to Normal.

Entering Equations

& Click on the Equationstool and enter the following egquations and units of measurement for each
variable in the model:

new custonmers = word of nouth denmand
Units: person/ Mnth

contacts of noncustoners with custoners = contacts with custoners *
potential custoner concentration
Units: contacts/ Mnth

contacts with custonmers = Custoners * sociability
Units: contacts/ Mnth

Custoners = | NTEE
new custoners,

1000)
Units: person

fruitfulness = 0.01
Units: person/contacts

potential custonmer concentration = Potential Custoners / total
mar ket
Units: dmml

Potential Custonmers = | NTEE
- new custoners,
1e+006)
Units: person
sociability = 20
Units: contacts/person/ Mnth

total narket = Custoners + Potential Custoners
Units: person

word of mouth demand = contacts of noncustoners with custoners *
fruitful ness
Units: person/Mnth

123



9: Vensim User’s Guide

Checking for Model Syntax and Units Errors

Before you simulate the model, you should check it for errorsin formulas and units.

& Select Model>Check Modél (or Press Ctrl + T), you should get an informetion box saying
"Model isOK."

If the model has errors, check that the structure isthe same asin diagram. If the structure looks the
same, open the Equation Editor on each variable and check the formula against the list above.

& Select Model>Units Check from the menu (or press Ctrl + U); you should get an information box
saying "Unitsare AOK."

If aunitserror is generated, read the Output window to see which variables are failing the check.
Open the Equation Editor on each variable and check the units against the list above.

& Savethe model by clicking the Save button, or selecting menu File>Save, or pressing Ctrl + S.

Simulating the Model

& Double click on the Runname editing box and type custl for the first dataset.

& Click on the Simulate button.

Model Analysis

& Click onthe Graph tool or the Causes Stripgraph to investigate the behavior of key variables,
such asPot enti al Customers,Custoners,andnew cust omers (aswell asany other
variables that you want to see).

Thevariablenew cust oner s should give you the following graph:
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SB=IRIE] Graph for new customers _______________[=lf3

Graph for new customers
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Naming and Saving Your Model

Before starting the next section, name the view, and save the model under a new name so that we will
have two distinct working models.

& Select menu View>Rename and type in the name Customer, then click OK.

& Select File>Save As... and enter the model name cust2.mdl, then click Save.

Adding the Capacity View (cust2.mdl)

Now we would like to expand our model by considering production capacity issues. Customer demand
might outstrip our capacity to supply the product. Therefore, we will build a production capacity view
that islinked to the customer view and limits the customer demand if capacity is reached.

& Select the menu item View>New.
Let us give thisview aname so we can easily navigate between different views.
& Select the menu item View>Rename. Typein the name Capacity and click OK.

= Select the Box Variabletool and click on the sketch. Typethename Capacity and press
Enter.
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& Select the Rate tool, then click on the sketch to the left of Capaci ty thenclick onCapacity.
Typethenamecapaci ty adj ust ment and pressEnter.

# Using the M ove/Sizetool, click with the right mouse button on the handle (the little circle) in the
middle of the left hand Rate pipe. The Arrow Options dialog will open. Check the box for
Arrowhead at the top of the dialog then click OK.

This extraarrowhead indicates that this Rate pipe can flow in either direction. Or in other words, the
Rate can increase or decrease the Level Capaci t y. Notethat actual behavior of the Rate is governed

by the equation, not by the arrowhead that we just added.

& Create the other variables and connect them with arrows as shown bel ow:
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Shadow Variable Tool

Select the Shadow Variabletool and click on the sketch below t ar get capaci ty. A dialog box
opens:
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& Either select thevariablewor d of nouth demand from thelist, or typethefirst few letters
of word of nouth dermand until it becomes highlighted in thelist, then press Enter or click

on OK.

& Select the Arrow tool and click on the Shadow Variable wor d of nout h demand thenclick

ontarget capacity.

The structure of thisview is now complete. The structureiscausdly linked to the first view through

thevariablewor d of nouth demand.

NOTE The shadow variable is only inserted for use in causing other thingsto change. If youtriedto
connect an arrow from another variabl e to the shadow variable, the arrow will not connect. If you
want a variable from another view to be caused by something in this view, you need to use the Model

Variable tool, which adds avariableand all its causesto aview.

Adding Equations

# Select the Equationstool.

All variables will appear black, except for the Shadow Variablewor d of nmout h dermand which

has an equation defined in the first view.

& Enter the following equations and units of measurement for each variablein this view:

Capacity = | NTEE
capacity adj ustnment,
target capacity)
Units: Wdget/Mnth

capacity adjustment=

(target capacity - Capacity) / tinme to adjust capacity
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Units: W dget/ Mont h/ Mont h
target capacity=
word of nouth demand * wi dgets per person
Units: Wdget/Mnth
time to adjust capacity=12
Units: Mnth
wi dgets per person= 1
Units: Wdget/person

Now we will return to the first view and compl ete the feedback loop by linking its structure to the
variablesin the view Capacity.

& Click on the View button (on the Status Bar — currently reads " Capacity") and choose Customer.
NOTE You can also use the Page Up/ Page Down keys on your keyboard to step through views.

& Select the Shadow Variabletool and click below and right of the variablenew cust omer s.
Choose Capaci ty fromthelist (or typethefirst few letters of Capaci t y) and press Enter (or
click OK).

= Repeat thisprocessfor thevariablewi dgets per person.

&

If necessary, movethe variablet ot al mar ket lower and move the arrows to make room.

& Select the Arrow tool and connect Capacity to new customers, then connect widgets per person to
new customers.

Altering An Equation

& Select the Equationstool.

Only the equation for new cust oner s should be highlighted black, because thisisthe only variable
in this view to which we added causes. Sales of the product are limited by the factory's ability to
produce, so we will write an equation which returns the smaller value of wor d of nout h demand

or factory capacity divided by units of product per customer (Capaci ty/ wi dgets per person).

# Clickonnew cust oners and change the equation to the one below:

new custoners=
M N(word of mouth denmand, Capacity/w dgets per person)

Y ou can select the MIN function from the list under the Functionstab, or just typeit in as above.

Adding a Sales Revenue View

Let usadd aview which will track the sales revenue from selling the product, and also the cumulative
revenue from all the sales.

& Select the menu item View>New.

&  Select the menu item View>Rename and typein Sales Revenue, then press Enter.
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Model Variable Tool

If you areusing Vensim PLE or PLE Plusthereisno Model Variable Tool. Just enter wi dget s per
per son andnew cust oner s as shadow variables then add the remaining variables.

& Select the Model Variabletool. Click ontheview and select thevariablenew cust oner s
then press Enter.

Thisaddsnew cust oner s anditscausesto theview. The causeswill be on top of one another, so
we need to rearrange them for clarity.

& Using the M ove/Size tool (or the currently selected M odel Variabletool), rearrange the variables
so they sit on the left of new cust oner s.

= Selectthe Modd Variabletool. Click onthe shadow variablewi dget's per person.

Thiswill turn the shadow variable into anormal variable. Because it is a Constant, there are no causes
connected towi dgets per person.

& Addthe variables and arrows as shown in the diagram bel ow:
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If you are using PLE or PLE Plus your diagram will appear as:
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<widgets per person>

@#» Cumulative

Revenue
____ pesalesrevenue
<new customers>——p»sales

/

price

More Equations

& Click on the Equationstool and enter the following equations and units of measurement for each
variable that appears black in the view (the others already have equations entered).

sal es=new custoners * wi dgets per person

Units: wi dget/Mnth

price=50

Units: doll ar/w dget

sal es revenue=sales * price

Units: dollar/Mnth

& WhenyouclickonCunul ati ve Revenue towriteitsequation, click on the check box
marked Supplementary. ThistellsVensim that the variableis not used anywhere else.

Cunul ati ve Revenue = | NTEE
sal es revenue,

0)
Units: doll ar

& Select File>Save (or press Ctrl + S).

Simulating the Model

& Check the model for errors with M odel>Check Model (Ctrl + T).
& Check the units for consistency by selecting M odel>Units Check (Ctrl + U).

& Simulate the model using the dataset name cust2.

Analyzing the Model

= Usethe Graph tool or the Causes Stripgraph to investigate behavior of key variables, such as
Pot enti al Custoners,Custoners,andnew custoners (aswell asany other

variablesthat you want to see).

If you opened the existing cust2.mdl rather than creating your own, you will notice that the only results
displayed are those for the current dataset (cust2). Use the Control Panel Datasetstab to load custl.

# Selectthevariablenew cust omer s asthe Workbench Variable and click on the Graph tool.
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NOTE custl has stored results for al the variablesin custl.mdl and does not have any results for the
variables unique to our new model. If you ask to see agraph for avariable not in the original model
you will only see results from the run cust2.

SEREIRl] Graphfornew customers ___[=lY)
Graph for new customers
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We notice adifference between the two runs. Because of the constraint in production capacity, the
second run shows a much slower rise in sales and a later peak, and the total time over which sales are
made is longer.

Saving Your Model

Before stating the next section, save your model under a new name so that you have three distinct
working models.

& Select File>Save As... and enter the model name cust3.mdl then click OK.

& Select File>Closeto close the model.

Detailed Capacity Model (cust3.mdl)

Suppose we want to model more accurately the production capacity sector of afirm. If, somewhere,
we have an existing model that describes the capacity sector better than our current model, we can use
this model to enhance and refine our current model. We have amodel called capl.mdl that builds
capacity based on investment with a construction delay, and that depreciates capacity only after the
capacity lifeisused up. Thisimpliesthat we cannot reduce capacity any faster than it depreciates
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(unlike our other model where capacity could be reduced at the same Rate asit was built). This section
introduces the concept of merging two different models (structure and equations) to form one complete
working model.

Copying and Pasting

We are going to make use of model structure from another existing model (capl.mdl). This model has
an alternative, and somewhat improved, set of equations for determining capacity. It does not,
however, have any equations around customer demand. Instead it usesabuilt in function called STEP
to determinedesi red producti on. (See Chapter 7 for some discussion of the STEP function).

We want to paste this structure into our model and then make the connections from variables we have
already defined to the variablesfrom capl.mdl.

& Click the Open Model button and open the model capl.mdl in the directory guide\chap09.

& Select the menu item Edit>Select all (or Ctrl + A, or using the M ove/Sizetool, drag a box to
cover all the structure).

& Click the Copy button, or select menu item Edit>Copy (or Ctrl + C).

& Click the Open Model button, or select menu item File>Open Model ... and open the model
cust3.mdl (or select cust3.mdl from the File menu recent fileslist).

& If you are not in the Capacity view, click on the View button and choose the view Capacity.
& Click the Paste button, or select menu item Edit>Paste (or Ctrl + V).

A Choose Paste Mode dialog box opens. The choicesfor pasting are

Replicate — this pastes the structure and equations into the model view, renaming any variables that
already appear with the same name.

Picture— this pastes a picture of the structure, but not the equations. If what is being pasted contains
variables that do not exist in the current model, a warning dialog opens.

# Choose the Replicate option (the default) because we want to add the variables and equations to
our model. Click the OK button.

The new structureis dropped onto the sketch view in the same location as it was copied from.

& Position the M ove/Size tool in the middle of the highlighted box then press and hold down the
mouse button and drag the box below the existing structure.

# Click outside the box to drop the variables permanently on the sketch.

NOTE If you click outside of the box before you have moved it, the new structure will drop on top of
the existing structure; not what we want at this stage. If you have clicked outside the box before
moving it: Select Edit>Undo and the pasted structure will disappear. Then paste again choosing
Replicate.

& Select the Mergetool. Move the cursor on top of the new capacity variable (Capacity 0)
and press and hold down the mouse button. Move Capacity O directly ontop of Capacity
and release the mouse button.
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Y ou will seethe message "Thiswill delete the variableCapaci t y and replace it with Capacity O.
Do you want to continue?"

& Click the Yesbutton.

= Movethe cursor over Capacity 0 and pressand hold the mouse button, then move
Capacity 0O back towhereit used to be ontheview (betweeni nvest nent and
reduct i ons) and release the mouse button.

Merging the variable we want to keep (Capaci ty 0) onto the variable we want to replace
(Capaci ty) keepsall the causal connections and equationsfor Capaci ty 0 asoriginaly entered
in the capl.mdl model. The equations and causes of Capaci ty aredestroyed. However, all
variablesthat used Capaci ty asaninput(capacity adjustment andnew custoners)
now usethevariable Capacity 0 astheirinput.

The new capacity structure needsinputsto changedesi r ed product i on, which depends onthe
amount of word of mouth sales and the number of units sold per sale. Inthe old capacity structure, the
calculation for thisoccurred inthevariablet ar get capaci ty. Therefore, to keep this equation
intact, we need to mergethe old variablet ar get capaci ty ontothenew variablet ar get
capacity O.

# Usingthe Mergetool, dragt ar get capacity ontotarget capacity 0. ClickonYes
to answer the warning prompt.

We also want to keep the Constantt i me t o adj ust capacity withitsoriginal value.

& UsingtheMergetool, dragti me to adj ust capacity ontotine to adj ust
capacity 0. Click onYesto answer the warning prompt.

& Drag the two variables word of mouth demand and widgets per person to alocation below target
capacity.

= Selectthe Deletetool. Click onthevariablecapaci ty adj ust nment todeletethevariable
from the model. Click on the cloud that isleft hanging where the Rate used to be.

= Using the M ove/Sizetool, rearrange the variables and arrows until the diagram |ooks neat.

& |If you find it hard to move arrows because you cannot find the handle, simply choose the Arrow
tool and make a new arrow between the variables. Y ou should get the warning box "This
connection exists, remove the old arrow?' Click Yes.

# SelecttheVariable tool. Click onCapacity 0 andan editing box with the name opens. Place
the cursor at the end and deletethe 0 and the space, then press Enter.

& Clickoncapacity adj ustnment O, placethecursor at the end and deletethe 0 and the
space, then press Enter.

& Selectthe Arrow tool. Joint arget capacity todesired producti on (seebelow).
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All of this sketch manipulation has allowed us to keep the desired equation formulations and the
desired names for variables. Y our view should appear similar to the diagram below:
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& Select the Equationstool. Click ondesi red producti on and replace the numbersand step
functionswith theinput variablet ar get capaci ty, asbelow:

Capacit

desired production=
target capacity
Units: Gadget/Month

Now you should see no variables highlighted in black. If you do, click on them and check the equation
against the equation for that variable appearing in the equation listing below, changing them if
necessary.

& Click onpr oducti on then click on the check box marked Supplementary

Capacity View Equations
Capacity= | NTEG (
i nvest nent - r educt i ons,
target capacity )
Units: Gadget/Month
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capacity adjustment=
(target capacity - Capacity)/tinme to adjust capacity
Uni ts: Gadget/ Mont h/ Mont h
capacity life=
20
Units: Month

desi red production=
target capacity
Units: Gadget/Month

i nvest ment =
capaci ty adj ust nent
Units: Gadget/ Mont h/ Mont h
potential production=
Capacity
Units: Gadget/Month

production=
M N(desired production, potential production)

Units: Gadget/Month

reducti ons=
Capacity/capacity life
Units: Gadget/ (Mnth*Mont h)
target capacity=
word of nouth demand * w dgets per person
Units: Wdget/Mnth
time to adjust capacity=
12
Units: Mnth

Units Synonyms

Units Synonyms in Vensim are different names that refer to the same unit of measurement. When
typing in units, you might find yourself making a unit of measurement singular in one place and plural
in another. The Units Check feature will consider them different units unlesstold that they are
synonyms.

Some synonyms are already defined; Month and Months, Year and Y ears, etc.
& Select Model>Units Check from the menu (or press Ctrl + U).

Y ou should get 3 unitserrors. These are all due to the presence of different names for the things that
get produced and sold — Widgets and Gadgets. We could go through each equation looking for
Gadget and replacing it with Widget (or vice versa). However, Gadget and Widget are referring tothe
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same unit and we can therefore define them as synonyms. We will also add the plural forms (Gadgets,
Widgets) in case we typed a plural by mistake.

& Select the menu item M odel>Settings... and click the tab Units Equiv.

& Inthe editing box, type Gadget, Gadgets, Widget, Widgets and then click on the button Add
Editing, then on OK.

& Select Model>Units Check from the menu (or press Ctrl + U).

Now units should check out AOK. If they do not, read the units errors Output window and try to
figure out why. Refer to the unitsfor each variable in the equation set above.

Simulating and Analyzing the Model

= Check the model for errors with M odel>Check Model (or Ctrl + T).
# Simulate the model using the dataset name cust3.

& Click onthe Control Panel button then on the Datasets tab. Load the datasetscustl and cust2 if
not already |oaded.

& Selectthevariablenew cust oner s asthe Workbench Variable and click on the Graph tool.

SB=IRIE] Graph for new customers _______________[=lf3

Graph for new customers
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Notice how the curvefornew cust oner s incust3 builds more slowly, peaks later and lasts longer
than for the other runs. This behavior comes from the constraint in Capaci t y, which is lower in
cust3.mdl than cust2.mdl because of capacity reductions (retirement due to old age).

Capacity Investment Policy

In supplying a new market we stand to |oose market share (new cust oners and Cust oner s)
because we are supplying the product later than some competitor. What can we do to supply the
product (and hence bring onnew cust onmer s) sooner? Let ustry buildingCapaci ty faster by
loweringtheti me to adj ust capacity.

ot

et

&

&

&5

Type the name cust4 into the Runname editing box.
Click on the buttonSet Up a Simulation.

In the Capacity view, click on the highlighted Constantti me t o adj ust capacity and
type in the number 4 then press Enter.

Click on the Simulate button.

Select thevariablenew cust onmer s asthe Workbench Variable and click on the Graph tool.

g B=I8l=] Graph for new customers _________________________|=[kY

Graph for new customers

60,000
30,000
0
o 1 20 30 40 A0 &0 70 B0 S0 100
Time (Idonth)
LA Olstotters | olstd pers oruTlordh
T OStOMETE [ st persoruTlonth
T Olstolters | ol pers oruTlordh
T oustorers | oastl persoruTlonth

Now we see that new cust oner s hasmoved closer to theideal of thefirst model custl.mdl. The
Capaci ty constraint has been pushed back, though not eliminated.
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10 Customizing Output

Y ou can customize output by configuring analysis tools (except PLE and PLE Plus), and by creating
custom graphs and tables.

Output from Analysis Tools

Except in Vensim PLE and PLE Plus you can customize all of the analysistoolsto change the format
and content of their output.

Tree Diagrams

Tree diagrams can be customized to show the graphics associated with the model: arrow thickness,
color, and polarity.

# Open the model project.mdl in the directory torial\chapO4\complete.
Click onWork To Do to select it asthe Workbench Variable.

& Click with the right mouse button on the Causes Treetool.

Tree Diagram Ophions
— Show Link — — Show Types
¥ Lewel ¥ Caonstant
¥ Ausiliay W Lookup

¥ Data [ TestInput

I/ Initial [T Constraint
— Fonts -
[ Initial Huge... Big... ||

Med. | Small. | Tiw. |

Attributes
I [ Color [ Widh [ Folaity |

Label IEauses Tree Depth |2 vI |2
Background - | Foreground - |

[~ Activate on varable selection

Cancel |

& Click the checkboxes under Attributesfor Color, Width, and Polarity then click OK.

& Click with the mouse button on the Causes Treetool.
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rH=1ELl=] Work To Do: Causes Tree Ol x|

fatigue quality of wotlc
actual workforce
ol To Do
overtime hours required wotl done

productity

Graphs and Strip Graphs

Graphsand Strip Graphs can display linesin different colors and thicknesses aswell as with attached
numbers and symbols. We will manipulate the options for the Graph tool; the same methods can be
applied to the Strip Graph tool.

EITHER

& Open the cust3.mdl model you created in Chapter 8

OR

& Open the model cust3.mdl in the directory guide\chap08\compl ete.

& Click onthe Control Panel button then on the Datasets tab. Check to see that the runscustl
through cust4 are all loaded. If they are not loaded, double click on each run in the Available list
box to load them.

& Click onthevariable new cust omer s appearing in the sketch to select it as the Workbench
Variable.

Thin Lines (Color)
# Click onthe Graph tool.

The Vensim default for the Graph tool isfor graphing thin lines with different colors (the colorsdo
not show in the printed User’s Guide):
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SB=IRIE] Graph for new customers _______________[=lf3

Graph for new customers

60,000
30,000
0
0 10 20 30 40 50 &0 Y0 B0 S0 100
Time (Tdonth)
T Olstotters | ostd pers oruTlordh
LA OLstolhers | Osts pers oruTlordh
T OLstolters [ OLstd pers oruTlordh
Twnar Olstotters | otl pers oruTlordh

Thick Lines (Color)

& Select the menu Tools>Options... and click on the Graphicstab. Under the Graph Tool field,
click thefirst checkbox for Thick Lines (underneath Screen). Click on OK.

Sketch I Sketch Defaults I Toolbarz | Settings I Advanced
Fonts1 | Fonts2 | Colors & Markings Graphics Unitz | Startup
Screen Printer Clipboard
— Color
* Test * Test * Test
" Color " Color " Color
" Monochrome " Monochrome " Monochrome
— [araph Lines
F £+ Solid for Color £+ Solid for Color &+ Solid for Color
" Salid " Salid " Salid
" Patterned " Patterned " Patterned
— Strip Graph
PEEFR S Thick Lines ¥ Thick Lines ¥ Thick Lines
[ Line Markers [ Line Markers [ Line Markers
—Graph Tool—— - -
M O ifhsklies [ ThckLies [ Thick Lines
[T Line Markers [ Line Markers [T Line Markers
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The output from the Graph tool will be updated to have thick lines. Note that the graphics options
workson all graphs that are open (and any new graphs created).

The appearance of lines can be adjusted separately for the screen (left), the printer (center) and the
clipboard (right). We are changing only the screen here.

PSS Graph fornew customers ____________________________[=[Ej

Graph for new customers

&0,000

20,000

0 10 20 =0 40 a0 &0 0 50 S0 100
Titne (Tlonth)

T castorners o oastd persoruTulordh
e Olstorhers [ oLt persoruTulordly
Tuna O1SEOrheTs @ o1t persoruTulordty
T Qastorhers o oastl persoruTlorth

Patterned Graph Lines (Color)

& Select the menu Tools>Options.... Under the Graph Linesfield, click the first option button for
Patter ned (underneath Screen). Click onOK.

SIS Graph for new customers ______________________________[=[k]

Graph for new customers

&0,000
30,000
0 | _|-
0 10 20 =0 40 S0 &0 70 20 g0 100
Time (IMlonth)

Tear oastormers ©ooastd

persorulord
b o T e o persoryTdordh
neer Olstogners Lot — — — — — —— —— —— —— —— —— —— — persctuliondh
e olstodmers Lokl — - — - — - — - — - — - — - — - — - — - — - — - — persoruTlordh

142



Reset the Global Options dialog to defaults by:

10: Customizing Output

& Select the menu Tools>Options.... Under the Graph Linesfield, click the first option button for
Solid for Color . If you want, check Thick lines for Graph tool (if you prefer them). Click OK.

& Close the graph by clicking the close button or pressing the Del key.

Dots-Only Graphs

# Click with the right mouse button on the Graph tool. Inthe Line Typefield, click the option

button for Dots Only. Click OK.
# Click onthe Graph tool.

eS=TRI=] Graph for new customers . [=[E]
Graph for new customers
60,000
30,000 : S
+ _-"..'. _.-".. _.:':' 1 .'_
|:| - -l:;;;:=:::::::.-“l"' :.._2“_ .."-.=.II ....."III
0 10 20 30 40 50 60 70 80 90 100
Time (Idonth)
TWWT OStOMeTs @ Qist4 moonooooonoonoooooooonmoonoaoooaooooeeoossoonosoon  mersoruhlorth
TWAT OIstolmers © Q1% oooooooooooooooonooooonoooooooooooooooooasoooooon  mersoruhdorth
TWWT OStOTeTs © Q1std soonocooonoonooonnooonmooooaoooaeoooseoossooosoos  mersoruhlorth
TWAT Olstothers | O1st] sooooccoooooooooooooooooooosooooooooooooossoooooos  mersoruhdorth

Reset the Graph tool options by:

# Click with the right mouse button on the Graph tool. Inthe Line Typefield, click the option

button for Linear Interp. Click OK.

Graph Lines with Markers

In addition to different line styles, it is possible to add marked to graph lines. InVensim PLE and PLE

Plus these are simply toggled on and off, while in the other configuration

they can be customized.

Marker are characters that are displayed along agraph line. The defaults are numbers (and letters), but

symbols can also be used.
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In Vensim PLE or PLE Plus:

& Select the menu Options>Options...

Global Option Settings

[ Ehow Line Markers on Graph Lines Excel R1CT Letters
[ Continually Refresh Sketches Row |H_ Col ||:_
[ Tune case zensitivity for far-easterm

Sketch Wiew Pozitioning
fo Autocenter ¢ Pagemarks Mo Pagemarks

Color for Dizplay, Print & Clipboard
f« Test  Color © Monochrome [ Only zolid linesz

Fonts for Dialog Boxes and Font Face for T ool Output
Mormal - M5 Sans Senf|3(0-0-0
E quation Editar - k5 Sanz Senf310-0-0
Comprezsed - Small Fontz[70-0-0
Tool Font Face - Times Mew Roman
Bottomn Menu Font - M5 Sans Senf30-0-0

Cancel

& Click on Show Line Markers on Graph Lines.

In other configurations:

& Select the menu Tools>Options... and click onthe Colors & Markingstab.
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YWindow B ackground Color

| ¥ Show colars in tables

Sketch I Sketch Defaultz | Toolbarz I Settings
Fonts1 I Fonts2 Colors & Markings Graphics I L nits
Color Marking Color  Marking
Line1 | |1 Lne2 O 2
line | |3~ Line 4 — [+
line5 N[5 line§ N[5
Line 7 | [ Lnes O |5
Lined DEEENENE [5 Line 10 | &
Line 11 ] [E Line 12 | [
Giraph Border Color - Define Cugtarm Color
raph Gridline Color |
[araph Background Calor |

Advanced
I Startup

Note the Color and Marking associated with each line. Y ou can change these colorsto any other
color, and change the marking to any single character.

& Click onthe Graphicstab. Under the Graph Tool field, click the left most checkbox (under

Screen) for Lines Markers so that it is checked. Click onOK.

Then for al configurations:

& Click on the Graph tool.
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SFI=ELE] Graph fornew customers ______[=]K3)
Graph for new customers
&0.000
A0.000
0 . ;
0 10 20 =0 40 L0 &0 70 B0 20 100
Time (Tdonth)

T Olstorners © custd 1 3 ¥ 1 1 1 - personuorth
T CUSLOMMTE | st o r 7 7 7 7 persoruTulorth
TEWr Ostorners © st 3 = = = = = personTulonth
T Qlstopmers © owtl —4 + < 3 <+ <+ < persoruhlordh

Reset the Global Options dialog to defaults by unchecking the Line M arker s checkbox.

NOTE Changing settings on the Colors & Markings and Graphics tabs of the Global Options dialog
will change the appearance of existing graphs both on the screen and when they are printed.

Custom Graphs

Custom Graphs are used to customize the content of a graph so as to show selected variables, runs, and
style, in one graph. Custom Graphs are created from the Graph Control in the Control Panel.

If cust3.mdl is not already open:

& Open the model cust3.mdl in the directory guide\chapO8\compl ete.
To make a Custom Graph:

& Click onthe Control Panel button on the Toolbar. Click on the tab Graphs in the Control Panel.
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Control Panel I

Varial:ulel Time .-i'-.:-:isl Scalingl Datasetz Graphs |F'Iau:ehu:ulders|
Fec Coord I Fedo Open I

— Custom Graphzet

I *D efault j

Open... | NewGSl
Save bz | SavE |
el fefal =] | [Elmze |

fodify. .. Copy... Mew...

| Diizplay Delete Feorder...

[ Keepontop ’f

Cloze

&

K& & & &K & & & & & R

Click the button New.... The Custom Graph Editor opens with the cursor positioned at the graph
Title editing box.

Typein aname for the graph (e.g., Customer Diffusion)

Using the mouse, move to the Variable boxes on the left side of the graph editor and click on the
top button labeled Sel. A Variable Selection dialog box appears. Move the scrollbar down the list
and doubleclick onCust omer s (or type thefirst lettersin Customers until it is highlighted, then

press Enter).

Click on the second button down labeled Sel. Double click on the variableCust oner s.
Click on the third button down labeled Sel. Double click on the variable Capaci ty.

Click on the fourth button down labeled Sel. Double click on the variable Capacity.

Click the Scale checkbox that lies left and between the first two variables.

Click the Scale checkbox that lies |eft and between the third and fourth variable.

Click on the Dataset editing box just right of thefirst variable. Typein the run name cust2.
Click on the Dataset editing box just right of the second variable. Typein the run name cust4.
Click on the Dataset editing box just right of the third variable. Typein the run namecust2.
Click on the Dataset editing box just right of the fourth variable. Typein the run name cust4.
Click onthe LineW (Line Width) editing box just right of the first variable, type 2.

Click onthe LineW (Line Width) editing box just right of the second variable, type 2.

The Custom Graph Editor should look like this:
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Graph Mame I |HiE|EZ [ Tite [ =Label [ Legend |

Title IEustDmerDiffusiDn

bz | gel |%Label |
X-minl He-rnas I H-divisions I -divisions I

Starnp I Cormment I
|f" Marm & Cum € Stack ||- Dotz [~ LbkHntereals 'W'il:lthl Height I
Scale  “arable D atazet Label Lingt' Urnitz -min  r-max

o [Etones 0l | fowz__| |
o [oones | sl | fowa | -
v IEapau:ity il Iu:ustE I I_I I I
| L
| L
| |

rmﬂl Il:ust4
= N
| _se | ] I -

[ &z WP Graph [maspointz] I Copy ta... I T est output ||_ Soft Bounds

Cancel |

# Click onOK. The Custom Graph Editor closes and the Graph Control is |left open.

& Click on the name of your graph in the Graph Control, then click on the button Display.

ISR Customer Diffusion ____________[=k3

Customer Diffusion

20 person
&0.000  Gadgetblonth

1M person
20,000 Gadgetiblonth

0 person
0 Gadgetlonth

0 15 30 45 &0 =] an

Time (Month)
Custorners @ ot PEISOTL
Custorners @ oastd PETSOTL
Capacity @ o1t CradzetBlordh
Capacitye ; oastd CradzetTulordh
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The graph isdisplayed. Y ou can easily see how the behavior of one variable relates to another.
Bxperiment with different options in the Custom Graph Editor by clicking on the button M odify in the
Graph Control, and changing things. If you do not include a dataset next to avariable namein the
graph dialog, the Display button will show the first loaded run (the run at the top of the Loaded list in
the Datasets Control).

Custom Tables

Custom Tables are used to customize the content of atable so asto show selected variables and runsin
onetable. Like Custom Graphs they are created from the Graph Control in the Control Panel.

If cust3.mdl is not already open:

& Open the model cust3.mdl in the directory guide\chapO8\compl ete.

