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DELAY MODEL VALIDATION PLAN
by
William J. Dunlay, Jr.

I. INTRODUCTION

Purpose
The purpose of this report is to present a validation plan for a

fast-time, stochastic, delay simulation computer model. The validation

effort is part of Phase I of contract No. DOT-FA77WA-3961 with Peat, F

Marwick, Mitchell & Co. The objective of the validation is to test
whether the model is satisfactory (to the Technical Officer) for its
intended application in Phase II of the contract, namely for delay

estimation at seven airports in support of six Airport Improvement Task Forces.

Model Validation Group

A Model Validation Group has been appointed by Technical Officer to
oversee the validation process. This is a very significant aspect of the
validation plan since a variety of expertise is required to evaluate a model
of a system as complex as the airport airside system.

There are many precedents to using an overseeing committee in the
validation of simulation modeis. In fact, Van Horn suggests below that it
is part of an ideal validation:

"Ideally a comparison test should handle nonstationarity, compensate
for noisy data, simultaneously evaluate a number of output measures
and work for small samples. Does such a test exist? The answer is
yes if one is willing to define test very broadly. The test is
simple. Find people who are directly involved with the actu?]
process. Ask them to compare actual with simulation output.”

The Model Validation Group consists of the following individuals:

]Van Horn, R. L., "Validation of Simulation Results," Management Science,
Vol. 17, No. 5, Jan. 1971, p. 252.
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General Considerations

The validation of any computer simulation model of a complex system
is a very difficult task. It is a part of a more general problem, namely
the validation of any kind of model or hypothesis, about which there is much
literature but very little agreement. One textbook on computer simulation
states that "...the problem of verifying simulation models remains today
perhaps the most elusive of all the unresolved problems 2ssociated with

w2 Richard L. Van Horn mentions two

computer simulation techniques.
important characteristics of the validation problem:

"1. The objective is to validate a specific set of insights not
necessarily the mechanism that generated the insights.

2. There is no such thing as 'the' agpropriate validation procedure.
Validation is problem dependent."

Van Horn's point is that it is the major attributes of the particular
processes to be simulated that must guide the general approach to a validation.
Validation holds a special and important role in computer simulation
models. Unlike most analytical models, simulation models tend to conceal
their assumptions and internal processes from the casual observer. Further-
more, the nature of simulation models can vary dramatically. For example,
as Van Horn points out, "Tne simple statement that model x is a linear
programming model conveys a great deal of information about its structure,
assumptions, and Timitations. The statement that model y is a simulation
conveys virtually no information.“3 Therefore, the validation of a simula-
tion model requires an investigation of the model's internal structure in

addition to comparing the input-output transformations generated by the

2Naylor, et al., Computer Simulation Techniques, New York: John Wiley
& Sons, Inc., 1966, p. 310.

3Van Horn, R. L., p. 248.




mode] to those generated by the real world.

Any model validation should be carried out in two basic steps:

(1) a check of the validity of the assumptions and logic of the

model; and

(2) a comparison of the estimates produced by the model to real

world observation.

There is very little disagreement among modelers that both of these
steps are required. In his book on systems analysis, de Neufville states
that "... statistical analysis cannot be a sufficient test of any model.
The validity of a systems model also rests on the plausibility of its
a priori theoretical base."4

That the two foregoing steps are required follows from the fact that
it is the predictive power of the model that is of concern, not the
explanatory power. That is to say, it is not sufficient to test just the
goodness-of-fit of the model to observed data. Naylor states that
“... the ultimate test of a computer simulation model is the degree of
accuracy with which the model predicts the behavior of the actual system
(which is being simulated) in the future."®

Unfortunately, because one cannot observe the future, it is not
possible to directly validate the predictive capabilities of a simulation
model. Instead, one must rely on the evidence of how well the model fits
observable data coupled with the evidence of how well the logic and

assumptions of the model seem to make it extrapolatable to other (non-

observable) situations.

4deNeufviHe, R., Systems Analysis for Engineers and Managers, New York:
McGraw Hi1l Book Co., 1971, p. 266.

5Naylor, et. al., p. 318.
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The foregoing difficulties apply to situations where the real-world
{ situation is easy to observe (measure). “The problem of model validation
becomes even more difficult if the available data about the 'actual' be-

havior of the world is [sic] itself subject to error. "5

This certainly
applies to the simulation model being considered. Observed values of delay,
travel time, holds, etc., are subject to significant field measurement
errors. Even if these quantities could be accurately measured, they are
subject to large random fluctuations.

