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PROPLEMG IN THE APPLICATION OF SYSTEMS SIMULATION TO
TRANSPORT PLANNING

[NTRODUCT I ON

Over the past few years the use of simulation as a tool of
analysis has increased many-fold. More important, howevér, is
the promise that this is a method of analysis with whiqh many
of the large complex systems problems facing us may be attacked.
Though simulation is more properly referred to as a method of
approach than as a general purpose analytical technique, it does
appcear to offer a framework conducive to understanding these
problem:s and seeking rational methods of improvement or solution.

The authors have been engaged during the past three years in
the application of simulation to the problem of transportation
and its role in cconomic development}' This has involvad the de-
velopment of large system simulation models of the economy of
2 developing country and its transport system. The models,
originally designed as research prototypes have subsequently
been converted to planning models and used in a study of in-
vestment priorities in the transport sector of an antual under-
developed «:conomy.2 The results have been gratifying. The ex-
pericence in model building, calibration, data collection and
operational use which resulted has been illuminating, and has
attracted widesprcad interest.

This paper is an attempt to generalize the results of this

expericnee to the larger questions posed by almost any use of



gimulation for large-scale systems problems and particularly
those involving transportation. The authors experience in

the application of simulation to problems in transportation
inalysis includes a number of previous smaller scale models

in various contexts, and these have also exerted their in-
fluence on the material presented here. The result is a set
ol rather goncral comments on a number of the more important
aspects of the application of simulation to problems in trans-
portation planning and analysis. The emphasis, however, is
particularly on the application of simulation to large-scale

systems for planning purposes.

. THE NEED FOR SIMULATION IN TRANSPORT PLANNING

A. Transport System Planning for Development

Transportation planning has at times been viewed as a
simple process of determining where the greatest need for in-
creased capacity or improved travel conditions exist and then
staging an investment scheme for these areas. It must by now
be clear, however, that transport investment does much more
than zimply relieve congestion or lower operating costs. The
consequencrs of transport policies which result with or without
comprehensive planning reach far beyond the transport network
itself, because transportation system planning can strongly
infTuence the spatial aspects of development. The locationai

allocation of investment funds alone can be an important force



in channeling growth. Transport cost differentials created

by new facilities tend to reinforce the emergent investment-
induced growth patterns and to result in economies of scale

in production and marketing as growth continues. Thus, trans-
port planning may be used as a device for directing develop-
ment when it is not simply a direct regsponse to an existing
or potential need.

The qgovernmental role in transport planning has long been
firmly cstablished by the necessary involvement of governments
in transport development and operation. Many transportation
facilities such as roads, airports and ports are constructed
with public funds, so their construction and operation must be
planned publicly. Furthermore, the nature and behavior of the
transport industry has created in many countries a need for
substantial governmental regulation of pricing and other as-
pects of the private sector of the industry. Thus governmental
Lransporl system planning involves selection of projects for
new construction, design of an integrated network of improve-
ments or to Lhe existing system, and development of satisfactory
requlatory and pricing policies.

The purposes to which this control over investment and
operation will be put, however, are neither clear nor easily
defined.  Multiple and conflicting objectives are the rule
rather than the exception when the system is viewed from the

level of government. It may even become more, rather than less,
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difficult to find clearly preferred solutions at the govern-
~mental 1evel since the number of viewpoints which must typi-
cally be considered is greater when governument rather than an
individual looks at the problem despite the fact that the con-
flicts are there internalized.

Though government control is evident in many aspects of
transportation investment, there is also much freedom of choice
in the balance of the industry. Shippers are free to make
their own selection of mode and routing. The market process,
though affected by the transport network that is available,

15 in most countries free to respond to the price system. Pri-
vate investment is not particularly constrained by government
transport policy. The response of the private sector to the
implemnntation of a particular set of government policies might
be thought ¢f as the behavioral response of the system under
study to external stimuli.

