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I. Introduction and Getting Started

The purpose of thistutorial isto help you develop some familiarity with building and analyzing
system dynamics models using the Vensim PLE software. In order to become familiar with
Vensm PLE, you are going to build asimple model of the federa deficit.

To begin you need to get Vensim PLE ready for modeling. Thistutorial makes use of the
Macintosh version on Vensim PLE; the IBM-Compatible version should work ssmilarly, but some
of the screens may look different. When you first open Vensm PLE on your computer, the screen
should look like this:
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To start working on a new model go to the File menu and select New Model. Vensim PLE will
return the following dialog box:

Time Bounds= For kodel

IMITIAL TINE =
FINAL TIVE =
mesErs [ 5]

[=] Sevve resultz every TIME STEF

oruse SAYEFER= [ ]
Unit= far Time E

MNOTE: To change laker uze Model: Time Bounds.

el _|
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To begin your effort you must choose the time horizon of your model (when your simulation will
start and finish), the appropriate time step (how accurately you wish to ssimulate your model), and
the units of time. Start your model of the deficit in 1988 (enter 1988 in the INITIAL TIME box)
and simulate it through the year 2010. Select atime step of 0.25 years. Finally, change the
units of time from Month to Year. Your dialog box should now look like this:

Tithe Bounds for Model
INITIAL TIME =
FINAL TIME =
TINE STEF = [=]

[=] Saowe results every TIME STEP

oruse SAYEFER= [ ]

MOTE: Tochange later use Model:Time Bounds.

Units for Time

g Cancel

Click onOK or hit return. To give your model a name, choose the Save As... command from the
File menu and enter the desired name in the text field and click on OK. (Vensim PLE should
automatically supply the.mdl extension. If you are working with a different version of Vensim
and see aShow all of type option on the right side of the dialog box, make sure that the .mdl Fmt
Models extension isselected. ThisallowsVensim PLE to save the model in aformat that can be

used by both Macintosh and |BM-compatible computers.)’

Vensim saves every simulation run and custom graph you produce as a separate file. It suppliesa.vdf
extension for smulation runs. These files cannot be opened from outside the Vensim application; they can be
opened from inside Vensim through theDatasets / Simulate Model... andControl / Custom Graphs
dialog boxes.
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Y our screen should now look like this:
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Y ou are ready to start building your model.
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1. Developing the Stock, Flow, and Feedback Structure

The Vensm PLE software is designed using the metaphor of a“work bench.” The large blank
areain the middle of the screen isyour work area, where you actually develop and analyze your
model. The different buttons on the border of the work area represent the different “tools’
available as you work on your model. The upper toolbar consists of the Title Bar, aMenu, aMain
Toolbar, and Sketch Tools. The Main Toolbar comprises two sets of tools: file operation tools that
control standard file functions—opening, closing and saving files, printing, cutting, copying, and
pasting—as well as smulation and graphing tools that will allow you to set up and run
simulations, and set up display graphs. The sketch tools allow you to build in model components.
The tools on the Status Bar (the bottom of the window) allow you to change the formatting of the
diagram. The Analysis Tools on the left on the window are tools that you will use to analyze your
model to understand its behavior. You will become familiar with many of these tools as you build
the deficit model.

To begin, add a stock representing the outstanding federal debt to your model. Click on the ﬁ
button (the one with the box in it) on the sketch tools bar and then click in the right center of the
screen. Y ou use thistool whenever you want to add a stock (also known as alevel) variable to

your moddl. Vensim PLE then returns an empty text box and a blinking cursor. Type the word
Debt and then hit the return key.

I1. Developing the Stock, Flow, and Feedback Structure 5
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Y our screen should now look like this:
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Y ou have just created the first variable in your model, the stock of money that congtitutes the
federal debt.