There are a few more complications that apply particularly to when one
tries to compare delays suffered by arrivals in the airspace, a very impor-
tant component of total airside delay, as estimated by the model to
corresponding real-world values.

First of all it is difficult to separate airspace delays due to
destination-airport congestion from those due to en route congestion or
ATC instructions. A second and closely related problem is that those
airspace delays that are attributable to the destination airport's capacity
constraints are not all incurred at one point. Such delays, for example,
may be incurred en route at the advice (say speed control or path stretching,
of a controller or dispatcher, i.e., delays can back up to various distances

before the aircraft arrives at the terminal airspace.

Overview of Validation Approach

This validation must proceed in spite of, but also cognizant of, the
foregoing inherent problems of validation. Towards this purpose, the valida-

tion plan incorporates the following two key ideas:

6Naylor, et al., p. 318. |
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(1) A variety of comparisons should be made between model estimates

and real-world measures rather than rely on just a single valida-

tion variable. By doing so the Model Validation Group can weigh
all the evidence in deciding whether or not the model satisfac-
torily fits measured data.

(2) It should be recognized that, in the end, the decision as to the
model's acceptability for its intended application is a subjective
one based on a combination of statistical hypothesis testing and
just "eyeballing" certain aspects of the model's outputs, logic,
and sensitivities. Hypothesis tests should be conducted in such
a way that they don't presume to make the decision as to ac-
ceptance or rejection, but instead, simply supply a quantitative
measure of goodness-of-fit of the model's estimates.

Listed below are the three major steps to be followed in the valida-

tion of the delay simulation model.

(1) Evaluation of the model's detailed logic and assumptions, the
scope and kinds of inputs, and scope and kinds of output.

(2) Evaluation of how well model estimates of delays, travel times,
and flow rates compare with our best available real-world measure-
ments of these variables. .

(3) Evaluation of the sensitivities of the model to changes in certain r

key inputs and assumptions. : |

Each of these three stages of the approach is described in detail in

the following sections.




II. MODEL LOGIC AND ASSUMPTIONS, INPUTS, AND OUTPUTS

Scope and Kinds of Inputs

One aspect of the contractor's simulation model that should be evaluated
is the required inputs for its application. There are about five specific
questions about the inputs that should be addressed as listed below:

(1) Are the inputs sufficient to represent the operations at an

airport? In answering this question one must consider the
list of inputs in the contractor's User's Manual and other

inputs provided by the pre-processors.

(2) Are the inputs sufficient to distinguish among the different
possible runway-use configurations at a major airport and
also the different airspace routings of aircraft to these
different use patterns?

(3) Are the inputs sufficiently sensitive to local, i.e.,
airport-specific, conditions?

(4) How difficult is it to obtain the required inputs? Is this

excessive given the expected benefits of applying the model?

(5) How sensitive is the required set of inputs to possible future
changes in
(a) runway-use configurations?
(b) aircraft mix?
(c) terminal building size and gonfiguration?
(d) noise abatement strategies?
(e) energy and fuel conservation measures in aircraft operation?

(f) aircraft separations and other ATC rules?

RS




Model Logic and Assumptions

There are two major kinds of assumptions made in any simulation model:
(1) simplifying assumptions and (2) statistical assumptions.

As abstracts of the real world, simulation models necessarily in-
volves simplifying assumptions. Examples include constant aircraft speeds
on approach, runway exit used independent of airline, and arriving-aircraft
taxiing route dependent only on runway exit and destination gate (or hold
area). These assumptions should be clearly identified and listed by the
contractor to facilitate evaluation by the Model Validation Group.

There are three major types of statistical assumptions. The first is
whether a given quantity is assumed a fixed constant or a random variable.
The second is a probability distribution for each random variable. The
third type of statistical assumption has to do with the statistical depen-
dencies among the various random variables. For example, aircraft approach
speeds are assumed a random variable with a normal distribution with para-
meters dependent upon aircraft class. Furthermore, in assigning approach
speeds, successive aircraft speeds are assumed to be statistically independent.

A11 such assumptions should be clearly specified in the contractor's
presentation of the model. In addition, any prior empirical validation of
the assumptions should be described. The validation group should decide
whether any additional empirical comparisons are desirable.