The size and complexity of the transport network in most
developed countries defies thorough analysis by the most ad-
vanced techniques.  The systems must be partitioned and dealt
with in an incomplete way for the most part, although it is
recogni zed that such project analysis is not entirely satisfac-
tory because it omits the systems effects which are so important
in Lransportation gencrally. In many developing countries, how-

cver, the transport networks are less complex and the economies



are simpler and thus easier to deal with. 1In such cases, the
construction and use of gimulation models of the economy and
the transport system is entirely practicable as a method of
rxploring the consequences of alternative courses of action.
A5 simulation techniques become more efficient and flexible,
they will undoubtedly be more widely applied in advanced coun-

trices for regional transport planning, urban growth and similar

studies.

B. Simulation Models Described

Clearly transport planners need some technique which will
e¢nable them to evaluate various alternative transport plans and
projects. Traditional analytical tools have proven satisfactory
[or project analysis where some simple objective function is to
be optimized, but where a large system must be evaluated, with
numerous discrete functions and scattered exogenous specifications,
such analysin beocomes less effective. Where no single objective
Funclion can be decided upon or clearly defined, it is necessary
to try to reproduce the important consequences of a given plan
40 that its impact on the various affected parties may be de-
termined.  This requires a simulation model.

A tiimulation model is an abstraction or conceptual construct
Oof @ system which attempts to replicate the relevant behavioral
responses of the system to changes in its environment, its struc-
Lure, or its operating rules. The model can be manipulated to

Approximate the controls that exist in the real world and the



syastem response observed and evaluated. A simulation model

may thus bc useful for formulating alternative courses of
action. It is,however, no different from any other kind of
mathematical model, although it is used in a slightly different
way. It is used primarily to create a history of the status of
the many components of the simulated system at different points
in time. During the calibration process, state histories of
the simulation model thus created are compared with the state
histories of the real world. To use these models for planning,
alternative state histories of the future possible plans may be
compared.

It i1s important to distinguish between a simulation model
and an optimization model. Overall optimization of a particular
function is not typically an objective of simulation models.
They may, however, have subcomponents or subsystems which enploy
optimization technigues in the simulation of the behavioral
response of that subsystem. Simulation models may be used to
e#xplore more than one objective or no objectives at all. Optimi-
zaltion models by their very nature must have one and only one
objective and are thus not suitable for analysis of very complex
problem: where decisions must rest on a variety of factors in-

c¢luding strong political forces.

C. Comparative Evaluation ¢f Public Objectives

Gince the problems that decision makers face in a public

policy siltuation are not usually single dimensional problems
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wilh a single objective, but rather have multiple objectives,
simulation models are particularly appropriate tools for
their analysis. The typical decision maker does not want

o know which of the possible alternative courses of action
facing him is the 'best". He more frequently seeks the dif-
ferences in consequence between these alternatives. For ex-
ample, he might be interested in exploring the consequences
of spending a large amount of money and creating substantial
benefits or spending a smaller amount of money and creating

A smaller sum of benefits: between payments by one group and
payment by another, or between benefits to one or another.

lle may even be interested in what the beneficiary will do with
the L:nefits which he obtains. A simulation model is ideal
for tracing these types of benefits since it must establish

their incidence prior to simulation of their behavioral re-

sponse.
Simple project analysis procedures do not do this. They

take a  single government viewpoint through the use of a public

welfare tunction. All benefits, though accruing to definite

separate groups, are added together in a single welfare function,
50 the incidence of benefits is frequently lost. That such a
proces:s ik inadequate to a real understanding of the consequences
of a4 course of action may be illustrated by the following ex-
ample. In the real world for every cost saving by one party

the supplicrs of the commodity which was saved lose a sale.