To make a Custom Table:

& Click on the Control Panel button on the Toolbar. Click on the tab Graphs in the Control Panel.

# Click the button New.... The Custom Graph Editor opens with the cursor positioned at the graph
Title editing box.

# Click on AsTable... on the bottom of the dialog. The Custom Graph Editor opens with the cursor
positioned at the graph Title editing box.

T able Mame I Output width I height I

Tile |l
T able Content - drag to rearder

— Time

Alfen o« [
b [ w [

[~ Rurning dawn [~ Don't display
— Cell tfidth

Firzt I rest

[T Scientific Matation

;I Fant - |

:

Highlight: b odify I Remove | D ataset L abel Formnat
Wariable | I I I I A
Comment Line | fdd

] I Cancel |

& Typeinaname for the graph (e.g., Table for Customer Diffusion)
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& Using the mouse, click on the button labeled Variable on the lower |eft of the dialog. A Variable
Selection dialog box appears. Move the scrollbar down the list and double click on Cust oner s
(or type thefirst letters in Customers until it is highlighted, then press Enter).
& Click on the Add button to the right of the variable name you just entered.
& Click again on the Variable button and double click on the variable Capaci ty.
# Click again on the Add button.
# The Custom Table Editor should look like this:
T able Mame I COutput width I height I
Title IT able for Cuztomer Diffuzion
T able Caontent - drag ta rearder ~ Time
Cuztornerzl
Capacityll Fram I {u] I
by [ [
[~ Burning down [T Don't display
— Cell width
Firgt I rest I
[T Scientific Matation
Font - |
Highlight; '
ok Modiy I Remove | Datazet Label Format
W ariable | I I I I
Comment Line | Add
k. I Cancel |

& Click onOK. The Custom Table Editor closes and the Graph Control is |eft open.
# Click on the name of your table in the Graph Control, then click on the button Display.

=o' & EJ
Time (Month)

Chstomers 1,000 1,199 1,389
Zapacity 199,80 18%.81 192,78

EIN i

Thetableisdisplayed, with the variables you chose. Y ou can easily add additional variables and
change the label s that appear in the left column.
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Experiment with different optionsin the Custom Table Editor by clicking on the button M odify in the
Graph Control, and changing things. If you want to change the order that variables are displayed
simply drag them to a different position in the list. Y ou can also add comments and other information.
Y ou can specify aformat following C format conventions (for examp le %.0f for numbers rounded to
integers and %.6g for 6 decimal places) for each variable.

151






11 Games in Vensim

This material does not apply to Vensim PLE.

What Are Games?

Games are away of actively engaging in the progress of asimulation. Games are examples of the
"flight simulator" approach, where the user participates in decisions that affect the simulation outcome
for each step intime. A Vensim simulation model can be run as a game by stepping through time and
making changes to gaming variables along the way. In contrast, anormal simulation model runs
through the compl ete time span based on theinitial setup of the model.

The Real Estate Game (houses.mdl)
EITHER

& Click the Open Model button and open the model houses.mdl in the directory guide\chapl1.
OR

& Build the model as shown in the diagram and equation listing below and saveit in the directory
guidéchapll with adifferent name (e.g., myhouses.mdl). Time Boundsare INITIAL TIME =0,
FINAL TIME =100, TIME STEP = 0.5, Unitsfor Time: Month.

Model Structure

Below isamodel of construction in the real estate industry. A long delay exists between the need to
close the gap in houses and the completing of construction of those houses. This model features a
negative feedback |oop with several delays.

153



12: Vensim User’s Guide

Eil=  Edit “iew La_l,lout Model Toolz “Windows Help _|ﬁ'|5|
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houses.mdl Equations

average house life = 1200
Units: Month

buil ding = Planned Houses / tine to plan to build
Units: house/ Month

conmpl eting = Houses In Construction / time to build houses
Units: house/ Month

denol i shing = Houses Conpl eted / average house life
Units: house/ Month

gap in houses = nunber of houses required - Houses Conpl eted
Uni ts: house

Houses Conpl eted = I NTEG conpl eting - denolishing , 5000)
Units: house

Houses In Construction = INTEG building - conpleting ,
building * tine to build houses )
Units: house

Pl anned Houses = | NTEGE pl anning - building
planning * tine to plan to build )
Units: house

pl anning = MAX ( 0, replacenent houses + ( gap in houses /
time to respond to gap ) )

Units: house/ Month
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repl acement houses = denoli shing
Uni ts: house/ Month

time to build houses = 6
Units: Month

time to plan to build = 3
Units: Mnth

time to respond to gap = 8
Units: Month

Built-in Functions

We are going to start thismodel in equilibrium Wewill setnunber of houses requiredto
5000, which istheinitial valueforhouses conpl et ed. Because of this,gap i n houses, will
be 0 so that pl anni ng isequal tor epl acenent houses which, inturnisequal to

denol i shi ng. Because of the way we initialized the other levels (for examplePl anned Houses
isinitialized equal topl anning * tinme to plan to buil d)eachof theseisalready in
equilibrium We should therefore have amodel that will simulate without any values changing.

Whileit isimportant to check to be sure that our understanding is correct and the model will

simulation without anything changing, we also want to see more model behavior. Thus, instead of
using just 5000 for nunber of houses required wewant to hold it at 5000 for atime (say ten
months) and then increase it (say to 5050). To do thiswe use the equation:

nunber of houses required = 5000 + STEP ( 50, 10)
Uni ts: house

The STEP function takes two argurrents, height and start time, which are enclosed in parentheses. It
takes on avalue of O until start time isreached and from then on takes on value height. This function
isaparticularly good input for amodel becauseit is asimple input change that generates a broad
behavior response. Other functions that are useful for "exciting" or "disturbing" a model in this way
include PUL SE and RAMP.

To add the above equation, open the Equation Editor onnunber of houses.
& Typein the number 5000, then the plussign.

& Click on the Functions tab then scroll down until you see the STEP function appear in thelist.
Click once on the STEP function and click on the Add Sel button.

& Theargument { height} should be highlighted, just type over it with the value 50.
& Doubleclick onthe{stime} argument and typein 10.
& Enter the unitsnewand click OK.

WIP Graph

& Create the Custom Graph definition shown below. Be sure to check the AsWIP Graph
checkbox. Chapter 10 describes how to create Custom Graphs.
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Adding Game Variables

The goal in playing this gameis to meet the demand for houses (azerogap i n houses); you do
this by setting and changing the variable pl anni ng which introduces new houses into the planning
and construction process. Right now pl anni ng isdetermined by aformula. Thisformulaallows

you to simul ate the model, but does not provide a mechanism for you to intervene and change the
value of pl anni ng during asimulation. Y ou need to change pl anni ng to aGamevariable. To do
this:

&  Select the Equationstool.
& Click onthevariablepl anni ng.
We see the equation:

pl anning = MAX( 0, replacenent houses + (gap in houses /
time to respond to gap))

Uni ts: house/ Month

The equation is formulated so planning can never go negative; you can plan to build some houses
(positive) or plan to build no houses (zero). To make this a Game variable, we change the variable
typein the lower drop-down variable type box:

# Click on the drop-down arrow on the lower variable Type box (currently reads Normal) and
choose Gaming from thelist. Click the OK button.
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& Save the model.

Y ou can convert any Auxiliary, Rate or Constant into a Game variable in this manner. During a
simulation a Game variable does just what it would do if it were an Auxi liary, Rate or Constant.
However, during agame, you can set the value of a Game variable at each time as the game
progresses.

Simulating the Model

Before playing the game, let us ook at how the model behaves when simulated.

# Double click on the Runname editing box, typeinrunl (or any name), then click the Simulate

button.
SEREIE] Real Estatc Game _[=}9)
Real Estate Game
5,150 house
20 house/Mdonth
100 house
5,000 house
0 houseMdonth
-100 house
0 15 30 45 &0 75 40
Time (Ilonth)
Houses Completed : Funl house
planming : Funl houseDdonth
gap it houses : Runl house

A Work-In-Progress (WIP) custom graph is generated showing behavior for three key variablesin the
model: Houses Conpl et ed, pl anni ng, andgap i n houses (thethickest line). Notethe
oscillation: overshoot then undershoot of the goal. The model istryingto drivethegap i n houses
to zero. Thestep inthe model iscoming from nunber of houses required. Letusseeif we
can do any better by planning houses ourselvesto try and keep azerogap i n houses.

Playing the Game

# Double click on the Runname editing box, type ingamel (or any name), then click the Game
button.
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A WIP (Work-In-Progress) Custom Graph is generated and the Toolbar changes to the Game Toolbar:

o1& > b5

The Game Time is displayed on the left. The Change Gaming Variables button (C=1) provides one
way to change the value of Game variables during the game. The Stop button stops the game. Move
Forward and M ove Backwar dbuttons move the game by the amount shown in the Amount to Move
editing box (currently displaying 0.5). The three standard window class buttons are on the right.

Moving Forward in a Game

& Movethe WIP graph to the right side of your screen so that it is not covering the sketch.

Y ou should see that the variable pl anni ng ishighlighted yellow with blue text. This providesthe
second way to change the value of Game variables during the game.

# Click onthevariable pl anni ng, you will seeitsinitial value (4.166), press Enter to leave
without changing the value.

Note that the WIP graph disappeared behind the Build window. If we change the Game variable from
the toolbar using the button Change Gaming Variables, the WIP graph will stay on top. Another way
to keep the two windows visible is to reduce the size so both fit on your screen.

& Click on the reduce button EI for the Build window (upper right corner, but below the reduce
button for the Vensim application).

The Build window containing the sketch will shrink to asmaller size.

# Resize and position the Build window and the graph window so you can see both the model (or at
least the variable pl anni ng) and the WIP graph.

# Double click onthe Amount to Move editing box on the Game Toolbar and typein5.

& Click onthe Move Forward button |L|

The WIP graph will start to draw. Behavior isin equilibrium; we do not need to change any
parameters becausethegap i n houses iscurrently zero (exactly on the middle gridline).

& Click on Move Forward once more, you will seethe step upwardsinthegap i n houses.
& Click onpl anni ng onthe sketch, type avalue of 18, then press Enter.
& Click on Move Forward two more times.

Seehow gap i n houses reduces, whileHouses Conpl et ed takesan upturn. We have
amost closed the gap to zero. We had better stop building so many houses.

& Click onpl anni ng on the sketch, typein O, then press Enter.

& Click on Move Forward.
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SEREIElE] Real Estate Game _________________[=}Y
Real Estate Game
5,150 house
20 house/Mdonth
100 house
5,000 house
0 houseMdonth
-100° house
0 15 30 45 &0 75 80
Time (Tlonth)
Houses Completed : Gamel house
planning ; Gamel houseMlonth
gap i houses : Gamel house

Wow! We have overshot the mark; our goal (gap i n houses) isnow negative (below the middle
gridline). Since we cannot plan negative houses, we had better plan zero houses for awhile.

& Click on Move Forward until thegap i n houses ispositive (just above zero at about Time
= 50).

Now we should start building again so that we don't get apositivegap i n houses (where more
houses are required). We can anticipate this somewhat by building alittle beforegap i n houses
is positive.

Backing Up in a Game

# Click onthe Move Backward buttonultwice(untilgap i n houses isnegative).

Of course, we can't back up thereal world. But in order to try out different options when the game has
progressed too far in some direction, we can back up in the game.

& Click onpl anni ng on the sketch, typein alarger number (for example, 10), then press Enter.
& Click on Move Forward.

& Continue playing the game, trying to keepthegap i n houses at or near zero until the final
time of 100 is reached.
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& Click the Stop button @I
Y our WIP graph will end up looking something like this:

SEE=RE] Real Estate Game [
Real Estate Game
5,150 house
20 houseMdonth
100 house
5,000 house
0 house/ldonth
-100  house
0 15 30 45 &0 75 20
Time (Ilonth)
Houses Completed : Gamel house
planming : Gatmel houseMlonth
gap it houses : Gamel house

Y our game results are probably not much better (and maybe even worse) than the original simulation.

Inthe graph above, gap i n houses (whichwetriedto keep at zero) fluctuates wildly in response
toour pl anni ng decisions.
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12 Input Output Controls

Y ou can customize the way your sketches work with simulation models by adding Input and Output
Controlsto model views. These can be added alongside model structure or in separate views from
model structure. Using Input Output Controls you can build your own "control room" for managing
model inputs and viewing simulation results.

In this chapter you will build a control room for an existing model. Input Output Controls are not part
of model structure and, therefore, do not influence model behavior. They can easily be added to a
finished model to make it easier for another person to use the model. The Controls are supported in the
Vensim Model Reader and provide a simple mechanism to make your models easier to consume.

Input Output Controls also adapt to changes in model structure quite well. If you rename avariable the
corresponding control will automatically be updated. If you delete avariable or change itstype any
associated controls will no longer work, but thiswill not stop you from working on the model. Rather
they will simply appear blank or inactive.

Word of Mouth Sales

For this example we will use aword of mouth sales model. Some of the conceptual foundations for
developing models of thiskind are covered in Chapter 4 of the Modeling Guide.

EITHER
& Open the model wom1.mdl contained in the directory guide\chapl2.
OR

& Build the model as shown in the diagram and equation listing below and saveit in the directory
chap12 aswom2.mdl. Time Boundsare INITIAL TIME =0, FINAL TIME =5, TIME STEP =
0.0625, Units for Time: Year.

woml.mdl Equations

advertising effectiveness = 0.1

Units: Wdget/$

advertising spending = GAME( ¢ advertising spending )
Units: $/ Year

c advertising spending = 2e+007

Units: $/ Year

custoner sales effectiveness = 3

Units: Wdget/ (Year*Person)

Custoners = I NTEG new custoners - |eaving custoners, Seed Custoners)
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Units: Person

fraction would be with real prospects =
Potential Custoners / Market Size

Units: Dmml

| eavi ng custoners = Custoners / obsol escence tine
Units: Person/ Year

Mar ket Size = 1e+008
Units: Person

new custoners = sales / sales size
Units: Person/ Year

obsol escence tine = 2
Units: Year

File Edit “iew Lavout Model Tool: Windows Help _IE’IEI
AEEH & BB | BEfRlcuet igfé Y BE(E&BD
E>E|_5[”W|ﬁ®r"%'|w’fq’ﬂﬁ@“ﬁ| G | B2 X € §|
E
& leaving customers -
A obzolescence
i Seed Customers tume
=
Potential —
] Customers
o Customers = ot
new customers

e /I customer sales
a7 W-::-ul alts eﬁecnveness

: W
=3 Ma.rkat sales size : ales .. =
o size advertising

\ ould be - Spending
fraction Wc::-uld 4 vgfnssmg
be with real W dvertisi ..
prospects AGVETLISNE c adverfising
effectiveness Spen
Kl
Times Mew Boman [ 12|b] i [u] <[ INIE2]- 00 2] 0] 5

Potential Custoners = INTEG - new custoners + |eaving custoners ,

Mar ket Size - Seed Custoners )
Units: Person

162




12: Input Output Controls

sales = (would be word of mouth sales + would be advertising sal es)

* fraction would be with real prospects
Units: Wdget/ Year

sales size = 1
Units: Wdget/ Person

Seed Custoners = 10000
Units: Person

woul d be advertising sales = advertising spending *
advertising effectiveness

Units: Wdget/ Year

woul d be word of nputh sal es =Custoners*custoner sal es effectiveness
Units: Wdget/ Year

Output Controls

Begin by creating a new view to which we can add Output Controls.

# Click on the Status Bar View button (thisis at the bottom of the screen and labeled View 1 for this
model) and select **New**.

A new and empty View will open.

[ed
& Select the Input Output tool L= by clicking on it or by pressing the 0 (zero) key.

& Movethe mouseto the right hand side of the sketch and click. Thiswill open the Input Output
Object Settings dialog.

& Select type Output Workbench Tool then click on the Auxiliary button and Select sal es from
the list (clicking OK to close the Variable Selection dial og).

& Click on the dropdown and select the tool Graph from the dropdown list.
Y ou dialog should look like:
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& Click onOK.

You will see afairly large Rectangle with the sizing handle visible. Resize thisto fill roughly the right
hand side of the sketch. Y our model should look like this:
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File Edit “iew Lavoub Model Tool: Windows Help
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& Click on the Simulate button il on the Toolbar (or type Ctrl+R).

The model will simulate and the graph will fill in.
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File Edit “iew Lavoub Model Tool: Windows Help _IEIEI
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Input Controls

We will continue working in the same view.

Slider for Advertising

[ed
# Select the Input Output tool L= | and click on the upper left portion of the sketch. The Input
Output Object Settings dialog will open.

Select type I nput Slider (probably already selected by default).
Click onthe Constant... button and selectc adverti si ng spendi ng fromthedialog.

Enter the numbers 0, 200 E6, and 0.5E6 in the Ranging from, to, and with increment fields.

K &R & R

Click on Label with varname to uncheck it.

Y our dialog shouldlook like:
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Input Qutput Object settings

% |nput Slider " Dutput *orkbench T ool " Dutput Custom Graph

Yariable name. Choose: El:lnstant...l [Faming... | [hata... |

Iu: advertizing spending

|' Slider Settingz

" Object Tvpe

R anaing from IEI {u] |28+EIEIE with increment IEE+|:||:|E

Urits: $v'ear Base model value: 2e+007 [T Label with vamname

Custom Graph or Analysiz Tool for Cutput

| -
Canzel |

& Click onOK.

A Slider will be drawn on the screen.
& Adjust itssize so that it more or less takes up the space to the graph.
& Select the Comment tool. Click above the Slider.

& Typeinthe comment "Advertising Spending ($/Y ear)," select Shape None and click on OK. This
isalabel for the Slider you just created.

Slider for Product Life

Now repeat this entire process creating a Slider for obsol escence ti me with arange from 0.5 to
10 and increment of 0.1. Place the label "Product Lifetime (years)" above this slider.

Other Changeable Constants

e
& Select the Shadow Variable tool _ﬂ‘land add in the model Constantscust omrer sal es
ef fecti veness andvar ket Si ze.

& Highlight the new Shadow Variables and set the color on them to black from the Status Bar color
button or Right-Click on them in turn and set their text color to black.

Lining Things Up

# To make the things you have added line up nicely select the Size/M ove tool ﬂl then drag over
all the elements on the left hand side to highlight them.

& Shift-Click on the topmost comment (Advertising Spending ($/year)) once to unhighlight it, and
again to highlight it.

# Fromthe Layout Menu select theitem Center on LastSel.
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& Position the whole selection by dragging the middle of the selection box until it looks good.

Y ou should end up with.

+| Yensim:wom2. mdl Yar:sales M=l

File Edit ‘iew Layout Model Took ‘Windows Help =] x|
SEEH & % BB | EFaddis Sk Y EF | &2 D6
@EEﬁf”“}Immﬁ%’l”@@@ﬁqllﬁé‘émlﬁﬁc|w :
%: 4 dvertising Spending (Fivear)

Doc | |—F !

[ 1]

Product Lifetime (vears)

T

<customer sales
effectiveness=

=hlarket Size=

REBEL LY DERDD

o

Now isagood time to save your work under a new name. The changes that have been made to
woml.mdl are also saved in the model wom2.mdl contained in the directory guide\chapl1\Complete if
you want to compare them with your own changes.

Simulating the Model

S5ET
& Click onthe Set Up a Simulation button in the Toolbar 2 (or type Ctrl+E). Typein anew run
name.

The Graph will fill in, the Sliders will activate, and the two shadow variables will highlight.

& Drag aslider and then click on the Simulate button in the Toolbar ﬁl or type (Ctrl+R).

The model will simulate and the results for the new run will be displayed in the graph. Repeat this
making other changes. Y ou can change the run name or keep it the same. Each time you simulate the
resultswill be displayed in the graph on theright.
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Y ou can aso click on the SyntheSim button %l and see the graph update automatically as you move
thesliders. Inthiscase sliderswill also appear for cust omer sal es effecti veness and
Mar ket Si ze.

Gaming Control

The word of mouth model has one gaming variableAdverti si ng Ef fecti veness. Wecanuse
the same basic screen layout that we did for the simulation control setup.
& Select the Move/Resize tool ﬂl

& Highlight the Output Object on the right, the Comment "Advertising Spending ($/Y ear)" and the
Slider below this.

Y ou can do this by Clicking on one, then Shift-Clicking on the other two.
= Select Edit>Copy (or Ctrl+C).

NOTE Itiseasiest to copy Input Output Objects with the Move/Resize tool active. When you
activate the Lock tool these objects no longer get selected on Click or Shift-Click, though they can be
selected by dragging around them.

Pasting to a New View

&  Start anew view by clicking on **New** in the Status Bar View button at the bottom.

& Usethe Edit command Paste (or Ctrl+V).

& Click OK onthe pastedialog. Thereisn't really any structure to paste so Replicate and Paste
Picture have the same effect.

& Select the Input Output tool El and then click on the Slider.

The Input Output Control dialog will open.

& Click onthe Gaming... button and click selectadverti si ng spendi ng (theonly thing in the
list). Click on OK.

Note that you do not need the change the label, sinceit is still advertising spending that is being
controlled.

Running a Game

&  Select the Control Panel Datasets tab and unload all datasets.

# Click onthe Game button EI to start agame.
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The graph will fill (perhaps with afull time scale but possibly with only a0-100 scale if you are
overwriting the only loaded run). The scale should adjust as you move forward in time. The Slider
will become active and the Toolbar will change to reflect the gaming state:

1ol
File Edit Wew Layout Model Tools Windows Help _IEIEI
tmesd o & oo 4 &2
br[E M | Ghis ” 2 |WRHm || X € | w 3
<P =
@ sales
[
é advertising spending ($/Year) 4
= 30
= AT,
2 M
Rums 0 20 40 &0 B 100
' Time (Year) -
sales : Current ———— widgetYear
! _ I _"I_I
++ 7] Game @ Gaming: Make Interactive Changes o

The Gaming Interval appears highlighted in an editing box in the Toolbar. By default the Gaming
Interval is set to the TIME STEP which is 0.0625.

& Typein0.25.

& Make changes using the Slider and click on the Advance button Ll to move forward in time.

The graph will update. Y ou can also move back in time using the Backup button ll

Now isagood time to save your model. The changes that have been made here are also saved in the
model wom3.md| contained in the directory guide\chapl2\Completeif you want to compare them with
your own changes.

Publishing the Model

The model asit now stands has a simple interface for changing constants and running simulations and
it also has a simple interface for running games. Y ou can help people who have no knowledge of the
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model by adding navigation buttons for the Views, and aso build in a Gaming Interval that is more
appropriate than the default TIME STEP..

Game Interval

To set the default Game Interval to be a more reasonable number simply add the Constant Gane
I nt er val tothemodel, mark it as a Supplementary variable and set its value equal to 0.5 (Y ears).
When agame is started, the Constant 0.5 will be read in astheinterval for Game steps.

Commentary and Navigation Links

To help anewcomer to the model, it is appropriate to set up someinstructions and guides to help them
navigate around.

= Create anew View by selecting **New** on the Status Bar View button.

Renaming Views

& Select menu View>Rename. Inthe dialog that openstypein "Overview" and click on OK.

Y our view will now be called "Overview." Y ou should rename the other views in the same manner to
"Structure,” "Simulate," and "Game."

Reordering Views

& Select menu View>Reorder.

4 Pressthe mouse button on "Overview" in the list of Views.

# Holding down the mouse button move the mouse up to near the top.

"Overview" should disappear and the shape of the pointer should change to a crosshair.

& Movethe crosshair up so that it is centered near the top of the first name (Structure) and let go of
the mouse button.

"Overview" should appear in the first position. If it does not just repeat the operation letting go of the
mouse a little lower. If you move the center of the crosshair outside of the list "Overview" will just
drop back toitsold position.

& Click OK.

Adding Commentary

If you are not currently on the "Overview" View, move there by selecting "Overview" from the bottom
View button or by using the Page Up and Page Down keys.

%
&  Select the Comment tool 2| and click on the top part of the screen.

& Typein some commentary you think will be helpful. See below to see what comments we added.
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Navigation Links

A Navigation Link isjust acomment with the Navigate field filled in. When you click on a
Navigation link (with the L ock tool selected) the View is autonetically changed to the View named in
the Navigate field.

& With the Comment tool, click on the diagram below your existing comments.

&

&

Typein"Model Structure” and select Box in the Shape field.
Click onthe... button to theright of Navigate View.

A list of viewswill appear in anew dialog.

&5

&

st

¥t

Select "Structure" from the list and click on OK.
Click on the button to the right of Shape Color and click on adark gray button.
Click on the button to the right of Background Color and click on alight gray color.

Fill in the field T hickness below the colors with two.

The use of agray color and dark gray box with Thickness set to 2 makes the Comment look alittle
more like a button.

The comment description dialog should appear as.

Comment Dezcription

—Shaps Face: Times Mew Roman Size [Points]
" Hexagon (@B atang «| [ Bold |1|:| 'I
:: :DT ¢ Diamond @BatangChe I~ ltalic
L i~ Trangle @D atum [T Underline
f* Box X @0 atumiChe }
i~ Up Triangle @Gl [~ Stikethrough
{" Clear Box Lilim ) Col
~ Circle {~ Loop Clkwse @GEUlimChe [~ “ertical alar
{~ Loop Counter EGungsuh ﬂ E=ample
— Test Position TraeType Titnes Mew Roman
i Above
" Center
i Left
" Below  Right
a INavigate Viewjlﬁtructure |

Camrnent IMDdE| Structure
— Graphics

&+ Mone  Image | vl ™ Bitmap " hietafile Impot... |

[T Usze az amow junction Shape Calor - v Background Calar |

[T nocause Thickness I_ Cancel |

& Set up Navigation Links to each of the other views giving them the labels " Simulation Setup" and

"Gaming Control."

Y ou should have adiagram that looks like this:
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& Add in Navigation links back to the Overview View from each of the other Views. Inthe
Simulation View you also need to add a Navigation link to the Game View.

Now is agood time to save your model. The changes that have been made here are also saved in the
model womd.vmf contained in the directory guide\chapl2\Complete if you want to compare them with
your own changes. The .vmf file extension used instead of the normal .mdl extension and thisis
discussed below.

Test It Out

Select the Lock tool and try the Navigation links. Also repeat the process of setting up and running a
simulation. Review the appearance of the "Game" view in simulation setup mode. Review the
appearance of the "Simulate" view in Gaming mode. The behavior of your model with the Lock tool
selected is essentially the same as its behavior will be in the Vensim Model Reader.

Publish a Package

The Vensim model reader is aread-only program that can’t read text format (.mdl) models. Because of
thisit is necessary to save the models you develop in aspecial binary form before they can be used in
the Vensim model reader. To do thisjust choose File>Publish from the File Menu:
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Publish a model package for use by others

Mame  [wOM4.vpm Sel..
Model |

&lzo inchude Additional
v Settings files

-

-

[ &dd

Package Type: &+ Model ™ Wenapp [applization will open]

Feadable W ModelReader | PLE/Plus/Std/Pro v DSS v DLL
by: [v Runtime [~ % | Special

[ MoSawve Ag [ Mo Copying [ Scramble binaries for redistribution

[ Pazzword Protect Pazzword Confirr:

Other detail:  [Vensim® D55 for Windows Version 5.5a Seral #0 Windows MT/2E5P
for problem  [Werzion 5.1 build 2600 Service Pack 2

zolving
Cancel

If you have runs active the above dialog will also list these. For this model we do not need them — click
on the name and click on remove for each run listed.

el

Y ou can also save the model as a binary format (.vmf) model using File>Save As... from the File
menu. In the save as dialog choose Binary Format Models asthe file type and enter inaname. You
can also just type in the name with extension .vmf (as inwom4.vmf) and Vensim will determine the
type of file you want to save as from the extension you have typed.

Publishing to a package gives you control over how the model can be opened and used, see Chapter 19
for more details. Saving as a binary format model allows the model to be opened and modified just as
it could be for atext format model. The binary format files are bigger and less suited to archiving
since they can only be opened with Vensim. Binary files do, however, have the advantage of making it
easier to work with Based On in the Simulation Control dialog as discussed in Chapter 8 of the
Reference Manual. Binary format models also make it easier to work with compiled simulations as
discussed in the Vensim DSS Reference Supplement.

Y ou have now created a model that you can send to anyone and they can use by downloading the free
Vensim Model Reader.
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Simulating modelsis traditionally done as a batch process. Set up some assumptions, make some a
simulation, and then look at some results. Twenty five years ago, this was a necessity. Computers
were large, expensive, and very slow by today's standards. Access was through atime shared terminal
or perhaps even punch cards and jobs had to be submitted for execution and the output picked up from
the main computer office or, if you were lucky, a close at hand printer or even your own teletype
terminal.

Technology has changed a great deal, but the batch processing of simulation has remained alegacy till
now. Whileit has been possibleto view the results of simulations as they progress, this has not really
altered the change, compute, review approach to simulation. With Vensim 5 a better approach to
interacting with models has finally arrived, and it is practical for asurprisingly large fraction of the
modelsin use We call this approach SyntheSim.

Simple Arms Race Model

Construct the following model or open guide\chapl3\complete\arms2.mdl. Thisisasimple armsrace
model that includes economic growth.

desir
capacity lifetimel 4 srengi
ot > E°°“°m'°/\\—v‘/ ) target ratio’1
/vgrowth in Capacltyx ) ca;acny armanment
t . legradation 1
. capac yl} initial. . inidcated i
investment econoEmf aramament fraction grn-llg-nent < time to correct
effectivenessl  investement capity capacity 17 dmament.q— Dtioin 1 armament 1
spending 1 ~ RS
max capacity to armament
) ) armament 1 lifetime 1
fraction spending to Total
investment 1 non armament armament Armament = 0
ending 1 ————— oo initial armament
¥ spending 1 olant 1 obsolescence 1
Ncapacity lifetime 2\ ‘ geei redh
= A > ggg;;?wl g 25 g8 gt 2 raiio
growth in capacity »
capacity 2 iritial degradation 2 inidcated
investment ) economic  aramament fraction armament.<g—time to correct
; ; on. < puilding 2
effectiveness2  investement Ccapacity?  capacity 2™ armament armament 2
spending 2 ~ Cépé(:l%l armament
max capacity to lifetime 2
) i armament 2
fraction spending to Total
investment 2 non armament armament Armament §
spending 24— spending 2 __jnitial
armament
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New Diagramming Flourishes

The above diagram is straightforward except for two things. Oneisthe large rectangles used to
enclose each sidein the armsrace. The second isthelong noncircular arrow connecting the two sides.
The following works through the processof constructing these. If you want you can start from the
model guide\chapl3\complete\armsl.mdl.

Long Connections

Thearrow fromTot al Armanent 2totarget arnmanent 1isnotaregular circular arrow. It
was created by using a number of smaller arrows linked through comments that allow arrows (called
junctions). To create thisyou need to first create the junctions, then add the arrows, then get rid of the
extra arrowheads and size the junctionsto 0.

&

R &R & & &R &

LU U U

&

&

Select the Comment tool.

Click on an empty part of the sketch to theright or ar nanent obsol escence 1.
Select blue as the background color.

