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Reality Checks in VENSIM:  Conceptualization & Application 
Sourced from: Ventana Simulation Environment, VENSIM DSS32 v4.1

                        Vensim Help Manual: 9 Reality Check

I.   Models and Reality

Models are representations of reality, or our perceptions of reality.  In order to validate the usefulness of a model, it is important to determine whether things that are observed in reality also hold true in the model.  This validation 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 assumptions in a model, and deriving reasonable explanations for model generated behavior and behavior patterns.

Another important component 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 needs to be conserved.

Between the details of structure and the overwhelming richness of behavior, there is a great deal that can be said about a model that is rarely acted upon.  If you were to complete the sentence "For a model or submodel to be reasonable when I _____________ it should _________"  you would see that there are many things that you could do to a model to find problems and build your confidence in it.  

In most cases, some of the things required for a model 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 the model, or even an equation.  In such cases you, as a model builder, can draw on your experiences and the writings of others relating to behavior of generic structures and specific formulations.

Ultimately however, most of the things that need to be true for a model 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 a version of the model that is later revised, and the effect of the revisions not tested.

Reality Check equations provide you with a language for specifying what is required for a model 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 a version of a model.  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 is in violation of the constraints that reality imposes.

Domains of Expertise

Although Reality Check equations in Vensim have been implemented as an extension of the Vensim modeling language, the skills and experience required to write Reality Check equations is different from that required to write models.  Reality Check equations are assertions about the nature of behavior in reality.  They do not require the creation of structure capable of generating particular behavior.  Reality Check equations create behavioral conditions and then check to see if 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 experts in the domain of study.  Because of this, Reality Check equations can do much more than find bugs in models.  Reality Check equations allow the consumers of models to have confidence in the quality of the results they are getting.

II.   Defining Reality Check Equations

You enter Reality Check equations in the same way you enter other equations in 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 variables in their definitions.  When Reality Check equations are exercised, they can change the value of model variables as well as the equations used to compute those variables.  Again, we emphasize that Reality Check equations are not statements about causal structure but simply statements about behavior—"If 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—Workforce, productivity, capacity, determination, propensity to save and so on.  Reality Check equations, on the other hand, should be brief phrases that describe the nature of the check—no workers no production, rain means flooding and so on.  The best guide in naming Reality Check equations is to think of them as true or false, and name the Reality Check the statement that would be made when it took on a true value.

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 in which the Test Inputs should constrain behavior.  The violation of a Constraint indicates a problem with the model.  Test Inputs are a way of specifying the conditions or circumstances under which a Constraint is binding.  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 a variable in the model.  The basic format for a Test Input is:

name :TEST INPUT: variable = expr

Where name is the name of a Test Input.  What appears to the right of :TEST INPUT: is exactly the same format equation you would normally use to define an auxiliary variable, and can involve only model variables.  The equation you write is 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 extra model variables for use in your Test Inputs.

You can only use Test Inputs in the conditional portion of a Constraint equation.  The major reason for defining Test Inputs is to give a name to the experiment being conducted.  This can make reading the Constraint much easier.  If you do not define Test Inputs, you can define Constraints directly using the variable = 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 a change in a variable after a period of time in a simulation.  For example, you might want to force production to ramp down to 0 between time 10 and 12, but before time 10 just let production be what it would have been.   This type of a change is useful both for writing complete reality Checks and for studying the response of a model to interesting Test Inputs..

To create Test Inputs with a time profile there are a series of functions that begin with RC — RC COMPARE, RC DECAY, RC GROW, RC RAMP and RC STEP (details in Chapter 4 of the Reference Manual).  These all behave in a similar manner.  For example:

TI Production to zero :TEST INPUT: 

production = RC RAMP(production,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 duration is omitted, as it is above, the Test Input continues in the changed state to the end of the simulation.  If you specify a duration 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 on the value it has in a normal simulation.