The important effect of this resource saving depends on whether
the resources can be re-employed elsewhere in the economy. If
they are truly scarce resources they usually can be re-employed.
Their price will then drop until the market is cleared by sales
to those who previously could not successfuly bid for these
scarce resources. The price at which these commodities can be
s0ld depends upon the elasticity of demand with respect to price,
the market perfection and the degree to which profits are passed
on in the form of higher income which tends to increase demand.
Project analysis techniques are totally incapable of tracing

the cffects caused by these resource savings and their re-employ-
ment into the cconomy although these effects are vitally im-

portant to cconomic growth. With a simulation model the trade-

offs can he established to show who has benefited, by how much,
and ot whose expense.  From a political point of view, the dis-
tribution of Ienefits may be the most important aspect of a
Lransport improvement:.

. SIMULATION AS A PLANNING TOOIL

A. Defining the System to he Modeled

Gimulation of the entire world in some detail is not prac-
Licable now, nor would it provide substantially more useful in-
formation in most cases than simulation of the small portion of
the world that is of immediate interest. When one carves out of

the world the small portion that is to be simulated, however,
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one cannot forget that the rest of the world exists, but
rather one muat carefully define the boundary of the sim-
ulated part so that in all important respects the remainder
seems still to be present, and the simulated portion is con-
striained at these boundaries to behavior consistent with the
outside world, The outside world is thus represented by ex-
ogenowsly specified variables or by constants. It is advan-
tageous Lo locate the boundary to minimize information trans—
fer at. the interface, so that data gathering and verifying is
minimizod,

These boundaries exist in time as well as space. A sim-
ulation run must somehow be started, so system status must
be specified at the beginning of the initial time period, re-
quiring far more data than the external constraints specified

in later time periods. It is important to arrange logically

what: is in the system of interest and what is external to it,
which variables are to be computed internally and which are
to be suppliced from the outside.

After determining the boundaries of the simulated system,
it is then defined in detail with all of its subsystems and the
appropriate interconnections. Each subsystem is analyzed physic-
ally and then structured logically in terms consistent with the
model.  The model may include operating rules, such as pricing
policy or cquipment scheduling as well as physical components,

nuch as roadways or vehicles.
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Once the important behavioral subcomponents are identi-
lied the information flows between these subcomponents must
be rigorously defined. Cash flows and other informational
and control data must be known in sufficient detail that the
bchavioral response of the subsystem can be accurately modeled.
Establishing carefully the level of abstraction which is
appropriate to the policy quesdions at hand is very important,
since working at a lower level of abstraction than necessary
introduces a tremendous number of unimportant variables. It
must. be sufficiently concrete to provide accurate answers of
the type desired, but not so specific that it exceeds the cap-
ability of available computers or data-gathering forces. Further-
more, the detail involved should be consistent in all parts, to
avoid cxpensive generation of very detailed results in one part
which are based on much less reliable results from some other
part.  Noteoe, however, tﬂat the emphasis is on consistency, not
uwniformity. It may be both reasonable and useful to expand one
section of an otherwise general model with great detail, so long
as this expansion is designed to be accurate given the type of
detail produced and used in the remainder of the model. For
nxample, an cconomic and transport simulation can represent an
ceonomy as composed of ten industries, nine of which are defined
quite simply, the last being transport which is simulated in very
fqreat detail, but appears, to the econcemic model, like any of the

others.
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B. 1Identifying the Point of View and Control Variables

The model which is to be used as a pure simulator needs
no particular point of view. However, if the model is to be
used to study the relative merit of different policy alterna-~
tives then the planner's needs must be kept in mind and the
point of view to be taken must be clearly established, with
the inclusion of controllable variables to be manipulated by
that particular actor. The identification of a point of view is
also necessary for selecting outputs which will be related to
potential objectives. Though these may be included at a later
date it is always more difficult to modify the model once it is
completely defined. Note that the variables selected by one
particular agency as controllable may not appear controllable
Lo another. The degree of control which will be exercised over
Lhese variables may not be known precisely, but this is not
erucial for model design except that the model must be stable
and accurate over the expected range of values. The degree of
contvol excreised is really a problem of data gathering rather
than programming, since control variables will always be supplied
exogqenously.  In addition to controllable variables or policy
variablas, environmental variables representing the interface

with the unsimulated world are also specified exogenously.

.