Click onthe Useasarrow junction checkbox.

Click on OK. Wewill call thisajunction box.

Resize the junction box to be quite small (around 10x10).

Repeat the above operationsto theright of ar mament obsol escence 2, or copy and paste
the junction box.

Select the Arrow tool.

Draw an arrow from Tot al Armanent 2 tothelower junction box.
Draw an arrow from the lower junction box to the upper.

Draw an arrow from the upper junction box toTot al Ar mament 1.

Right click on the two lower arrows and uncheck the Arrowhead box. Set the arrow width to the
second thickest and the color to dark green.

Change the arrow width and color on the upper arrow.
Adjust the positionsof the junction boxes and arrows to look good.

Resize the junction boxesto have 0 size. Just push the handle up and to the left till nothing is
showing.

Hint: If you want to move the junction boxes after you have sized them to 0 you can select the
M ove/Shape tool and select them by rubber banding around them then move the selection rectangle.
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Containing Boxes

& Select the Comment tool and click in ablank area of the upper |eft hand corner of the sketch.

& Inthedialog that appears sdect Shape Box and Thickness 2 (thisisright at the bottom) then
click onOK.

& Resizethe box so that it contains the upper portion of the model.

NOTE After you have created the box the sizing handle will be visible for afew seconds. If the sizing
handle disappearsjust click on the M ove/Size tool to make it visible again.

& Click onthe Lock tool.

& Click on the new box. It will highlight.

& Click on the Push the highlighted words to the background button on the status bar. The
highlighting will disappear.

& Repeat the above process for the lower half of the model.

Y ou can also give containing boxes a background color if you wish (pick something light). They can
be helpful to separate things visually, though they don't have any impact on causal relationships.

Min, Max and Increment

In the Equation editor you can enter a minimum value, a maximum value and an increment for each
equation. InVensim PLE and PLE Plus these fields are labeled explicitly:

kdinirmum % alue |1 1] b airnurn % alue IEEIEI [nzrement |5

inthe other configurations they are labeled Range

Group: I..-'-‘-.rmsE vIHange: |1EI IEEIEI |5 Go To: F'revl Ne:-:tl Hilitel I:h-:u:usel Neﬁ

For dynamic model variables the range is used to generate warning messages when variables get too
small or too big. For example having arange of [10,500] would give a warning whenever the variable
went below 10 or above 500.

For Constants the rangeis used to specify how big or small a constant can get. In this casethe
increment indicates how much to change a Constant by as aslider is moved. For example the range
[10,500,5] would allow the Constant to range from 10 to 500 changing 5 at atime. The range[0,1,1]
could be used for an On/Off switch.

If you do not specify any range for a constant Vensim will make one up based on the model value. If
you do not specify any increment Vensim will just divide the range up into about 80 even intervals.
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Model Equations

The model equations are quite straightforward. The ranges are shown in square brackets following the
units. Withthe exceptionof t ar get ar manment , the equationsfor ...2 areexactly the same as those

for ...1 with 2sinstead of 1s at the end and so these equations are not repeated here.

armanent capacity 1= Econonic Capacity 1 * nmax capacity to armanent
1
Units: M/ Year

armanent lifetinme 1=20
Units: Year [2,60,1]

ar rament obsol escence 1=Total Armanent 1/armanent lifetine 1
Units: M/ Year

armanent spendi ng l=armanent capacity 1 * fraction armanent capacity

used 1
Units: M/ Year

capacity degradation 1= Economi ¢ Capacity 1/capacity lifetinel
Units: M/ Year/ Year

capacity lifetime 2=30

Units: Year [3,80,1]

desired strength ratio 1=1

Units: Dml [0,5,0.1]

Econom ¢ Capacity 1= INTEG (growh in capacityl - capacity
degradation 1,
initial econom c capacityl)
Units: M/ Year

FINAL TIME = 100
Units: Year

fraction armanent capacity used 1= W TH LOOKUP (
ZI DZ(i ndi cated arnmanent building 1, aramanent capacity 1),

([(0,0) -
(10,1),(0,0),(1,1),(10,1)],(0,0),(0.4,0.4),(2,0.8),(3,0.9), (5, 1), (10, 1)
))

Units: Dmml

fraction spending to investment 1=0.3
Units: Fraction [0,0.6,0.05]

growth in capacity 2=investnent spending 2 * investnent

ef fecti veness 2
Units: M/ Year/ Year

i ndi cated armanment buil di ng 1=MAX(O0, ar manent obsol escence 1 +
(target armanent 1 - Total Armanent 1)/tine to
correct armanent 1)
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Units: M/ Year

initial armanent 1=50
Units: Mb [0, 200, 5]

initial econom c capacityl=100
Units: M/ Year [10, 500, 5]

INNTIAL TIME =0
Units: Year

i nvest ment spending 1= non armanment spending 1 *
fraction spending to investnent 1
Units: M/ Year

i nvest ment effectiveness 2=0. 15
Units: 1/Year [0.01,0.4,0.01]

max capacity to armanent 1=0.4
Units: Fraction [0, 1,0.05]

non armanment spendi ng 1=Econonic Capacity 1 - armanment spending 1
Units: M/ Year

SAVEPER = TI ME STEP

Units: Year [0, ?]

target armanment 1=Total Armanent 2 * desired strength ratio 1
Units: M

target armanment 2=Total Armanent 1 * desired strength ratio 2
Units: M

TIME STEP = 0.125

Units: Year [0, ?]

time to correct armanent 1=5
Units: Year [1,20]

Total Armanent 1= | NTEG (ar manent spendi ng 1-armanment obsol escence
11
initial armanment 1)
Units: M

Structure, Behavior and Speed

SyntheSim is so called because it allows you to use Simulation to Synthesize the structure and
behavior of amodel. Events, behavior and structure are often presented as a hierarchy of waysof
looking at the world with events arising from underlying behavior patterns and behavior arising
because of structure. Simulation models represent the structure which, through simulation, generates
the behavior. The connection between structure and behavior is strong, but it can be difficult to gain
an understanding of how structure causes behavior. By superimposing behavior on structure and
instantly updating behavior as you make changes, SyntheSim provides you with anew and very
powerful tool for understanding your model.
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Showing Behavior

# Click onthe Simulate button to simulate the model.
#  Select the menu item View>Show Behavior or pressthe shortcut B key.

Instead of just adiagram you will see:

capacity lifetimel V'l &?%581{11
gr,/ - ratio

amament 1

on

’ i dcateL timeto correct
mament uifding 1 amament 1
/ amament

lifetime 1

I v

max capacity to
amament 1

fraction spending to Tota
investment 1 non armament & arml_\ ent Armament LS

Thg 1 ending1 __initia |:amafm

amament 1 obsolescence 1

The behavior over time for each of the dynamic variablesis displayed directly on the sketch. You can
work with the sketch, move words and arrows and change equations with behavior showing. If you
position the mouse over avariable and wait, alarger version of the small graph will appear just as a
tool tip would.

E conomic Capacity 1

/

1] 100

53311

The graph is the same as the thumbnail graph that appears on the diagram with labels added. You can
also click on avariable to select it into the workbench.

If you make a number of simulations each one will show with a different color on all of the thumbnail
graphs. By loading and unloading toolsets from the control panel you can control what is displayed.
Thereis an example of doing thislater in the chapter.

Making Simulations

# Click onthe SyntheSim button %I
& Answer yesto the question of whether or not you want to overwrite the existing run.

In addition to the graphs on each variable you will see that each constant has a slider:
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The sliders are created automatically for all model constants just below the variable name (except in
the case of avariable with a shape and the name below that shape in which case the slider will appear
just above the name).

In SyntheSim mode every time you make a change to amodel Constant or Lookup the model will be
simulated and the results presented. There are several ways to change things.

Moving Sliders

Y ou can change constants by dragging the button on the sliders.

& Position the mouse over the slider just below desi red strength ratio 1.
& Pressthe mouse button.

When you do thisthe button will depress and the pointer may move slightly to better reflect the current
slider position.

& Slowly move the slider to theright till it reaches about 2.

Asyou are doing this watch what happens to the levelsin the model. See how armaments movefrom
something that is flat, to something that is growing more and more quickly to amore S shaped
behavior. The graphswill briefly flash red to indicate that their scales are increasing and blue to
indicate that they are decreasing.

If you think you missed something just backup and try again.
& Let go of the mouse button.

The slider you have been moving will have grey railsindicating that it isthe current slider.

+
& Pressthe home key or click on the Reset Current Slider button il
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Thevaluefor thisslider will return to the model value and the model will be simulated again with the
original conditions. Y ou should see the armaments graphs flatten

Setting Slider Values

The sliders move back and forth along the range set in the equations for the constant or, if no range
was set, along arange computed by Vensim given the Constant value. Y ou can also set both the value
of the Constant and the slider range by clicking on therails of the slider

& Click ontherails of the slider (not on the slider itself) below desi red strength ratio 1.

A dialog box will open. If you miss and click on the button it will depress- release the mouse button
and try again.

Slider control options for; desired strenagth ratio 1

“alue to uge for

zimulation I

Slider ] 0 5 —
Settings b I han I Inerement I

[T Make slider changes permanent [maodify model]

Catizel |

& Changethe Valueto usefor simulation to 2, the Minto 1, the Max to 2 and the Increment to
0.01. Thenclick onOK.

=

The model will simulate withdesi red strength rati o 1 setto2anddisplaytheresults. The
slider will be at the rightmost side of its range.

& Drag the slider back and forth and review the results.
Y ou now have much more control over the slider within a narrower range of values.
& Pressthe Home key or click on the Reset Current slider button.

Thevalueof desired strength rati o 1 will beresetto 1, but the slider range will remain at

what you changed itto. The range will not be changed until you either switch Views or stop
SyntheSim. If you check the M ake Slider Changes Per manent (modify model) checkbox when
setting the range the changes will be made permanently to the model.

Using the Arrow Keys

In addition to using the mouse to move the slider you can also use the arrow keys to change the values
of constants. When you are in SyntheSim mode there is normally one slider that looks different from
the others. Most sliderswill look something like <1100 F——> while one of them will have the
railsfilled in like €15 ==p The one with therailsfilled inis called the active slider.
Whenever you click on aslider it becomes active. You can also use the Tab (and Shift+Tab) keysto
move between the sliders, though the order is that in which you created the Constants and is not always
very clear visually.
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& The active slider should be the one underneathdesi red strength ratio 1. Ifitisnot
press the Tab key until itis.

& Presstheright arrow key.

The value of the slider should increase from 1 to 1.01, and you will see asmall changein the graphs.
Click again and the value will change to 1.02 and so on.

= Presstheleft arrow key.

The value of the slider will decrease by .01. The arrow keys are very useful if you want to move very
slowly through a Constant's range. They can also be helpful if you are working with bigger models
and you want to do only one simulation each time avalue is changed (dragging a slider will often end
up making two or three simulations).

Changing Lookups

Changing Lookups is done by opening the Lookup editor and modifying the Lookup there. Asyou
make modifications the model will be repeatedly simulated and the results displayed.

# Dragthedlider underneathdesi red strength rati o 1tillithasabout 2 asitsvaue.
& Click on fraction armament capacity used 1.

The Lookup editor will open.

Graph Lookup - #fraction armament capacity used 1%
E wport I
Prirt I

Irpuit O utput i TR
[ o 0 =] i 1 =
0.4 0.4 : .
038 ; : e
049 i i i
1 5 5 5
i L ': ; :' """"""" Dl
LI - - - -mir:
=T : : : L bl
Impart % als | K-min:lﬂ "I:-:=4.EEI1 v=-0.02193 X-ma:-::lm "I HesetScaIingl
Cloze | Clear Paintz I Clear All Paints | Cur->Ref Clear Reference | Hef->Eur| Rezet |
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The Lookup editor in SyntheSim mode has a Reset button instead of close button. Each time you
make a change to the values in the lookup the model is simulated so there is no way to cancel the
change. The Reset button will put the values back to the original model values.

This Lookup has areference line (appearing in grey) along which the fraction of resources indicated
areused. Thegraph itself should alwayslie at or below thisreferenceline.

& Position the mouse over the third point on the graph and then drag this point up toward the
reference line.

Watch the behavior of the variables as the point moves. Y ou can move the Lookup editor by dragging
itstitle bar if you want to expose other variables.

& Click on the Close button to close the Equation Editor.

Changing from the Toolbar (Not PLE or PLE Plus)

In addition to making changes to Constants and Lookups on the Screen you can also make changes by

clicking on the Change Model Constants buttonﬂl and the Change L ookups button @l These
bring up dialogs with lists of Constants and L ookups respectively.

# Click onthe Change Model Constants button.

& Clickondesired strength rati o 1inthelistand then click on Maodify or pressthe
Enter key. The current value will appear highlighted in an editing box.

& Typein 1.8 and pressthe Enter key. The model will simulate. Y ou will also see the slider below
desired strength ratio 1 changeinvaue.

& Click on Close
& Click on the Change L ookups button.

& Clickon#attracti on armanment capacity used 1# (the# signsareadded by
Vensim) and click on Modify.

& Make changes to the Lookup as before then click on Close

Doing Simulation Experiments

So far we have been looking at only a single graph for each variable. . Y ou can keep simulations that
are interesting and also display results from multiple simulations on the thumbnail graphs.

& Click onthe Reset all Constants button or press Ctrl+Home.

Thisresets not only constant changes but also any lookup changes you might have made.

& Click onthe Save this Run to... button il

& Typeinthe name baserun.
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& Click on Save.

Y ou will notice that the screen blinks, but nothing seemsto change. Thisis because the base runisthe
same as the current experiment.

& Movethesliderondesired strength ratio lupto2.

There should be two graphs on each variable.

o — - Eronomic /\-\@
/ growth i capa
@* el \\

imvestment

Egﬂ'talgl%i? arammarnent
effectiveness1 mvestement {,‘:IFTl—" '
<A 0185 F— ' v

i
max capactty to _ILI
*

4 |

& Click on the Save this Run to... button. Type the name strongl and click on Save.

# Movethesliderondesired strength ratio 2 upto2. (Thisisinthelower part of the
model. It isthefirst timewe have changed thisvalue.)

# Click onthe Save this Run to... button. Type the name strongboth and click on Save.

& ClickonTotal Armanent 2 andclick onthe Graph tool. You will seethe graph:

al"B=1El=] Graph for Total Armament?2  [=[p
Total Armament 2
o0 ;’//
0
0 10 20 30 40 S0 &0 70 80 90 100
Time {Year)

Total Somarmert 2 ; Ciomend
Total Sotament 2 basenin
Total Somamert 2 stoongl
Total Sohanent 2 stoonghoth

EEEE

Notice how the strongl and strong2 run end up in almost the same place.

# ClickonEcononi ¢ Capacity 2 and click onthe Graph tool.
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When country two is more aggressive about building up arms the consequence is not more arms so
much as less economic activity. If you play with the desired strength numbers you will see that after a
point making them larger yields alower armslevel at the end of the run.

Loading and Unloading Runs

Y ou can load and unload runs and change other settings from the control panel. If you change the
Time Axis settings thiswill change the appearance of graphs, though it will not have an effect on the
thumbnail graphs (these display the full simulation range).

& Click onthe Control Panel button and click on the Datasets tab.

& Click onstrongl and click on the << button.

& Click onbaserun and click on the << button.

Asyou make these changes you will see the thumbnail graphs redraw to reflect the list of loaded runs.

Y ou can have up to 16 runsloaded, thought it israrely useful to have more than afew.

Breaking Feedback Loops

One very effective way of understanding model behavior isto break feedback loops and see what
changes. Thisisvery easy to do with SyntheSim.

Stopping the Race

&5
& Click on the Reset All Constants button il or pressthe Ctrl+Home keys.

Thiswill reset all slidersto the original positions (and reset all Lookups). Note that if you had only
moved one slider and that slider is still active thisis the same as resetting the current slider.

& Dragtheslider under desired strength ratio 1to2

Thetwo graph lines should now be on top of one another. If thisis not the case make sure that the two
runs you have loaded are strongl and current.

# ClickonTot al Arnmanent 2 with theright mouse button (or hold down the Ctrl key and
click).

The variable override dialog will appear.
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Input Options for: Total Armament 2

W iveride nomal behavior Uncheck thiz and click on OF. to revert this one
' ' variable to nommal behavion

Input Time Shape

{* Constant [with slider) " Exponential Growth  Pulze
{~ Step Change {~ Exponential Decay " Pulze Train
" RBamp  Sin'wave " Square Wave

Minirnurn II:I masimL |2I:IEIEI

Ize thiz option to study lozal rezponse to
changesz in the current varable.

Cancel |

When avariable is overridden, rather than using the value computed for it an externally input value
will be used. Thisvalue can be aconstant, or one of anumber of alternative input patterns.

[T Freeze Levels at initial values

& |Inthe maximum field enter 1000.
& Click onOK.

The model will be simulated with Tot al Ar manment 2 constant at 500. The variableitself will be
displayed in adifferent color to indicate that it is not being computed in the normal manner and there
will be an input slider just below it.

& Dragtheslider under Tot al Armanent 2 down to have avalue of 50 - thisis the original
initial valuefor thisvariable.

& ClickonTot al Armament 1 then click onthe Graph tool.

Total Armanent 1 startsat 50, thenrisesfairly quickly to 100 and staysthere. Thereisno
ongoing increase.

& Click on Stop Override in the toolbar.

The graphs should return to showing only asingleline.

Overriding Behavior

The economy in this model provides an important controlling influence on the ability to produce
armaments. If armament spending had been formulated as the indicated spending times an effect from
capacity, we could simply override that effect and makeit always one. Unfortunately, such a
formulation isdifficult to create because it isimportant that actual armarrent spending never exceed
economic capacity. For this model, the appropriate way to remove the controlling influence of the
economy is not to make something constant, but rather to impart behavior to economic activity that is
not influenced by the level of spending on arms.
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& ClickonEconom ¢ Capacity 1 withtheright mouse button (or hold down the Ctrl key and
click).

& Inthedialog click on the Exponential Growth radio button.
& For Starting From fill in 100.
& For Growth Rate (%/unit time) fill in 10.

Look at the behavior of the different variables. Tot al Ar manment 1 grows more, butisstill S
shaped. Infact, Economi ¢ Capacity 2 isfalling off quite strongly relative to the strongl run
and thisis hampering the ability of 2 to product armaments. Let make the same changeto Econoni ¢
Capaci ty 2 that wemadetoEconom ¢ Capacity 1.

& ClickonEconom ¢ Capacity 2 withtheright mouse button (or hold down the Ctrl key and
click).

& Inthedialog click on the Exponential Growth radio button.
& For Starting From fill in 100.
& For Growth Rate (%/unit time) fill in 10.

Now look at the behavior. We get very rapid growth in the level of armaments for both sides. We can
be confident that economic capacity is not a constraining factor because in both countries the fraction
of capacity devoted to armament production is small and diminishing.

# Raise desired strength ratio 2 to also be 2.

Economic growth is constraining once again - even at 10%/year.

Building a Control Panel

In addition to working with thumbnail sketches SyntheSim will work with graphs and tables imbedded
as Input Output Objects.

& Click on the Stop Simulation button.

& Click on the Control Panel button and click on the Graphs tab.
& Click on the New button.
&

In the Custom Graph editor add the title "Comparative Total Armament" and add the variables
Total Armanent 1 andTotal Armanment 2. For Graph Name enter COMPARE.

Check the Scal e checkbox to the | eft of the variable names. Add O under Y-Min and 800 under
Y-Max attherightinthetop row.

&

&  Check the Soft Bounds checkbox at the bottom. The dialog should appear as.
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Click onOK.
Select the Menu Item View>New.

Click onthe Input Output tool.

R R &R R

dropdown list at the bottom and click on OK.

&

Size the graph to be quite large.

&

Click below the graph at the | ft.

strength ratio 1.
Set the range from O to 2 with increment .01 and click on OK.

Click below the graph at the right.

strength ratio 2.

& Set the range from 0 to 2 with increment .01 and click on OK.

Inthe dialog click on the Output Custom Graph radio button. Select COMPARE from the

In the Input/Output Object dialog click on the Constant... button and selectdesi r ed

In the Input/Output Object dialog click on the Constant... button and select desi r ed

Y ou can make the sliders slightly bigger and position them to look good. Go to the control panel and
clear any runs, then start SyntheSim mode and move the sliders. Y ou should see something like:

189



13: Vensim User’s Guide
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Y ou can go back to the previous view and continue to make changes to model constants. When you
return to this view you will see the results of those changes shown in the graph.

Subscripts and SyntheSim (DSS and Professional only)

A few wordsare in order on the interaction of subscripts and SyntheSim. While you arein SyntheSim
mode only one graph appears for each variable and only one constant appears for each slider. Vensim
determines which subscript to display information for by referring to the Subscript control dialog. The
first selected subscript combination is displayed (if nothing is selected the first subscript combination
is displayed).

Y ou can determine exactly which variable is being displayed by hovering over it till the Tool Tip
shows:
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Similarly you can determine which Constant you are changing by hovering over it till the Tool Tip

shows:

narth] = 20 Y'ear

NOTE Y ou need to hover over the name, not the slider to get the Tool Tip to show.

Y ou can also reset one slider to refer to adifferent subscript by clicking on the slider handles;

Slider control options far: time to corect armament 1[gast]

zet subzcrpt

Walue to uge for

simulation |[Eagt] ﬂ Ed..
Slider ] 1 -0 1

Settings 7 Max [ncrement

[ Make glider changes permanent [modify model]

Cancel

Just set adifferent subscript. The new subscript will stick to the slider till you change subscript
sel ection from the Subscript control or change views. The Ed... button allows you to change values on
the full set of subscripts for the constant — but does not change the subscript the slider is activefor.
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14 Reality Check®

Y ou build and use modelsin order to address problems. Asthese models are built, there are various
checks that must be done against reality. These checks may be explicit and take the form of tests of
model behavior or subsector behavior under different assumptions, or they may be implicit mental
simulations and analysis based on your own understanding of models and the modeling process. In
either case these checks are very important in ensuring that the modelsyou develop can adequately
address the problems they are being applied to.

Reality Check gives you a straightforward way to make statements you think must be true about a
model for it to be useful, and the machinery to automatically test amodel for conformance with those
statements. Reality Check is anew technology that adds significantly to your ability to validate and
defend the models you build. It can also focus discussion away from specific assumptions made in
models onto more solidly held beliefs about the nature of reality.

This chapter:

?  Introduces the concept of a Reality Check.

?  Showsyou how to define Constraints and Test Inputs.

?  Shows you how to test amodel for conformance to Reality Check equations.
5

Provides a simple example of model building using Reality Check.

Models and Reality

Models are representations of reality, or our perceptions of reality. In order to validate the usefulness
of amodel, it isimportant to determine whether things that are observed in reality also hold truein the
model. Thisvalidation can be done using formal or informal methods to compare measurements and
model behavior. Comparison can be done by looking at time series data, seeing if conditions
correspond to qualitative descriptions, testing sensitivity of assumptionsin amodel, and deriving
reasonable explanations for model generated behavior and behavior patterns.

Another important comp onent in model validation is the detailed consideration of assumptions about
structure. Agents should not require information that is not available to them to make decisions.
There needs to be strict enforcement of causal connectedness. Material needsto be conserved.

Between the details of structure and the overwhelming richness of behavior, thereisagreat deal that
can be said about amodel that israrely acted upon. If you wereto complete the sentence "For amodel
or submodel to be reasonable when | it should " youwould seethat there
are many things that you could do to amodel to find problems and build your confidencein it.

In most cases, some of the things required for amodel to be reasonable are so important that they get
tested. In many cases, the things are said not about a complete model but about a small component of
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the model, or even an equation. In such cases you, as amodel builder, can draw on your experiences
and the work of others relating to behavior of generic structures and specific formulations.

Ultimately however, most of the things that need to be true for amodel to be reasonable are never
tested. Using traditional modeling techniques, the testing process requires cutting out sectors, driving
them with different inputs, changing basic structure in selected locations, making lots of simulations,
and reviewing the output. Even when this gets done, it is often done on aversion of the model that is
later revised, and the effect of the revisions not tested.

Reality Check equations provide you with alanguage for specifying what is required for amodel to be
reasonable, and the machinery to go in and automatically test for conformance to those requirements.
The specifications you make are not tied to aversion of amodel. They are separate from the normal
model equations and do not interfere with the normal function of the model. Pressing a button lets you
see whether or not the model isin violation of the constraints that reality imposes.

Domains of Expertise

Although Reality Check equationsin Vensim have been implemented as an extension of the Vensim
modeling language, the skills and experience required to write Reality Check equationsis different
from that required to write models. Reality Check equations are assertions about the nature of
behavior inreality. They do not require the creation of structure capable of generating particular
behavior. Reality Check equations create behavioral conditions and then check to seeif the structure
of the model causes the appropriate behavioral response.

Because Reality Check equations are formulated in a behavior-behavior world, the people best at
formulating them are the people with the most knowledge of behavior—for the most part expertsin the
domain of study. Because of this, Reality Check equations can do much more than find bugsin
models. Reality Check equations allow the consumers of models to have confidence in the quality of
theresults they are getting.

Defining Reality Check Equations

Y ou enter Reality Check equationsin the same way you enter other equationsin Vensim. You can use
the Sketch Tool to define inputs to Reality Check equations, or simply write the equations directly in
the Equation Editor or Text Editor. Structurally, Reality Check equations are not inputs to any model
equations, but use model variablesin their definitions. When Reality Check equations are exercised,
they can change the value of model variablesas well as the equations used to compute those variables.
Again, we emphasi ze that Reality Check equations are not statements about causal structure but simply
statements about behavior—"1f this happens, then that must happen".

The appropriate naming conventions for Reality Check equations are different from those for model
variables. Model variables should be named as nouns or noun phrases which more and less have
obvious meaning—Wor kf or ce, producti vity,capacity,det erni nati on, propensity
to save and soon. Reality Check equations, on the other hand, should be brief phrases that describe
the nature of the check—no wor kers no production,rain means fl oodi ngandsoon.
The best guide in naming Reality Check equationsis to think of them as true or false, and name the
Reality Check the statement that would be made when it took on atrue value.
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There are two types of equations that can be defined in Vensim to make use of the Reality Check
functionality—Constraints and Test Inputs. Constraints make statements about the consequences that
should result from a given set of conditions. They are called Constraints because they specify the way
inwhich the Test Inputs should constrain behavior. The violation of a Constraint indicates a problem
with the model. Test Inputs are away of specifying the conditions or circumstances under which a
Constraint isbinding. Since Test Inputs can be used in Constraints, they are described first.

Test Inputs

Test Inputs allow you to define alternative conditions by changing equations for avariable in the
model. The basic format for a Test Input is:

name : TEST I NPUT: variable = expr

Where name isthe name of a Test Input. What appearsto theright of : TEST | NPUT: isexactly the
same format equation you would normally useto define an auxiliary variable, and can involve only
model variables. The equation you writeis also restricted in that you cannot use dynamic functions
(such as SMOOTH), defining functions (such as ACTIVE INITIAL) or user defined Macros. If you
need this functionality, you can create extramodel variables for use in your Test Inputs.

Y ou can only use Test Inputs in the conditional portion of a Constraint equation. The major reason for
defining Test Inputs isto give a name to the experiment being conducted. This can make reading the
Constraint much easier. |f you do not define Test Inputs, you can define Constraints directly using the
vari abl e = expr portion of the Test Input equation. The same restricted equation format applies
if you do this.

Dynamic Test Inputs

In addition to an alternate assignment expression for a Test Input, it is often desirable to force achange
in avariable after aperiod of timein asimulation. For example, you might want to force production to
ramp down to O between time 10 and 12, but before time 10 just | et production be what it would have
been. Thistype of achangeis useful both for writing complete reality Checks and for studying the
response of amodel to interesting Test Inputs..

To create Test Inputs with atime profile there are a series of functions that begin with RC — RC
COMPARE, RC DECAY, RC GROW, RC RAMP and RC STEP (detailsin Chapter 4 of the
Reference Manual). These all behave in asimilar manner. For example:

Tl Production to zero : TEST | NPUT:
producti on = RC RAMP( producti on, 0, 2, 10)

This Test Input will cause production to go to ramp from whatever it is at time 10 to zero at time 12.

The RC... functions all take two optional arguments—a start time and a duration. If the durationis
omitted, asit is above, the Test Input continues in the changed state to the end of the simulation. If
you specify aduration the Test Input will continue in the changed state for the time specified, and then
the variable will revert to its normally computed value. When it does revert the values the variable
depend upon will likely be different so it most likely will not take onthe value it hasin anormal
simulation.

195



Vensim User’s Guide

If the start time (10 in the above example) is omitted, and the model contains the constant RC START
TIME the changed specified will begin at thistime. If RC START TIME is not in the model the
change will start at INITIAL TIME + TIME STEP. Using RC START TIME in this manner is
convenient because it allows you to globally change the time at which changes take effect and allows
you to leave off additional arguments to the RC functions. Having Test Inputs start during a
simulation is helpful becauseit prevents startup behavior from interfering with the testing of the model
and also permits you to run tests with different relative values for variables.

Constraints
Constraints take the form

nanme : THE CONDI TION: condition : 1 MPLIES: consequence

: THE CONDI TI ON: and: | MPLI ES: are specia keywordsin Vensim. condi ti on and
consequence arelogical expressions described below. The name of a Constraint must use letters
and numbersjust as other variablesin Vensim. Constraints do not need units of measure, though if
you are using the Text Editor you must put in the tilde symbol ~ as a placeholder. Y ou can attach
comments to Constraints just as you do with other variablesin Vensim.

Logical Expressions

Constraints use a condition and a consequence that are both defined aslogical expressions. An
example of thiswould be:

no capital no production : THE CONDI TION: Capital = 0 :|MPLIES:
production= 0

When testing Reality Check equations, Vensim will force a condition to be true whether the model
generated values suggest it should be true or not, and test the consequence for truth. When the
condition istrue, but the consequence is not, Vensim reports the problem as a Reality Check failure.
Vensim also does passive testing as described below.

Logical expressions can be more complicated then this. They are built up by using the comparisons=,
>, <, and<>aongwith: OR: ,: AND: and: NOT: . A validlogical expression could be;

Popul ation > 8E9 : AND: (food ratio < .75 :OR
Pollution > critical pollution)

Here anumber of things are being compared and this expression will betrue if Popul ati on > 8E9
andeitherf ood ratio < .750rPollution > critical pollution orboth. Logica
expressions can quickly become difficult to understand and you are encouraged not to combine too
many thingsin a condition. In the consequence portion, it is often useful to have many items
combined with : AND: s (to test several consequences of a single condition), but more complicated
structures are rarely helpful.

The condition portion of a Constraint definition is restricted to the comparison of variablesto other
variables and variablesto numbers. The only exception to thisisthat you canusevar =expr, ora
named Test Input as one of the condition'slogical components. Thus:

pop It cc : THE CONDI TION : Population < Carrying Capacity * 1.1
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1 MPLI ES: deaths from crowdi ng < 1000
iswrong becauseit takestheformvar <expr , whereas

pop It cc : THE CONDI TION : Popul ation = Carrying Capacity * 1.1
I MPLIES: deaths from crowdi ng < 1000

usesvar =expr andisalegitimate expression. Expressions included directly in Constraint conditions
in this manner can use TI ME TRANSI Tl ONand must conform to the rulesfor forming Test Inputs.