The model logic consists of the foregoing assumptions and the relation-
ships among the variables of the airside system as implied by the way the
model manipulates the variables. These relationships and manipulations
should be evaluated by each member of the Model Validation Group against

his knowledge and understanding of airfield operations. To facilitate such




an evaluation, the contractor should provide macrc-logic flow charts that
“walk the group through" the simulation showing what happens to a particular
aircraft from the time it enters the system on arrival to when it departs

the system. The contractor should describe the types of aircraft interactions
and other airside situations that the model can handle. The Model Validation
Group should judge whether these interactions and situations are representa-
tive of conditions actually encountered at large complex airports.

At the meeting where the contractor discloses the model logic to the
Model Validation Group, the contractor should also describe the details
of prior validations of the model. Al]l prior sensitivity analyses of the
model should also be presented by the contractor at that meeting. Further-
more, the contractor should demonstrate that the model is operational on a
! time sharing computer system at the time of the model disclosure meeting.

The overall behavior of the airside system being simulated is strongly
influenced by air traffic controllers and dispatchers acting as decision
makers and information processors. The fact that these influences are
not explicitly modeled in the contractor's fast-time model complicates
the process of validation. There are, however, implicit elements of the
model logic designed to reflect certain types of controller and dispatcher
actions. These elements will be evaluated as to their realism by the

Model Validation Group.

Scope and Kinds of Qutput

The quality of the outputs can, of course, be no better than that of
the inputs and logic. Nevertheless, one evaluation criteria for the model

is level of output detail that it presents about the level-of-service
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experienced on an airfield by a given demand pattern. For example, does
the model provide delay information by cause, location, type of aircraft,
airline, etc.? Is there sufficient flexibility in cross tabulating and
aggregating the outputs for subsequent analysis? To answer these questions
the Model Validation Group should evaluate the raw model outputs and the
outputs of the post-processors.

Besides outputs related to delays, the validation group should also
investigate the options for obtaining output data on level-of-service
measures such as queue lengths, travel times, flow rates, and known

bottlenecks.

Approach to Validating Inputs, Logic, and Outputs

It is proposed that the validation of the model inputs, logic, and
outputs be accomplished by a contractor presentation to a working sub-group
of about eight persons.

The contractor should provide macro-logic flow charts of the model
to the members of the working sub-group ahead of time so that they can
examine the logic of the model in detail. Members should then submit
written questions to the contractor at least one week in advance of the
presentation so that the contractor can focus and structure his presentation
on the issues raised by the questions. In addition, the presentation should
include a description of all prior validations of the model logic and
assumptions.

The contractual requirement for the model is that it be a fast-time,
stochastic simulation which simulates arriving aircraft within terminal

airspace, landing and movement through the taxiway system up to and including
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operations in the gate area and similarly through the departure phases.
Operation of the delay model should provide information which includes
the magnitude and time distribution of airfield delay.

As part of the full and complete disclosure of the workings and code
of the model,the Chicago Model Validation Group will require a description
of the airport operation characteristic that are simulated in the
model, e.g., runway occupancy, approach aircraft interaction with other
aircraft, gate management and operations for different gate configurations,
taxiway usage (intersections, aircraft taxi speeds, etc.), departure
interaction and interarrival gap spacing based on departure queues. This
information will permit comparison with the coded logic to verify that the
described operations are simulated by the logic. Secondly, tne group would
determine during this effort if the simulation can represent real-world
operations at Chicago.

It is often desirable to check one of the very basic elements of a
simulation model's logic, namely its arithmetic, by relaxing all of the
stochastic assumptions of the model and using it to solve a very simple
(even trivial), hypothetical example that can be checked by hand or by
using simple deterministic models. The contractor should describe in his
presentation any such checks of the model that were performed in the prior
construction and development of the model. The validation group should then

decide whether or not any further checking of this type would be desirable.
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III. EMPIRICAL VALIDATION OF MODEL OUTPUTS

As stated earlier, a variety of comparisons will be made between model
estimates and actua) observed data; in particular, comparisons based on the
following variables:

(1) airspace delays to arrivals and departure delays

(2) ground travel times for both arrivals and departures,

(3) aircraft flow rates

(4) departure queues , and
(5) penalty box (holding) and pushback delays.
The first three variables require some additional explanation; this is

presented below.