Now, add the inflow to the stock of Debt. Click on the|ﬁ button on the sketch tools bar.
Now, click and release once to the | eft of the Debt stock, move the cursor so that it Sitsinside the
Debt stock, (the stock should “blacken” if you do this correctly) and click and release again.
Vensim PLE then gives you an empty text box and ablinking cursor. TypeNet Federal Deficit
and hit the return key.

I1. Developing the Stock, Flow, and Feedback Structure 6
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Y our screen should now ook like this:
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Note: The &3 icon (which is supposed to resemble a cloud) represents the boundary of your
model. Inthiscasethe“cloud” ontheleft side of the flow signifiesthat you do not, at the
moment, care about where the deficit comes from — you are not keeping track of the stock that is
being drained by the deficit flow. Y ou do care, however, where the deficit goes. hence, you are
accumulating the deficit in the Debt stock. If your deficit flow has*“clouds’™ on both ends, then

you have not hooked the flow to the stock correctly. To fix this problem, click on the € (00l and
then click on the flow valve. This action will remove the flow from the model and Iet you start
over again.

Y ou have now created the flow, Net Feder al Deficit, which increases the stock of Debt.
At this point you may you wish to change the name of the stock variable from Debt to Feder al

Debt. Click onthe ﬁ button (the one without the box in it) on the sketch tool bar and then click
on theDebt stock. Vensim PLE givesyou atext box with Debt aready written. Y ou can now
edit the text in any way you choose. Click in front of the D, add the word Feder al, and hit the
return key.

I1. Developing the Stock, Flow, and Feedback Structure 7
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Now you need to create the variables needed to determinethe Net Federal Deficit. Assumethe
Net Federal Deficit isdetermined by two variables, Gover nment Revenues and T otal

il

Government Expenses. Click onthe == button again and add these two variables to your
diagram (click and release on the work area, type the variable name, hit return, and then click and
release again, on adifferent part of the work area, to add the next variable). Unlike the previous
two variables— Feder al Debt, astock, and Net Federal Deficit, aflow — the new variables
are not attached to avave or abox. These variables are called auxiliary variables.

To show pictorially that the Net Federal Deficit isdetermined by Gover nment Revenues
and Total Government Expenses, we connect them with causal arrows. First click on the

i button to select the causal arrow tool. Now, click and release on the variable Gover nment
Revenue and then click and release again on Net Feder al Deficit. Do the samefor Total

Government Expenses. Make sure your causal arrows actually end on the words N et
Federal Deficit. They should not be attached to the cloud, the stock, or directly to the valve.

Y ou can delete arrows using the e | tool.

I1. Developing the Stock, Flow, and Feedback Structure 8
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Clicking on the M button allows you to select the variables you have created and move them to
different places on the screen. To move variables, place the arrow cursor over the variable you
wish to move, hold down the mouse button, move the variable to the desired place, and then
release the mouse button. Y ou can also select the “handles’ of the causal arrows (the small circles
in the middle of the arrow) and change the curvature of the arrow. Arrange your variables and
arrows so that your diagram looks approximately like this:

ol &| ol 2] ¥ w| €] ]

2

| 3 = = o] Federal Debt
1 Dec et Federal Deficit
-
!
=
1 R4
| Crorvermenent Fevenue
)
1 Total Government Expense

Times New Roman [12 |e]i[u]= | @lml!l'_’;l §E|¢J @

Now, you may want to update your diagram by labeling the arrows to show that Gover nment
Revenue and Total Government Expense affect theNet Federal Deficit in different
ways. Specifically, anincreasein revenue causes the deficit to decrease, while anincreasein

expenses causes the deficit to increase.  To do this, first click on theﬂ button. Then select the
“handle”’ of the arrow you wish to label by clicking and releasing on the small circlein the middle
of the arrow (the handle darkens when selected). Now, with the handle selected, click and release

the|£| button on the bottom horizontal toolbar. Y ou then see a pop-up menu that looks like this:

Z=om +

I1. Developing the Stock, Flow, and Feedback Structure 9
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Click and release on the desired label, and it will show up in the diagram. Label your two causal
arrows so your diagram looks like this:

P s E . ga| Feceral Debt L
Het Federal Deficit

- +

Joverntent Bevenue

Total Governrnent Expernse

Now, using the same steps discussed above, compl ete the stock, flow and feedback so your
diagram looks like this:

S=——— lensim-deficit.mdl Dar-FINAL TIME =——"————0917]
1%@|E| §| 35||E| f-fﬂé} Current | _@|%|®|
pe% il (%] %] @] €] of
el
@ t . = . Federal Debt
Dac E: Met FE-'dE?Hl Deficit <
+

% Govemment Bevenne
7,
Eﬂf y Total Gm’enunent_@xpense i

| Usth},rments

+
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Y ou may want to dide the handle of each arrow close to its arrowhead, so each label isclearly
associated with its causal arrow.

I1. Developing the Stock, Flow, and Feedback Structure 10
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Finally, you may wish to label the positive feedback loop you have just created. Click on the@
button and then click in the center of the feedback loop. Y ou can usethistool to create comments
that, while having no structural use, can greatly help someone else to understand your model
diagram. After clicking in the center of the loop, you should see the following dialog box:

Comment Descrption
Shape Face: Times New Roman Size [Paints)
(@) None o Eﬁ:; i:ﬂ Marrow als L] ﬁ:}i __12 E
By Type Trianal Atial Rounded KT = Underi
B Hangle Banhaus 0% ndeine
Up Triangle Eoakman Old Sty Strikethrough
Clear Bo : :
Cirole {:} Loop Clkwse Braggadocio |:| Yertical Color
Britannic Bald
{_) Loop Counter E il [
Text Position ;
e {_} Above TreType Tines Mew Roman
{_ Laft
Below :
{_ Right
Comment | |
Giraphics
() Mone () Image w | 3 Custom Bitmap () Custom hetafile
[ ] Use 2= srrow junction Shape Color [ [ ] Background Color [ ]
ik Thickness |:| Cancel |

Click onthe Loop Clkwse button inthe Shape box; click on Center intheText Position box;
and typeR, for reinforcing, in theComment box. Y ou may also type + or P to denote a positive
feedback, also known as areinforcing, loop. Y our screen should now look like this:

Commment Descrption
Shape Face: Times Mew Romah Size [Paints)
Qrone  Dfessn Hooe [Tzl
By Type ; Atial Rounded hAT ;
T Trangle Bsuhans 93 Unhdedine
Up Trangle Bookman 21d Sty Strikethrough
Clezy Bo : :
Sk () Loop Clkwse Braggadocio [] etical Calor
{:} Loop Caounter Etitannic Bald Evsiipla _l
Text Position ;
R {_} Above TraeType Tines Hew Roman
g Eelow ( Let
{_ Right
Comment | |
Giraphics
() Mowe () Image w | 3 Custom Bitmap () Custam hdetafile
[ ] Use sz arrow junction  Shepe Color  EEEEEEN| [ ] Background Color |
ak Thickhezz |:| Cancel |
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Click on the OK button or hit return.

Y our screen should now appear as.

EDE Densim-deficit.mdl lar-FINAL TIME EEE'
BlelE| 6] s|oe] B || 52[0]
pe| & | ||| B W] !_ 8| |
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[1l. Specifying Equations for Your Model

Now that you have developed a complete stock, flow, and feedback representation of the deficit,
you need to write equations for each of the variables. Equation formulationisacritical stepin the

process of model building and is akey part of the process of developing arigorous understanding
of the problem at hand.

To begin writing equations, click on the el | button on the sketch tool bar. The variablesin your
diagram become highlighted.