Test Inputs may be used for the condition of a Constraint, asin:

pop It cc : THE CONDI TION : pop at cc plus 10
I MPLIES: deaths from crowdi ng < 1000

wherepop at cc plus 1l0isaTest Input. Notethat Test Inputs are treated as logical variables
taking on avalue of trueif they are active and false if they are not.

All components of a Constraint are restricted to using simple functions (M N, MAX, SUMetc.). Other
than this, thereis no restriction on logical expressions in the consequence portion of a Constraint
definition.

It isnot generally useful to test equality in a consequence because equality tests are very likely to fail
even when there is nothing wrong with the model. Thisis because even for concepts that are
definitionally equivalent, but computed in different manners, there are likely to be slight numerical
differences which will be flagged during an equality test.

Dynamic Tests in the Consequences

Reality Check equations that have Test Inputs using RC... functions typically use a corresponding
RC...CHECK function in the consequence. The RC ... CHECK functions work in an analogous way to
RC... functionsin Test Inputs. While Test Inputs change the value of avariable, the consequence
portion of a Constraint makes a comparison of the value of avariable. The RC...CHECK function
takes one more argument than the corresponding RC... function. Thisargument isthe grace period and
it allows adelay after a Test Input occurs before the consequences are tested. For example:

Tl Production to zero : TEST | NPUT:
producti on = RC STEP(producti on, 0)

RC No Production no Shipnments : THE CONDI Tl ON:
Tl Production to zero :1MPLIES:
sal es <= RC RAMP CHECK(. 5, sal es, . 0001)

The Test Input causespr oduct i on to steptozero at RC START TIME. After agrace period of .5
salesischecked to seeif it islessthan or equal to .0001 timesthe valueit had at RC START TIME.
The use of .0001 instead of O prevents nuisance violations that might occur with continuous
formulations and is good practice.

The grace period is the first argument to all the RC...CHECK functions except for RC COMPARE
CHECK which takes uses the literal name of afilefirst.
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:CROSSING:

In the implication portion of a Reality Check you can use :CROSSING: and :AT LEAST ONCE: with
> and < to look for above/below typerelations, asin:

1 MPLI ES:
I nventory > : CROSSING RC STEP CHECK(O, I nventory, 1)

Thiswill test to be sure that at RC START TIME Inventory isfirst bigger than its baseline value and
then becomes smaller and stays smaller. If there weretwo: CROSSI NG keywordsinarow asin:

Inventory > : CROSSI NG : CROSSI NG RC STEP CHECK(O, I nventory, 1)

Inventory would need to start bigger, then become smaller, then become bigger and stay bigger.

If you useone or more: CROSSI NG: keywords, you can end the sequence with: | GNORE: to

indicate that after the required number of crossings have been made, it does not matter if any more
crossings occur. For example

I nventory > : CROSSING :|1GNORE: RC STEP CHECK(O, I nventory, 1)

Thissaysthat| nvent or y needsto start bigger, then become smaller, then it does not matter what it
does.

:AT LEAST ONCE:

Analogousto the: CROSSI NG keywordisa: AT LEAST ONCE: keyword that simply requires that
the condition be true once after RC START TIME. For example
I nventory > : AT LEAST ONCE: RC STEP CHECK(O, I nventory, 1)

saysthat | nvent or y needsto exceed itsvalue at RC START TIME at least once during the rest of
the simulation. It might always be above, or cross from below to above. It the valueis above onceit
can also cross below and the condition will remain true.

Empty Conditions

The condition part of a Constraint may be empty asin:
debt bounded : THE CONDI TI ON: : | MPLIES: debt < 4E6

This equation states that no matter what happens there will never be more than four million in debt.
Note that Vensim does not try to test all possible model conditions when it sees an empty condition.
Constraints with empty conditions are checked passively anytime you are using the Reality Check
function, and will detect a high debt.

For the simple exampl e given here, using 4E6 as the maximum value that debt could take onin the
equation for debt would also result in a message when debt exceeds 4E6 as long as warnings are not
suppressed. The Empty condition can, however, be used to evaluate much more general expressions.

Wildcard Tests in the Consequence

In addition to testing avariable, you can test all variablesto see if they satisfy acondition. To do this
usea* instead of avariable name. For example you might write the Constraint

all peaceful :THE CONDI TION: FI NAL TI ME=101 : | MPLI ES:

198



Support and Licenses

* < 1E9 : AND: * >= -1E3

which will test to be sure that all variables stay in the range -1,000 to 1 billion. The condition FI NAL
TI ME = 101, which simply runs the simulation an extrayear, isused instead of the empty condition
because thisis atime consuming check to make and Constraints with empty conditions are checked
passively every time any Reality Check is being made.

Simulation and Reality Check

Before we discuss the mechanics of actually running Reality Check equations, it is useful to describe
very briefly what happens inside the model. Reality Check equations involve systematic intervention
in the basic structure of the model. They are qualitatively different from sensitivity analysisin that
there are not any well defined pathways of influence. Test Inputs and Constraints can cause changes to
be made at almost any point in a model.

In order to accomplish the changes involved in running Reality Check equations, Vensim restructures
your model, adding equations and modifying the sequence in which equations are computed to match.
After completing Reality Check equations, Vensim returns the model to its original structure. This
means that doing causal tracing on a run made with one or more Test I nputs active can give surprising
and seemingly incorrect results.

In some cases, restructuring and reordering may leave the model ill formed. The most common
problem is that the model may contain simultaneous equations and therefore not be computable. If this
isthe case, Vensim will report the problem and not complete the simulation. Because of the behavior-
behavior nature of Reality Check equations, the existence of simultaneous equations does not
necessarily represent a conceptual problem, but will prevent simulation. If possible, reformulate the
Test Inputs causing the problems to avoid simultaneous equations.

NOTE Reality Check equations are always run usinginterpreted (not compiled) simulations. Thisis
because they require continual restructuring of equations.

Active Constraint Checking

During active Constraint testing, Vensim forces the condition part of Constraint equationsto betrue,
changing variable values or model structure where necessary.

? If the condition is an equality condition or Test Input, Vensim appends the equation to the existing
model equation (remember that the equation may reference the original comp uted value for a
variable). The new value for the variable is then used wherever the variable is used.

?  If the condition uses inequality, Vensim first tests to see if the inequality istrue.
? If itistrue, the value of the variable is not changed.

? Ifitisnot true, Vensim makesit true by assigning the value just asif it were an equality
condition.

Having forced conditionsto be true Vensim teststo seeif the consequences are al so true.
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Passive Constraint Checking

In passive Constraint checking, Vensim simply evaluates both halves of the Constraint equations as
logical expressions. |f aconsequenceisfalse whileits conditionistrue, an error isreported.

Whenever you run a Reality Check, Vensim tests all Constraints that are not explicitly activated for
passive conformance. This checking does not get done during normal simulation.

Error Reporting

Violations of Constraints are reported the same way Lookup table overflows are. Thefirsttimea
Constraint isviolated an error isreported. Then amessage is sent when the Constraint is no longer
violated indicating areturn to conformance. The next violation is reported, and so on.

Entering Reality Check Equations

Y ou enter Reality Check equations the same way you enter normal model equations. In the Text
Editor, you simply type them in. In the Sketch Editor, you can enter them in diagrams by showing all
of the elementsto be checked as causes of the Test Inputs and Constraints. The Test Inputs and
Constraints are not part of the model's causal structure. In addition, the right hand side of alternative
defining equationsin Test Inputs are not shown as causes of the variable being given the Test Input.

Thus the equations:

I nventory = | NTEGE production-shi pnments, | Nl TI AL_I NVENTORY) ~~|
al ways have stock : TEST I NPUT: Inventory = 3*final demand ~~|
fill orders when stocked : THE CONDI TI ON: al ways have stock

I MPLI ES: shipnments >= final demand ~~|

would appear on the diagram as:

INITIAL INVENTORY

i =——=X—®={ Inventory ——— i !

production shipments

final demand— always have stock

fill orders when stocked
-

Initislikely that you will want to keep the equations and causal structure used in defining Reality
Check equations separate from the normal model equations. One convenient way to do thisisto put
them in a separate group and include them on separate views.
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In the diagram, the mixing of the different types of names can be confusing. When looking for arrows
goingintofill orders when stocked,itisnotwhat causesfill orders when

st ocked that iswanted, but what we need to know to determineif thisistrue. Given the difficulties
of understanding diagrams just showing causal connections and flows, you may want to omit this

added complexity from the working diagram. It is probably easiest to place Reality Check equationsin
a separate view so they will not be confused with model structure.

It can also be very convenient to adopt a naming conversion for Reality Check statements. For
example you might start all Test Inputswith Tl and all Constraints with RC.

Equation Editor

Y ou enter Reality Check equations just like you would enter other equations. Create a variable, open
with the Equation Editor, select the Type Reality Check and the Suptype Constraint or Test Input and
fill in the equation.

Editing equation for - hunger from growth

Ihunger fram growth Add EqI

“THE C |big grovthy
OHDITI

OM: ;I
AP Sugar <= AC DECAY CHECK[1 Sugar, 0.5 IMITIAL TIME]
LIES:

T}'F'E. Llnda|i|i| 9] + UariablesIFunctiunsl Mare |
[Reality Check =] o] 4] 5] 8] - Choose Variable.. | |Inputs [

IEDnstraint j _Iil gl big growath

IMITIAL TIME
[~ Supplementary llil Sugar
Help I _I_I —I

Uitz I J
Com- :I
=

reht:

Group: |.Constraints TI T_I,IpF'riu:u:I I I GoTo:  Prev | Mext | HiIitel Choose | e |

Erors: | Equation O, j
e Check Syntas | Check Model | Delete Variable | Cancel |

When you sdect Type Reality Check, you will notice that the Range label changes to TypPrio (this
appears near the bottom just to the right of Group). Thisisamechanism for filtering Reality Check
statementsin the Reality Check Control dialog and will be discussed below. Y ou can enter a number
for both Type and Priority. The Valuesthat Priority can take on are arbitrary, but 1-10 would be a
common prioritization. Type should take on an integer value between 0 and 64. The settings are not
available in PLE or PLE Plus.
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Running Reality Check

Reality Check isrun by first setting up a simulation and then testing one or more of the Reality Check
equations you have entered.

Y ou can start Reality Check from the Toolbar or from the Simulation Control dial og (see Chapter 8 of
the Reference Manual for details on these). Y ou can make changes and adjust other options just as you
would for anormal simulation. After you have done this click on Reality Check in the Simulation

Control dialog or click on the Reality Check button ﬁl on the Toolbar.

NOTE Any changes you have made to constant val ues, datato be used, and so on prior to launching
Reality Check will continue to hold throughout the Reality Check session.

When you launch Reality Check, the Reality Check Control dialog appears:

Reality Check Control

Test bppe Ennstraints
Hishia il _ Cose |

=l All
prionty »= I N.:.ne_, j Slm.-’-'-.-:twel

Shaow Graphs —— | cold is darmarnt
[r‘ .-'E-.Iwayspf? Sim/Fail ||k or die _ Highiighted |

; eat or die
" Mever " OnFail  ||potis dead x| Testal |
Arvallable Test Inputs Active Test Inputs
big growth

temperature<50
Wiater=RC STEP[w ater.0]

temperaturexB5 £ |

Sugar=RC STEP[Sugar.0]
temperature>E5 £ |
temperature=RC STEP[120.1]

Clear &l Active | o

Test type (not PLE or PLE Plus) allows you to specify which type of Reality Check you want to test.
If thisisblank all typeswill be tested. Thetype of a Reality Check isindicated inthe TypPriofield of
the Equation Editor. Inthe Text Editor Type, and Priority are enclosed in square brackets|[ ] in the
unitsfield (~[type,priority]). Thisfieldisonly applicable when the Test All button is used to start
testing.

Priority >= (not PLE or PLE Plus) will restrict testing to only Constraints having a priority bigger to
or equal to that specified. Thisfieldisonly applicable when the Test All button is used to start testing.

NOTE If Constraints do not have apriority specified, they are treated as highest priority. If
Constraints do not have atype specified they are assumed to match all types.

Show Graphs is used to display a graph of the variable being tested in the Consequence portion of a
Constraint against the behavior that variable needsto conform to. Thisisdone using a special
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invocation of the Graph Tool and can be very helpful for understanding the manner in which the
failure occurred.

?  Always, if checked, causes a graph to come up for each Constraint Checked.
?  Never, if checked, suppresses graph output.

?  Sim/Fail, if checked, causes graphs to appear whenever a Reality Check fails, and also when
asingle simulation is made using the Sim Active or Highlighted buttons.

? On Fail, if checked, causes a graph to come up only if aReality Check fails. When you use
the Test All button thisis the same asSim/Fail. For the Sm Active and Highlighted
buttons this suppresses the graph unless thereis actually afailure.

Constraintsisalist of Constraints you have entered. Clicking on one of thesewill highlight the
corresponding Test Inputs. Y ou can then activate one or more of these Test Inputs.

Test Inputsisalist of the Test Inputsin the model. Thislist includes everything you defined
explicitly asaTest Input, and all comparisonsin the logical expressions making up the condition
components of Constraint equations. Comparisons are shown directly and not given a name.

>> movesthe highlighted itemsin the Test Inputs list to the Active Test Inputs|ist.
<< removes the highlighted itemsin the Active Test Inputs|ist.

Clicking on an element in thelist highlightsit. Control-clicking toggles the highlight status adding or
removing it from the selection of highlighted elements. Double clicking moves the item to the Active
Test Inputs ist.

Active Test Inputs shows alist of the Test Inputs, explicit and implicit, that are active. These will be
used when the Simulate Button is clicked. Clicking on an element highlightsit, and unhighlights
anything else that may be highlighted. Control-clicking toggles an element's highlight. Double
clicking removes an element from the list.

Clear All Active removes all elements of the Active Test Inputs ist.

Sim Active simulates the model using the active Test Inputsin thelist. All other Constraints are tested
passively. If the simulation succeeds the results will be stored just as for anormal simulation, and you
can review them with the tools on the Workbench. Be careful to note that causal tracing will not
always give the expected results since model structure may have been changed during the simulation.

Highlighted simulates the model using the item highlighted in the Constraint list. Because of the
logical structure of the condition portion of a Constraint this may actually require more than one
simulation. The final simulation will be stored just as a normal simulation.

Test All tests all the Constraints in the model one at atime by forming the collection of Test Inputs
necessary to activate each Constraint. Because of the logical structure of the condition portion of a
Constraint equation, it may take more than one simulation to test a Constraint. Thistesting can betime
consuming, activity and errors are reported in a separate window. Running Test All does not store any
simulation results but simply reports the results of Reality Check.

Closecloses the Reality Check Control dialog.
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The Reality Check Tool

Y ou can add a Reality Check tool to the Analysis toolset (does not apply to PLE or PLE Plus). This
tool is ashortcut for starting Reality Check, highlighting a Constraint and clicking on Highlighted.
Thetool works on the Constraint that is currently selected into the Workbench. If the Workbench
variableis not a Constraint an error message is reported.

Reality Check Results

Reality Check results are reported in atext window. The window shows which Constraints were
checked and whether any Constraint was violated. A new window is brought up each time you click
on Sim Active, Highlighted or Test All. Examples are given below.

One or more graphs may also appear. These graphs are intended to display the implication portion of a

Constraint:
S E=RLE] no ship inventorycross . [=FY
no ship inventory cross
200
100
0

0 w20 30 40 L0 &0 70 80 S0 100
Time (Mdonth)

"irventory' = CROSIING:
RC RAMF CHECED, itvventory,0,30)

Here the spiked line shows what inventory does while the sloped line showswhat it is being compared
to.

Reviewing Simulation Results

Each time you click on Sim Active or Highlighted anew simulationismade. That simulationis
given the name currently specified in the Runname box (on the Toolbar or in the Simulation Control
dialog). You can, while the Reality Check Control is open, look at the results in the simulation just as
you would any other simulation. Y ou can then make another simulation and review those results.
Each simulation you make will overwrite the last one. If you want to compare two Reality Check
simulations, you should close the Reality Check Control and then start again placing a different name
in the simulation Runname box.
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NOTE If you change constantsin the Simulation Control dialog or on screen using Set Up a
Simulation from the Toolbar, those constant changes will be held throughout your Reality Check
session.

Reality Check and Yeast Growth

To demonstrate the mechanics of writing and using Reality Check equations, it is useful to work
through avery simple example. Suppose that you want to model the growth of yeast in abowl of
water. Thewater is held at a constant temperature that can be set, and has a fixed amount of sugar in it
to start.

Wefirst list some of the Reality Check equations that must be satisfied:

If temperature is below 50 degrees yeast growth should stop, and the yeast go dormant.
If temperature is above 100 degrees the yeast should die out.

If there is no sugar and the yeast are not dormant the yeast should die out.

If there is no water and the yeast are not dormant the yeast should die out.

If the yeast continue to grow they will consume all the sugar.

R S B B

If the yeast continue to grow they will consume all the water.

The other thing we know is that yeast reproduce by dividing and that when conditions are right they
can reproduce with a doubling time of about 10 minutes.

Test Input and Constraint Equations

Wewill start the modeling process by defining the variables that we need to test our Reality Check
eguations and then entering our Reality Check equations. The Reality Check equations we have
outlined talk about the number of yeast, the amount of water, the amount of sugar, the number of yeast
divisions and temperature. Identifying levels, we put these into a skeletal model as:

Sugar Water

e X P Y east Count
divisions

temperature

For clarity, we want to build up our Reality Check equationsin a second view. If you are using
Vensim PLE you will need to put them in the same view with the model structure. Thefirst stepisto
place all of the model elements as shadow variables. Using shadow variables allows the model
structure to change without requiring modification to the Reality Check diagram.
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<divisigns>————®hig growt

hunger from growth

<Sugar
thirst from growth
<INITIAL

TIME> eat or die

<Water> cold is dormant

<Yeast Count / )
——
drink or die

<temperature>—

Thereisno fixed set of rulesfor structuring Reality Check diagrams. In our experience, making a
column for normal model variables, Test Inputs and Constraints is the easiest format to follow. It can
also be helpful to color code (e.g., blue for Test Inputs and red for Constraints). The arrows can get
pretty messy thisway, but if you organize Reality Check information by the variables that are affected,

thisisusually not a big problem.

Y ou can enter the Constraints and Test Inputsin the Equation Editor:

Editing equation for - cold is dormant

Iu:u:ulu:l ig dormant Add EqI

— 5
[~

“THE L |temperature < &0
OMDITI
OM:
AP
LIES: |divizionz =0

+ | WYarables I Funn:tiu:unsl Mare I

Type Undo| 7| 8] 9
IFieaIit_l,l Check, Vlﬁl_l_l g
3

El

11 ilil Choose Yarable... | IInputs
Il:cunstraint j Llil = | [Givisiores
™ Supplementary 0] E| | #] [temerature
Hep | ] 7

LU nits: I j
Com- ;I
ment; ll
Group: | Constraints j Tpr'ril:u:I I I GoTo F'revl Ne:-:tl HiIitel I:hcu:nsel Newl
Erors:  |E quation OK, i

1] I Check Syntax | Check Model | Delete Variable | Cancel |

Y ou will need to select the equation Type Reality Check and the subtype Constraint. The conditional

and conseguence are split into two separate windows.

The Reality Check equations are;
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cold is dormant : THE CONDI TI ON: tenperature < 50 :1MPLIES:
divisions = 0

hot is dead : THE CONDI TI ON: tenperature = RC STEP(120, 1)
I MPLI ES: Yeast Count <= RC DECAY CHECK(1, Yeast Count, 2)

Forhot i s deadwehaveused astepinthet enper at ure andthenusedaRC DECAY
CHECK functionto check Yeast Count . For thismodel adecay is appropriate for looking at the
behavior of Yeast Count sincewe arefocusing in on situations of dying out.

eat or die : THE CONDI TI ON: Sugar = RC STEP( Sugar, 0)
:AND: tenperature > 65 : | MPLIES:

Yeast Count <= RC DECAY CHECK( 1, Yeast Count, 15)

Here, the Constraint requiresthe Yeast Count declinetoward zero with an average death time of
15.

drink or die : THE CONDI TI ON: Water = RC STEP(Water, 0)

:AND: tenperature > 65

: I MPLI ES: Yeast Count <= RC DECAY CHECK(1, Yeast Count, 1)
big growth : TEST I NPUT: divisions = 1e+022
hunger fromgrowth : THE CONDI TION: big growth : 1 MPLI ES:

Sugar <= RC DECAY CHECK(1, Sugar, 0.5, NI TI AL TI ME)

thirst fromgrowth : THE CONDI TI ON: big growth : | MPLIES:
Wat er <= RC DECAY CHECK( 1, Water, 0.5, INITIAL TI ME)

Notice that for the last two Constraints the RC DECAY CHECK function starts checking at INITIAL
TIME since the Test Input starts from the beginning of the simulation. If the Test Input had used an
RC STEP function to start during the simulation the INITIAL TIME argument would have been left

off of thelast two RC DECAY CHECK uses.

Finally we have:
RC START TIME = 10

Thetimeisarbitrary. It might be that starting early there will be few yeast and lots of sugar, while
starting later there would be more yeast and less sugar. When a model passes Reality Check equations
to your satisfaction it isagood ideato change RC START TIME and retest.

An Initial Model

We have a short list of things we know will need to be in our model just to make it possible to use
Reality Check equations. Armed with avery basic understanding of exponential growth, we can fill in
our skeleton framework to build amodel. Suppose we start with the simplest possible model
(yeast1l.mdl):
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Sugar Water

e % B Y east Count % i
/ divisiob \Jminations

average lifetime

division rate
temperature

INITIAL TIME = 0, FINAL TIME = 300, Units: Mnute
average lifetinme = 250
Units: Mnute
division rate = 0.08
Units: 1/ M nute
di visions = Yeast Count*division rate
Units: Cell/Mnute
Sugar = 100
Units: ¢
tenmperature = 85
Units: Farenheit
term nations = Yeast Count/average lifetine
Units: Cell/Mnute
TIME STEP =1
Units: Mnute
Water = 100
Units: n
Yeast Count = I NTEQ divisions-term nations, 100)
Units: Cell

In this model we are not making use of Sugar , Wat er or Tenper at ur e, and they have been set to
constants with the Type drop down box in the Equation Editor.

Next, we run our Reality Check equations on thismodel. Click on the Reality Check button on the
Toolbar, or open the Simulation Control Dialog and click on the Reality Check button.
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Reality Check Control I
Test type Congtraints
ki = _ Close |

HaH= I Nene ﬂ Sim Active |
—Show Graphs——| =old is dormant J

= Blways ) SimdFa || Sink or die Haillizg

" Mever & OnFal Test Al |

Ayailable Test [nputs Active Test Inputz

big grovath
temperature< 5l
Water=RC STEPM ater 0]

temperaturexB5 E |
L |

Sugar=RC STEP[Sugar,0]
temperaturexBh
temperature=RC STEP[120.1]

Clear &0l &ctive | y

In the Reality Check Control dialog you will seealist of all the Constraints for the model. Below that
isalist of Test Inputs. One, big growth, was named explicitly while the others are simply derived
from the conditional parts of the different Constraints.

Clicking on Test All begins a series of simulations. The following violations are reported:

adrR=1=L] Constraint checking 0| x
starting testing of Constramt- cold 12 dornmant -
Test inputs

temperature <30

Starting to test the constramt -cold 12 dormant
The constramnt -cold 15 dormant- wiolated at tune O

Starting testing of Constramnt- drink or die -

L1 o

The condensed report is:

Starting testing of Constraint- cold is dornmant
Test inputs :

t enper at ur e<50
Starting to test the constraint -cold is dormant
The constraint -cold is dormant- violated at tinme O

The constraint -drink or die- violated at tine 11
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The constraint -eat or die- violated at tine 11

The constraint -hot is dead- violated at tine 11

The constraint -hunger fromgrowh- violated at tine 1

The constraint -thirst fromgrowh- violated at tine 1

Every Constraint has been violated. Thisisnot agreat surprise since the elementsinvolved in the
Constraints were not connected in the model. The model as presented represents a basic growth
mechanism. No attention has been given to either control or containment which iswhat all the
Constraintsrelateto. In addition to the error window there will be 6 graphs such as:

==Ll cold is dormant 0| x|

cold is dormant

40B

D e

0 45 a0 135 180 225 270
Timne (MDinute)

"divricions "=

Thetop line showswhatdi vi si ons does, while the bottom line shows what it ought to do.

The report window ends with a summary of what has happened.

khkkkhkhrxhhhkkkhkkkkx

0 successes and 6 failures testing 6 Reality Check equations
The Reality Check Index as run is O
Cl oseness score is 0.0%on 6 measurenments

Thefirst line isasummary count. The second line reports the Reality Check Index. Thisis defined as
the number of successes divided by the product of the number of dynamic variablesin the model with
the total number of variablesin the model. Sincefor every variable pair there isthe potential for one
or more Reality Check eguations this index is something that should be near one for amodel with a
complete Reality Check set.

Finally acloseness scoreisreported. The closeness scoreisathe average closeness of a Reality
Check. If aReality Check Passes, its closenessif 1. Itit failsits closenessis 1 minusthe average
absolute error divided by the amount of variation in the variable being checked. Thus a Reality Check
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that only just fails has a Closenessscore close to 1, so that the closeness score is a continuous measure
of how badly, on average, Constraints have been violated.

Temperature, Divisions and Terminations

Two conditions relate temperature to growth. If temperatureislow everything goes dormant. If
temperature is high the yeast die. We replace the simple equationsfor di vi si on and

t er mi nati on with thisin mind we create yeast2.mdl as:

Sugar Water
e % B Yeast Count Y2 i)
. divisions terminations
division from tempwp‘ /( V\/ S~ v \

average lifetime

__—w-division ra%‘temperature‘/' \
norm division rate o
norm lifetime

norm temperature life from temp lookup

di vi sions = Yeast Count * division rate

division rate = normdivision rate * division fromtenp | ookup (
tenperature / normtenperature )

normdivision rate = 0.08

norm tenperature = 80

division fromtenp | ookup ( (0,0),(0.8,0),(1,1),(2,1) )

term nations = Yeast Count / average lifetine

average lifetime = normlifetime * life fromtenp | ookup (
tenmperature / normtenperature )

normlifetinme = 250

life fromtenp | ookup ((0,1),(1,1),(1.25,0.02),(2,0.001) )

Now testing the Constraints showsthatcol d i s dor mant isrespected.

Constraint is violated because the yeast do not die out quickly enough when the temperatureis
increased. In this case, we can restructure the model to meet the Constraint, or relax the Constraint
slightly, depending on which is more realistic. One way to relax the Constraint is to change the time
transition to allow more time for the yeast to die out (we changethe RC DECAY CHECK argument
from 2 to 5):
hot is dead : THE CONDI TION: tenperature = RC STEP(120, 1)

I MPLI ES: Yeast Count <= RC DECAY CHECK(1, Yeast Count, 5)

Now testing the Constraints showsthatcol d i s dormant andhot i s dead areboth respected.
Thiskind of interplay, trading off strictness of Constraints and making adjustments to equationsis
valid. It provides a means of focusing more attention on the Constraints that may be violated to a
small extent.

211



Vensim User’s Guide

Divisions as influenced by Water and Sugar

The next two Constraint equations state that water and sugar are necessary for survival. We model the
impact of insufficient water and sugar on both the division rate of the yeast and the average lifetime of
the Yeast. The new model (yeast3.mdl) looks like:

division from sugar lookup Sugar

division from temp lookup life from water lookup
division from water lookup # life from sugar lookup

norm division rate life from temp lookup norm lifetime

average sugar
divisonrate  {_} s P> veast Count X B2 agegelifeime
divisioU L \/tg;inations

average water

Water

temperature

norm temperature

The equations are available with the sasmple model. Note that the Test Inputs chosen cause extreme
conditions to exist for Water and Sugar, and the way the model is formulated makest er mi nat i ons
skyrocket. Using Euler integration, the system becomes a 1 period oscillator with Y east Count going
negative. To prevent this, another integration technique can be used, or the equation for

t er m nat i ons changed to:

term nations = M N(Yeast Count/TIME STEP,
Yeast Count/average lifetine)

Thisformulation prevents uninteresting dynamics, but also can set Yeast Count to precisely zero.
Thismeansthataver age sugar andaver age wat er needto be computed as

ZI DZ( Sugar, Yeast Count)
ZI DZ(Wat er, Yeast Count)

aver age sugar
aver age wat er

to prevent a numerical error (overflow) whenYeast Count isO.

With the changed structure, the model now passes four out of the six Constraints.

Water and Sugar as Influenced by Divisions

Nearing the end, we still have not made the model conform to the last two Constraints. The problemis
that we have not yet made a connection from what the yeast are doing to how much water and sugar
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thereis. The simplest way to model thisisto consider the division process as a consumer of sugar and
water resources. Thuswe have the model yeast4.mdl:

sugar per division

division from sugar IookupB Sugar
division from temp lookup : .
division from water lookup SU9% gonsumption ¢ ::;g Hgm \glje;g :83{238
norm division rate, life from temp lookup ~ norm lifetime

average sugar

division rate {2 A P v east Count > P average lifetime
average water

Water

temperature

norm temperature

And this model conformsto all the Constraints written. But isit agood model? In this casethe
answer is probably "not yet". For adetailed an accurate representation of yeast growth we would need
to get some experimental data, and calibrate the model for temperature and resource deprivation
effects. The point about this model is that is does not violate the most obvious common sense Reality
Check equations.

We have shown anumber of different models. What about the Reality Check equations? Except for
the small change madetohot i s dead, they are unchanged and have exactly the same diagram.

Conclusion

The use of Reality Check servestwo purposes. First, it iswritten record of things that were assumed
must be true for amodel to make sense. These are things that typically go undocumented, even though
they may be the most important product of the modeling exercise. Very simpleinsights such asthe
notion that if the yeast keep growing they will eventually run out of water are really important things to
understand about a system.

The second important thing about this exampleisthat it illustrates away of building modelsthat is
both effective and relatively efficient. Y ou start from a basic core and then add the complementary
structure necessary to get conformance to Constraints. This provides arigor and direction that can

increase greatly both the speed and quality of modeling work.
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15 Sensitivity Testing

Sensitivity Testing is not availablein Vensim PLE.

Monte Carlo Simulations

Sensitivity testing is the process of changing your assumptions about the value of Constantsin the
model and examining the resulting output. Manual sensitivity testing involves changing the value of a
Constant (or several Constants at once) and simulating, then changing the value of the Constant again
and simulating again, and repeating this action many times to get a spread of output values.