The Role of Objectives

With o simulation model, policy objectives need not be

nelected in detail because the model simply reacts to exogenous



-12-

inputs and explains what conditions will result. Potential
objectives need be identified only to the extent necessary

to define the output desired. Output will typically include
variables which define the performance measures and summary
statistics that will be used in evaluating alternative poli-
cics. Multiple, even conflicting objectives, may be applied

by those who finally evaluate the results produced by the model.
In fact, given adequate outputs from the model, the objective
nced not be selected until after several runs have been made and
the results studied. One can learn about the behavior of the
system from model runs and then formulate an objective function
which i consistent with this new understanding, rather than
being locked into an objective function conceived in the state
ol understanding which existed before the model was completed
Or run.,

Models defined in this manner may be used to evaluate the
deqgrec to which the interests at different groups each with
ieparale objectives are served because no objective function is
implicit in the model, and no attempt is made within the model
Lo resolve conflicting objectives. There may be, in fact, no
way Lo resolve these external conflicts short of political activity.
Toward that c¢nd, by organizing available data and adding to it,
Lhe model gives very complete information about the variety of
conditions which will result from implementation of different

plans, providing a time series of such information, so that the
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tradeoffs hetween various groups over time may be traced in
detail. This provision of a large volume of detailed results
is perhaps the most important reason for the use of a simula-

tion model for development planning.

D. Model Building--The Design of an Information Machine

A simulation model is usually structured one subsystem at
a time. These subsystems are typically mathematical component.s
held together by an information system and its computational
sequence. For most transportation systems, it is difficult to
characterize the entire system of interest in terms of a single
mathematical technique. The model of a particular subsystem,
however, may be quite pure in concept; for example it may be
represented as a Markovprocess, a linear program, a stochastic
birth and dcath process, or a problem in queuing theory; and
a5 such may be symbolized using the mathematics usually em-
ployed,

For cexample, scparate submodels may be used to represent
road, railroad, river, and port operations within a single
Lransport system simulation. The port simulation could be
represented by a simple queuing model, while the road simula-
tion might consist of numerous functions relating congestion,
vehicle shortages, operating characteristics. Each of these
subsystoms mast be provided with +he data necessary for its

opriration, and return to the main program the requisite informa-
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tion deseribing the performance of that mode.

Home mathematical programs involve masgsive computations
but little information transfer because they are an iterativé
process on a small amount of data. The simution of a large
real world system such as -a transportation network, however,
must necessitate manipulation and storage of a vast body of
data describing the state of the many parts of the network.
1f the data requirement of the simulation program exceed the
primary storage capacity of the computer to be used, special
routiniswill be necessary to move data to secondary storage
when it is not in immediate use. In the case of the large
scale simulation performed by the authors the program and data
excecded available core storage in an IBM 7094 by a factor of
five or more, requiring a complex overlay structure using up
to I8 Lape drives. The low speed of secondary storage access
Uime demands that such storage usage be designed very carefully
to avoid great inefficiency in running. Great sophistication
in inlormation handling, however, makes a program much harder
to work with, alter and debug, so it is necessary to carefully
balance the competing needs of efficiency and simplicity.

For most computing equipment operations must be structured
50 Lhat they can be performed sequentially. Most economic pro-
cessen and many parts of the transportation system require equili-
brium conditions which imply simultaneous determination of the

states of all variables. Since computers must operate sequen-



Lially, simultancity is ordinarily achieved by means of
iterative procedures or by the use of recursive processes
which. though always slightly out of equilibrium, may be
sufficiently close for practical purposes. Modal choice
and routing are transportation processes which are typically
thought of as equilibrium seeking, because traffic volumes
are a function of performance and performance is likewise
a function of traffic volumes. Simultaneous solution is thus
roequired,

LHince iteration demands a great deal of time, recursive
procedures can freguently be adopted in which the state of
the variable [rom the last time period is used as an estimate
of its state in the current time period. This technique will
grnerally be found satisfactory where the response time of
Lthe gystem is long relative to the computation interval and/or
whaere system performance is not a function of rapidly changing

variabley.