=[I=———— lensim-deficit.mdl Dar-Government Revenue —————=[3|
gl 2| s=|| F5@[corent || @2
pC E| ml%lﬂ% q’ir’| %5| ¢| ’E

Dther Governmment Expense

Interest Rate

Times Mew Roman | 12 |I:- | i |u |5 |.|. @)|"§"|!|-h|¥—':' %J

A highlighted variable indicates that the equation for that variable isincomplete.

Variablesin system dynamics models are classified as either exogenous or endogenous.
Exogenous variables are those that are not part of afeedback loop, while endogenous variables are
members of at |east one feedback loop. Y our deficit model has three exogenous variables—
Government Revenue, Other Government Expenses, and the I nterest Rate—and four
endogenous variables—I nter est Payments, Total Government Expense, Net Feder al
Deficit, and the Feder al Debt.

I11. Specifying Equations for Y our Model 13
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Start by writing the equations for the exogenous variables. To begin, click on the highlighted
variable Gover nment Revenue. Y ou then see the following dialog box:

=——— Editing equation for - Government Revenue
|Gn:n.nemment Rewvearnue |
|
LA Unda | T|s + | Warables ] Functions | Mare |
[ Constant W]
oo 4= - Chaose Initial Yarisble .. |
| | 1]z *
|| Supplementary oalE !
Help | L[]
|Units: | ||
Camn- 4
mnent: ﬁ
>
Errarz: |  Incorrect!Incomplete Equation - |
[ ok ] Check Syntas | Check Model | Delete Yatisble | Cancel |

Good modeling practice requires that each equation in amodel have three elements. the equation

Bl s P e T T T T

Units. Equation documentation or “comment” is entered in the box to the right of the word
Comment.

To write an equation for Government Revenue, click in the box to theright of the= sign. Assume
that government revenue is constant, so that all you need to do is enter the appropriate number for
government revenue. In 1988, government revenue was about 900 billion dollars annually, so
type 900000000000 in the box. Alternatively, you can write 9ell, whichisVensm PLE
shorthand for 9 * 10™.

Now, fill inthe units. Revenueisaflow variable, so the appropriate unit of measure for this
equation is dollars/time unit. Because you aready chose to run the model in time steps of 1 year,
the appropriate unit isdollars'year. Typedollars/year intheunitsfield. (The next timeyou
specify the unitsfor avariable in this model, dollars'year will appear in the units pull-down menu.
Y ou can click on the arrowhead to the right of the units field to see units already specified for other
variablesin the model, and then use the mouse to select the units from that list when appropriate.)

Finally, provide a description of this equation in the comment field. A good comment will be
brief, but it will also give the reader the logic behind the equation as well as state the key
assumptions. For example, one might write for this equation:

Government revenues are assumed to be constant and equal to 900 billion
dollars annually based on the actual value in 1988.

I11. Specifying Equations for Y our Model 14
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Y our dialog box should now look like this:

Editing equation for - Government Revenue

|Gn:n.nemment Revwanue |

|Units:  [dollars¥esr

=

9l £F
Lype Unda | T|a + | arisbles ]Functi-:-ni | Mor= ]
[ Constant  w |
qon] 4] - Choose Initisl Yarisble... |
| ] 1]z :
|_| Supplementary 1| E ;
Help | ] :

Com-  |Sovemment revenues are assumed to be constant and equal to 900 billion dollars ankuallybazed on |55
ment:  |the actual value in 1933, ﬁ

Erors: |  Equation kiodified - |

| QI | Check Syntax Check Model Celete Vanable Cancel |
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Click onOK or hit return and your diagram will look like this:

SfiI=———=— Uensim-deficit.mdl Dar-Government Revenue =0—"—"——0I=

gl a8 $E@ gt )| @20
ol | /o]t W] | @] [+

Other Governmment Expense

Interest Rate

Times Mew Roman |12 |I:-|i |u|5|.|.@;| : |!|__'|,|EQ

= E

Government Revenue isno longer highlighted because you have just specified its equation.