Airspace Delays to Arrivals and Departure Delays

If data on airspace delays are used as a validation variable it is
essential to know the specific runway configurations in use when the delays
were incurred. This information can be obtained either from tower records
or from direct observations made in the tower. The problems associated

with obtaining an adequate sample of delay data for particular runway-use

configurations will severely limit the number of runway-use configurations that
can be validated especially at an airport like 0'Hare where conditions are so

variable.
The problem of obtaining an adequate sample for a given runway configura-

tion is illustrated in Fig. 1.
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Fig. 1 Occurrence of Particular Runway Use Configurations,
A, B and C.
The shaded bars in Fig. 1 represent the time during which three runway
configurations (A, B, and C) are in use. Suppose it is desired to observe
a given configuration, say A, during approximately the same time period

for a sample of n days.

Note that, for all four days of Fig. 1, there is a common 2-hour
period (see dashed lines) during which configuration A is used. Configuration
B, is not so repetitive; it is, however, used during a common 2-1/2 hour
period on Days 2 and 4; similarly for configuration C.
It is important to note that the delays encountered in a given time
period (especially at the beginning of the period) with a given runway configura-

tion may depend heavily on the runway configurations used the immediately
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preceding time period. For example, there may be aircraft left over from

a lower-capacity runway configuration in the preceding period; thus

delays in the beginning of the period would be higher than expected and

would gradually decline. On the other hand, if the runway configuration of the
preceding period was less congested, it will take a while for the delays to
build up to be representative of the configuration now being considered.

In Figure 1, note that configuration A is preceded by configuration B
on Day 1, and by configuration C on the other three days. Note further that,
for the common two-hour period in which A is used on all four days; on Days
2 and 4 the two-hour period is when A is just beginning to be used; on Days
1 and 3 the two-hour period falls near the end of the interval during which
configuration A is beina used. These factors are additional complications
to the process of choosing appropriate samples of actual data for comparison
with model estimates.

For the reasons cited above, it is probably not feasible to obtain ade-
quate samples of identical time periods on successive (assumed-independent)
days. Instead, samples will consist of a number of observations made on in-
dividual days, i.e., in successive time intervals on the same day. Thus,
different days will represent different samples to be treated separately
rather than averaged together.

The foregoing treatment may be characterized as time series analysis.
More will be said about the particular time series analysis assumptions and
techniques recormended for this validation later in this report.

Ground Travel Times

Travel times accumulated by the model are fixed at a minimum Tevel by
the model input for the airfield layout. They will increase depending upon

runway occupancy time and delays. Average travel times can be calculated
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without model operation directly from the model input by summing all paths

to the gates from the runways and assigning weights based on the exit taxiway
utilization factors. Average travel times are determined by and reflect

the conditions of the airport and runway-use configurations. The results

of the model output for negligible delays can serve as calibration data.

The addition of delays to travel times in the model logic appears to be an
evaluation factor for consideration by the Model Validation Group.

Travel times (both in the air and on the ground) are an important output
of the simulation model because they may differ for different runway confi-
gurations. Thus, travel times are an important level-of-service measure of
a particular runway-use configuration that should be considered along with
delays when comparing configurations. It is important, therefore, that the
model be able to predict differences in the travel times, both in the ap-
proach airspace and on the ground, associated with alternative configurations.

Airlines have taxi-in times measured from wheels-on to the gate and taxi-
out times from the gate to wheels-off. These differ slightly from the model
outputs; the discrepancies, however, are small (say 5-10 seconds) and, be-
cause they are relatively constant, could be factored out of airline data.

The travel times produced by the model are random variables. For com-
parison with the model estimates, a random sample of airline data on ground
travel times will have to be obtained. The airline data should be field
checked for accuracy and to see if the actual taxiway routings and the model
routings are comparable. If it is judged that the airline data are not

satisfactory, then field measurements of travel times will have to be used.
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Aircraft Flow Rates

Aircraft flow rates are recommended as a third validation variable.

Flow rates accumulated by the model are a function of the number and type of
aircraft arriving in a given sequence at the runway and the separation
standards employed in the input. The flow rates are limited by the

capacity of the runway-use configuration.

The number of operations accomplished in various size time intervals
(e.g., a particular fifteen-minute or a one-hour period, the morning peak,
the whole day) as estimated by the model shoﬁld be compared to corresponding
field measurements of these operation rates. This should be done for both
arrivals and departures. The contractor should also present details of prior

validations of the model's ability to accurately estimate flow rates.