I11. PROBLEMS [N THE USE OF SIMULATION

A. Data Collection and Use

The data needed to support a simulation model is typically
ol two Lypes.  First, there is the data needed for exogenous
inpul. ad cnvironment or control variables, and second there is

the data necded for calibration of the behavioral parameters.
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'Environoﬁental variables are obtained by observing
the system in its natural setting, Control variables
arc somewhat more complex in definition since they
represent the mechanism by which the system as a whole
will be managed. Data containing information about the
way the system has worked in the past is used to estimate
the behavioral parameters. Most simulation models de-
mand consistency in behavioral data because of the sys-
tems nature of the process. Output from one subsystem
is inpul Lo another so that data errors are multiplied.
Frrors in one subsystem will ultimately be evident in
A study of the overall results. In view of the fact
that the data for a real world system is typically less
complete than is desirable, this consistency check per-
forms wvaluable function of bridging data vacuums.
Collection of the data always poses a problem,
from which simulation models offer no particular
relicf.  llowever, with a full feedback model the sys-
tem can frequently be defined in such a way that data
collection is minimized. By using a model of the
entire cconomy and the transport system, for example,

one avoids the necessity of collecting or igin
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and destination data to generate traffic flows. Thug, data
which would have been entered into the system exogenously
under onc definition of system boundaries becomes data which
is used to calibrate the parameters under a broader definition
of system boundaries. Parameters, however, can frequently be
calibrated with incomplete data since the redundancy in most
systems provides more data than is necessary to establish
these paramoters.

When the model is operational, sensitivity tests can be
made to determine which variables and parameters have the
greatest impact on the results and whichhave little impact.
Arnced with this knowledge, the user can concentrate his energies
on providing accurate data for the more sensitive areas and in-
vest Jess effort in collecting the less crucial data, thus mini-
mizing the data collection effort employed. It should be under-
stood that even when a model is carefully designed to use pub-
Fished or existing data, it is usually not possible to prepare
data for use without a thorough understanding of how the model
works.  The model is an abstraction from reality, and as such
will almost always require that data be adjusted in some way
Lo remove crrors or inconsistencies. The unfortunate truth is
that most data are not simply numbers, but require a precise
definition of the quantity they represent. As this verbal
definition varies from one source to another or one time to
another, the numbers must be adjusted to fit the definition

implicit in the model.
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One of the virtues of a simulation model is that the
internal informstion storage and retrieval system becomes
a uscful device for organizing the -arious data in a stan-
dard and easily understandable form. As such it often af-
fords a convenicnt device with which to coordinate the work
of various individuals. As they provide data or evaluate

model results, the expert opinions of consultants can be

entered into the process. The model and its data bank
thus become a storage for the wisdom and knowledge of those
who have contributed to its development. This storage 1is

superior to a stack of published reports, in that every use

of the model automatically relies upon that data, while a re-
port may be ignored or forgotten when new decisions aré to be
made, A5 additional data is collected, it can be used to en-
rich the data bank which already exists. Data errors can
qradually be jdentified and eliminated. The models can there-
fore serve as a device for data  enrichment and improvement,

at o well as storage and retrieval.

. Proving Model Credibility

A simulation model is useful when it behaves and responds
a5 the real world does with respect to the variable and func-
tions of inLerest to the user. Therefore, before using such
a model such as model as a planning tool, one must be convinced
that in fact it is accurate where desired. This comparison

should include both a steady state analysis and ecvaluation of
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transient response to disturbances of types which may occﬁr
in projected runs. Data from an historical period will usually
include typical disturbances and the response to them which
is expected in the model. Calibration is achieved by adjusting
bechavioral parameters in the model until the state histories
of both the real world and the model combare favorably. Be-
havioral parameters can be established by regression where
sufficient data is available or by an informed estimate where
it is not. The final test, however, is the way in which the
parameter setting influences the behavior of the subsystem as
it is sequenced through actual state histories. It is true
that in a case wherc there are many parameters for which cali-
bration data is not available, there may be several different
ways to arrive at apparently similar state histories. Sensi-
tivity analysis of the model can usually reveal this situation
after which a more specific data collection effort may be re-
quired., Where there is more than enough data, however, there
will be degrees of freedom which will not be completely util-
ized and these can be used to furnish a check on the consis-
tency and the calibration of the model.