Following the process above, write equations for the two other exogenous variables, | nter est
Rate and Other Government Expenses. Use the following information:

»  Government expenses, excluding interest on the debt, were approximately 900 billion
dollarsin 1988.

* Theinterest rate paid on the national debt in 1988 was around 7%/year.
Now that the equations for the exogenous variables are formulated, turn your attention to the

endogenous variables. Writing equations for the stocks and the flowsis alittle different, so let’s
do an example of each. First we formulate the equation for the stock, Feder al Debt.

Again, click onthe | e button on the sketch tool bar and then click on the stock, Feder al Debt.

I11. Specifying Equations for Y our Model 16
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The following dialog box will be displayed:

=————— Lditing equation for - Federal Debt
|Fe-:|er*:ad Crebt |
- INTEG Met Federal Deficit
‘
Initizl
Yalua
1ype Undo | T|=a + Yariables ]Functi-:-ni | Mor= ]
[ Lewel |
on] 415 - Choose Initisl Yarisble... |
| -] 1]2 * | [Fadaral Debt
|| Supplementary ol E ; Met Federal Deficit
wep | 0]
|Units: | ||EI
Conn- 4
fment: %
o
Errorz: | Incomect ncomplate Equation - |
[ ok 1] Check Syntax | Check Model | Delete Variable | Cancel |

Unlike flows and constants, a stock requires that an additional element be specified inits
formulation; after you specify the equation, you need to select an initia or starting value.

Y ou enter the equation for the stock in the box to the right of theword Integ. Integ standsfor
“integrate” and ssimply means that the stock at any moment in timeis equal to the sum of al the
inflows minus the sum of al the outflows plusthe initial value.

When you created the stock, flow, and feedback diagram, you connected the flow Net Feder al
Deficit to the stock Federal Debt. Vensm PLE captures this stock-flow dependency by
providing alist of the required Variables to the stock Feder al Debt on theright side of the
equation dialog box. (The variable we are formulating, Feder al Debt, itself also appearsin the
Variables box, but we focus on theinput Net Federal Deficit. Ingeneral, you will never
want to have the same variable on both the |eft and right sides of an equation.)

Because the model diagram showsthe flow Net Federal Deficit feeding into the stock Feder al
Debt, Vensim has anticipated that the flow is an input to the stock equation and has placed the Net
Federal Deficit variable namein the box to theright of Integ. If thisisnot the casein your
version of Vensm PLE, then ssimply click in the box to the right of the Integ and then click on the
variable Net Federal Deficit intheVariables box to write the equation for the changein
Federal Debt. (Note: If Net Federal Deficit isnotintheVariables box, then your model
diagram isincorrect and needs to be changed—make sure the flow is attached to the stock).

Thelnteg box should now look likethis:

I11. Specifying Equations for Y our Model 17
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|Feder‘9] Dbt |

_ INTE |Met Federsl Dreficit '

[

Below thelnteg box isthelnitial Value box. Here you enter theinitial condition or starting point
for the stock. In 1988, the outstanding federal debt was approximately 2.5 trillion dollars, so enter
2500000000000 in the initial value box (alternatively you can write 2.5e12, whichisVensm PLE
shorthand for 2.5 x 10™). The Initial Value box should look like this:

Initial 2.5&121
alue

Now the equation specification for the Feder al Debt stock iscomplete. Y our equation indicates
that the federal debt is smply the accumulation of the Net Federal Deficit since 1988 added to
theinitial value.

You still need to specify the unit of measure and document your equation in the comment field.
The units should be fairly straightforward. The Federal Debt isastock and its units are dollars.
Useful comments briefly explain the structure of the equation and highlight the key assumptions
made. A sample comment for Federal Debt is:

The Federal Debt isthe accumulation of the Net Federal Deficit plusthe
initial value of the debt. Theinitial valueis set to 2.5 trillion dollars,
which was the approximate outstanding federal debt in 1988—the starting
point for this simulation.