Monte Carlo simulation, also known as multivariate sensitivity simulation (MVSS), makes this
procedure automatic. Hundreds or even thousands of simulations can be performed, with Constants
sampled over arange of values, and output stored for later analysis. Latin Hypercube samplingisa
specialized form of sensitivity testing that allows faster sensitivity testing on very large models.

Market Growth Model (sales.mdl)

The sales model shown below contains a major positive feedback loop, in which more sales people can
generate more sales, thereby increasing revenue and allowing more sales people to be hired. A minor
negative feedback loop allows adjustment of the sales force over aperiod of time through hiring and
layoffs.

EITHER
&  Open the model sales.mdl contained in the directory guide\chapl5.
OR

# Build the model as shown in the diagram and equation listing below and save it in the directory
guidéchapl5 with adifferent name (e.g., salesl.mdl). Time Boundsare INITIAL TIME =0,
FINAL TIME =60, TIME STEP = 0.25, Unitsfor Time: Month.
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Eile Edit Wiew [ayout Model Tool: Windows Help _|ﬁ'|5|
AEE & &BR EACrent df Y B &2 D6

b [@ M  Ghoh B (WR NS N R E | B
P

) sales foree productivity

Do /_\ / price of item

g arders booked

— Sales Force \

/n;thjres Ol cash flow

sales force

Run: adjustment time reverue to sales

o -

ndicated saleswes L
zales person salary
L

ﬂ!l View 1 Times New Boman [ 12[b i [uls IS 0 2206

Sales.mdl| Equations

cash flow=
orders booked * price of item

Units: dollars/Mnth

i ndi cated sal es force=
sal es budget / sal es person salary
Units: person

net hires=
(indicated sales force - Sales Force)/sales force adjustnent tine
Units: person/ Mnth
orders booked=
Sal es Force * sales force productivity
Units: unit/Mnth
price of itenk
100
Units: dollars/unit
revenue to sal es=
10
Units: dollars/unit
sal es budget =

orders booked * revenue to sal es
Units: dollars/ Mnth
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Sal es Force= | NTEG (
net hires,

50)
Units: person
sal es force adjustnent tinme=
6
Units: Mnth
sal es force productivity=
210
Units: unit/(person*NMonth)
sal es person sal ary=
2000
Units: doll ars/(person*Month)

Base Simulation

First we will simulate the model to see the behavior with the normal values for the model's Constants.
& Double click on the Runname editing box, type inbaserun.
& Click the Simulate button.

# Doubleclick Sal es Force thenclick onthe Graphtool. Double clickcash fl ow then
click on the Graph tool.

Wefind that both Sal es Force andcash fl ow areslowly growing.

216



Support and Licenses

rH=1EL=] Graph for cash flow Ol x|

Graph for cash flow
M
150t
1n1
1] ) 1z 18 24 30 35 42 43 34 &0
Tune (Mlonth)
cash fow : basern dollarsMonth

& Select the Control Panel Datasets tab and double click on baserun to unload it.

Uncertainty in Multiple Parameters

Thismodel contains five constants that we can vary to examine their effect on simulation output. We
will assume that we know the exact values for two constants: pri ce of item andrevenue to
sal es (becausethese are policy decisions that managers can readily set). The uncertain parameters
aresal es force productivity,sales force adjustnent tine,andsal es
person sal ary. Wewill select these parameters and assign maximum and minimum values along
with arandom distribution over which to vary them to see their impact on model behavior. Note that
we could select only one parameter if we wanted to see how sensitive model behavior isto one
parameter.

NOTE Parameter isasynonym for Constant. In the Vensim documentation parameter is frequently
used to refer to model Constants that we select for variation during sensitivity analysis and
optimization.

Sensitivity Control Parameters

Vensim has two methods of setting up sensitivity simulations. Oneisto use the Sensitivity tab of the
Simulation Control to set up the control files. The other way isto use the Sensitivity button on the
Toolbar to activate the Sensitivity Wizard.
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& Double click on the Runname editing box and type the name sensitivity for the dataset (currently
baserun).

& Click the Sensitivity button 1 on the Toolbar.

The Sensitivity Wizard opens at the Sensitivity Control

Sensitivty Simulation 5 etup |

Sensitivity Control. Edit the filename to zave changes to a different control file
Filenarne: Chooze Mew File... | Clear Settings |

Muriber of Simulations IEUU " Urivariate [change one at a time)

. : % Multivaniate [change all together]
[nitial Hoize Seed |1234 |t s

Curently active parameters

Delete Selected |

Madify Selected |

AddEdiing |
Diigtribution
Parameter || |FANDOM_UINIFORM |
tdodel ke irirnam b @i
Y alue W alue Yalue

| | | | |
< Brey | M emt > I Eitiighy | Cancel |

& Makesurethat the radio button for Multivariate is selected and that the Number of Simulations
is set to 200.

Monte Carlo multivariate sensitivity works by sampling a set of numbers from within bounded
domains. To perform one multivariate test, the distribution for each parameter specified is sampled,
and the resulting values used in asimulation. When the Number of Simulations is set at 200, this
process will be repeated 200 times.

& Click on the Parameter button, a Control Parameter dialog box will open showing all the
parameters (Constants) in the model that can be selected for Monte Carlo sampling. Click on
sal es force productivity andclick OK.

Random Uniform Distribution

In order to do sensitivity simulations you need to define what kind of probability distribution values for
each parameter will be drawn from. The simplest distribution is the Random Uniform Distribution, in
which any number between the minimum and maximum valuesis equally likely to occur. The
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Random Uniform Distribution is suitable for most sensitivity testing and is selected by default.
Another commonly -used distribution is the Normal Distribution (or Bell Curve) in which values near
the mean or more likely to occur than values far from the mean.

Vensim provides avariety of different distributionsto choose from. The most commonly used
distributions are the Uniform, Normal and Triangular distributions. If you do not have any reason to
choose a specific distribution sticking with auniform distribution is usually sensible.

Minimum and maximum val ues are chosen to bound each parameter. Note the actual model value of
210 showing below the Par ameter button.

Sensitivity Simulation Setup

Senzitivity Cantral. Edit the filename to zave changes to a different control file

Filerarne: IS.-’-‘-.LES.VSC Choose Mew File... | Clear Settings |
Muriber of Simulations IEUU " Urivariate [change one at a time)
i : f+ Multivanate [change all together]
Iritial Moise Seed |1 234 1L s o
Currently active parameters

Delete Selected |

Madify Selected |

AddEditing |
Diiztribution
Parameter || zales force productivity IFE.-'-‘-.NDDM_LINIFEIFEM j
todel birirnuirn b Eirniirn
" alue " alue "alue
210 | | | | |

< Prew | Memt > I Finizh | Cancel |

# Click on the box labeled Minimum Value and typein 200. Click on the box labeled Maximum
Value and typein 220.

The minimum value of 200 represents the lowest productivity we think the sales force can achieve; the
maximum value of 220 represents the highest productivity we think they can achieve.

# Click onthe Add Editing button.

& Click onthe Parameter button and click onsal es force adjustnment time andclick
OK.

& Click on the box labeled Minimum Value and typein 3. Click on the box labeled Maximum

Value and typein 12. Thesefigures are asymmetrical around the model's value of 6; we think the
value might be allittle lower or alot higher. Click on the button Add Editing.
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& Click onthe Parameter button and click onsal es person sal ary and click OK.

Random Normal Distribution

Forsal es person sal ary wewill choose something different from the default distribution.
RANDOM NORMAL samples values according to a Normal Distribution, and requires maximum and
minimum bounds as well as amean and standard deviation to be specified. (Technically thisis called
a Truncated Normal Distribution. The Normal Distribution is unbounded and very large negative and
positive values can occur.)

& Click on the dropdown arrow of the box Distribution. Select RANDOM NORMAL from the list
(you will need to use the scrollbar to scroll thelist up).

Note that some editing boxes have been added to the bottom of the Sensitivity Control.

# Click onthebox Minimum Value andtypein 1800. Click onthebox Maximum Value and type
in 2200. Click onthe box Mean and typein 2000. Click onthe box Standard Deviation and
typein 100. Click on the button Add Editing.

The Sensitivity Control should look the same as below.

Sensitivty Simulation Setup |

Sensitivity Control. Edit the filename to zave changes to a different control file

Filenarne: Isales.vsc Chooze Mew File... | Clear Settings |
Murmber of Simulations IEUU " Univariate [change one at a time)
. : % Multivarniate [change all together]
Iritial Moise Seed |1 234 |t i

Curmently active parameters
zales force productivity=RANDOM_UNIFORM(Z200,220) Dielete Selected |
zales force adjustment time=RANDOM_UMNIFORM(3,12)

zales person zalary=RaMDOM_MORMALN B00,2200,2000,100]

Madify Selected |

Distribution
Parameter || |FANDOM_NORMAL |
Model Minirnum Maximum  kean Standard
Walue Walue Walue Deviation
| | | | |
< Biew | Mext | Eitist | Cancel |

& Clickthe Next button to moveto the Save List control.
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Save Lists

Savelists arefilesthat tell Vensim which variables to save values for. Sensitivity simulations generate
ahuge amount of data, so it is necessary to limit the data saved to only those variables that we are
really interested in. Y ou should choose to save values only for variables that you think are of real

interest; trying to save sensitivity values for all variablesin the model will take along time and require
alarge amount of disk space.

Sensitivty Simulation S etup
Savelizt Control. Edit the filename to save changes to a different control file
Filenarne: Isales.lst

Chooze Mew File... | Clear Settings |

Lizt of Yariables to be Saved

Delete Selected |

Modiy Selected |

AddEdiing |

Select |

For subscripted wariables leave the subscripts off to zave all elements.

Cancel |

& Click on the Select button, a Variable Save dialog will open showing all model variables. Choose
cash fl ow andclick OK. Click on the button Add Editing.

& Click on the Select button and choose Sal es For ce thenclick OK. Click on the button Add
Editing.

NOTE We could have simply typed these names individually into the editing box then clicked the
button Add Editing.

Sensitivity Simulations

& Click on the Finish button.

The model will simulate once then perform 200 additional simulations while automatically varying the
parameterssal es force productivity,sales force adjustnent time,andsal es
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person sal ary. The dataset now contains the standard behavior for all variables with the model's
original Constant values, and arange of valuesfor the behavior of the variablescash f 1 ow and
Sal es Force generated by the 200 sensitivity simulations.

# Openthe Control Panel and click the Datasets tab. Double click on the runbaserun appearing in
the L oaded runs list to remove it.

& Doubleclick onthevariablecash fl ow onthe sketch to select it asthe Workbench Variable.

Time Graph Sensitivity Output

Results of sensitivity testing can be displayed in different formats. Time graphs display behavior of a
variable over aperiod of time. The variable's spread of values, at any period in time, are displayed
either in terms of confidence bounds, or as separate val ues which combine to form individual
simulation traces.

Confidence Bounds

& Click on the Sensitivity Graph Analysistool. The default configuration for thistool isto plot
confidence bounds.

N 1EL ] cash flow: Sensitivity Graph 0| x|
Current

50% 7% 9a% [ 100w [

cash flow

10 L

750

5 M -
25M "“4
___-#’

N

0 15 30 45 &0
Time (Mlonth)

A graph is generated showing confidence bounds for all the output valuesof cash fl ow that were
generated when the three parameters were randomly varied about their distributions. Y ou can expand
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the graph to full screen by clicking on the maximize/minimize button just left of the close button in the
upper right corner.

The outer bounds of uncertainty (100 %) show maximum values of approximately 10 million dollars
and minimum values of approximately 500 thousand dollars at the end of the simulation. Note the
possibility of adeclineincash f | ow. Thefirst simulation run (with the values of the Constants
contained in the model) is plotted as alineindicated by the run name sensitivity.

Mean Values (Not PLE Plus)

A mean value lies in between the confidence bounds, and can be plotted by:

&  Click with the right mouse button on the Sensitivity Graph tool. Click on the check box Plot
Mean Value in the Show Sensitivities as: field.

# Click onthe check box Suppressfirst run plot. (Thiswill leave only the mean value and
confidence bounds.) Click OK.

# Click on the Sensitivity Graph tool.

A plot is generated showing the mean value of the confidence bounds asared line.

Focusing Graph Scales

Let'sfocus the vertical scale to show greater detail inthe lower range of uncertainty values.

& Place the pointer on the horizontal graph linethat shows2.5M incash f | ow. Hold down the
Ctrl key then click and hold down the mouse button. Drag the mouse so the cursor moves down to
the bottom of the graph (the graph line that shows0Oincash f | ow). Release the mouse button.

& Click on the Sensitivity Graph tool.
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N =1EL:] cash flow: Sensitivity Graph x|
Current

50% 7% 95% [ 100w

cash flow

. y
18931 ",
o

1.262 M
B
631,067 e ———
0
0 15 20 45 &0

Time (Mdonth)

Individual Traces

Another option in viewing sensitivity output isto view all the individual simulation traces. In Vensim
EE
PLE Plus click on the lower sensitivity graph . For other configurations first adjust the options:

& Click with the right mouse button on the Sensitivity Graph tool. Click on the radio button
Individual Traces inthe Show Sensitivities asfield then click OK.

& Click on the Sensitivity Graph.

Individual traces for each simulation are now plotted. Y ou might want to maximize this graph (if not
already maximized) to full window size in order to discern some of the individual traces.
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rh=1EL:] cash flow: Sensitivity Graph Ol x|
sensitiity

cash flow

101

750

5M

25M

Time (Mlonth)

& Doubleclick on Sal es For ce then click onthe Sensitivity Graph.

We see very similar behavior, which is not surprising since the behavior of the feedback loop through
Sal es For ce directly governsthe behavior of cash f 1 ow.

Histogram Sensitivity Output

Results of sensitivity testing can be displayed in terms of histograms. These provide a cross section of
values at aparticular period in time. Histograms display the number of simulations for which the
variable was in agiven range at the specified time. Histograms provide a mechanism for seeing the
distribution of valuesfor avariable over al the simulations done and at a specified time. In Vensim

PLE Plusthe Bar tool Ll is configured to show sensitivity at Special Time. For other configurations
you can adjust the settings.

Changing the Default Analysis Toolset

Vensim provides two default Analysistoolsets. defaultl.vts iswhat we have been working with so far.
default2.vts contains more tools than defaultl.vts. Y ou can also create and save your own tool set.

For Vensim PLE Plus simply click on the bar graph tool. Otherwise:
& Select the menu item Tools>Analysis Toolset>Open....

& Click Nowhen asked if you want to save the current tool set.
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& Select default2.vts and click Open.

&

Clickwith the right mouse button on the Bar Graph tool.

& Inthe As Histogramfield, check the box On, check the box Sensitivity. Inthe At Time field,
click the radio button Select, then type 50 in the Timebox. Click OK.

The dialog should look like the one shown below.

Bar Graph Optionz

&t Time———— = Orientation

= Start i+ ertical i~ Horizantal

" End — &z Hiztogram

{ e ¥ On [T Cumulative W Sensitvity [~ Hide Outliers

FT-SEIE;; v . I— HBare |1El—
|me| I

™ Ag time-graph | I™ PDF Sealing Min GEH

Fonts: ~ Momal | Small I Label IEarGraph Background = |
Foreground - |

Cancel |

& Select the Control Panel Datasets tab and check that sensitivity is still loaded. Check that Sal es
For ce isstill the Workbench Variable.

& Click onthe Bar Graph tool.

A sensitivity histogram will be generated showing a cross section at the mid time of the simulation, 50
months.
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d-N=1E1*] Sales Force : Bar Graph Dﬁl
sensitivity |
Hales Force (80 50 - sensitivity

200
150
100
a0
o

-40-0 20-120 200-240 320-360

0-40 120-160 240-280
40-20 160-200 280-320

Sal es Force inpeopleisshownaongthe X axis. TheY axis represents the number of
simulations. Thus the graph saysthat there were about 115 simulations for which, at time 50, Sal es
For ce was between 40 and 80 and about 50 simulationsin which it was between 80 and 120.

Stats Tool

If you are using Vensim Professional or DSS the Stats tool can also be used to get information about a
sensitivity simulation. See Chapter 14 of the Reference Manual for details on configuring thistool.
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16 Using Data in Models

Vensim PLE does not support the direct connection to spreadsheets, but does support the use of data
through importing. Note that thisis usually done using Reference Modes as described in Chapter 20.

Types of Data Use

Vensim can use datain two ways. First, as exogenous inputs to drive models, and second, as abasis
for comparing the behavior of amodel with what actually happened.

Exogenous inputs are known as Data variables and are time series inputs which drive a portion of your
model. Datavariables are not computed during simulation, but instead refer to an existing data series
(time series) for use during simulation. This data series can either be an imported Vensim dataset used
by a Data variable in the model, or atime seriesresiding in an external file such as an Excel or 123
spreadsheet used by a Data variable with a Data function inthe model.

The second way to use datainvolvesloading real world data as a VVensim dataset, then comparing the
dataset against model behavior using the Analysistools. Y ou must have Microsoft Excel or Lotus 123
installed to complete this chapter.

Using Data to Drive a Model (cfc.mdl)

EITHER
& Open the model cfc.mdl in the directory guide\chapl6.

# OR Build the model as shown in the diagram and equation listing below. Time Bounds are
INITIAL TIME = 1930, FINAL TIME = 2130, TIME STEP = 0.5, Unitsfor Time: Y ear.
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-.q Yenzim:Clc_mdl ¥ar:atmospheric CFC 11 releazes

Fil= Edit Wiew Layout Model Took Windows Help _|E|5|
AEE|S | 4Bl B2 ey BRSO
Pe@m | Ghth, B WR N0 R W g
B
@
Dec 3 = » CFC1lin A CFC1lin
§ atmospheric Troposphere T Stratosphere CFC 11
CFC 11 releases stratasphere uestmyed
\\__,'
F4
time to sise to lifetime of CFC 11 in
Fums stratosphere stratosphere
A

cfc.mdl Equations

CFC 11 destroyed = CFC 11 in Stratosphere /
lifetime of CFC 11 in stratosphere

Units: Mg/ Year

CFC 11 in Stratosphere = | NTEE
nmgration to stratosphere - CFC 11 destroyed,

0)

Units: Mg

CFC 11 in Troposphere = | NTEY

at nrospheric CFC 11 releases - nmigration to stratosphere,

0)

Units: Mg

lifetime of CFC 11 in stratosphere = 55

Units: Year

mgration to stratosphere = CFC 11 in Troposphere /
tinme to rise to stratosphere
Units: Mg/ Year

time to rise to stratosphere =5
Units: Year

This model is complete except for thevariable at nospheri ¢ CFC 11 rel eases.

& Saveitin the directory guide\chapl5 with adifferent name (e.g., mycfc.mdl).

229



Vensim User’s Guide

Getting Data from a Spreadsheet (Not PLE)

The simplest way to bring datainto amodel isto use afunction to read the data directly from a
Microsoft Excel or Lotus 123 spreadsheet. Thistechnique also allows you to access any data source,
such as adatabase, that can be accessed by the spreadsheet.

Select the Equationstool, click on thevariable at nospheri ¢ CFC 11 rel eases.

& Click on the variable Type drop-down box (on the left side of the Equation Editor) and select the
type Data. Click on the variable Type lower drop-down box (that currently saysNormal) and
select Equation.

& Click the Functions tab and in the Function Classdrop down box, select Data Only. Scroll
down thelist of Data functions and select GET XL S DATA if using Microsoft Excel (or if using
Lotus 123, select function GET 123 DATA).

The function is entered with four arguments:
' filename'

' tabname'

' time_row_or_col'

' first_data _cell'

IMPORTANT NOTE: you must enter these argumentswith the single quotes surrounding them. It is
also possibleto use String variables to enter these, but entering the literals directly is often easier.

CFC emissions are included as time series data of both historical and forecast valuesin the directory
guidéchapl6 in two files:

? cfcll.xls (Microsoft Excel spreadsheet)
?  cfcll.wk4 (Lotus 123 spreadsheet)

= Typeinthefilename' cfcll.xls' (don't forget the single quotes!) in the first argument if using
Microsoft Excel, or ' cfcll.wk4' if using Lotus 123.

& Double click the second argument, typein the tab name"' cfcll .

& Double click the third argument, typein the row name*' 2' (the row for time)

& Double click the fourth argument, type in the cell name' C4' (the starting cell for data)

# Choose unitsof Mkg/ Year and click OK to close the Equation Editor.

Simulating

Newer versions of Excel and 123 should start automatically when called from the Vensim GET DATA
function; however older versions might need to be started before you simulate. Some versions of 123
might need the cfc11.wk4 file open in the 123 application.

& Typeinarunname (e.g., base) and click the Simulate button.
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Vensim should automatically open the spreadsheet and simulate while reading values off the filecfcl1.
Themodel startssimulating at 1930, eight years before CFC 11 releases occurred, and Vensim reports
an error because our model startsbefore the driving data. We could have entered zero in the data
seriesfor years prior to 1938, but we took the data directly from the data source.

& Selectat nospheric CFC 11 rel eases asthe Workbench Variable and create a graph:

GIT=IRTE] Graph for atmospheric CFC 11 releases . [SE])
Graph for atmospheric CFC 11 releases
400
200
0

1930 1960 1990 2020 2050 2080 2110
Time {Tear)

atmospheric CFC 11 releases : base

WkgTear

& Create graphs of the two levels. Note the long delay present which resultsin significant CFC 11
in the stratosphere for the next 100 years.
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aira=1=1"] Graph for CFC 11 in Stratosphere Ol x|

Graph for CFC 11 in Stratosphere
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CFC 11 in Stratosphere © base kg

Note that this simulation has an optimistic assumption aboutat nrospheri ¢ CFC 11 rel eases.
We will explore the implications of this further below.

Data Variable with Imported Data

Instead of directing Vensim to go to a spreadsheet for datayou can tell it to look at datasets to get
values. Such Datavariables use the subtype "Normal," though that is arather arbitrary designation.
Datasets are created by running simulations, or by importing data from other sources. The dataset
must be created or imported before the model will simulate.

& Save the model cfc.mdl as another name, e.g. cfc2.mdl.

& Select the Equationstool, click on thevariableat mospheric CFC 11 rel eases. Click on
the variable Type lower dropdown box (currently says Equation) and select Normal. Click OK.

When asimulation isrun, Vensim looks for aloaded dataset containing the named Datavariable. If no
dataset isfound, the simulation is halted.

CFC emissions are included as time series data of both historical and forecast values in the directory
guidéichap16. The historical datavalues are contained in two files:

? cfcll.dat format (Vensim dataformat text file)
?  cfcll.tab format (tab-delimited text file)
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Unlike the spreadsheet data, these files do not contain any projected values. Wewill use the cfcl1.dat
datafile to import a dataset into Vensim.

& InVensim Professional or DSS, select File>Edit File... and choose cfcl1.dat then click Open.
OR
&  Open and examine the ASCI| text file cfcll.dat using atext editor or word processor.

Opening thefileis optional; the only point isto review the data. Y ou will see the data displayed in the
format below, with the variable name followed by one column for time and one column for val ues:

at nospheric CFC 11 rel eases

1938 0.1
1939 0.1
(nore...)

1990 216.1
1991 188. 3
1992 171.1

& Closethe cfcll.dat file

Importing Text-Formatted Data (.dat)

We need to import the data series by converting the text file cfc11.dat to abinary Vensim datafile
(cfcll.vdf).

& Select the menu Model>from .dat format.... Choose the file cfcl1l.dat and click Open.

Y ou should get the message "Dat2vdf completed without error” and an Output window will show that
anumber of values were written for at nospheri ¢ CFC 11 rel eases andfortimebaseTi me.

The dataset cfcll.vdfisloaded asthe first dataset. Analysistoolswill now work on this dataset.
& Click OK to the message box and close the Output window.

& Open the Control Panel and click the Datasets tab, double click on the previous simulation dataset
base to remove it, leaving only the dataset cfc11.

& Doubleclick thevariableat mospheri ¢ CFC 11 rel eases toselectit asthe Workbench
Variable and then click on the Graph tool.

A graphisdisplayed for at nrospheri ¢ CFC 11 rel eases over thetime base of the dataset.
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G T=RLE] Graph for atmospheric CFC 11 releases . [SE]
Graph for atmospheric CFC 11 releases

400

200

0

1938 1844 1950 1956 1962 1568 1574 1980 1986 1992
Time {Year)

atrnospheric CFC 11 releases : Cfzl1 MkgYear

# Closethe graph by clicking the Close button or pressing Del.

Notice that this output runs only through 1992. The projected releases were not included in the input
dataset.
Simulation

Datavariablesin amodel need data sources. These data sources are the dataset files that we imported
and they need to be specified before simulation can occur. One place to set the data sourceisin the
Simulation Control dialog; the other place is on the Toolbar after the Set Up a Simulation button has
been pressed.

Toolbar
& Pressthe Set Up a Simulation button.
& Typeinarun name (e.g., baserun.)

& Typeinthe name of the converted dataset, cfcll, in the left hand editing box (the Data editing box
just right of the integration method Euler) (or pressthe little button right of the editing box to
choose the dataset).

culer[GeTT )¢ 041 | B @fpesern i 4 % & ¥ 8 8

& Pressthe Smulate button.

@& B0
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Another way of specifying a dataset for use in simulation datais to use the Simulation Control (below).

Simulation Control — Optional (Not PLE or PLE Plus)
& Click the Simulation Control button then click the Advancedtab.

Simulation Cantral

Standardl Ehangesl Sensitivity  Advanced

Fun Mame... "I:uaserun

Data Sources... | I

Fayoff Definition. .. E-:I...l [T Payoff Repart

| I Steps
[0 phirization Cantral... | I Ed...l [~ Ealman Filtering IEIE
| ]

Save List... Ed.| [T Use Minimal Memory
_I [thiz will glowe graphicz]
Simulate I Game | Sensitivity | [ ptimize | Feality Checl | Cancel |

The Advanced tab contains settings for data files and opti mization of models.
& Typeinanamefor therun (e.g., baserun).

& Click on the Data Sour ces... button then click on the dataset cfc11.vdf then click Open (or type
the name cfcl11.vdf into the editing box right of Data Sour ces...).

& Click the Simulate button.

You will receive 3 warnings:

WARNI NG: Simul ation starts before first tinme for exogenous
vari abl e - atnospheric CFC 11 rel eases.

WARNI NG: Exogenous variable - atnospheric CFC 11 releases - in
range at tinme 1938.

WARNI NG: Si nul ati ng beyond range for exogenous variable -

at nospheric CFC 11 releases - at tinme 1994.

When the simulation is outside of the range of the data the closest value of the datawill be used. This
means that before 1938 the first value forat nospheric CFC 11 rel eases will be used and
that in 1994 and beyond the last value will be used.

Results
& Click on the Control Panel button, select the Datasets tab and double-click on the dataset cfc11.

Because the model used the cfc11 dataset during simulation to provide datafor one variable, the
dataset baserun also stores the data for this variable.

If you have created your own model you should add the following Custom Graph definition:
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Graph Mame IEFE_MEIDEL |HiE|EZ [ Tite [ =Label [ Legend |
Tide |CFC-11 Model

bz | gel |%Label |
X-minl He-rnas I H-divisions I -divisions I

Starnp I Cormment I
¥ Mo ¢ Cum " Stack ||- Dotz [~ LbkHntereals 'W'il:lthl Height I
Scale  “arable D atazet Label Lingt' Urnitz -min  r-max

B el — -
i [CFC1Tin Tropos | Sel | | | [

I_IEFEHinStratu:usiIl | [] | |
| [
| [
|

N
= N
I _sd || N . .

[ &z WP Graph [maspointz] I Copy ta... I T est output ||_ Soft Bounds
(] | Cancel |

# Click the Graphs tab and then click on the button Display to show the Custom Graph.
OR

& Look at the behavior of the rates and levelsin this model with the Graph and Causes Strip
graph.
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CFC-11 Model

1,000 Mg/ Vear
10,000 kg

500 Mg/ Vear
5,000 Wke

0 kg Vear
0 kg

1930 1960 19%0 2020 2050 2080 2110
Time (Y ear)

atmospheric CFC 11 releases : basemin Mkg¥ear
CFC 11 in Troposphere : baserun Iiks
CFC 11 in Stratosphere : baserun ks

Theinput dataseriesat nospheric CFC 11 rel eases endsattime 1992 and this means that
the last figurein the series (171.1) isused in calculations for any time greater than 1992. Because of
this,theCFC 11 in Tropospher e value stabilizes after about the year 2000, whileCFC 11 in
St r at ospher e keeps climbing.

Tthe consumption and release of CFC 11 islikely to continue to decline over the following years.
Releases of CFC 11 are not likely to continue at afixed rate ashigh as 171.1 Mkg/Year. Let'sopen a
data series that contains an optimistic forecast for CFC emissions.

Importing Spreadsheet Data (Not PLE)

& |f you have a spreadsheet application (e.g., Lotus 1-2-3 or Microsoft Excel), open one of thefiles
cfc11.wkl, or cfcll.xls and examine the data.

A portion of the spreadsheet file is shown below:
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MWodel Variables Historical Data (see Source, below)
1938 1939
atmospheric CFC 11 releases 0.1 0.1
0.1 0.1
0 0
0 0

& Select the menu M odel>Import Dataset.... Choose thefile cfc11.xls or cfc11l.wkl and click

Open.
A Tableto VDF conversion dialog box opens.
Table to%DF conversion For: CFC11.%L5

Range W & orfom Rowdt |1 Caltt |1 toFRowt#t [15  Colt |51

Time axiz name: ITiITIE & fcosz © Down Time values recognized when:

W ariable is time axis or Fh:uw#l'l_ or 1 Formula ID + |'| per col
Var & Cai[1 o © Fie | swsl) | [ ) ] | | ] 1

[ Skip™'  “alue for empty cells I Contents Yiew Callrn
alumin

. Fioww 1
Il_lstufrnwstcue:-:clude: e.q. 6933 ﬂl I:hcuzusel Mﬂl I:hl:u:sel EI

- 001 Atrmogpheric CF & | {000 Atmogphernic CF
List of columns to exclude: 002| Model Variables | |002] Vear —
I 003 Histaorical Data | o3 -

— Translation Cantral Ll Ao e oy o0

Q0s| - 008[ Refrigeration (M

Mow Sel | Q0g| -- 00| Blowing agents

oy -- 007 Open-cell foanm,

_Edsel ||ggg) - 00| --

o3| - o3| - (-

| Add Ed | ma - MOl Source: Altemn:
Load Farmat Infarmatian ... S:II 12: . ;I S:II 12: e me?ﬁ-i-f?:mj

Save Format Information ...

Translate | Cancel |

We need to set the import optionsfor Vensim to properly read the time data, the variable data, and the
variable names. First we need to set the range of cells that encompasses all the data, but nothing else.

# Click on the editing box Range: from Row#and typein 2.
# Click on the editing box Range: Col# and typein 3.

& Click on the editing box Range: to Row#and typein 4.

& Check that the Range: Col# editing box reads 61.
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We do not have avariable named Ti ne, so we need to specify from which row to read the time values.
& Click on the editing box for Row# and typein 2 (sameline asVariableistime axis)

The option button for Variableistime axis should turn off and the button for Row# should turn on.
The default position for the variable name is column #1. The model variable names are actually in

column #2, so we need to specify this. We also need to exclude Row 3 of the spreadsheet because it
does not contain any data.