Model credibility can never be established perfectly.
One must in the final analysis use his own judgment and
czperience in declaring that a simulation model is sufficiently
rcalistic Lo be used for policy problems. And if consistency

errors are suspected which render a single run unrealistic in
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some respect, the model may still be useful for producing sets

of runs in which differences may be compared because the errors

cancel out.

C. The Computer Environment

Mowst large écale simulations involving transportation
system and cconomic development models require high speed
computational equipment with large memory because of the com-
plexity of the programs and their development. Present machine
sizes require that the programs will have to be divided into
several parts, any one of which may tax the capability of
the machine. Working close to the limits of the available
technology demand that both programming and hardware systems
musit. be well doveloped, free of problems and completely under-
stond, The programming languages.used must be completely de-
bugqged Lf serious delays are to be avoided. General purpose
but. universal programming languages should be used if they can
because of the ease of documentation and translation to other
users, Systems programmers with an expert understanding of
the lanquage usced must be on hand. For development, programs
should be subdivided so that they can be tested separately,
Lhen put together picce by piece and debugged as increaéingly
larger subsyrsitems. Calibration can proceed simultaneously as
soon as major debugging has been completed. Data must also be
debugged, since completely error free data is rare.

Drrvelopment of simulation models requires a computer budget
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that is somewhat larger than that for many other types of
computer uses. Because this path is new and relatively
untravelled, there are typically many false starts. The
physical volume of data in and out, as well as the desire

for fast turnaround suggest that it is highly desirable to
have an office close to the computer where data can be or-
ganized for input and where runs can be analyzed after they
have been returned. The extremely high speed of an electronic
computer and the nature of the simulation process mean that a
very large amount of output can be generated. To conserve
analysis time, output data should contain both details and
summaries ranging from the most aggregate measures to the more
minute. It is also useful as well as conservative of paper
and carrying cnergy to have the ability to suppress the print-

ing of any of these at will.

D. HMvaluating and Explaining the Results

The output obtained from a simulation model can be quite
voluminous because it contains detailed descriptions of the
slate of a complex system at many points in time. Therefore,
nogreat deal of Lhought and experimentation with the results
15 necessary to see what is significant, which output is most
respongive o change and which are the best indicators of im-
portant. activity. It is helpful if a hierarchical system of

output prescentation can be evolved with higher level summary
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results presented initially and with morevand more detailed
results available on demand. Computer-drawn maps, charts and
qraphs arc an excellent form in which to present output sum-
maries for quick comprehension. If results are to be shown to
a client, it is invaluable to present them in a format with
which he is familiar to speed recognition and understanding.

Output design is greatly aided by an understanding‘of how
the results will be used. Runs will ordinarily be compared in
pairs, onc run will incorporate some design feature under study;
the other run omitting it. The results will then be compared
item by item between the two runs. It will also be important
to qenerate results so that the entire sequence of a particular
cconomic or transport indicator can be viewed as an individual
time series. Time series of interest may include regional

cconomic indicators, modal measures of various kinds, or overall

transport system performance measures.

IV PRACTICAL USEFULNESS OF THE MODEL

A.  Long Range Planning and the Role of the Model

Within many planning agencies there is a tendency to focus
on short range as opposed to long range planning functions. One
important role for simulation models in a planning context may
therefore be to organize and focus the central planning function
on long range objectives. This should not be done statically,

by focusing on a single point in the future, but rather dynamically
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by focusing on the changes required to accomplish desired objec-
tives over the years.