I11. Specifying Equations for Y our Model 18
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Y our dialog box should now look like this:

i=———— Editing equation for - Federal Debt
1| [Federsl Debt |
E _ NTEG | et Federal Deficit
: &
Initial ~ |2.5212
Yalue
Type Lnda | T|s + | arisbles ] Functions | More |
[ Lewel |
qor] 4] : Choose Initial Yariable. .. |
I -] 1|22 *] [Federsipent
I_l Supp]ementw 1] E ! Met Federal Deficit
Help | []] =
|units:  [dollars =]
Cam- | The Federal Debt i the accumulation of the Net Federal Deficit plus the initial walue of the debt. The  |4%
Inent:  |initial walue is sat ba 2.5 thllion dollars, which was the spproximate outstanding federal debt in T
1988 —the starting paint Far the sinulation. -'{'!:
Enors: |  Equation hodified =
| K | Check Synkac Check Madel Celete Yanable Cancel |
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Click onOK or press return.

Now you need to specify the equations for the auxiliary variables and the flow.

Using the|L"l=HE tool on the sketch tool bar, click onthe Interest Payments variable. Y ou should
see adialog box that looks like this:

=——— Editing equation for - Interest Payments

[Interest Pasmneets ]

Type — Un-:l-:-1 Tl|e + | Wariables ]Functi-:-nE | Mere |

[ Ausiliary |

= 01| 415 : Choose Ihitisl Yarisble... |
[ HiE il iz * | [FederslDett
|| Supplementary 0| E ; Interest Rate
wep | O[] ]

|Units: | ||EI

- i
ment: ﬁ
Errarz: |  Ihcomect Incomplete Equation -]
[ ok 1] Check Syntace | Check Model | Delete Yariable | Cancel |

Thisbox isidentical to those used to specify the exogenous variables, but, in this case, there are
two other variablesin the Variables box; you are required to use these variablesin the equation.
When you developed the stock, flow, and feedback diagram, you drew causal arrows connecting
the variable Feder al Debt and constant I nter est Rate to the variable I nter est Payments.
Vensim PLE has conveniently recognized this fact and has provided alist of the required inputs to
your equation based on the picture you have already created. Infact, if you try to write your
equation without using the two required variables, Vensm PLE will give you an error message.

Therate of interest payment is ssimply equal to the current debt stock multiplied by the interest rate.
To enter thisequation, first click on the Feder al Debt variableinthe Variables box. It now

appears in the equation box. Now type * (alternatively you can click on the|; button), and then
click onthelnterest Rate variablein the Variables box. Y our equation box should now ook
likethis:

| Interast Pasments |
Faderal Debt* Interest Fatd i

I11. Specifying Equations for Y our Model 20
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To complete the equation, you need to specify the units, dollars/year, and document your equation
in the comment field. An appropriate comment might ook like the following:

The annual flow of interest paymentsis equal to the current outstanding
federal debt multiplied by the annual interest rate.

The dialog box for the variable I nter est Payments should now ook like this:

=———— Editing equation for - Interest Payments
|Intere5t Pananents |
Federal Debt* Interast Rake
Ty — Unda | T|s + | erisbles ]Functi-:-nE | Mor= ]
[ Auliary |
— on] 415 - Choose Initisl Yarisble... |
[ ed i * | [FederalDebt
I_l Supp]ementw o E ! Interest Fate
30 [ I
{Units:  [dollarsivear =]
- The annual flaw of inetest pasments iz equal to the current outstanding federal debt multiplied bythe 45
Inent:  |ahnual interest rake. ﬁ
o
Errorz: |  Equation Modifiad - |
[ ok ] Check Syntax | Check Model | Delete Variable | Cancel |
1

Following asimilar process to the one outlined above, you should now be able to complete your
model.
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V. Using the Model Structure Analysis Tools
Vensim PLE providesfive tools for analyzing and understanding the structure of your model.
By far the most important of these is the unit-checking tool.

