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VALIDATING SIMULATION MODELS

Robert G. Sargent
Department of Industrial Engineering
and Operations Research
Syracuse University
Syracuse, New York 13210

In this paper we give a general introduction to model validation, define
the various validation techniques, discuss conceptual and operatiomal
validity, and present a recommended model validation procedure.

1. INTRODUCTION

Simulation models are used routinely to aid in
decision-making and problem~solving. The users

of these models are rightly concerned with whether
the models and information derived from them can
be used with confidence. Model developers address
this concern through model validation. Model
validation is usually defined to mean "substanti-
ation that a computerized model within its domain
of applicability possesses a satisfactory range

of accuracy consistent with the intended applica-
tion of the model" [Schlesinger, et al. (1979)]
and is the definition used here. Related to
model validation are model verification, which is
discussed below, and model credibility or accepta-
bility, which is developing in the (potential)
users of information from models, e.g. decision-
makers, sufficient confidence in the information
that they are willing to use it.

A model should be developed for a specific pur-
pose or use and its validity determined with
respect to that purpose. Several sets of exper-
imental conditions are usually required to define
the domain of the model's intended application.

A model may be valid for one set of experimental
conditions and be invalid in another. A model is
considered valid for a set of experimental condi-
tions if its accuracy is within the acceptable
range of accuracy which is defined as the amount
of accuracy required for the model's intended
purpose.

The substantiation that a model is valid, i.e.
model validation, is part of the total model
development process and is itself a process.

This process consists of performing tests and
evaluations within the model development process
to determine whether a model is valid or invalid.
Usually it is not feasible to determine that a
model is absolutely valid over the complete

domain of its intended application. Instead,
tests and evaluations are conducted until suffi-
cient confidence is obtained that a model can be
considered valid for its intended application
ISargent (1982, 1983) and Shannon (1975, 1981)1.

Recent research [Gass and Thompson (1980), Sargent
(1981, 1982, 1983), and Schlesinger et al. (1979)]
has related model validation and verification to
specific steps of the model development process.
We will follow the development of Sargent (1982,
1983) and use Figure 1. The problem entity

is the system (real or proposed), idea, situation,
policy, or phenomena to be modelled; the concep-
tual model is the mathematical/logical/verbal
representation (mimic) of the problem entity
developed for a particular study; and the compu-
ferized model is the conceptual model implemented
on a computer. The conceptual model is developed
through an analysis and modefling phase, the
computerized model is developed through a compu-
Zen programming and implementation phase, and
inferences about the problem entity are obtained
by conducting computer experiments on the compu-
terized model in the experimentation phase.

We relate validation and verification to this
simplified version of the modelling process as
shown in Figure 1. Conceptual model validity

is defined as determining that the theories and
assumptions underlying the conceptual model are
correct and that the model representation of the
problem entity is "reasonable" for the intended
use of the model. Computerized model vernification
is defined as ensuring that the computer program—
ming and implementation of the conceptual model
is correct. Operational validity is defined as
determining that the model's output behavior has
sufficient accuracy for its intended purpose or
use over the domain of the model's intended
application. Data validity is defined as ensuring
that the data necessary for model building, model
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FICURE 13 Simplified Version of the Modelling Process

evaluation and testing, and conducting the model
experiments to solve the problem are adequate and
correct.

Several models are usually developed in the
modelling process prior to obtaining a satisfac—
tory valid model. During each model iterationm,
model validation and verification are performed.
[Sargent (1983)]. A variety of rechniques are
used, which are described below, in the valida-
tion process. Unfortunately, no algorithm or
procedure exists to select which techniques to
use. Some of thgi: attributes are discussed in

Sargent (1983).

We are going to be concerned here with only
conceptual model validity and operational valid-
ity. See Law and Kelton (1982), Oren (1981),
Sargent (1982) ahd Shannon (1981) for discussion
of computerized model verification and Sargent
(1982) for discussion of data validity.

2. VALIDATION TEGHNIQUES

This section describes various validation tech—
niques (and tests) used in model validation.

Most of the techniques described here are found

in the literature (see Balci and Sargent (1980)
and Sargent (1982) for a detailed bibliography),
although they may be déscribed slightly different.
They can be used either subjectively or objective—
ly. By objectively, we mean using some type of
mathematical or'statistical test or procedure,
e.g., hypothesis tests, goodness-df~fit tests,

and confidence intervals. A combination of these )

techniques is usually used in the validation
process. It should be noted that these techniques
are used for validating submodels as well as the
overall model and that they are alsc, frequently
used in computerized model verification,

Comparison Lo Othen Models: Various results,
e.g., outputs, of the model being walidated are
compared to results of other (valid) models. TFor
example, simple cases of a simulation model may

Sargent

be compared to known results of analytic models.