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 this time.  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 because it 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

name :THE CONDITION: condition :IMPLIES: consequence

:THE CONDITION: and :IMPLIES: are special keywords in Vensim.  condition and consequence are logical expressions described below.  The name of a Constraint must use letters and numbers just as other variables in 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.  You can attach comments to Constraints just as you do with other variables in Vensim.

Logical Expressions

Constraints use a condition and a consequence that are both defined as logical expressions.  An example of this would be:

no capital no production :THE CONDITION: Capital = 0 :IMPLIES:

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 is true, 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 <> along with :OR:, :AND: and :NOT:.  A valid logical expression could be:

Population > 8E9 :AND: (food ratio < .75 :OR: 

Pollution > critical pollution)

Here a number of things are being compared and this expression will be true if Population > 8E9 and either food ratio < .75 or Pollution > critical pollution or both.  Logical expressions can quickly become difficult to understand and you are encouraged not to combine too many things in 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 variables to other variables and variables to numbers.  The only exception to this is that you can use var=expr, or a named Test Input as one of the condition's logical components.  Thus:

pop lt cc :THE CONDITION : Population < Carrying Capacity * 1.1

 :IMPLIES: deaths from crowding < 1000

is wrong because it takes the form var<expr, whereas

pop lt cc :THE CONDITION : Population = Carrying Capacity * 1.1

 :IMPLIES: deaths from crowding < 1000

uses var=expr and is a legitimate expression. Expressions included directly in Constraint conditions in this manner can use TIME TRANSITION and must conform to the rules for forming Test Inputs. 

Test Inputs may be used for the condition of a Constraint, as in:

pop lt cc :THE CONDITION : pop at cc plus 10

 :IMPLIES: deaths from crowding < 1000

where pop at cc plus 10 is a Test Input.  Note that Test Inputs are treated as logical variables taking on a value of true if they are active and false if they are not. 

All components of a Constraint are restricted to using simple functions (MIN, MAX, SUM etc.). Other than this, there is no restriction on logical expressions in the consequence portion of a Constraint definition.  

It is not 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. This is 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.

Dynamics 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... functions in Test Inputs.  While Test Inputs change the value of a variable, the consequence portion of a Constraint makes a comparison of the value of a variable.  The RC...CHECK function takes one more argument than the corresponding RC... function.  This argument is the grace period and it allows a delay after a Test Input occurs before the consequences are tested.  For example:

TI Production to zero :TEST INPUT: 

production = RC STEP(production,0)

RC No Production no Shipments :THE CONDITION:



TI Production to zero :IMPLIES:



sales <= RC RAMP CHECK(.5,sales,.0001)

The Test Input causes production to step to zero at RC START TIME.  After a grace period of .5 sales is checked to see if it is less than or equal to .0001 times the value it had at RC START TIME.  The use of .0001 instead of 0 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 a file first.

:CROSSING:

In the implication portion of a Reality Check you can use :CROSSING: and :AT LEAST ONCE: with > and < to look for above/below type relations, as in:

... :IMPLIES:

Inventory > :CROSSING: RC STEP CHECK(0,Inventory,1)

This will test to be sure that at RC START TIME Inventory is first bigger than its baseline value and then becomes smaller and stays smaller.  If there were two :CROSSING: keywords in a row as in:

Inventory > :CROSSING: :CROSSING: RC STEP CHECK(0,Inventory,1)

 Inventory would need to start bigger, then become smaller, then become bigger and stay bigger.  

If you use one or more :CROSSING: keywords, you can end the sequence with :IGNORE: to indicate that after the required number of crossings have been made, it does not matter if any more crossings occur.  For example

Inventory > :CROSSING: :IGNORE: RC STEP CHECK(0,Inventory,1)

This says that Inventory needs to start bigger, then become smaller, then it does not matter what it does.  

:AT LEAST ONCE:

Analogous to the :CROSSING: keyword is a :AT LEAST ONCE: keyword that simply requires that the condition be true once after RC START TIME.  For example

Inventory > :AT LEAST ONCE: RC STEP CHECK(0,Inventory,1)

says that Inventory needs to exceed its value 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 value is above once it can also cross below and the condition will remain true.