Statistical Treatments

One of tne most difficult and troublesome aspects of validation is the
statistical comparison of model estimates with observed, "real-world" data.
This can take many forms. According to Van Horn, "Often simple comparisons
of means, ranges and variances and graphical comparison of distributions or
time behavior will capture most of the available information.”7 Going
beyond this and doing statistical hypotheses testing is possible, but great
care must be taken in selecting appropriate tests for this purpose.

The literature contains frequent warnings about the statistical nature of
the output of simulation models. Hsu and Hunter, for example, warn that,"...
data from many simulation models are often not serially independent of time,

a fact which seriously affects the validity of the (standard statistical) tests."8

7Van Horn, p. 252.

8Hsu, D. A. and Hunter, J. S., "Analysis of Simulation-Generated Responses
Using Autoregressive Models," paper accepted for Management Science, 1977, p. 2.
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Fishman and Kiviat similarly point out that, "As simulation data are generally

autocorrelated, an investigator cannot apply the statistical tools commonly

used for studying independent observations."9

The aut:ocor'r'elation]0 problem mentioned in the foregoing caveats cannot

be ignored. Fishman and Kiviat go on to say that, "Ignoring autocorrelation

is clearly unacceptable, since the reliability of the sample means and

1 Besides, as Hsu and Hunter point out,

variances are thereby overestimated."
"...serial correlation in time is itself an important characteristic of the
system being simulated," that can be compared statistically to the
corresponding serial correlation structure of the real world data as part
of the validation of model outputs.]z

Based on the above discussions, there are two principal candidate methods
for use in a statistical analysis of the output of the contractor's fast-time
simulation model vis-a-vis observed data, one proposed by Hsu and Hunter and
the other proposed by Fishman and Kiviat. Both of these methods are time-
series methods that consider the autocorrelation structure of the simulated
data and the observed data.

The method of Hsu and Hunter is an autoregressive time series model that
simultaneously compares means, variances and autocorrelation structures of two

"

time series. More precisely, “...an inferential statistic...is used to compare

two time series simultaneously with respect to their estimated autoregressive
parameters and variances. A second inferential statistic...is then employed

to examine the differences in the means of the two autoregressive time series."13

Fishman, G. S. and Kiviat, P. J., "The Analysis of Simulation-Generated
Time Series," Management Science, Vol. 13, No. 7, March, 1967, p. 526.

]OAutocorrelation is a measure of the linear dependence of a process on its past.

]]Fishman and Kiviat, p. 526.

‘2Hsu and Hunter, p. 2.

]3Hsu and Hunter, p. 3.
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Appendix D shows an example of applying the Hsu-Hunter method to an air
traffic control model.

Fishman and Kiviat suggest applying "spectral analysis" to the study
of time series data generated by simulation models. They use an autocorre-
lation function, a spectral density function, and a statistic called "cor-
relation time" as a statistical description of the two time series being
compared. The variance of the sample mean of each time series is shown
by Fishman and Kiviat to depend on these statistics and, once obtained,
can be used as the basis for hypothesis testing that involves comparing
the spectral density functions of the simulated and observed time series.

One of the two foregoing methods will be used to compare the various
time series output by the contractor's model, e.g., delays, travel times,
queue lengths, flow rates, to the corresponding measured time series for
these quantities. Both methods involve the assumption of a covariance-sta-
tionary pr'ocess.]4 Comparisons will be made of single realizations, i.e.,
the model output for a single random number seed, versus data observed on
an individual day, and also of averages over several random number seeds
and days. The sum total of these statistical comparisons will enable the
Model Validation Group to make a reasonable judgment as to how closely the
simulation output approximates the real-world data collected at O'Hare.

It is assumed in the foregoing statistical analysis that the random
number streams corresponding to the different "seeds" are not correlated.
The contractor should guard against choosing seeds that give streams of
random numbers displaced by only a small number of values. In his presen-

tation of the model logic, inputs and outputs to the eight-man working

14 - : . : i !
A convariance-stationary process is one in which neither the co-
variance structure nor the expected value of the time series is a function
of time.

i
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sub-group, the contractor should describe how the different random num-
ber seeds are chosen and whether or not a check has been made that the
different streams are uncorrelated.

Concluding Remarks - Empirical Verification

By comparing model estimates of airspace delays, ground travel times,
and flow rates with measured data, one can base an evaluation of the good-
ness-of-fit of the model on a variety of empirical evidence. The decision
as to the adequacy of the model for Phase II, however, must aiso be based
on an evaluation of the model's logic and its fine-grained sensitivity as

described in the next section.
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IV. SENSITIVITY ANALYSIS OF THE MODEL

This third phase of the model validation is aimed at exploring certain
properties of the model itself. It will probably not involve any field
data collection or statistical hypothesis testing.