.Degenenate TeAib The degeneracy of the model's
behavior is tested by removing portions of the
model or by appropriate selection of the values

.of the input parameters. For example, does the

average number in thé queue of a single server
increase as the model's run time increases when
the arrival rate is larger than the service rate.

Event Validity: The "events" of occurrences of
the simulation model are compared to those of the
real system to determine if they are the same.
Examples of events might be the number of deaths
in a given fire department simulation or number
of fires having a given amount of fire damage.

Extreme-Condition Tests: The model structure and
output should be plausible for any extreme and
unlikely combination of levels of factors in the
system, e.g., if in process inventories are

zero - output should be zero. Also, the model
should bound and restrict the behavior outside of
normal operating ranges.

Face Validity: TFace validity is asking people
knowledgeable about the system whether the model
or its behavior is reasonable. For example, it is
applied to the medel flowchart to determine if
the logic is correct. Also, face validity is
used to determine if a model's input-output
relationships and its infternal behavior (e.g.,
queue lengths) are reasopable.

Histonical Pata Validaticn: 1f historical data

exist (or if data is collected on a system prior
to building the model), use part of the data to

build the model 'and the remaining data to deter-
mine (test) if the model behaves the same as the
system does.

Histonical Methods: Three historical methods of
validation are Rationalism, Empiricism, and
Positive Economics [Naylor and Finger (1967)].
Rationalism assumes that everyone knows whether
the underlying assumptions of a model are true.
Then logic deductions are used from these assump-
tions to develop the correct (valid) model.
Empiricism requires every assumption and outcome
to be empirically validated. Positive Economics
requires only that the model be able to predict
the future and is not concerned with its assump-
tions or structure (causal relationships or
mechanisms) .

Internal Validity: Several réplications (runs)

of a stochastic model are made to determine the
amount of stochastic variability in the model.

A high amount of variability (lack of consistency)
may cause the model's results to be quéstionable,
and, if typical of the problem entity, may ques-—
tion the appropriateness of the policy, system,

or issue being investigated.

Multistage Validation: Naylor and Finger (1967)
proposed combining the three historical methods

of Rationalism, Empiricism, and Positive Economics
into a multistage process of validation. This
validation method comsists of (1) developing the
model's assumptions on theory, observations,
general knowledge, and intuition, (2) validating
the model's assumptions where possible by empir-
ically testing them, and (3) comparing (testing)
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the input-output relationships of the model to
the real system.

Operational Graphics: The model's operational
behavior is displayed graphically as the model
moves through time. Examples are (i) the graph-
ical plot of the status of a server as the model
moves through time, i.e., is it busy, idle, or
blocked, (ii) the graphical display of the flow

of traffic moving through an intersection in a
traffic simulator, and (iii) the graphical display
of parts moving through a factory.

Pasameter Variability - Sensitivity Analysis:
This validation technique consists of changing
the values of the input and internal parameters
of a model to determine the effect upon the
model and its output. The same relationships
should occur in the model as in the real system.
Those parameters which are sensitive, i.e.,
cause significant changes in the model's behavior,
or output, should be made sufficiently accurate
prior to using the model. (This may require
iterations in model development.)

Predictive Validation: The model is used to
predict (forecast) the system behavior and
comparisons are made to determine if the system
behavior and the model's forecast are the same.
The system data may come from an operational
system or specific experiments may be performed,
e.g., field tests.

Thaces: The behavior of different types of
specific entities in the model are traced (fol-
lowed) through the model to determine if the
model's logic is correct and if the necessary
accuracy is obtained.

Turing Tests: People who are knowledgeable
about the operations of a system are asked if
they can discriminate between system and model
outputs (See Schruben (1980) for a statisical
procedure for Turing Tests).

3. CONCEPTUAL MODEL VALIDATION

Conceptual nodel validity is determining that
the theories and assumptions underlying the

conceptual model are correct and that the model
representation of the problem entity and the
model's structure, logic, and mathematical and
causal relationships are "reasonable'" for the
intended use of the modél. The theories and
assumptions underlying the model should be tested,
if possible, using mathematical analysis and
statistical methods on problem entity data.
Examples of theories and assumptions are linear-—
iilty, independence, stationary, and Poisson
arrivals. Examples of applicable statistical
methods are fitting distributions to data, esti-
mating parameter values, e.g., mean and variance,
calculation of the correlation between data
observations, and plotting data to see if it is
stationary. In addition, all theories used
should be reviewed to ensure they were applied
correctly; for example, if a Markov chain is
used, are the states and transition probabilities
correct?