Empty Conditions

The condition part of a Constraint may be empty as in:

debt bounded :THE CONDITION: :IMPLIES: debt < 4E6

Which 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 example given here, using 4E6 as the maximum value that debt could take on in 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 a variable, you can test all variables to see if they satisfy a condition.  To do this use a * instead of a variable name.  For example you might write the Constraint

all peaceful :THE CONDITION: FINAL TIME=101 :IMPLIES:

* < 1E9 :AND: * >= -1E3

which will test to be sure that all variables stay in the range -1,000 to 1 billion.  The condition FINAL TIME = 101, which simply runs the simulation an extra year,  is used instead of the empty condition because this is a time consuming check to make and Constraints with empty conditions are checked passively every time any Reality Check is being made.

III.   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 analysis in 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 Inputs 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 is the 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 using interpreted (not compiled) simulations.  This is because they require continual restructuring of equations.

Active Constraint Checking

During active Constraint testing, Vensim forces the condition part of Constraint equations to be true, 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 computed 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 is true.

If it is true, the value of the variable is not changed.

If it is not true, Vensim makes it true by assigning the value just as if it were an equality condition.

Having forced conditions to be true Vensim tests to see if the consequences are also true.

Passive Constraint Checking

In passive Constraint checking, Vensim simply evaluates both halves of the Constraint equations as logical expressions.  If a consequence is false while its condition is true, an error is reported.

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.  The first time a Constraint is violated an error is reported.  Then a message is sent when the Constraint is no longer violated indicating a return to conformance.  The next violation is reported, and so on.

IV.   Entering Reality Check Equations

You 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 elements to 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 equations in Test Inputs are not shown as causes of the variable being given the Test Input.  Thus the equations:

Inventory = INTEG(production-shipments,INITIAL_INVENTORY) ~~|

always have stock :TEST INPUT: Inventory = 3*final demand ~~|

fill orders when stocked :THE CONDITION: always have stock 



:IMPLIES: shipments >= final demand ~~|

would appear on the diagram as:

In it is likely 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 this is to put them in a separate group and include them on separate views.

In the diagram, the mixing of the different types of names can be confusing.  When looking for arrows going in to fill orders when stocked, it is not what causes fill orders when stocked that is wanted, but what we need to know to determine if this is true.  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 equations in 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 Inputs with TI and all Constraints with RC.  

Equation Editor

You 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 Subtype Constraint or Test Input and fill in the equation.

When you select Type Reality Check, you will notice that the MinMax label changes to TypPrio (this appears near the bottom just to the right of Group).   This is a mechanism for filtering Reality Check statements in the Reality Check Control dialog and will be discussed below..  You can enter a number for both Type and Priority.  The Values that 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.

V.   Running Reality Check

[See attachment for text & graph]

The Reality Check Tool

You can add a Reality Check tool to the Analysis toolset.  This tool is a shortcut for starting Reality Check, highlighting a Constraint and clicking on Highlighted.  The tool works on the Constraint that is currently selected into the Workbench.  If the Workbench variable is not a Constraint an error message is reported.

Reality Check Results

[See attachment for text & graph]

Reviewing Simulation Results

Each time you click on Sim Active or  Highlighted  a new simulation is made.  That simulation is 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.  You 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.

NOTE If you change constants in 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.

Conclusion

The use of Reality Check serves two purposes.  First, it is written record of things that were assumed must be true for a model to make sense.  These are things that typically go undocumented, but are often the most important contribution of a model building exercise.  It is often the insight that if the yeast keep growing they will run out of water that is the most important thing to learn about a system.  Something that seems reasonable when said, but has far reaching consequences.

The second important thing about this example is that it illustrates a way of building models that is both effective and relatively efficient.  You start from a basic core and then add the complementary structure necessary to get conformance to Constraints.  This provides a rigor and direction that can increase greatly both the speed and quality of modeling work.
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