An important feature of any system dynamics equation is dimensional consistency, which isjust a
fancy way of saying that the units of measure must be the same on both the left and right sides of
the equation. Asan example, suppose you had chosen the units of the Feder al Debt stock to be
dollars and the units of the I nter est Rate to be dollars/year. If so, then pressing the apple key
and u (alternatively, you could select the M odel menu, then select Units Check) smultaneoudy
would yield the following message:

Stop from Uensim

0 There were 1 unit errors discovered.

Followed by:
[SlFEE[=[B] units Checking

Lt ih b b b bt o o b b b bk o o G G b b o i i L o i i o

Error in nmits for the following equation:
[nterest Payments =
Federal Diebt

* Interest Rate
[nterest Payments --= dollars/Year
Federal Debt --= dollars
[nterest Rate --= dollars/Vear

L nalssis of urats error:
Fazht hand and left hand urats do not match
[nterest Payments
Has urats: dollarsVear
Federal Debt
* Interest Rate
Has urits: dollars*dollarsWear

The problem isthat, in this example, the equation for I nter est Payments is not dimensionaly
consistent: the right and left sides of the equation have different units. The flow I nter est
Payments is measured in dollars per year. The Federal Debt, because it isa stock, is measured
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indollars. Multiplying Federal Debt by something with unitsin dollars/year resultsin a quantity
that has unitsin dollars’/year—hence the error.

The cause of the problem is that the unit of measure for I nterest Rate isincorrect. Theinterest
rateis not measured in dollars per year. An easy way to think about thisfact isto recognize that
the interest rate really has nothing to do with dollars. It could easily apply to any other currency or
any other type of measurement unit. Infact, the interest rate has no unit of measure; it is
dimensionless. Although it has no unit of measure, it is, nevertheless, time-dependent; an annual
interest rate is not equivalent to amonthly one. Asaresult, the appropriate unit of measure for
Interest Rate is1l/year. If you enter 1/year into the unit field of the interest rate variable and
simultaneously press the apple key and u, you should receive the following message:

Message from Densim

Units are A. 0. K..

The unitsin your model now balance.

In this example, the unit-checking tool identified an incorrect assumption in acommon mental
model of theinterest rate. Dimensional consistency is an important feature of system dynamics
models, and Vensim PLE’ s unit-checking feature often helps you to identify serious flawsin both
your understanding of the system under consideration and your resulting model formulations.
Always make sure that the unitsin your model balance!

D
The other analysistools that Vensim PLE provides can aso be useful. The EA}E and the|m_E

buttons create “ causes’ and “uses’ treesfor avariable. To use these tools, you need to first

a

“select” avariable. To select avariable, first click on the —— button and then double-click on the
variable you wish to select. You can tell what variable is selected by looking at the top border of
the Vensim PLE window. If you select the variable Feder al Debt, the top border will look like
this:

EDE UVensim-deficit.mdl Dar-Federal Debt §E§|

Having selected Feder al Debt, clicking on the two “causes’ and “uses’ buttonsin sequence
gives you:

=l &|"| 8] Federal Debt: Causes Tree - | x

Government Fevenue
> Net Federal Deficit
Total Government Expenses

Federal Debt

and
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HE Federal Debt: Uses Tree =6"6ete e ——————————————————————————— a

Total Government Expense

Federal Debt Interest Payments

The Dac button on the analysis tool bar provides you with a complete listing of the equationsin

your model. The @ tool on the analysistool bar identifies all the feedback loops of which the
selected variable is amember.
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V. Simulating Your Model

Vensim PLE also hastools to help you analyze the behavior of your model. Before analyzing the
behavior, however, you must actually simulate the model so that you have some behavior to
anayze.

&+
i

To run asimulation, you first need to click on the running man = icon on the top tool bar.
Vensim may display the following dialog box.