Next, each submodel and the overall model must be
evaluated to determine if their abstractions are
reasonable and correct for the intended use of
the model. This should include determining if
the appropriate detaill and aggregate relationships
have been used for the model's intended purpose,
and if the appropriate structure, logic, and
mathematical and causal relationships have been
used. The primary validation techniques used for
these evaluations are face validation and traces.
Face validation is having an expert or experts of
the problem entity evaluate the conceptual model
to determine if they believe it is correct and
reasonable for its purpose. This usually means
examining the flowchart model or the set of model
equations. The use of traces is the tracking of
entities through each submodel and the overall
model to determine if the logic is correct and
the necessary accuracy is maintained. If any
errors are found in the conceptual model, it must
be revised and conceptual model validation per-
formed again.

4. OPERATIONAL VALIDITY

Operational validity is primarily concerned with
determining that the model's output behavior has
the accuracy required for the model's purpose
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OBJECTIVE « COMPARISON OF DATA USING « COMPARISON TO OTHER
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Figure 2:

Operational Validity Classification
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over the domain of the model's intended applica-
tion. This is where most of the validation
testing and evaluation takes place. The computer-
ized model is used in operational validity and
thus any deficiencies found can be due to an
inadequate conceptual imodel, an improperly
implemented conceptual model on the computer
(e.g., due to programming errors or insufficient
numerical accuracy), or due to invalid data.

All of the validation techniques discussed in
section 2 are applicable to operational validity.
Which techniques and whether to use them objec-
tively or subjectively, must be decided by the
model developer and other interested parties.

{
The major attribute effecting operational valid-
ity is whether the problem entity or system is
observable or nonmobservable, where observable
means that data can be collected on the opera-
tional behavior of the system. Figure 2 gives
one classification of the validation approaches
for operatlonal validity.

To obtain a high degree of confidence in a model
and its results, comparison of the model's and
system's input-output behavior for at least two
different sets of experimental conditions is
usually required. This comparison can be made
either subjectively or objectively. This author
believes that in many cases the subjective
approach in comparing the model's and system's
input~output behavior is approprlate and satis-
factory. However, the use of this approach re-
quires the model developer {validator) to be
resourceful in choosing the appropriate compar—
isons to be made graphically. Comparison of
mean values by tliemselves are usually insuffi-
clent. Measures such as variances and maximums
are usually required. Figure 3 gives an example
of what is required. In addition to these
graphs being used by the model developer to
determine if the model's output behavior has the
required accuracy, they can also .be used in
Turing Tests. A real world appllcatlon of
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using the subjective approach and these types of
graphs to validate a simulation model can be found
in Anderson and Sargent (1974).

There are two basic objective approaches given in
the literature for comQarlson of model and system
output behavior data: ‘Hypothesis Testing and
Confidence Intervals. These two approaches are
statistically related. For a discussion on using
hypothesis tests, inclyding the necessity of
considering Type II error, see Balci and Sargent
(1981la, 1982a, 1982b, 1983). For discussions on
using the confidence interval approach, see

Balci and Sargent (1981b) and Law and Keltom
(1982) .

5. RECOMMENDED MODEL VALIDATION PROCEDURE

There are currently no algorithms or procedures
available to identify specific validation tech-
niques, statistical tests, etc. to use in the
validation process. Various authors suggest (for
example, see Shannon (1975, p. 29)) that as a
minimum the three steps of (1) Face Validity, (2)
Testing of the Model Assumptions, and (3) Testing
of Imput-Output Transformations be made. These
recommendations are made in general and are not
related to the steps of the modelling process
discussed in the Introduction.

This author recommends that, as a minimum, the
following steps be performed in model validation:
(1) An agreement be made between (i) the modelling
team and (ii) the model sponsors and users (if
possible) on the basic validation approaches and
on a minimum set of specific validation tech-
niques to be used in the validation process prior
to developing the model.

(2) The assumptions and theories underlying the
model be tested, if possible.

(3) In each model iteration, at least face valid-
ity be performed on the conceptual model.

(4) In each model iteratiom, exploration of the
model's behavior be made using the computerized
model.

(5) In at least the last model iteration, if pos-—
sible, comparisons be made between the model and
system output behavior data for at least two

sets of experimental conditions.

(6) Validation discussed in the model documenta-—
tion.

6. SUMMARY

Model validation is one of the most criticai
issues faced by the simulationist. Unfortunately,
there is no set of specific tests that can be
easily applied to determine the validity of the
model. Furthermore, no algorithm exist to de-
termine what techniques to use. Every new simula-~
tion project presents a new and unique challenge.

There is a considerable literature on'validation.
A bibliography prepared by Balci and Sargent in
1980 listed 125 articles on validation and numer-—
ous articles have been written since then.
Articles given in the references can be used as a
starting point for furthering your knowledge om
validation. This paper gives only a general
introduction to the topic and does not discuss the

statistical techniques and procedures commonly used.
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