A sensitivity analysis usually involves evaluating the change in one
or more key outputs (e.g., estimated delay) resulting from systematic

changes in one or more input parameters. There are several reasons
why one might want to do this. One is that if the model outputs are very

sensitive to small changes in one of the input parameters, then that
parameter will have to be measured very accurately and assumptions
about that parameter closely scrutinized; if not, less measurement
accuracy is satisfactory.

A second reason is to evaluate how extrapolatable the model is to new,
non-observable situations by systematically varying one or more inputs
and then judging the resulting output changes predicted by the model

against what we would expect to happen from our knowledge and experience.

Thus, the sensitivity of the model is a very important aspect of its
logic, For example, one may wish to examine the delay (flow rates,
gate congestion, etc.) that result from incrementally adding new aircraft

to the existing demand. Or one may want to determine whether the model

can reasonably predict the effect of a major perturbation such as a

sudden drop in ceiling and visibility that is known, a priori, based on

past experience at a particular airport to have a dramatic effect on delays.
A third possible reason for a sensitivity analysis is to evaluate

how sensitive the results are to simplifying and statistical assumptions.
Suppose an assumption is made that is, for one reason or another, not
well documented. If it turns out that the model output is very sensitive
to small deviations from our assumption, then an effort should be made

to further check (and possibly revise) the assumption. This is another
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indication that the sensitivity analysis is a very important adjunct
to our evaluation of the model logic.
The eight-man working sub-group, described earlier under model logic,

should also oversee the fine-grain sensitivity analysis. They should decide

which parameters to fix and which to vary for the sensitivity demonstration.

Furthermore, the contractor should describe in detail all sensitivity
analyses done during prior model development and demonstrations during the

disclosure of model inputs, outputs, and logic to the sub-group.

i it i il — — e
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V. DATA COLLECTION

In this validation exercise data will be required for two principal
purposes:

(1) to provide the necessary inputs for the model, and

(2) to provide a sample of observed data against which model

estimates can be compared.

The model input data can be further subdivided into four categories:

(1) model specification data, (2) airside specification data, (3)
demand specification data, and (4) airport operation data. Detailed lists
of each of these four categories are given in Tables 1 through 4. These
tables also suggest, for each data item, primary and secondary data
sources and the party responsible for obtaining the data. Table 5 presents
a similar description of data required for comparison with model outputs.

A subsequent plan for data collection, reduction, and analysis will
present greater detail on the actual methods and equipment to be employed,
manpower required, runway configurations to be studied, etc. It is lTikely
that some minor adjustments will be made to the descriptions of Tables 1
through 5 as the data collection progresses.

Following the approximate three week period of data collection, the data
reduction can proceed in two phases:

(1) reduction of data for model inputs

(2) reduction of comparison data on model outputs.

Ihis reduction effort will be very time consuming if it is not carefully
planned in advance. Existing computer programs for reading and manipulating
the data (say from the contractor or other sources) should be used to the
fullest extent possible. Detailed data collection procedures should be planned

with the subsequent reduction requirements uppermost in mind.
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An important aspect to the data collection to consider is the definition
of terms of the delay measurements as reflected in the model. The measure-
ments at the facility must comply with the output of the model; event times
specified in the model must be recorded at the facility. (For example,
time of arrival and departure time from gate must be defined, collected,
and reduced before comparison with the model output.)

The form of the data extracted will be dependent upon the definition of
the delay factors and parameters expressed in the simulation model. The
following table (Table 6) Tists a set of event times along with a description
of the position of the aircraft, what the aircraft is doing, and what the
aircraft is about to do in the simulation. This description of the event
times in the simulation permits the measured data to be sectioned into the
various categories of delay at the airport. These event times of the
actual simulation model must be clearly defined and reconfirmed (after
disclosure of code and 1istings from the contractor) before data reduction
to insure that delay accumulations may be compared with the model output at ﬁ
the conclusion of the validation procedure.

The concept of matching field measurements at the airport with the model's

definitions of airport operations applies particularly to the travel times.
The model simulation calculates travel time by summing the total times an
aircraft occupies individual links on the route to the gate, ho<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>