& Click ontheVar: Col# editing box and typein 2.
& Click on the editing box for List of rowsto exclude and typein 3.

# Click on the buttonSave Format Information... Typeinthe namecfcll and click the Save
button.

Y ou can now load this format information in the future if you want to convert the same datafile again.
The Table to vdf conversion dialog box should now look like:

Table taYDF converzion for: CFC11.%L5

Range [ Al orfrom Rowd |2 Colit |3 to Rowdt |4 Caltt |51

Time ariz name: ITime & Acroze O Down Time walues recognized when;

£ Wariable iz time axis or ¥ Finw#lz_ or " Fomula IU +| per col
Var & Cot[2 o  File | swsf| | ] | | | ] | 1

[ Stip™  “alue for empty cells I et | Cantents Yiew S
i L

Lizt of roves to exclude: e.g. £,9,33 EI I:h::n:lsel EI EI EhDDSEl ﬂI

|3 0011 Atrmogpheric CF & | | 000 Atmozphernc CF &
Lizt of columns o exchde: 002 Model Variables (| 002]Year —
I 003 Historical Data | o3 -

— Tranzlation Cortral 04| - 004] atrmospheric LF
Qo5 -- 05| Refrigeration (M
bow Sel | Qo0& -- 00| Blowing agents
ay| - 007| Dpen-cell foam,
_Edsel ||g0g) - 0081 -
ao3| - ao3| - =
| AddEd || |om0l-- 010] Source: Alleme
(011 - o)== W ashil

Load Format Intarmatior .

12| - o121 From: Trencx ]

Save Farmat Infarmation .

ak. | Tranzlate | Cancel |

& Click the OK button in the Table to VDF conversion dialog box.

Y ou will get the message "Dataset cfcll already exists. Do you want to overwriteit?"
& Click Yes
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Y ou should get the message " Conversion to vdf completed without error" and an Output window
showing what was done should open.

& Click OK to the message box and close the Output window.

& Doubleclick onthevariableat mospheric CFC 11 rel eases andthenclick onthe
Graph tool.

Now the graph of theat mospheri ¢ CFC 11 rel eases showsadropto zeroin dataset cfcll
(dataset baserun has aline exactly under this, except for the values later than 1992).

adrR=1=1=] Graph for atmospheric CFC 11 releases I:Iﬁl
Graph for atmospheric CFC 11 releases
400
200
0
1830 15960 1590 2020 2050 2080 2110
Time {Tear)
atmospheric CFC 11 releases - Cfiz11 WkgTear
attnospheric CFC 11 releases : baserun WllegYear
Simulation

& Click the Set Up a Simulation button. Typeinaname for therun (e.g., basetwo).
Note that the dataset cfcll is till listed in the Data editing box.

& Click the Simulate button.

& Click the Control Panel button then click the Datasets tab and double-click on the dataset cfc1l
and the dataset baserun to unload them. Click the Graphs tab and click the button Display.
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CFC-11 Model

1,000 Mg Vear
6.000 Mg

500 WigfVear
3,000 Mke

0 WikgVear
0 kg

1930 1960 1990 2020 2050 2080 2110
Time (Tear)

atmospheric CFC 11 releases : basetwo Mkg¥ear
CFC 11 in Troposphere : basetwo Iiks
CFC 11 in Stratosphere : hasetwo ks

Now we see that stopping releases of CFC 11 greatly reduces the amount of CFC 11 i n

St rat ospher e. However, thereisaconsiderable delay. The peak valuefor CFC 11 in

St rat ospher e occursintheyear 2002, even thoughat mospheri ¢ CFC 11 rel ease began
to decline starting in the year 1988. Moreover, thevaluefor CFC 11 in Strat osphere

exceeds its 1988 value until about the year 2060. This model is quite simple and does not represent a
complete picture of CFC release and ozone depletion. But it does demonstrate quite clearly how long
it can take for the consequences of current activities to be fully realized.
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17 Subscripts

Subscripts are only supported in Vensim Professional and DSS only. M odels with subscripts can be
used with the Vensim Model Reader.

Introducing Subscripts

A Subscript allows one variable and equation to represent a number of different distinct concepts. For
exampl e consider the equation:

profit = revenue - cost

If we are modeling a chain store we might be interested in activities at each store. Thuswe could
definest or e asa Subscript

store : WAYLAND, HARVARD, LONGVEADOW OLALLA, OAK RI DGE, LAS VEGAS
Each name describes a different store (in this case by location). Now we can write the equation
profit[store] = revenue[store] - cost[store]

This equation says that for each store, profit specific to that store is computed by taking revenue
specific to that store and subtracting cost specific to that store. Thusinstead of writing six equations,
you need only write one. In addition, if you add another store, you do not need to rewrite the equation.

Variablesin amodel may have different Subscripts, or no Subscripts. For example, we might have:

corporate profit = SUMprofit[store!]) - corporate overhead

This equation addsup pr of i t acrossall stores and then subtractscor por at e over head. The

point hereisthat you can mix and match subscripts and regular variables, and this usually turns out to
be necessary.

A Simple Project Model (projl.mdl)

This project model will demonstrate the completion of a project that contains three separate tasks, al
modeled with the same structure. proj1.mdl models only onetask. This model will be saved as
proj2.mdl and modified to take subscripts representing the three tasks.

EITHER
& Open the model proj1.mdl contained in the directory guide\chapl7
OR

& Sketch the model structure and enter the equations as shown on the next page (INITIAL TIME =
0, FINAL TIME =100, TIME STEP = 0.125, Units for Time: Month).
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File Edt “iew Layout Model Tool: ‘Windows Help _Iﬁllil
BFH &t 2@ ERCuret [ Y BF B2 DM
be @M vhih "B WA D X E | g
o
7] task size
Tl
Dac / task 12 active
= y ‘\
4 Work Te Do 5 I Work Done
worlk
accomplishment
tnax wotk accomplishment
Kl

Times Mew Roman

projl.mdl Equations

max wor k acconpl i shnent =8
Units: Draw ng/ Mnth

task is active=
| F THEN ELSE( Work Done < task size, 1, 0)
Units: Dml

task size=180
Units: Draw ng
wor k acconpl i shrent =
max work acconplishment * task is active
Units: Draw ng/ Mnth
Wor k Done = | NTEY
wor k acconpl i shnent,
0)
Units: Draw ng
Work To Do = | NTEE
- work acconplishment,
task size)
Units: Draw ng
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= MakWork To Do asaSupplementary variablein the Equation Editor.

& If youlike, make a simulation run to examine the behavior of the model. You will find that Wor k
Done (asingletask) increases linearly from zero to afinal value, then stays constant.

# Select menu File>Save As... and type in the name proj2.
Project With Multiple Tasks (proj2.mdl)

The Subscript Range

First we need to make a new variable that describes the concept of having different tasks. Thisis
called the Subscript Range and a suitable name inthis caseist ask.

& Click onthe Subscript Control button on the Toolbar. The Subscript Control opens:

Subscript Control

[T Keepontop Close

Z

& Click onthe New... button, in the dialog box type the namet ask then press Enter.

The Equation Editor opens to display the incomplete equation for t ask. Thisisa Subscript Range
and it describes the three tasks: design, prototype, and build. Theranget ask does not equal these
tasks, it representsthe tasks. Note that the Equation Editor displaysthe Subscript symbol : left of
the equation editing box.

& Fill inthe three tasks, as below (you don't need to typetask : that isalready entered) then click
on the OK button.

task :
desi gn, prototype, build

The three tasks should now be showing in the Subscript Control. Note that the subscript ranget ask

and the three subscripts do not appear in the sketch. The subscript range and subscripts are part of the
definition of the model, not part of the diagrammatic structure.
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The Subscript Control

Subzcnpt Control

task 1/3 |
P
build
4l Nane | Ful |
[ Keepontop Close fé

We see the three Subscript Elements appearing in alist box with atab that displays the Subscript
Range name (t ask). Thefirst Subscript Element (desi gn) ishighlighted. Analysistoolswill
operate only on the selected (highlighted) Subscript Elementsin aRange. To toggle the highlight
status of a Subscript Element, click onit. You can also use All to highlight everything and None to
highlight none. Y ou can edit the subscript range in the Equation Editor at any time by clicking the
Edit... button.

The Full button provides a more elaborate control designed for Subscript Ranges with alarge number
(> 12) elements. Details on the Subscript Control are contained in Chapter 12 of the Reference
Manual.

Adding Subscripts to Variables

When you add subscriptsto variables, you need to first decide which variables get which subscript.
For thismodel it makes sense to add subscriptsto all the variables defined so far.

#  Click on the sketch, or press the Build windows button on the Toolbar. Highlight all of the
variablesin the model using the menu item Edit>Select All or Ctrl+A.

&  Select menuitem Edit>Set Subscripts to open the Modify Subscriptsdialog.

Modify subscripts for - b variables |
Subgcript 1 Subgcript 2 Subzcript 3 Subszcript 4
[ER— = - ] [-rore =] [rone =]
Subzcnpt & Subzcnpt B Subscnpt 7 Subzcnpt 8
I--nu:une j I--nnne ;"--nu:une jl--nnne j

Apply o selected vanables by: [T Include subranges in subscript lists

{+ Setting " &dding at beginning [ Beplace subranges with specified subscript

" Adding at end " Removing Add a new subzcrpt to the model... |

el _|
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& Click on thefirst dropdown box (for Subscript 1) and select the task (the two choices are --none
and task).

& Click onOK.

All of the variablesin the model will now appear with the subscriptt ask. Note that the sketch view

does not show these subscripts. The subscriptswill appear in the title bar when you select avariable
into the workbench and you can view the equations to see them.

&  Select the Equations tool and click onwor k acconpl i shnment . The equation reads:

wor k acconplishment[task]= nmax work acconplishnment[task]*
task is active[task]

Subscripts appear in Vensim Equationsinside of square brackets[ ]. If thereis more than one
subscript for avariable, the different subscripts are separated by commas (e.g.,
i nventory[store,iteny).

The most important subscript ruleis that a subscript appearing on the right hand side of an equation
must also appear on the left hand side. After using the Edit>Set Subscriptscommand, this might not
be the case and when you check the model or try to simulate, an error will be reported. For this
particular model, thisis not a problem.

& Click on Cancel to close the Equation Editor.

Constant Equations

With the modifications we have made so far, all of the equationsin the model are the same. In
particular, theequationfort ask si ze is

task size[task] =180

This equation says that eacht ask has size 180. Part of the purpose of subscriptsisto allow different
elementsto have different values. This can be done by writing multiple equations for a variable as will
be discussed in alater section. For constants this can be done simply by separating a series of numbers
by commas.

& Open the Equation Editor ont ask si ze. Replace the old equation (180) with the equation
below, then click on OK.

task size[task]=
180, 250, 500

= Repeat thisformax wor k acconpl i shnent asbelow:

max wor k acconplishnment[task]=
8, 10, 15

Vector Functions

Now we will add avariable to the model that describes the sum total of the work done for all tasks.
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& SelecttheVariabletool. Click on the sketch below Wor k Done and typeinthe namet ot al
wor k done then press Enter.

& Select the Arrow tool and click onceonWor k Done andthenont ot al work done.
& Open the Equation Editor ont ot al wor k done.
& Clickonwork done intheVariables list.

When you do thisit will be added with its subscript so that the equation will read:

total work done = work done[task]

This eguation is not complete. 1f you were to check the model at this point you would get an error
message saying t ask appears on the right but not the left. wor k done must contain the subscript
task, butt ot al wor k done does not require the subscript because it will add all the tasks

together. For this, we use the SUM function.
total work done = SUMwork done[task!])

The exclamation point ! indicates which Subscript Range we want to sum over. Inthiscasethereis
only one subscript, but there can be up to eight subscripts for avariable and it isimportant to indicate
which subscripts the SUM function works on.

= Enter the SUM function and subscripts as they appear in the equation above. Enter the units
dr awi ng. Click onthe checkbox Supplementary on the left hand side of the Equation Editor.
Don't forget the exclamation mark ! Click OK.

Subscripts in the Equation Editor

In addition to using the Edit>Set Subscripts command, you can add subscripts to variables using the
Equation Editor. Y ou add subscripts to a name appearing in the equation by positioning the cursor at
the end of the name and then clicking on a subscript namein the Subscripts tab. Vensim will
automatically add square brackets or commas to get an appropriate syntax. The Subscripts tab only
appears when amodel contains subscripts. Y ou can also just type in the subscript names.

The full set of equations for this model should now read:

task : design, prototype, build
max wor k acconplishnment[task] = 8, 10, 15
Units: Draw ng/ Month
task is active[task] = I F THEN ELSE (
Work Done[task] < task size[task] , 1, 0)
Units: Dmml
task size[task] = 180, 250, 500
Units: Draw ng
wor k acconplishnent[task] = max work acconplishment[task] *
task is active[task]
Units: Draw ng/ Mnth
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Wor k Done[task] = INTEG work acconplishment[task] , 0)
Units: Draw ng
Work To Do[task] = INTEGQ -work acconplishnment[task],task size[task])

Units: Draw ng

total work done = SUM ( Work Done[task!] )
Units: Draw ng

Subscript Summary

Notethat in all equations except the last, a subscript appears on left of the equals sign. For the
Constants, the subscriptt ask appears on the left, and three values (one for each task) appear on the
right. For most Auxiliaries, the subscriptt ask appears on both theright and the left. Thingsthat are
differentiated by t ask need to be caused by thingsthat are differentiated by t ask.

An exception to thisisthelast equation. Here, t ask appearsonly ontheright. Thevariablet ot al
wor k done isasingle number representing the sum of all three task's work done. The subscript
function SUM tells Vensim to add together all the values for the variable with the subscript that is
marked by an exclamation point (! ) . Sometimes more than one subscript range appearsin an
equation, so the exclamation point is used to denote the subscript range being acted on (here by the
SUM function).

&  Select the menu Model>Check Model (Ctrl +T).

Y ou should get the message "Model is OK". If you don't, you will probably get a message "Incorrect
number of subscriptsfor ...(variable name)." The Equation Editor will open and position itself at the
incorrect equation. Check that the equation exactly matches the equations above. If that equation
matches, check the other equations. Modify, click OK, then do M odel>Check M odel again.

Simulation and Analysis

# Double click on the Runname editing box and type a name for the dataset, e.g., run2. Click the
Simulate button.

After the model simulates use the Datasets Control to unload any previous runs then:
& Doubleclick onWor k Done, then click on the Analysistool Graph.
Output is generated showing the behavior of Wor k Done for one subscript: desi gn.

& Click the Subscript Control button on the Toolbar. The Subscript Control opens. Click on the
button All, then click again on the Graph tool.
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=Rl Graph for Work Done ______________________[=lf§
Graph for Work Done

&0
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Time (lonth)

Work Done[design] : nand Drawing

Wotk Done[prototype]  nand Drawing

Wotk Done[build]  rand Drawing

Because all subscripts are selected, the work done for each task is graphed. Any Analysistool you
invoke will generate output that will reflect which subscripts are selected in the subscript control.

& Clickontotal work done thenclick onthe Causes Stripgraph.

Output is generated showing the behavior of thevariablet ot al wor k done and its causes, Wor k
Done for each of the three tasks. In this case, the number of subscripts selected isirrelevant: all are
shown because all are causesof t ot al wor k done.

Advanced Subscript Model (proj3.mdl)

This project model will demonstrate the completion of a project that contains three separate tasks.
Each task must be finished before the next begins, that is, each task is a prerequisite for the following
task. The structure of completing each task is exactly the same for all tasks.

EITHER

# Open the model proj3.mdl in the directory guide\chaplAcomplete. Use Save Asto savethe
model inguide\chapl7 or whichever directory you are working in. You can skip to Simulation
and Analysis below or work through the model development inspecting but not changing model
equations.

OR
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& Click the New M odel button. Setthe TIME STEP to 0.125 then click OK to accept the other
default Time Bounds. Sketch the model below and save it to proj3.mdl.

File Edit Wiew Lapout Model Toole Windows Help _|5'|5|
AEH (& 2B BEFluen [[4i Y BE | &2 06

be[@m b2 (RN €| W
o<f
@ task size
Dac 15 a prerequisite
% &
Z% }/ﬁ—_t\ 1: is d
= task has started . R (E el
4 task 1z active
b »
Work To Do = - Work Done
wotk
accomplishiment
max wotk accomplishment
]

> Wiew 1

& Select the Hide Wand tool and click on the arrowhead of thearrow fromt ask si ze toWbr k

To Do to hide the arrow (becauseit only initializesthe Level).

Subscript Range

First we need to make a subscript range to describe the tasks.

& Click on the Subscript Control button on the Toolbar.

& Click onthe New... button, in the dialog box type the namet ask then press Enter.

The Equation Editor opens to display the incomplete equation for t ask.

& Fill inthethree tasks, as below, then click on the OK button.

task :
desi gn, prototype, build

# Select the Equationstool and open the Equation Editor ont ask si ze.

& Typein the numbers 180, 250, 500
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& Click on thetop edit box to theright of thenamet ask si ze. Now click on the Subscripts tab
and click ont ask (theonly entry inthelist). Vensim will add the square brackets[]. Your
equation should read:

task size[task]=
180, 250, 500
Units: Draw ng

& Continue entering the other equations.

You will need to alternate between the Variables and Subscripts tabs. You will notice that once you
have added a subscript to avariable when you click on its namein the Variable tab it will be placed in
the equation with its subscript. Thus, for each variable, you only need to add the subscript once when
you write the equations. Enter the equations as shown below.

Work To Do[task] = I NTEEX
- work acconplishnment[task],

task size[task]
Units: Draw ng

& Check the Supplementary check box forWor k To Do.

Wor k Done[task] = I NTEE
wor k acconpl i shnent [t ask],
0)

Units: Draw ng
wor k acconpl i shnent [t ask] =

| F THEN ELSE(task is active[task], max work acconplishnment[task], 0)
Units: Draw ng/ Month

The equation for wor k acconpl i shiment usesthelogical IF THEN ELSE function, getting work
done for each task at the maximum work accomplishment as long as that task is active.

max wor k acconpli shnent[task]=
8, 10, 15
Units: Draw ng/ Month

The four remaining variables describe the relationships of the tasks to each other. If atask has no
prerequisite tasks, then it may start immediately. If atask has prerequisites, those prerequisites must
finish before the task can start.

Mapping Subscripts

A task can be either (1) atask alone, or (2) a prerequisite task for another task. To be able to describe
in one equation the concept of both tasks and prerequisites (which are al so tasks), we define another
subscript range— pr er eqt ask — which is exactly the same as the other subscript range (t ask).
This processis called mapping. For this project model, each task is a potential prerequisite for some

other task, so we define another subscript range as equivalent to the first, using the mapping symbol
<->,
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& Click on the Subscript Control button on the Toolbar. Click onthe New... button, in the dialog
box type the namepr er eqt ask then press Enter.

& Click on the variable Type lower drop down box that currently saysNormal and choose
Equivalence.

The Equation Editor displays the Equivalence symbol <- > |eft of the editing box.
# Typeinthenamet ask intheequation field. It should appear without any brackets.
& Click OK to close the Equation Editor.

Y ou will notice that Vensim did not add a new tab to the Subscript Control. An Equivalenceistreated
asaSubrange. Thuspr er eqt ask isaSubrange of t ask and does not get a separate tab. If you
want to edit the equation for pr er eqt ask you need to use the Choose button in the Equation
Editor.

Multiple Equations for a Subscripted Variable

A task can have a prerequisite, but it can not be a prerequisite of itself. For the 3 tasks (design,
prototype, build), we could write out a set of equations (3 for each of the 3 tasks, 9 equations total) that
tell uswhich task isaprerequisite of another. For example, for the task prototype:

is a prerequisite[prototype,design] =1

is a prerequisite[prototype, prototype] =0

is a prerequisite[prototype,build] =0

These three equationstell usthat for the task prototype, design is prerequisite (value = 1) but prototype
and build are not prerequisites (value = 0). These three equations for prototype can be combined into a
more compact form:

is a prerequisite[prototype,prereqtask] = 1,0,0

Note that the order of prerequisite tasksisthe same astasks, so that the value 1 refersto design, 0
refersto prototype, etc. However, we need three equationsin total (although you can write one
equation with a2 dimensional array to describe the prerequisites— see the Reference Manual).

& Click onthevariablei s a prerequi site. Positionthe cursor just after the variable name.

# Click on the dropdown arrow for the list box on the Subscripts tab (currently saysRange).
Select the subscript range task - elements from the dropdown list. The three tasks appear in the
list box below.

# Click on the subscriptdesi gn appearing inthelist box. Thisentersthe subscriptinto the
equation at the cursor placement. Position the cursor just after theworddesi gn appearing in
the equation and before the square closing bracket " ] .

& Click on the drop-down arrow for the list box (currently saystask - elements). Select Range
from the drop-down list. Thelist box now saysRange and the two subscript ranges are listed in
the box below.

# Click ontherangepr er eqt ask.
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& Move the cursor to the equation editing box (after the equals sign) and type in the numbers and
commas 0,0,0 and type in units, as below:

is a prerequisite[design,prereqtask]=
0,0,0
Units: Dml

Thisisthefirst of three equations describing which tasks are prerequisites of the others. To make the
next two equations:

& Click onthe Add Eq button at the top right of the Equation Editor.

A second equation is added for thevariablei s a prerequi site. If youhaveexited and
reopened the Equation Editor Vensim will automatically add the subscripts [task,task]. Thisisof the
same form as the previous equation, sincedesi gn isatask, andpr er eqt ask mapsto task. If you

arejust following the stepsabovei s a prerequi site will appear without any subscripts.
& |f there are any subscriptsoni s a prerequi sit e, removethem.

# Fill inthe equation as below by either typing in the new subscripts, or selecting them from the
subscript list box.

is a prerequisite[prototype, prereqtask]=
1,0,0

Note that the unitswill already bein place. Thereisonly one units definition for avariable.

& Click on the drop down box at thetop right that currently says2 (for equation 2) and click on
*New* then fill in the equation as below, either typing in the new subscripts, or selecting them
from the subscript list box:

is a prerequisite[build,prereqtask]=
1,1,0
Units: Dmml

Y ou can navigate between these three equations by clicking on the same drop down arrow number list
that is used to select *New* . Asyou add equations, the equation number will be added to thislist and
the Title bar will display thisaswell. Do not hit Del unless you want to delete the current equation.

iz a prerequizite]desian. preregtask]
00,0

& Click on OK to close the Equation Editor.

NOTE Thereisamore compact way to write 2 dimensional arrays. The following single equation
has the same meaning as the three equationsyou wrotefori s a prerequisite.
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is a prerequisite[task, prereqtask] = 0,0,0;1,0,0;1,1,0;

We did not use this equation because we wanted to demonstrate how to write multiple equations for
one variable. For this example we could have used the 2 dimensional array, but in many modelsitis
not possible to do so. The multiple equation concept applies not only to Constants but to all types of
model variables.

Logical Functions and Operators

Thetask is completed when the work is done for that task. In a more complete model, we would want
to alow atask to be done at somefractionof t ask si ze for the purposes of determining
prerequisite readiness.

A logical IF THEN EL SE function checksthe relational operator >= (greater than or equal to). It
returns a' Y ES result when the operator istrue, switching to the THEN part of the equation, or NO
when the operator is false, switching to the EL SE part of the equation.

& Clickontask is done. Enter the equation below:

task is done[task]=
| F THEN ELSE( Work Done[task] >= task size[task], 1, 0)

Units: Dml

The last two equations use more complicated logical functions. Thevaluesfori s a

prerequi site[task], task has started[task] andtask is done[task] are
binary (O or 1). ThelF THEN ELSE logic will return avalue of YES if the variable in question has a
nonzero value (and moveto THEN), and aNO if the variable has avalue of zero2 (moving to ELSE).
Using variablesin IF THEN EL SE expressions like we are doing here makes sense when the variables
are formulated to take on 0 or 1 asvalues. Using an equation that began IF THEN EL SE(morale,...
would not be a sensible formulation.

The first equation describes whether the task is active or not, and uses the logical operators :AND: and
:NOT: If thetask has started AND the task isNOT done, then the task is active (value = 1), else the
task is not active (value = 0).

# Clickontask is active,writetheequation as below, then click OK.

task is active[task]=
| F THEN ELSE(task has started[task] : AND:

:NOT: task is done[task], 1, 0)
Units: Dmml

VMIN Function

The last equation also requires some explanation. 1n order to start atask, any prerequisite task must
first befinished. We could write a set of 9 equations, "hard-wiring" the relationships that define the
prerequisites. A shorter method allows us to specify the relationshipsin one equation.

& Clickontask has st art ed, write the equation as below, then click OK.

task has started[task]=
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VM N( | F THEN ELSE(
is a prerequisite[task, prereqtask!],
task is done[prereqtask!],

1))
Units: Draw ng

This equation uses the VMIN function, which operates on subscripts marked with an exclamation mark
I. Because there are 3 tasks and 3 prerequisite tasks, this equation takes on 9 separate values.

For example, let uslook at thedesi gn task. Design has no prerequisites, the value for:

is a prerequisite[design,prereqtask] = 0,0,0

iszerofor all the prerequisite tasks. The IF THEN EL SE function evaluatesthe 3valuesof i s a
prerequi sit e[ desi gn] and returns zero, so it failsthe logical test and movesto the EL SE
statement, which returns avalue of 1. This meansthat the desi gn task can start as soon as the model
simulates, it has no prerequisite tasks.

On the other hand, let uslook atbui | d. Build has both design and prototype as prerequisite tasks, as
in:
is a prerequisite[build, prereqtask] = 1,1,0

The IF THEN ELSE function evaluatesi s a prerequi site[buil d, prereqtask] forthe
three prerequisites and returns 1 in two cases. For each case, it movesto the THEN statement where it
looksatt ask i s done[ prereqtask] fortheparticular pr er eqt ask (let'ssay pr ot ot ype).
If the prototype work isfinished, thet ask i s done variablereturns 1, otherwiseit returns 0. If it
returns O for any of the prerequisite tasks, the VMIN function also returns 0, which prevents that task
from starting. Once al the prerequisite tasks return 1, VMIN will return 1 and the task can finally
start.

& Select Model>Check Model (Ctrl + T).
& Select Model>Units Check... (Ctrl + U).

Y our model should check out OK. If not, compare equations (and structure) to the equations above.

Simulation and Analysis

# Double click on the Runname editing box and type a name for the dataset, e.g., sub3
& Click the Simulate button.

After the model simulates,

& Doubleclick onWor k Done, then click on the Graph tool.

Output is generated showing the behavior of Wor k Done for one subscript: desi gn.

& Click the Subscript Control button on the Toolbar. The Subscript Control opens. Click on the
button All.
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& Click on the Graph tool.

- B=1EE] Graph for Work Done Ol x|
Graph for Work Done
G000
300
/ P
D / /
0 0 20 30 40 50 &0 Y0 80 S0 100
Time (Mlonth)

Work Done[design] : nand drawing

Work Done[prototype] © s drawring

Wotk Done[buidd]  nas drawing

Now we can see that each task, except design, starts only after its prerequisite has finished.
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18 Optimization

Optimization is supported in Vensim Professional and DSS only.

Optimization Overview

To optimizeis, quite simply, to achieve the best. Optimization can be used to validate and estimate
parameters (calibration), or to select among alternative policies (policy optimization).

In order to use optimization, you will need to define what is good and what is bad — called the payoff.
The payoff is a measure, reported at the end of the simulation, stating numerically how good the
simulation was. The payoff collapses your entire model, over the entire time it was simulated, into a
single number. The payoff definition file has the extension.vpd. A detailed description of the payoff
function is contained in the Reference Manual.

After defining the payoff, you need to select which Constants to vary in order to maximize the payoff.
The selections are stored in the optimization control file, which has the extension .voc. Thisfile aso
contains information about how to optimize, and under what circumstances to stop.

At the end of an optimization, the results will be reported and are also written to afile called
runname.out. Depending on what options are selected, other files may also be created. Thefile
runname.out contains the values of the Constants that optimize the payoff.

NOTE Optimization can beinterrupted by clicking on the Stop button or pressing the Esc key and
will shut down cleanly for later resumption.

Model Calibration (electric.mdl)

In this section, we will calibrate a diffusion model of the conversion of US households to electricity to
fit real datafrom the US Department of Commerce. The quantity of households (Tot al US
Househol ds) increases exponentially over time and this drives the increase in quantities of both
Non El ectric Househol ds andEl ectric Househol ds. Non El ectric

Househol ds are making contacts withEl ect ri ¢ Househol ds, discovering electricity, and
eventually being convertedtoEl ectri ¢ Househol ds. Any new households (net househol d
addi ti ons) that are built are added to bothNon El ectri ¢ Househol ds andEl ectric
Househol ds according to the split determined by f r acti on el ectri c. Asthe number of Non
El ectri c Househol ds dwindlesto zero,thefracti on el ectri c becomesoneand all the
new householdsbuilt are El ectri ¢ Househol ds.

Validation of amodel restsin part on comparing model behavior to time series data collected in the
"real world." When amodel is structurally complete and simulates properly, calibration of the model
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can proceed. Calibration involves finding the values of model Constants that make the model generate
behavior curvesthat best fit the real world data.

It is possible to manually alter model Constantsto try and achieve a better fit between the real world
data and simulation output. For a complex model with many Constants to optimize and many
variables or datasets to fit, thisis very time consuming. Using optimization, Vensim will automatically
vary the Constants of your choice and ook for the best fit between the simulation output and your real
world data.

For example, we might not know (with any accuracy) what the growth fraction is for new households
(househol d addi ti on rate). Weselect this parameter (a Constant) for the VVensim optimizer
to calibrate. The optimizer will automatically search through many values for this parameter to find
the best fit of model data with the real world data.

EITHER
& Open the model electric.mdl contained in the guide\chapl18\calibrat directory.
OR

& Sketch the model and enter the equations as shownbelow. The Time Boundsare INITIAL TIME
= 1900, FINAL TIME = 1979, TIME STEP = 0.125, Save results every TIME STEP with units
Year.
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Electric.mdl Equations

aver age househol d si ze=
4
Units: Person/Househol d

contact rate=
20

Uni ts: Contact/ Househol d/ Year

conversion fraction=
0.01
Uni ts: Househol d/ Cont act

conver si ons=
electric to non electric contacts * conversion fraction
Units: Househol d/ Year

El ectric Househol ds= | NTEG (
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conversions+ fraction electric * net household additions,
initial fraction electric * Total US Househol ds)
Units: Househol d

electric to non electric contacts=
non electric contacts * fraction electric

Units: Contact/ Year

fraction electric=
El ectri c Househol ds/ Total US Househol ds

Units: Dmml

househol d addition rate=
0.02
Units: 1/ Year

initial fraction electric=
0. 05
Units: Dml

initial househol ds=
2e+007

Units: Househol d

net househol d additi ons=
Total US Househol ds * househol d addition rate

Uni ts: Househol d/ Year

non el ectric contacts=
Non El ectric Households * contact rate

Units: Contact/ Year

Non El ectric Househol ds= | NTEG (
- conversions + (1 - fraction electric) * net household
addi ti ons,

(1 - initial fraction electric) * Total US Househol ds)
Units: Household
percent of US dwellings with electric power=
fraction electric * 100
Units: Dmml
Total US Househol ds= | NTEG (
net househol d additions,
initial househol ds)
Uni ts: Househol d
US popul ati on=
Total US Househol ds * average househol d size
Units: Person

Note you will need to use the Choose Variable... button to enter initial value equations.
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& Saveyour model.
& Double click on the Runname editing box and type a name for the dataset, e.g. runl.