Question from Densim

Dataset Current already exists. Do you want to
overwrite it?

e ==

Clicking on yeswill overwrite the “current” dataset displayed in the box to the right of the running
man icon. Selecting “No” will allow you to create a different dataset. It is helpful to choose names
that suggest some idea of what is being tested rather than simply using name like SIM1, SIM2, etc.
Because thisrun is the base case run for your mode!, you might choose to call the run BASE.”

Click onNo, type in BASE as your new dataset name, click on Save or hit return, and your model
will start smulating.

Once the simulation run is completed, you can look at the results of your smulation. Vensm PLE

provides many tools with which to view simulation output. The most basic, and often the most
useful, of these toolsisthe strip graph. To create agraph of the Feder al Debt, first click on the

M tool and then double-click on the stock to select the variable Feder al Debt.

To seeastrip graph, click on the button on the analysis tool bar.

Advanced Tip: Vensim PLE also offers you the choice of two numerical integration methods, Euler and Runge-Kutta 4.
Runge-Kutta 4 is a more accurate integration method, but it is also more computationally intensive. Generally itis
better to use the Euler method and only change if you believe you are seeing integration error.
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Y ou then see:
=l 8] 6raph for Federal Debt -]
iaraph for Federal Debt
2eHI13
1.5eH113
leHl13
.,-'-'""_Fﬂ_.
.,—'—"'_'_'_'_;
SeHI12
__,—'—'—'_'_'_-_'_'_'_'_-_'_'_'_'_
1]
1985 1992 1996 2000 2004 200%
Time (Vear)
i Federal Deht : Base dollars i

By the year 2010, given the current assumptionsin the model, the federal debt will grow to more
than 10 trillion dollars, four timesits value in 1988.

Besides the strip graph, Vensm PLE provides many other ways to examine simulation outpuit.
The % button displays a strip graph of the currently selected variable, along with graphs of all

the variables that determine the value of the selected variable (the causes). Clicking on the button
givesyou:
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=l [B] Federal Debt: Causes Strip
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Vensm PLE also can present the output in the form of atable rather than agraph. To see atable of

the selected variable smply click on the

Having analyzed this smulation, you may wish to run additional simulations under different

button.

assumptions. For example, what might happen if the prevailing interest rate were 3.5% rather than

7%7?

One way to change the parameter isto change the model equation in the original model. With the

el button selected, click on I nterest Rate. A dialog box will appear. In the constant box
change the interest rate from 7% to 3.5%. Again, run this new simulation but do not overwrite the
smulation named Base. Instead, nameitinterest rate.
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Y our new graph should look like this:

=l [8] Graph for Federal Debt - [ x]|
Graph for Federal Debt
2eHI1S
1.5eH113
leHl13
_,.:—'—""'-'_.
.—'—"'_'-'_F'_'_‘-'—FH—.
5e+012 _—
-_‘_'_'__,_,_;-'—-_'_-_'___,_,__;—'—
1]
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i Federal Debt : interest rate dollars |

If you do not wish to see the previous run (base) displayed with the new ssimulation run, click on

the| @ | button on the upper toolbar. Y our screen should look like this:

Eluntrul Panel

Yarisble | Time Axis | Scaling Datasets ]Gr‘aphs |

Available Laaded
Current Baze
interast rate

|
<]

Delate Load From... |

| |:| Keep on top Cloze |
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A dialog box appears and shows on the |eft side the two simulation runs you have created so far.
Double-click on the name of the simulation run you wish to remove from the graph (or highlight it
and click on the << button to remove it from the right side of the dialog box). Closethe Datasets
window and close and re-display the strip graph. Now, only the new simulation run should

appear.

Y ou may also wish to run the model for alonger period of time. In this case, select Time
Bounds... from theModel menu. Y ou then see the same dialog box that you saw when you first
started to develop your model.

Y ou can extend your simulation by setting a new date for your final time. Run your model out to
the year 2075.
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