Planners can typically select from alternative plans several
which arc desirable, practicable, and achievable in the time
period under consideration. Using simulation, these alternatives
may be tested and the results analyzed to determine which is most
satisfactory from a number of viewpoints including the view held
by thosce responsible for making the final decision. Presumably,
steps will then be taken to implement the preferred plan. After
a time has passed, however, external events may occur, changing
assumptions on which the plan was made, foreclosing some alterna-
tives and presenting new ones. It will then be desirable to
make a new assessment of the present, new projections into the
future, and simulate again to find a revised "best" plan. Thus,
the planning and modelling process is dynamic and iterative,
absorbing changing coxternal conditions and adopting them. Simu-
lation techniques when used in such .a dynamic planning process
makes 1t possible to identify easily those projects or programs
in which early starts are essential to completing the overall
program and to achicving the benefits expected out of their

complation.

L. Application at the Project Level

Simulation models can be applied at the level of individual
projects but this is cxpensive and not well adapted to examining

the details inherent in project analysis. It is easy enough con-
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ceptually to hold constant all program planning except the
project of interest; then simulate it in several different
forms. Depending upon the overall system model, these changes
in form may allow the exploration of all the detail desired.
More frequently, however, the differences between the projects
may be minute compared to the scope of the systems model so
that adequate answers cannot be provided project by project
hecause the resolution of the model is notsufficiently fine.
There are theoretical problems with priority ranking of
projects in the first place. It is difficult, if not impossible,
Lo place a priority rank on an individual project since it is
only one clement in an entire program of investments. As the
background program is changed, the usefulness of the project and
thercetore its priority ranking, may change because of its re-
lationship to the background system. Project analysis, as it
is presently practiced, attempts to select that project which
has the highest individual objective ranking at a particular
project. sjite.  Priority ranking then attempts to place these
individual projects into an overall program while assuming total
independence between projects. Most transportation projects,
however, are not independent of the remainder of the system,
and their importance or priority will depend heavily on other
aspects of the transport development. The amount of inter-
dependence may vary from system to system and must be considered

independently for each different application.
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This does not resolve the problem which faces the typical
network designer. There are literally thovsands of permutations
and combinations of projects that may be conceived of. A simu-
lation model is not a useful technique for selecting among these
since it doecs not exercise choice among the'available projects
nor does it suggest which combinations are better. Search techniques
such as mathematical and dynamic programming may be useful in
this reqgard. ([t is the opinion of the authors, however, that
Lhe range of feasible choices is well constained in many . trans-
portation systems and the decision maker has a number of political
constraints on them which limit the range of choice to a few dis-
crote possibilities. Where this is the case, simulation can be

useful for sclecting among these choices.

C. Transfer of Capability to Potential Users

If simulation models are to be important for policy making

in Lhe future, it will be necessary to surmount the problem of

transferring the technology which has been developed in various
rescarch laboratories into operational techniques in the indi-
vidual aqgencics.  This is first and foremost a job in education.

Thee operating agencies must have techniques and professionals

who understand simulation modeling and its uses in transportation
planning.  In many countries there are undoubtedly shortages of
trained manpower with satisfactory technical background and college

level training to handle simulations. This is not universally
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truc, however, an in many countries the reverse situation
exists. If a small percentage of the population of a de-
veloping nation are sent to good schools at home and abroad,
their technical education may actually be greater than can

be effectively used within the cduntry.’ If opportunities

to excrcise this training that they have received are not
made available then these people can be lost through a "brain
drain.”" Thus a domestic simulation program might not only be
productive, but can attract the best technicians to remain in
their country.

Anolher possible barrier to use of simulation models by
developing countries is the inadequacy of their computers. A
few developing countries have satisfactoww computational equip-
ment available. Most, however, must depend on equipment in the
developed world. It is possible, though relatively difficult
Lo perform the model building and data collection tasks at home
while using o computer located in some other country. This, of
course, flices in the face of our earlier advice to locate near
the computer, but may in some cases be necessary. Once models
are set up and operating, the analysis team could fly into a
computer conter to use them for individual runs, although this

would not usually be satisfactory for intensive use of the

moyedes L.