& Click the Simulate button.

Comparing to Data

The dataset runl gives us abase run with Constants at their original values. The guide\chap18
directory contains data with measurements of the US population and the fraction of households that are
electric (connected to the electric grid). Thisfileiscalledelectric.dat and hastwo variables: US

popul ati on,andpercent of US dwellings with electric power. Inorderto
compare these data series with variables in the current model, we need to translate the datafile (.dat)
into aVensim dataset (.vdf).

= Select Model>Import Dataset.... Choose thefile electric.dat and click Open.

The message "Dat2vdf completed without error” is generated and an Output window will show that a
number of values were written for each variable in the dataset. The dataset electric isloaded asthe
first dataset. Analysistoolswill now work on this dataset.

# Click OK in the message box and close the Output window.
# Double click on percent of US dwellings with electric power.

& Click onthe Graph tool. Two datasets, runl and electric, display linesfor per cent of US
dwellings with electric power.
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Graph for percent of US dwellings with electric power
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50
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Note how the simulation data (runl) growstoo fast and levels off too soon.

Setting the Payoff

Vensim has two methods to set up optimizations: from the Optimization button on the Toolbar, and
from the Simulation Control.

In calibration optimization, the payoff defineswhich variable(s) you aretrying to fit. Payoff files have
the extension .vpd (Vensim payoff definition) and by default have the same name as the model (e.g.,
electric.vpd for this model).

&

st

Double click on the simulation Runname editing box and type a name for the dataset, e.g., run2.

Click the Optimization button _&EI onthe Toolbar. The Optimization Wizard opens with the
Payoff Definition active.

Make sure the Calibration radio button is sel ected.

Inthe Variable editing box, typeinper cent of US dwellings with electric
power (or usethe Sel button to select it). Inthe Weight editing box, type in the number 0.25.
Click on the button Add Editing.

Inthe Variable editing box, typeinUS popul ati on (or usethe Sel button to select it). Inthe
Weight editing box, type in the number 3E-7 ( 0.0000003).
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The weights act to balance the numerical sizes of the different variables. Because the optimizer isonly
looking at pure numbers, variables with larger values are given more importance than those with
smaller values. The numbers assigned to weights are based up both the confidence we have in the
data, and the units of measurement. per cent of US dwellings with electric power

has values around 50 and aweight set to 0.25. US popul at i on, which hasanumber around 200
million, has aweight that is much smaller (30 / 100 million). These weights were chosen to be
approximately egual to the one over the standard deviation of the prediction error on these variables.
Chapter 10 of the Reference Manual contains more discussion on the meaning of these weights.

& Click on the button Add Editing. The Payoff Setup dialog should now ook like the screen below.

Optimization Setup |

Papaff Definition.  Edit the filename to zave changes o a different control file
Filenarme; IEIectric.vpd Choose Mew File... I Clear Settings I

|T_I,I|:|e & Calibration ¢ Paolicy |

Payaff Elements

percent of LS dwelings with electic powerd0.25 Dielete Selected |
115 population/3e-7

Modiy Selected |

AddEdiing |
Wariable | Sel | Compare to i
—— | uzedonly for
Compare to I el calibration payaoffz
wieight | Sel

The weight should be pozitive for calibration. For policy optimizations use a positive number
when more iz better and a negative number when lezs iz better.

< Brey | MHext = I Finizh | Cancel

& Click Next to move to Optimization Control.

Setting Optimization Parameters

Once the payoff is defined, the Optimization Control needsto be set up. Optimization files have the
extension .voc (Vensim optimization control) and by default have the same name as the model (e.g.,
electric.voc for thismodel). For this example, we will only enter the model parametersfor the
optimizer to vary, along with the (optional) maximum and minimum bounds for each parameter.

& Click on the Select Constant... button and selectconver si on fraction. TypeOinthe

minimum box (left hand box, <=), type 0.5 in the maximum box (right-most box, <=), then click
on the button Add Editing.
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& Click on the Select Constant... button and selecthousehol d addition rate. TypeQOin
the minimum box (left hand box, <=), type 0.1 in the maximum box (right-most box, <=), then
click on the button Add Editing.

& Click onthe Select Constant... button and selecti nitial fraction electric. TypeOin
the minimum box (left hand box, <=), type 1 in the maximum box (right-most box, >=), then click
on the button Add Editing.

# Click onthe Select Constant... button and selecti ni ti al househol ds. TypeQOinthe
minimum box (left hand box, <=), then click on the button Add Editing.

The Optimization Setup wizard should now ook like:

O ptimization Setup |

Optimization Contral. Edit the filename to zave changes to a different contral file
Filenarmne: IEIE::triu:.w:u: Choose Mew File... I Clear Settings I

Cptimizer Im Senzitivity ||:|ff j = |

Multiple Start ||:||=|= j Fiandam type ILinear j See I—
#Festart IEI— Output Lewel IEIn j Trace ||:|ff j b 2w iterations IW
Pazz Limit |2_ Fractional Tolerance IW Tolerance Multiplier IE1_
Absolute Taolerance I‘I— Scale Abzolute I‘I— Yector Points |25_

Currently active parameters

(< =conwversion fraction<=0.5 Delete Selected

< =houzehold addition rate<=0.1 |
(< =initial fraction electrc:=1

0« =initial houzehaolds Madify Selected |

&dd Editing

| [«

todel value of constant - Select Constant... | I j - |

< Prev | Meut » | Finizh | Cancel |

& Click Next.

& Click on the Data Sour ces... button and choose the dataset electric.vdf. Y ou can also simply type
this name into the editing box.

& Click Finish.

Vensim will perform multiple simulations on the model to find the optimum Constant values in order
to fit the output with the real world data. The results of the optimization are displayed in an Output
window, as below:
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IWNITTAT FEACTION ELECTEIC = 0.055311%
*MITTAT HOTTSEHOLDS = 1. 98387 e+007

sitmulations = 377

Pass =3

Payoff =-16.8863
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Maximum payoff, or best fit of simulation output with real data, is displayed as anumber, and the
Constant values required to achieve that payoff are listed. The best fit is saved as the current

simulation dataset (run2).

Extrainformation about the optimization, including the best-fit values of the constantsis savedin a

.out file of the same name as the run (here it isrun2.out).

& Doubleclickonpercent of US dwellings with electric power ifitisnot

selected as the Workbench Variable.

& Click onthe Graph tool. Y ou should see the three datasets, runl, run2, and electric, displaying
linesfor percent of US dwellings with electric power.

265



Vensim User’s Guide

Graph for percent of US dwellings with electric power
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The simulation run2 has a much closer fit to electric than doesrunl, our first attempt.

Computing Confidence Bounds

The Constant values found during optimization have some uncertainty around them and we can get a
better handle on that uncertainty by testing the sensitivity of the payoff around the optimum. For this
particular problem we have chosen weights so that the default payoff value sensitivity will give 95%

confidence bounds. We will also use the Simulation Control to manage the optimization.

K &R & & &

st

The output of an optimization is designed so that it can be read as a constants input file. Thiswill

Click on the Simulation Control button on the Toolbar.
Type anew run name such asrun3.

Click on the Advanced tab.

Click on Ed... to theright of Optimization Control.

The Sensitivity is set to Off. Click on the dropdown arrow to the right and select Payoff Value.

Enter thevalue 4 inthe box after the = sign. (Payoff Value = 4). Click onOK.
Click onthe Changes tab. Inthe Load Changes From field type run2.out.

allow the optimizer to start from the value found in the last optimization.

&

Click on the Optimize button.
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& When the optimization is finished use the menu File>Edit File... to open the file sensitiv.tab.

Thisfile containsinformation on the 95% confidence bounds for the parameter estimates. These
should look something like:

0. 00526005 <= CONVERSI ON FRACTI ON = 0. 00551817 <= 0. 00579413
0.0128454 <= HOUSEHCLD ADDI TI ON RATE =0. 0133057 <= 0.0137479

0.0483586 <= I NI TI AL FRACTI ON ELECTRI C =0. 0553119 <= 0. 0632539
1. 94407e+007 <= I NI TI AL HOUSEHCOLDS = 1.98387e+007 <= 2.02301e+007

& Select File>Closeto close sensitiv.tab.

Optional — Modifying the Model

&  Select the Equationstool. Modify the constantsin the model to reflect the values given by the
optimization. You will probably only want the first two or three significant figures.

The values from the optimizer should be, or be close to:

conversion fraction = 0.0055
househol d addition rate = 0.013
initial fraction electric = 0.055
initial households = 2.0e+007

It isimportant to note that getting a model to fit the datawell does not prove the model right. When a
model fitsthe datait means the model cannot be rejected because of the data. It isimportant to ook
for other waysto find deficiencies with amodel. Reality Checks, described in Chapter 9 of the
Modeling Guide are avery powerful tool for doing this.

Policy Optimization (stock.mdl)

This section describes the optimization of an inventory and sales supply chain to maximize profits.
The model stock.mdl has an inventory that is drained by sales. Carrying too little inventory leadsto
loss of sales (and loss of profits) but carrying too much inventory costs more to stock and also leads to
lower profits. To maximize profits, you need to balance the amount of inventory. Y ou need to restock
inventory when it islow, and build it to some maximum level.

Inventory Stock Model

& Open the model stock.mdl in the directory guide\chap18\policy

Select Model>Import Dataset.... Choosethefile orders.dat and click Open.
Click OK to the conversion message and close the Output window.

Double click the Runname editing box and type a name for the dataset, e.g., base.

Click onthe Set Up a Simulation button.

K & & &R &

Click on the dataset editing box right of the integration button that reads Euler and type inorders.
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& Click on the Simulate button.

& Click on the Control Panel button and then on the Datasetstab. Unload the dataset orders by
doubleclicking onit.

& DoubleclickontheLevel St ore | nventory thenclick onthe Graph tool.
# Doubleclick onthevariable Currul ati ve Profit thenclick onthe Graph tool.

& Click the Output Windows button and drag the top graph off the bottom graph.

REI=IRE] Graph for Store Inventory  [S[ES IREIAH=IRIE] Graph for Cumulative Profit  [SBY
Graph for Store Inventory Graph for Cumulative Profit
100 8,000
50 4,000
0 0
0 6 12 18 24 30 36 42 48 54 60 0 6 12 18 24 30 36 42 48 54 640
Time (day) Time (day)
Store Inventory  basge ——————————————— umt Cutnulative Profit: base ———————  dollars

Thisis our base case, ordering when inventory fallsto 20 units(rmi n i nvent ory val ue) and
building up to a maximum of 100 units (max i nvent ory val ue). Note, however, that
I nvent ory fallsto zero for some time before being restocked.

Optional — Manual Optimizing

Asan exercise, you can try to manually optimize the model.
& Click the Set Up a Simulation button. Type aname for the dataset, e.g., manual.

& Click onthe Constantsm n i nventory val ue andnmax i nventory val ue andchange
their values.

& Click the Simulate button.
= SelectthevariableCunul ati ve Profit intotheworkbenchand click onthe Graph tool.

Comparethefinal valueof Currul ati ve Profit inthisruntothebase run. If youwant,
continue by trial and error to try and maximize Cunul ati ve Profit. Youwill getaseriesof runs
similar to below:
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=TIl Graph for Cumulative Profit . [s[k]
Graph for Cumulative Profit

10,000
5,000

0

0 6 12 12 24 30 36 42 48 54 60

Time {day)

Chmroalatinee Profit @ mans diollars
Chrmrlativee Profit : muard dollars
Chmrolatinee Profit @ manl diollars
Cimrmlatinee Profit : base dollars

Setting the Payoff

& Double click the Runname editing box and type a name for the dataset, e.g., optimize.

& Click on the Optimization button ﬁl onthe Toolbar. The Payoff dialog opens.

# Click on the option button for Policy next to Type. Click on the Sel button next to Variable and
select prof it fromthelist, then click OK to the variable selection dialog (or just type profit
into the editing box).

# Click onthe Weight editing box and type the number 1. Click on the button Add Editing.

Positive weights designate more is good (more profits); negative weights designate more is bad. If
more than one parameter set in the payoff, you need to balance (or weight) your parameters
appropriately. Seethe calibration example earlier in this chapter or Chapter 10 of the Reference
Manual for more information on setting up payoffs.

Y our Payoff Setup dialog should appear as below:
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Optimization Setup
Papaff Definition.  Edit the filename to zave changes to a different contral file

Filenarme: IStu:u:k_vpu:I Choozse Mew File... | Clear Settings |

|T_I,I|:|e " Calibration ™ Palicy
Payaff Elements
profitd Delete Selectad |

Modiy Selected |

| AddEdiing |
"W ariable | Sel Compare ta iz
| wuzedonly for
Compare to I el calibration payaffs

Wwieight |1 Sel

The weight should be pozitive for calibration. Far policy optimizations wse a positive number
when more iz better and a negative number when less iz better.

< Prew | et = | Finizh | Cancel

& Click Next.

Note that policy optimizations maximize the integral of the payoff. Thususingpr of i t in the payoff
isthe same as maximizing Cunul ati ve Payof f attheend of the simulation.

Setting Optimization Parameters

# Click onthe Select Constant... button and choose i n i nvent ory val ue fromthelist.
Type 0 in the minimum box (left hand box, <=), type 1000 in the maximum box (right hand box,
<=), then click on the button Add Editing.

& Click on the Select Constant... button and choose mex i nventory val ue fromthelist.
Type 10 in the minimum box (left hand box, <=), type 1000 in the maximum box (right hand box,
<=), then click on the button Add Editing.

Y our Optimization Contr ol should appear as below:
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Optimization Setup

Optimization Caontral, Edit the filename to zave changes to a different control file
Filerarne: IStu:u:k.w:u: Choose Mew File... | Clear Settings |

Optirizer Im 5 enzitivity ||:|ff j = |

Multiple Start Imf j Randam type ILinear j Seed I—
HReztart II]— Cutput Lewel Il:ln j Trace ||:|ff j b ax iterations IW
Pazz Limit |2— Fractional Talerance IW Talerance Multiplier |21—
Absolute Talerance |1— Scale Absolute I‘I— Yectar Points IE_

Currently active parameters

0<=min inventory value<=1000
10<=mayx inventary value:=1000

Delete Selected |

Modiy Selected |

#dd Editing |

¢= - <= |

kaodel value of conzstant - Select Constant... | I j = I

< Prew | et = I Finizh | Cancel |

& Click on Finish.

The optimizer runs, generates an output file, and loads the optimized run.
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e B=1EL=] sim Current -c mdlcin.tmp -0 Stock.voc -p StockslEd
Tnitial point of search
tnin iventory value = 20
max inventory value = 100
sirmulations = 1
Pazsz=10
Payoff =7637.17
HOTE Payoff (124427 realized at multiple parameter values
TWith min inventory walue = B0 2573 and B2 5406
HOTE Payoff (124427 realized at multiple parameter values
With min inventory wvalue = 82 3406 and 81 5689
Tlammitnum payol found at:
i wventory value = 80,5973
*max inventory value = 306 425
simlations = 122
Pass=3
Payoff = 124837

# Click the Control Panel button then click the Datasetstab. Unload all runs except base and
optimize.

= SelectthevariableCunul ati ve Profit intotheworkbenchand click onthe Graph tool and
on the Tabletool.

Comparethefina valueof Currul ati ve Profit intheoptimize runtovaueinthebase run.
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ain N =1Ll Graph for Cumulative Profit Ol x|
Curnulative Profit
20,000
10,000
0
0 & 12 15 24 30 326 42 48 54 &0
Time {day)
Crmpoalative Drofit © optimise dollzs
Crnroalativee Profit ; base dollars
=of' & B [N | < |
Titme ( day) 36 57 58 50 60
"Cumulative Profit"  Runs: optitnize  hase
Cuttalatise Profit 11,367 11,521 11,817 12,024 12,213
63 6,963 63 7173 T304
A _ I+

The graph shows the behavior of the optimum run, the table shows the values for the maximum
Cunul ative Profit found by theoptimizer.
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19 Sending Models to Others

Y ou can easily send the models you create to others. Even if they don’'t have Vensim they can use the
Vensim Model Reader to view and simulate the model. Also many models can be read by less
powerful version of Vensim. Thus, even if you are using Vensim DSS, users of Vensim PLE may be
able to work with the models you are devel oping.

If you are using Vensim DSS there are anumber of additional options for packaging and publishing
models. These are described in more detail in Chapter 13 of the DSS Reference Supplement.

Vensim Model Reader

The Model Reader is an application that allows read-only access to models created with Vensim. You
can distribute the Model Reader installation program free with your models so that others can simulate
and analyze the models without using Vensim itself. If you have a Vensim CD the model reader
installer is the file named venred32.exe in the windows directory or Vensim Model Reader Installer on
the Macintosh. Y ou can aso download the model reader from our website.

The Model Reader will work with models created with Vensim PLE through DSS. Models created
with Vensim DSS, except thosethat make use of external functions, will also work with the Model
Reader. Itisalso not possible to access models through DDE connections using the model reader, that
capability is available only in Vensim DSS.

The Model Reader does not have Sensitivity Simulation or Optimization capabilities, except when
opened viaaVenapp. Also the simulation functionality such as resuming from another run available
through the simulation control dialog in Vensim Professional and DSS is not available unless thisis set
up in aVenapp. Y ou can specify data sources from the Toolbar, and changes files from the Changes
menu in the Vensim Model Reader.

SyntheSim works with the Vensim Model Reader, though you cannot override the behavior of
variables.

Preparing the Model

There are two ways to prepare amodel for use by others, including those who only have accesstothe
Vensim Model Reader. Thefirst isto use the Fle>Publish command in order to create a package of the
model and supporting files. The second isto simply save the model to abinary format. Independent of
which of these you do there are some things that are helpful for making it easier for other peopleto
work with your model.

First, it isagood ideato include your name and the contact info you want to give people. You can
embed thisinformation as acomment on the first sketch view. Alternative you can use the model
notes (use the command M odel>Settings then go to the I nfo/Password tab). Inthisdialog fill inthe
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notes and check the Display model notes when model is opened Checkbox. Thisinformation will
then be displayed in a separate dialog when users open the model.

It is helpful to have units of measure and comments for each variable. These are displayed when
user’s hover over the model variables and can make it much easier to understand a model.

If your model has more than one sketch view than it is helpful to add a navigation page as the first
page. The navigation page can contain your contact info and a navigation button for each view in the
model. While page up and page down will work in the Vensim Model Reader, the navigation buttons
make it much easier. If you do thisyou should probably put a navigation button on each view that
returnsto thefirst view.

It can also be very useful to set up asimple control panel that contains the important constants that you
want users to change and some important results— possibly asimbedded custom graphs. The example
in Chapter 12 does this.

Custom Graphs and Tables

This does not apply to Vensim PLE or PLE Plus.

If you have created custom graphs or tablesin a separate file you will need to bring these into the
model for othersto usethem. To seeif thisisthe case go to the Graphs tab of the control panel:

Control Panel

‘Jarial:ulel Time .-i'-.:-:isl Scalingl Datagets  Graphs F'Iau:ehu:uldersl

Fec Coord I Fedo Open I quép.ﬁ:lF'H‘l DOTS
—Custom Graphzet——— IgRaPHT @
IWnrldapp.vgf j
Open... | MHewis |
Sanehs | S5ie | fdodify. . Copy... MHemw...
Into Model | Llose | | Digplay Delete Reorder...

¥ Keepontop

If the name displayed under Custom Graphset is not * Default (or if the Into Model) button is active
you will need to bring the custom graphs and tables you are working with into the model. Click on the
Into Model button to do this.

Publishing a Packaged Model

The Vensim Model Reader can only read packaged model (.vpm) files and binary format (.vmf)
models. Both of these are binary file formats that can only be read by Vensim.

NOTE Vensim versions prior to 5.5 will not be able to open packaged models!
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Publishing a Package

To publish amodel use the menu item File>Publish when the model isin the foreground. Y ou will see
the model publication dialog:

Publish a model package for use by others

Package Type: & Model " Venapp [applization will open]

M arne ||su|:-test.vpm Sel...
Model |

Alza inchide Current, sdf Additional
[+ Settings files

[ Toolzet

- _Femove |
[ Estemndl Add...

Feadable [ ModelReader W PLE/Pluz/Std/Fo v D55 w DLL
by: v Runtime [ 7 | Special

[ MaoSave s [ Mo Copying [

[ Paszword Protect Pazzword Confirr:

Other detail:  [Vensim® DSS for Windows Version 5.5 Serial #0Windows MNT/2K.<P
for prablem  Wersion 5.1 build 2600 Service Pack 2

zalving
Cancel

Name isthe name of the package that will be created. By default thisis just the name of the model you
have open with extension .vpmwhich stands for Vensim Packaged Model. If you are packaging a
Venapp (DSS Only) the extension is.vpa for Vensim Packaged Application.

Also Include indicated other items you may want to include in the package. Depending on the
configuration of Vensim you are using and other conditions some of these may be grayed.

?  Settings, if checked, will include your .ini file, normally contained in the Windows directory or
the User Preference Directory. Thisisuseful if you need to send us a package to troubleshoot a
problem, but is otherwise not used.

? Toolset, if checked, includes the currently loaded analysis toolset (only if anamed Toolset is
loaded — On PLE and PLE Plusthisisaways gray).

? .vgd file, if checked, includes the current Vensim Graph definition fileif anamed file (instead of
*Default) isbeing used. Thisisaways gray for PLE and PLE Plus.

?  Extern dll, if checked, includes the external function library currently in use. Thisis gray except
when you are using DSS with an external function library loaded. Check thisonly if the model
uses external functions and you have permission from the author of the library to provideit to
others.
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The abovefileswill be stored in the package asif they were in the same directory as the model, though
they might be in adifferent location on your computer. Only the Extern DLL will actually be extracted
if it isto be used when the package is opened and it will be extracted to the directory the packageisin.

Additional Files lists additional filesto include. When this dialog opens all the files associated with
the model (loaded runs, changesfiles, the datafile, optimization control files and so on) will be
included in thelist. To add something to the list click on the Add... button (on Windows you can use
Shift+Click or Control+Click to select multiple files). To remove something from the list highlight it
and click on the Remove button. Note that Excel files used as data sources are not automatically added
tothelist.

If you include runs (.vdf) filesin the list when the package is used these files will be treated as read
only. If the user attempts to simulate to afile with the same name as an included file they will receive
an error message and asked for adifferent file name.

Archive Type specifies the type of archive. Thisisavailable only on Vensim DSS. A Modé archive
includes a model and supporting files. A Venapp archive includes aVenapp (.vcd) file and supporting
materials (normally including the model). When a V enapp archive is open the Venapp is executed.

Readable by: givesyou control over what applications can open the archive. For exampleif you want
to control access to your model you it readable only by the Model Reader. Model Reader refersto the
Vensim Model Reader. PL E/PLUS/Std/Proincludes all of Vensim PLE, Vensim PLE Plus, Vensim
Standard and Vensim Professional. DSS refersto Vensim DSS. DLL refersto the Vensim DLL — this
isavailable only to Vensim DSS users. Runtime refers to Vensim Runtime. Application Runtime
refersto Vensim Application Runtime — thisis available only for users of Vensim DSS when the
Archive type of Venapp is chosen. Special refersto applications such as Sable that useaVensim
engineto deliver content.

No Save As, if checked, will prevent anyone who opens the archive from saving the model asa
different name and making changesto it. Thisforcesall Vensim Applications to behave in a manner
that is similar to the Vensim Model Reader.

No Copying, if checked, prevents anyone from copying model structure. Thisis stronger than No Save
As. The archive user can still see model structure in the Views presented and using the Document tool,
but Edit>Copy will not work.

Scramble binariesfor redistribution, if checked, creates an archive for use with licensed
redistributable Vensim components. This option is available only if you have an Application
Redistribution License.

Password Protect, if checked, causes the archive to require a password to be opened. Enter the
password you would like to use and its confirmation. Anyone opening the archive will be queried for
this password. If the password is|ost the archive can’t be opened.

NOTE Password protection prevents the curious from getting access to your model, but will not deter
someone sufficiently determined to look at it. Security and protection of intellectual property are
serious concerns and remain your responsibility.
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Other detailsfor problem solving listsinformation about your copy of Vensim and your computer.
Thisisuseful if you are sending us an archive for trouble shooting— otherwise it isignored. Y ou can
add any comments you want in this.

Settings: Load... queriesfor afile which has settings for this dialog that have previously been saved.
This allowsyou to set up the publication settings once, save them, and then load them at alater date.
Note that when you load settings they do not need to be for the packaging of the same model you have
open, but they must be for amodel in the same directory or publication will fail.

Settings: Save... queriesfor afile to save the current dialog settings to. This allows you to preserve
dialog setup for use at alater date. If you have specified a password you will be asked if you want to
save that password. If you do the password will written in plain text into the form file. The form file
does not form part of the published package, so thisisnot a problem aslong as you do not | et other
people accessthat file.

Y ou can open a packaged model with any Vensim application subject to the choice of the one who
packaged the model. Some models may use functionality not available in the Vensim configuration
you are using and it may not be possible to simulate these. Only Vensim DSS and the Vensim Model
Reader can be used to open a packaged application.

Binary Format

To save amodel to abinary format use File>Save As and then select the type Binary Format Models
and typein anew filename. The extension that will be added to this nameis.vmf. You can also save a
model as a binary format model by simple changing the .mdl extension to .vn1f in the File>Save As
dialog.

Y ou can open a.vimf file with any Vensim configuration. These are somewhat larger than the pure text
format .mdl files and can only be opened with Vensim. Y ou can open.mdl files with any text editor
which makes them more useful for backup and archival storage.

Opening a Packaged Model

Y ou open a packaged model just as you would open any Vensim nodel. Packaged models are listed
when you use File>Open Model and double clicking on them in Windows Explorer will open them.
When a packaged model is open, however, its appearance may be somewhat different.

If the model is marked as not allowing Save Asthen there will be no sketch tools shown across the top
toolbar. File>Save and Views>As Text will not work.

If Save Asisallowed, the model will appear normally. File Save will open the Save As dialog. Y ou
can make changes to the model but the changes must be made outside the package. The package itself
isread only.

If the package contains runs you will not be able to use that run name. Y ou can load and unload the
runs from the control panel, but they will not appear as files on the operating system.

If the package contains atoolset then in Standard, Professional and DSS you will be asked if you want
to load that toolset. In the Vensim Model Reader that toolset will automatically be loaded, this assures
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that any embedded graphs appear as expected. In Vensim PLE and PLE Plus the toolset isignored as
these configurations do not support tool set modification.

If the package contains sensitivity or optimization control files using the wizardsto run these will read
the packaged files, then write any changes you make to an operating system file. If you reopen the
package you will start again from the packaged control files. Packages are read only and designed to
always give the same results when opened.

If you open a packaged model and save that model to another name the runsin the package will still be
available to you. However, if you close and reopen Vensim on the model that you saved the packaged
model to those runs will no longer be available.

Only one packaged models can be opened at one time. This means if you open a second packaged
model the model associated with the first package will be closed. It is also not possible to publish a
packaged model or the files contained in the package.

If you happen to have adisk file with the same name as afilein the packaged model, the filein the
packaged model will be used. It is good practice to open packaged modelsin folders that do not have
many other filesto avoid any confusion that this can cause

Using models with Vensim PLE

In many cases you may wish to give people models that they can modify. Vensim PLE can be used to
open models developed in other Vensim configurations. Since not all Vensim features are supported in
Vensim PLE not all models will work.

Subscripts: Modelsthat use subscripts will openin Vensim PLE with an error message. You will be
ableto look at the model structure but not simulate the model.

Unsupported Functions: Modelsthat use unsupported functions will open in Vensim PLE but will
not simulate. Using M odel>Check will display which functions are not supported.

Navigation Comments: Navigation comments will be visiblein Vensim PLE but can’t be used to
navigate.

There are no restrictions on model sizein any of the Vensim configurations. Making very large
modelsin Vensim PLE is not practical because of the single view restriction, but large models created
in other configurations will openin Vensim PLE.

Email and Web Notes

Vensim models in .mdl format are plain text files. While this makes them easy to archive, it can have
some unexpected side effects when making them available to other people. There are a couple of
things to be aware of when emailing or putting these models on web sites.

Some email programswill automatically wrap lines in text attachments. This can cause problems when
those line wraps occur in the middle of a variable name or in the sketch definitions. The typical
symptom of thisis either a syntax error message, or sketch views that are clearly incomplete. If you
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open the filein atext editor (such as notepad) you should be able to see where line breaks are added.
To prevent thistype of problem you may want to zip files before sending them to people.

Sometimes, text files placed on aweb site get an extra blank line added between every line. Thisis
typically because of incompatibility in text file formats between Unix, Windows or Macintosh file
systems. It isagood ideato check the files you put up on aweb siteto seeif thisisaproblem Similar
problems sometimes occur when text attachments to email open in aweb browser. Try to save the
attachment to seeif this works better.

Both of these problems can be avoided by publishing the model to a model package.
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20 Reference Modes

NOTE This chapter isin preliminary form.

A Reference Mode is agraph of avariable over time that shows the important characteristic of the
variable for a problem statement being worked on. For example, if the problem statement is that the
price of acommodity goes up and down in a cyclic manner the reference mode could simply be a
graph of the price of the product. This could be the actual price over some historic time period, an
approximation of that based on recollections, or an idealization of that behavior that isasinewave. In
addition to representing things that have happened, reference modes can be devel oped for thingsin the
future. For exampleif you are creating a new product to bring to market you might have areference
mode of continued growth that iswhat you want to have happen and one of growth and collapsethat is
what you fear might happen.

Reference Modes can really help to clarify a problem statement. To draw areference mode you need
to specify the range of time over which things need to be investigated. Assimpleasthissounds, itis
very helpful to deciding what to include and what to leave out of amodel. Reference modes also help
to identify which variables are the mo st important to include in amodel. If thereis no clear reference
mode for avariable it may be possible to |eave that variable out of the model.

Reference modes are also helpful in abstracting away elements of behavior that are not central to a
problem. For example, if you are looking at the dynamics of the business cycle you might not want to
have to include growth dynamics. This type of abstraction can be very helpful in keeping models
simple and insightful. Care must be taken, however, if you want to compare model behavior to data
that has been detrended or otherwise modified as the theoretical foundations for doing this are quite
limited.

In this chapter we will work through how Vensim’s Reference Model tool can be used to add reference
modes to model diagrams and compare the behavior of a simulation model with reference modes. We
will also show how to enter an exogenous driving variable quickly using the Reference Mode tool.
Because you can enter exogenous drivers, and show expected behavior the Reference Mode tool
provides an excellent platform for doing mental simulation exercises and we will show an example of
how to useit thisway.

Conceptualization with Reference Modes

Reference modes can be very helpful in conceptualizing your model and capturing information from
others. This can best be shown by working through a simple example. We will consider the problem
of keeping a factory running in the face of reductionsin the labor force responsible for maintaining the
factory. Our basic dynamic hypothesisis that decreased workforce will tend have a stronger effect
than expected as repair requirements take away from the ability to perform maintenance.

We start by putting up variablesthat clearly are important to understanding this problem.
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& Start anew model (using the default time bounds).

& Addthevariablesnunber of repairs requiredandtot al
mai nt enance wor kf or ce to the diagram. Y oushould have something like

this:

number of repairs
required

tota maintenance
workforce

& Select the Reference Mode editing tool Elthenclickon nunber of
repairs required.

& Respond No to the query (thiswill be explained |ater):

Question from ¥Yensim ] ﬂ

H__?/ Do wou want bo convert number of repairs required to a data variable

Y ou will be asked to name the reference mode:

Specify the name far the reference mode
[behaviar will be displaved as a dataset with
this nare.

Eancell

The default name of " ReferenceMode” and isfine. You can choose a different name and it is possible
to have as many as eight different reference modes associated with a model.

& Click "OK" in the Reference Mode Name dialog.
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Thiswill open adialog box that is almost the same as the L ookup editor:

Edit reference mode for - number of repairs required

Input Cutput t'-rnan:

E wport I
Print I

I'IEIEI vI

-t

[

U O U | U U U
R e et L A
e e e o

e

|
Irnport Y als | K-min:lﬂ jTime= 52 K-max:lmﬂ j HesetScaIingl

k. | Clear F'u:-intsl Clear All F'u:uintsl Ref Mode: | Referencetdode j Cancel |

Unlike the Lookup editor the x-axisisinterpreted as the Time axis, and thereis also adropdown at the
bottom (labeled RefMode:) that allows you to move between different reference modes (you can define
up to eight) and create new ones. For this example we will only use a single reference mode.

Thetime axismodel runsfrom 0to 100. Thisisnot appropriate for our problem, and we want to set it
to run for 24 months.

yoat

&5

Click on Cancdl.

Select the menu item Model >Settings and in the Model Settings dialog change
FI NAL TI MEtobe?24. Click on OK.

Click on number of repairs required again to open the Reference Mode editing
diaog. (Again answer no to making this a data variable).

Enter the pairs (0,100), (6,100), (12,300), (18,500), (24,500). Y our dialog should
look like:
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Edit reference mode for - number of repairs required

E wport I
Prirt I
It Output : : : N rha
0 = ; ; ; EE
3 100 i i ;
12 20 I B o 4 o
18 500
24 500 5 ! :
LI - - - -mir:
T : : : |D -|

| | |
Impart % als | K-min:lﬂ jTime= 7 val=607.9 X-ma:-::|24 j HesetScaIingl

k. | Clear F'n:-intsl Clear All F'n:nintsl Ref Maode: IHeferenceMnde j Cancel |

& Click on OK to close the diaog.
& Clickontotal mai ntenance wor kf or ce.
& Click on Yesto make this a Data variable.

A Datavariableis atime varying model input, also called an exogenous variable. When you say yesto
makingt ot al mai nt enance wor kf or ce adatavariable this means Vensim will look to adata

fileto find values for it and not computeit. If you have not specified a datafile for simulation, Vensim
assignsthefirst reference mode file you create to be adatafile. Y ou can change this later from the
toolbar in simulation setup mode or from the advanced tab of the simulation control dialog. We make
the workforce a data variabl e because the purpose of the model isto understand what happens when
this changes.

& The workforce started at 10, but was cut in half over 6 months. Enter the pairs
(0,20), (6,5), (24,5) to represent this.

& Clock on OK to closethe dialog.

Y ou model should look like:
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number of repairs
wiémﬁ

tota maintenance

Closing the Loop

We now have an input and aresult and the two have reference modes that are somewhat different. If
these two are both valid, then it is clear that some dynamic structureis required to connect them. We
fill in our dynamic hypothesis by adding more variables.

& Complete the diagram shown below, or open the model
guide\chap20\completérepair01.mdl.

verage machine

+ reliability
routi ne maintenance \

work done '
number of repairs
+ @ required
workers available
for routine
maintenance +
+ workers

erforming repairs

total maintenance
workforce

& Select the Reference Mode editing tool and click on r out i ne mai nt enance
wor k done.

Thistime you will not be asked if you want to maker out i ne mai nt enance wor k done adata
variable. Thisisbecausetheinputintoit clearly indicatesthat it is endogenously computed. The same
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isalsotrueof number of repairs requirednow, but wasn't when we originally added the
reference mode for it.

# Add the pairs (0,200), (6,175), (12,100), (18,0), (24,0) and click onOK.
Y our diagram should look like:

average machine

/f refibility
WO e )

EE :

workers available
for routine
maintenance +

t \ workers

performing repairs
total maintenance

This represents our dynamic hypothesis and he reference modes help to tell the story. You can, if you
want, fill in reference modes for the other variables. Thisisactually an excellent exercisein trying to
understand how things will behave. It should, however, never be forgotten that the reference modes
are not being generated by the model, but simply made up by the modeler.

Simulating

To create asimulation model, it is necessary to add alittle bit more structure. Y ou may, if you prefer,
also change to a stock and flow notation. Using stock and flow notation is not strictly necessary, and
we will not do that here. We will, however, mark the Level variable (in fact there is only one) with
boxes.

Build the following diagram, or open the model guide\chap20\completérrepair02.mdl.
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mechine -
wear time

effect machine wear
. relicbili
mﬂd nltgance total time averageti mesmce/ K itzined
r ivi ; i

p ty sncesavi cg\_» serw ce i af

/ falurerate

routine maintenance toltﬁm average machi neA/
work done falure rate
+
oompl en ons
number of repa rs
workers available required
for routine
maintenance product|V|ty
Workers
performing repairs

total maintenance
workforce

This model has a somewhat complicated construct that is a variation of the coflow. We measure the
average time since machines have been maintained by using the variablet ot al ti me since
servi ce. Thisisthetotal number of machine hours elapsed since service for al the different
machines. With each unit of timethisincreasesbyt ot al machi nes, butitisdecreased when a
machine isrepaired or routinely serviced. The amount that it decreases depends on how long the
repaired or serviced machine had gone without service. Our simplifying assumption for thisisthat this
isjust the average machine age. A more complete treatment could differentiate the repair and
maintenance age distributions, but would make the model quite a bit more complicated.

The eguation for total time since service isthus:
total tinme since service= INTEG (total machines —
(repair conpletions + routine nmai ntenance work done) *

average time since service,
total machines * nmachi ne wear tine)

Theinitialization in thisis used to put the model near an equilibrium at the beginning of the
simulation. To get the average age of machines we just divide total time since service by the total
machines (the number of machines). This average timeisthen used to drive reliability.

Y ou will notice in this model that we changed fromaver age machine reliabilityto
average machine failure rate. Themainreasonfor thisisthat is seemsto be easier to
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formulate the equation for it. Reliability isbasically 1-unreliability so it could have been doneasin
the original causal loop diagram but probably would not have been harder to undrestand.

Thefull equations for this model are:

average machine failure rate=
mai nt ai ned machine failure rate *
effect machine wear reliability
Units: 1/ Month

average tine since service=
total tinme since service/total machines
Units: Month

ef fect machine wear reliability= WTH LOOKUP (
average time since service/mchi ne wear tine,

((0,0.9),(1,1),(2.5,1.1),(2,1.5,(3,3),(4,6) ))
Units: Dml

machi ne wear ti ne=2
Units: Month

mai nt ai ned machine failure rate=0.1
Units: 1/ Month

mai nt enance productivity=120
Units: Machi ne/ Person/ Mont h

nunber of repairs required=

average machine failure rate * total nachines
Units: Machi ne/ Month
repair conpletions=

wor kers performng repairs * repair productivity
Units: Machi ne/ Month
repair productivity=30
Units: Machi ne/ Per son/ Mont h

routi ne mai nt enance work done=
M N(total machi nes/ machi ne wear tine,
wor kers avail abl e for routine mai ntenance *
mai nt enance productivity)
Units: Machi ne/ Month

total machi nes=1000
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Uni ts: Machi ne

total mai nt enance wor kf orce
Units: Person

total tinme since service= INTEG (total nmachi nes —
(repair conpletions + routine maintenance work done) *
average tine since service,
total machines * machine wear tine)
Units: Machi ne*Mont h

wor kers avail able for routine mai ntenance=
total maintenance workforce —
wor kers performng repairs
Units: Person

wor kers performng repairs=
M N(
nunber of repairs required/repair productivity,
total naintenance wor kf orce)
Units: Person
Note that the equation for total maintenance workforceisblank. Blank equations are used to indicate
datavariables. If youfollowed the instructions earlier in this chapter you would not have needed to

add that equation directly asit would have been put in place by Vensim. The units, however, will still
need to be added.

If you simulate this model and then display behavior (the B key will toggle the display of behavior on
and off) you should see:
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mechine
wear time

effect machl ne wear

. _ A
mantenance total time averagetime smce/(

productivity 'Since-ssvica mai nta' ned

/( ‘ fa ure rate

routine maintenance total

i W
M fai

+ ar
ons

workers available
fo_r routine

enance productlwty
- +

number of repa| rs

+
workers

~performing repairs

total maintenance

We are partially replicating the two reference modes that were entered. While the behavior is not
exactly the same, it issimilar. Given scaling and other issues with reference nodesit is common for
there to be some differences with simulated behavior

We have developed amodel from conceptualization through simulation using reference modes to help
in the process. The reference modes add a concrete representation of behavior early in the model
development process and also make it easy to profile exogenous inputs.

Mental Integration

The Reference Mode editing tool is also an effective means of working on mental integration skills.
Integration, or accumulation, is the basic building block of dynamic behavior and building intuition for
how accumulation worksindifferent circumstances can be helpful for improving understanding of
dynamic problems.

# Create the smple model shown below using the default time bounds (or open
guidéchap20\complete\M ental Simulation01.mdl).

£ > p Leve
inflow
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& Click on the Reference Mode editing tool and click on inflow. Answer yesto the
guestion on whether you want to turn this into a data variable.

& Name the Reference Mode Mental Simulation1 and then enter the pairs (0,10),
(100,10).

& Click on OK to close the dialog.
With thisinflow what would you expect the value of Level to do?

# Select the Equation editor and enter O as the initial value for Level.

& Click on Level with the reference mode editing tool and then enter what you
would expect it to do.

& Simulate the model. Y ou should get something like:

N Lo~

taflow

& Select the Reference Mode editing tool and then click on inflow again. Use the
pairs (0,0), (50,100), (0,0).

& Click on Level and draw the behavior that you expect to see. Simulate and see
how your guess compares with what happens.

& Repeat this type of experimentation with different inflow patterns such as ((0,0),
(100,100)), ((0,200),(200,0)) and ((0,100),(50,0),(100,100)).

Even with only asingle inflow mental simulation is surprisingly tricky. When a second rate is added
the problem becomes even more difficult.

& Add and outflow to the model as shown below (or open the model
guidechap20\compl ete\M ental Simul ation02.mdl).

- % > Levd 2 )

inflow outflow

#  Select the Reference Mode editing tool and click on out f | ow. Answer Yesto
turning this into a data variable. Set the out f | ow pattern to (0,0), (50,100),
(100,0).

& Setthei nf | ow pattern to (0,100), (50,0), (100,100).
& Select the Equation Editor and change the equation for Level to be
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Level = INTEQ i nfl ow-outfl ow, 0)
& Enter the pattern of behavior you expect for Level.

Even for simple input patterns, with both an inflow and outflow the behavior of the Level may surprise
you. Try entering more complex patternsfori nf | owandout f | owand seeif you get what you
expect.

Managing Reference Modes

Y ou can have up to eight distinct reference modes in amodel. These can be managed from the "Ref
Modes" tab of the Model Settings dialog:

Model Settings - use Info/Skektch to set iniktial

Time Bounds | Info/Pswd | Sketch | Units Equiv | %LS Files Fief Modes |

tentalSirmulatian

Delete Selected |

Fename Selected |

Export Selected |

Import .dat File |

Canecel I

Click on the reference mode you want to change.

Delete Selected will delete the selected reference mode from the model. The dataset displaying that
reference mode will not be changed, but can be deleted from the Datasets tab of the Control Panel.

Rename Selected will rename the selected reference mode. The old name will still exist as a dataset,
but can be deleted from the Dataset tab of the Control Panel.

Export Selectedwill create a.dat file with the information in the Reference Mode. See Chapter 9 of
the Reference Manual for more information on .dat format files.

Import .dat File allows you to take the information in a.dat format file and include it as a Reference
Mode. See Chapter 9 of the Reference Manual for more information on .dat format files.

292



Support and Licenses

Backward Compatibility

Versions of Vensim prior to 5.2 did not support Reference Modes. Y ou will still be able to open
model s containing Reference Modes in earlier versions of Vensim but the reference mode information
will belost. This may happen even if you do not save the model in the earlier Vensim version.
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Appendix Information Resources

This appendix contains alist of suggested resourcesin the field of System Dynamics and computer
simulation. Thislist isby no means complete, but provides a place to start and gives pointers to other
resources. Almost all books (and many audio and video tapes) published in the field of System
Dynamics can be purchased from Pegasus Communications. Their address and phone number appear
later in this appendix.

System Dynamics Books

System Dynamicsis afield that resulted from the pioneering efforts of Jay W. Forrester to apply the
engineering principles of feedback and control to social systems. One of the earliest and still one of
the best referencesin thisfield isIndustrial Dynamics by Jay W. Forrester (The MIT
Press.Cambridge, MA, 1961).

A recent and comprehensive book on system dynamics isBusiness Dynamics: Systems Thinking and
Modeling for a Complex World by John D. Sterman (Irwin McGraw Hill, Boston: 2000). This book
works through both conceptual issues and a number of sample models, all of which are availablein an
included CD. All the models can be run with Vensim PLE. More information is available at
http://www.mhhe.com/busi ness/opsci/sterman.

A textbook which gives a straightforward and very readable presentation of how to build modelsis
Introduction to System Dynamics Modeling with DYNAMO, by G.P. Richardson and A.L. Pugh (The
MIT Press, Cambridge, MA, 1981) available from Pegasus Communications.

Another useful resource, containing a number of interesting real world examplesis System Enquiry, A
System Dynamic Approach by Eric F. Wolstenholme (John Wiley & Sons, New Yo rk 1990).

A very popular and readable book covering many conceptual issues in thinking systemically about
problems is The Fifth Discipline by Peter M. Senge (Doubleday, New Y ork, 1990).

Modeling for Learning Organizations EdsJohn D. W. Morecroft and John D. Sterman, Productivity
Press, Portland, OR, 1994. Covers some of the recent work in modeling businesses and other
organizations, and includes case studies and reviews of simulation software.

Urban Dynamics by Jay W. Forrester covers urban development, with emphasis on job training
programs, housing and employment issues. The urban model in Urban Dynamics is included with
Vensim.

Global Modeling

Aninteresting and controversial work World Dynamics by Jay W. Forrester (The MIT Press,
Cambridge, MA, 1971; second edition, 1973, available from Pegasus Communications) discusses
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growth in afinite world. The World model contained in this book isincluded in the models supplied
with Vensim.

Following up on World Dynamics was the widely read book The Limits to Growth by DonellaH.
Meadows, Dennis L. Meadows, Jergen Randers and William W. Behrens, 111 (Universe Books, New
York 1972) afollow on work Beyond the Limits by DonellaH. Meadows, Dennis L. Meadows and
Jorgen Randers (Chelsea Green Publishing Company, Post Mills Vermont 1992), and arevised version
Limits to Growth — the 30-year Update, by Donella H. Meadows, Dennis L. Meadows and Jergen
Randers (Chelsea Green Publishing Company, White River Junction Vermont 2004
http://www.chelseagreen.com ) Detailed discussion of the model used in these worksis presented in
Dynamics of Growth in a Finite World by DennisL. Meadows et al (The MIT Press, Cambridge MA
1974). The model used for the most recent book is included with Vensim.

Environmental Modeling

Modeling the Environment: An Introduction so System Dynamics Modeling of Environmental Systems
by Andrew Ford is an introduction to both system dynamics modeling techniques and their application
to environmental modeling. Moreinformation is available at http://www.wsu.edu/~forda/.

Living in the Environment: 9th Edition by G. Tyler Miller Jr. (Wadsworth Publishing Company,
Belmont CA 1996 ISBN 0-534-23898-X) is abiology and ecology textbook that includes discussion of
anumber of issues from a system dynamics perspective. A companion to thiswork, Simulations for
Miller's Living in the Environment 9th Edition, by David Peterson (Wadsworth Publishing Company,
Belmont CA 1996 ISBN 0-534-23905-6) presents a number of models demonstrating issues discussed
in the book. Both are available from bookstores or from Thomson Communications, 7625 Empire
Drive, Florence, KY 41042 Phone: 800-865-5840, Fax: 606-647-5013.

Roadmaps

Roadmapsis a series of writings and exercises that are intended as a self study guideto system
dynamics. They have been developed by MIT undergraduates working under the direction of Jay W.
Forrester. The material isavailable for free from the MIT system dynamicsin education web site
(http://sysdyn.clexchange.org) and can also be purchased for anominal charge from the Creative

L earning Exchange (contact information below). Some of the mechanical activitiesin Roadmaps are
not applicable to Vensim PLE but most of the conceptual content is relevant.

Publishers

Pegasus Communications publishes arange of system dynamics books in addition to those already
mentioned. The also publish The Systems Thinker and other material with afocus on learning
organizations. They have a catalogue of books and other materials.

Pegasus Communications, Inc.
One Moody Street

Waltham MA 02154-5339
Phone: 781 398 9700

Fax: 781 894 7175
http://www.pegasuscom.com
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The Creative L earning Exchangeisanon profit organization devoted to the dissemination of
material s to improve learning in K-12 education, with a special focus on system dynamics:

Creative Learning Exchange
27 Central Street

Acton, Massachusetts 01720
Phone: 978 635 9797
http://www.clexchange.org

System Dynamics Society

The System Dynamics Society is an international, nonprofit organization devoted to encouraging the
development and use of system dynamics around the world. With membersin over 35 countries the
System Dynamics Society provides aforum in which researchers can keep up to date with applications,
methodol ogies and tools.

The System Dynamics Society is responsible for the publication of The System Dynamics Review, a
refereed journal containing articles on methodology and application. The International Conference of
the System Dynamics Society is held annually. This meeting brings together people from around the
world and is arranged to give broad exposure to the local activities of the area hosting it. A President's
letter provides an informal forum to bring members up to date on society activities and business.

In addition to The System Dynamics Review and its annual conferences, the Society maintains supplies
of past conference proceedings and other important publicationsin the field. An electronic
bibliography of work donein the field is maintained and updated periodically. The "Beer Game," a
production distribution board game illustrating important principles relating local decision making to
system behavior is available aong with video tape and instructional material.

The System Dynamics Society is open to al individuals. For more information contact:

Roberta Spencer, Executive Director
The System Dynamics Society

Milne 300, University at Albany Phone: (518) 442 3865
135 Western Avenue Fax: (518) 442-3398
Albany NY 12222 Email: system.dynamics@albany.edu

http://www.systemdynamics.org

Internet Resources

Thereis asupport and discussion forum for Vensim and other topicsin system dynamics. Y ou can
access this using the Help menu from Vensim (Help>Online Form. The direct link for this it
http://www.ventanasystems.co.uk/forumand you can also reach it through
http://www.vensim.com/forum

World Wide Web

The World Wide Web contains many sites of interest to system dynamics and other simulation
modeling. The siteslisted here all contain links to other sites.
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The Vensim Home Page (http://www.vensim.com) contains information about Vensim and has a
number of downloadable programsincluding Vensim PLE.

The system-dynamics mailing list (see below) home page (http://www.vensim.com/sdmail.html)
contains information about system dynamics and al so provides access to the system dynamics
bibliography.

Mailing Lists

system-dynamics

The system-dynamics mailing list is a moderated internet mailing list for discussions of issues
in system dynamics. When someone posts a message to the ligt, it is rebroadcast to al list
subscribers. To join the mailing list send an e-mail message to listserv@listserv.abany.edu
containing the following text in the body (the subject line is ignored):

subscri be sdmail your full nane

do not include your email address - the one in your From: or Reply-to: heading will be used.

K-12

The K-12 mailing list for the use of system dynamicsin primary and secondary education. For more
information visit http://www.clexchange.org/bb/k12_discussion.htm.

Distance Eduction

For a more complete academic grounding in system dynamicsthere is an excellent distance system
dynamics program offered by the Worcester Polytechnic Institute (WPI). Thisis adistance program in
system dynamics that includes both introductory courses, applications courses and a number of
advanced topic courses. There are both certificate and degree options. See
http://www.wpi.edu/Academics/ADL N/Programs/SD/ for more information.
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Support and Services

Maintenance

Support for, and new versions of, Vensim are provided on a subscription basis. Your initial licensing

of Vensim includes one year of maintenance. At the end of that time you must renew your maintenance
to continue to receive new releases and technical support. Maintenance gives you access to all new
versions of Vensim for the configuration you have licensed. These can be downloaded from our web
site

http://www.vensim.com

If you choose not to renew maintenance you may, unless you have alimited time version, continue to
use the software, but you will not have access to new releases or technical support.

Technical Support

Technical support is available for problems relating to the installation and use of the Vensim Software.
Technical support does not cover issuesin conceptualization and formulation which can best be
addressed through training or consulting.

Training

Training is available both for the use of Vensim and the art and practice of building system dynamics
models. Public workshops are offered periodically and workshops can also be delivered in-house
when that is appropriate.

Consulting

Ventana Systems, Inc. provides afull range of consulting services. We can provide you with the
expertise you need to address difficult business problems.

Professional and DSS Support

Technical support isavailableto by email, fax and telephone to users with current maintenance.

Product Sales Technical Support Training Consulting

Email sales@vensim.com support@vensim.com training@vensim.com consulting@vensim.com

Phone 800 836 7461 508 651 0432 800 836 7461 978 456 3069
508 651 0432 508 651 0432
Fax 508 650 5422 508 650 5422 508 650 5422 938 456 9064
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International Support

If you purchased Vensim though one of our international distributors you can contact them directly
with any support questions you may have. All are knowledgeablein both the use of Vensim and the
practice of system dynamics.

PLE and PLE Plus Support

Ventana Systems provides email support for questions relating to the use of the Vensim PLE and PLE
Plus software. Send questions or problems to plesupport@vensim.com.

IMPORTANT NOTE Telephone support is not available for Vensim PLE or PLE Plus.

Software License

Vensim® Software License

ThisLicenseappliesto all versions or configurations of Vensim software that have been supplied to
you and isalegally binding agreement between you as a Vensim User (either on behalf of yourself or
on behalf of an entity of which you are an authorized representative) and Ventana Systems, Inc.
("Ventana").If you are using aVensim configuration provided at no cost, it is still subject to this
License. If you are installing an upgrade, thisLicense replaces the original license, whichis
terminated.

1. GRANT OF LICENSE. Ventana grants you a non-exclusive right only to install one copy,
including all components, of the Vensim software program (the " Software") and to use the installed
Software under the following conditions. Y ou may either: (a) install the Software on a single computer
allowing access at a single physical point by asingle individual (which may include you and other
individual users) at any onetime or (b) install it only for your own use on one to three computers
providing that only one installation isin use at any one time and all installations are used exclusively
by you. Y ou may use the Software in presentations and face-to-face or virtual meetings provided that
you are present and active in the discussion. No other right, including any right to copy, use, display,
enhance, modify, or distribute the Software, is granted by this License. Theright to use the Software
terminates upon the violation of any provision of this License.

2. RESTRICTIONS ON USE. You may not (a) use the Software to provide web or other network
services to anyone who does not hold avalid license to the Software, (b) use the Vensim Model Reader
for the development of applications using the Vensim DLL, or (c) use any limited time evaluation
version of the Software for any purpose other than evaluation of the Software during that period for
suitability of use.

3. TERM AND MAINTENANCE. Provided that you are not in violation of any material provision
of thisLicense your Licenseto use the Software is granted in perpetuity, except that your License for
alimited time version of the Software expires at the end of the specified time. If the Software you have
isnot alimited time version you may continue to use the Software that you have installed for aslong
asyou like. Access to more recent versions of the Software, bug fixes, and technical support may
require the payment of maintenance or upgrade fees.
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4. PROPRIETARY RIGHTS. The Software is proprietary to Ventana and contains valuable trade
secrets of Ventana. All copyright, patent, trade secret, trademark,, and other intellectual property rights
in the Software are and shall remain the valuable property of Ventana. Y ou may not reverse engineer,
decompile, or disassemble the Software. Y ou agree to take all necessary steps to ensure that the
provisions of this License are not violated by you or by any person under your control or in your
service. Any updates, revisions, enhancements, additions, or conversions to the Software supplied by
Ventana shall be subject to thisLicense.

5.  REPRODUCTION AND COPYRIGHT. The Software is protected by United States copyright
laws and international treaty provisions. Once installed, you may not copy, allow anyone else to copy,
or otherwise reproduce any part of the Software or installed support files without the prior written
consent of Ventana, except that you may make one copy solely for backup or archival purposes, and
you may copy or use vensim.jar or simdll32.dll as noted in Paragraph 13. Y ou may keep copies of the
installation files for archival or backup purposes. Y ou may provide the installation files for Vensim
PLE and the Vensim Model Reader to other individuals, but publication of these installation programs
using the Web, aCD-ROM , or any other medium is prohibited without the prior written consent of
Ventana. Y ou may make copies of the documentation for your own use and that of others holding a
license to the Software. Y ou may not remove or omit any copyright or other proprietary noticesfrom
the Software or documentation.

6. PUBLIC RESEARCH; RESTRICTIONS. If this Software has been made available to you for
restricted use in conducting publicly available research, your License is conditioned on your
compliance with (and you must certify in writing upon Ventana’ s request that your use will conform
to) the following restrictions: (a) you may use the Software only for work that is to be published or
otherwise made publicly available; (b) all models and supporting electronic documentation used with
the Software must be made publicly available without charge beyond distribution expenses; (c) all such
models must be made publicly available without restriction or under afree license (such asthe GNU
general public license) that does not put any constraints on manner of use; (d) you may not use of the
Software on any research that is classified or otherwise restricted by any government entity; (€) you
may not use the Software on any research for which the full results are not publicly available; and (f)
you may use the Software with data that is not publicly available only if all results are reported in a
manner that is consistent with the standards of peer reviewed scientific journals.

7. EDUCATIONAL USE; RESTRICTIONS. If this Software has been made available to you asa
qualifying person for restricted educational use, your license is conditioned on your compliance with
(and you must certify in writing upon Ventana's request that you meet) the following conditions: (a)
you must be (i) a school, college or university licensed by an appropriate state authority, whose
primary purposeisto provide instruction to an enrolled body of students (an "Eligible Institution™) or
(ii) astudent at an Eligible Institution or (iii) afaculty member at an Eligible Institution, and (b) your
use of the Software must conform to the following restrictions: (i) you may not use the Software for
non-educational or commercial purposes or use the Software in the provision of consulting services for
compensation, (ii) all course materials devel oped using the Software will be made available to students
at the Eligible Institution, (iii) all use of the Software will conform to the standards of educational use
at the Eligible Institution, (iv) all results of al research conducted using the Software must be
published or otherwise made publicly available, and (v) you may not use the Software on work that is
classified, proprietary or restricted in any way. Research being substantially conducted by a student in
order to complete a course or degree requirement and that isin conformance with (iii) is exempt from
(iv) and (v).
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8. NETWORK INSTALLATIONS AND MULTIPLE LICENSES Y ou may install the Software on a
network server provided that its use through the network conformsto the grant of license in Paragraph
1. If multiple licenses have been acquired, each use must conform to the termsin Paragraph 1. If
Vensim PLE isinstalled for educational use, it may be installed on a server with no limitations on the
number of simultaneous users provided that all users qualify as educational users as defined in

Paragraph 5(a)(i)-(iii).

9. EDUCATIONAL LAB PACK If an Educational Lab Pack consisting of five or more licenses has
been acquired, then you may either (1) use the Software in conformance to the use restrictionsin
Paragraph 1 or (2) install the Software on anetwork server that permits simultaneous use by a number
of people up to the number of licenses you have obtained. All users for an Educational Lab Pack must
qualify as educational users as defined in Paragraph 5(a)(i)-(iii).

10. TRANSFER OF LICENSE. Your License may be transferred to another individual by removing
all copies of the Software from your computers and transferring all installation programs and
documentation to that individual. If the transfer isto another organization, Ventana must be informed.
In the case of multiple license purchases, all Licenses must be transferred together.

11. LIMITATIONS ON EXPORT. Export of the Software to other countries may be restricted and
requires the permission of Ventana. Export of the Software to any country for which the United States
of America maintains atrade embargo is prohibited.

12. MODELSAND RESULTS. The Software may be used to create simulation models and generate
results. Ownership in, and responsibility for, the models and results created using the Software remains
entirely with you.

13. REDISTRIBUTION OF SUPPORTING PROGRAM COMPONENTS. If you have purchased a
Licenseto Vensim DSS, you may provide the supporting Java class (vensimjar) to others for use with
applications you have developed, either asis or incorporated into your own application files. Y ou may
also provide compiled model equations (simdll32.dIl on Windows). Y ou may not provide the Vensim
DLL or any other Vensim comp onents to others.

14. WARRANTY. Ventana warrants that the Software will perform substantially in accordance with
the accompanying documentation for a period of ninety (90) days from the date of receipt. VENTANA
EXPRESSLY DISCLAIMS ALL OTHER REPRESENTATIONS AND WARRANTIES
INCLUDING ANY REPRESENTATION OR WARRANTY WITH RESPECT TO THE
MERCHANTABILITY OF THE SOFTWARE OR THE FITNESS OF USE OF THE SOFTWARE
FOR ANY PURPOSE.

15. LIMITATION OF LIABILITY. Ventana's entire liability and your exclusive remedy shall be, at
Ventana's option, either (a) return of the price paid or (b) repair or replacement of the Software. In no
event will Ventana be liable for special, incidental, indirect or consequential damages or damages from
loss of use, data or profits, or cost of procurement of substitute goods or services. In no event will
Ventana stotal liability for any damagesin any action in any form exceed the license fees paid for the
licensed program that caused the damages.

16. GENERAL. This Licensewill be governed by the laws of the Commonwealth of Massachusetts.

By clicking on the"Y es" button you acknowledge that you have read thisLicense and understand
it, and agree to be bound by its terms and conditions; and you agree that it is the compl ete statement of
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the agreement between usand supersedes any proposal or prior agreement, oral or written, and any
other communications between us, relating to the subject matter of this License.
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