Do Using the Model: A Study in Team Effort

For larqge scale simulations, the development must be a group

effort until the centire simulation is operational. No one in-
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dividual in the group can operate all alone except during those
periods when he is working on the internal aspects of an indi-
vidual submodel. Even then the interdependant nature of the
system will force the group to come to grips with the information
transfer between subsystems and the dependent nature of each
subsystem on the operation of other subsystems.

Because such great individual familiarity with the particular
model is required to use it, the life of the model is essentially
the 1life of the group. Any one individual can be lost without
severe repercussions to the overall endeavor. But if several
are lost at the same time, then the effort must be begun again.

In addition to the purely systems aspects, such as in-
formation transfer and computational procedure, there are any
numhcr of small reasons why the group must function as a single
unit. For example, locating the information used as input to a
particular subrouﬁine will typically require that specialized
knowledge held by one member of the team be transferred to another.
The data sought may be in a particular room, punched into cards
and stored on a shelf with a number of other cards of the same
qeneral type and readily identifiable only by the fact that it
i punched on red cards and has a blue rubber band around it.
Thus the same information storage and retrieval process that is
vezing in Lhe internal design of the model may turn out to be
cqually difficult in the real world. The design of information
Files and the cducation of the entire group in their use can

be essential. Smoothly working operations must also be evolved
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such as check lists, methods of labelling output, systems of
names for various types of operations, etc.

Working with a simulation model is a complex undertaking.
ft is notquite the same as dealing with most machines since
with most the state of the machine is more or less obvious to
the observer. In a simulation model the overall structure can
be concealed in vast quantities of data and the operation com-
pletely hidden inside the computer. It is quite difficult to
get an adequate appreciation because there is no vantage point
from which an overview can be obtained. Careful attention to
detail and a willingness to work together on the part of the

development team is essential to success.

. Costs and Benefits

Performance of a large scale system simulation will require
A stall including several engineers, economists and other pro-
fessionals.  Orqganizing and staffing a study team and allowing
it to function frecly costs money. There will be an educational
period during which no answers will be forthcoming before models
can be constructed. The trail can be long and tedious but it is
potentially rewarding.

In general the group should be established to function in
a4 consulting or staff role relative to the decision maker with

the responsibility for the major policy decisions for which the
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models are being constructed, such as the president, a cabinet
level minister, the mayor, the head of the planning department,
ctc. The models will in many instances serve as pedagogicall
tools for staff training. Its importance in this role should

not be underestimated. Oncethe models are functioning well,

they can be used to testhalternatives as they are proposed. The
importance of new projects to overall programs can be evaluated
and they can be placed in time-staged programs. As more accurate
cost and design data is available for individual projects, they
can be retested to insurg that the importance of these particular
projects in the overall program has been maintained.

Decisions arrived at by working with the model will almost
never be taken solely from the numbers produced by a particular
simulation, but rather from a broader understanding of the re-
lationship of the response of the system to various actions
oblained by working with the model. Perhaps most important,

@ simulation model is simpler in concept than a typical project
ianalysis.  ‘'he consultants are informing the decisf®on maker not
aboul. some mystical measure of quality proposed by a public
weelTare function but in terms of consequences .he can more
readily understand.,

While it appears that the cost of developing and maintaining
« simulation model and capability will often be substantial, this
should not discourage potential users. Very large amounts of

money may be invested in transportation facilities, so a small
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improvement in the efficiency of this investment would support
a.ratharlarge planning activity. Such a modél allows planners
to test numerous alternadves and observe the consequences of
their adoption in a degree of detail achievable in no other

way, and this ability alone would probably lead to more rational
and efficient decision-making, whether specific results were
specifically applied or not. And to the extent that the economic
aspects of such a model could be used in non-transport studies,
the benefits can be much greater than if only a single purpose
i5 pursued. Finally, the rationalization and enrichment of all
data used in the model, economic as well as transport, may en-

courage better planning in government departments seemingly re-

mote from transport planning.
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