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Jet-Set: Jeu Educatif en Transport/Simulation
for Education in Transportation—Synthesis
By Christian Lardinois*, Catherine Hirou** and Jacques D'Avignon***

ABSTRACT

JET-SET has been prepared to serve as a manage-
ment training tool for professionals in the interurban
passenger transportation industry. It is a comput-
erized game in which six 'transportation companies
owned and managed by players or teams of players
compete in a simulated market environment. The
simulation program is composed of four principal
components: an operation model, a transportation
model, a fleet model and a budget model. The
current version of JET-SET operates on the APPLE
II E Microcomputer and a second version will soon
be available on the IBM-PC.

I. INTRODUCTION

The interurban passenger transportation industry
plays a major economic and social role, both at the
provincial and at the national or international levels.
This industry now more than ever constitutes the
back bone of a diversity of professional, commer-
cial, industrial, scientific and social activities that
require individuals to travel. As with many other
sectors, this industry suffers from the current eco-
nomic situation and several companies are now fac-
ing severe problems.

While some of these problems are explained by
the economic situation, many other explanations can
be proposed, which very often correspond to contra-
dictory opinions: poor management, too low or too
high governmental involvement, severe competition
or effect of monopolies, cost of labour, etc. The
transport companies are thus facing multiple prob-
lems. The overall and detailed comprehension of the
complex environment in which they operate repre-
sents a challenge. The decision making process re-
lates to different levels: from medium to long term
planning to strategic management and short term
operational procedures.
The managers work with very few tools to analyse

their particular situation and to make decisions. Re-
search in the passenger interurban transportation
area has been quite weak. Mathematical models are
available to simulate and predict the transportation
demands aggregated by mode between different city
pairs. However, these models are not very useful to
the transportation companies when the time comes
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to decide about the level of service they should offer
between city pairs, to plan the purchase or lease of
vehicles, to request loans, to initiate promotion cam-
paigns, to predict and evaluate the strategies of com-
peting companies in a sensible market place in con-
stant evolution, to adapt to the variation in the price
of oil, etc.

This paper presents a computerized system pre-
pared for teaching individuals to operate in complex
situations like the one previously summarized. The
program, named JET-SET (Jeu Educatif en Trans-
port/Simulation for Educaton in Transportation), has
been prepared as a game to help familiarize partici
pants to the internal dynamic behaviour of the inter-
urban passenger market. It will also allow the play-
ers to experiment on the effects of their decisions
and that of their competitors. JET-SET has been
designed for the specialized training of planners or
managers in the field of interurban passenger trans-
portation and for the training of students interested
in this area.
JET-SET has been developed by the Centre de

recherche sur les transports de l'Universite de
Montreal, under the direction of Christian Lardinois.
The development was realized for the George A.
Scott Centre of Transport Canada, with the collab-
oration of the Transportation Development Centre of
the same ministry.
The next section presents the basic but essential

issues that guided the development of JET-SET;
these issues are related to the decision making pro-
cess in interurban passenger transportation and to
the environment in which companies operate when
making these decisions. The following sections pre-
sent the objectives of the game, its functions and the
structure of the software. Then the simulation pro-
gram and the transportation model are described,
detailing the route choice and assignment procedure.
The conclusion briefly describes the initial user trial,
resulting improvements and its potential uses.

II. THE DECISION MAKING PROCESS
AND ITS ENVIRONMENT

As in many other industrial sectorsui, decision
making in an interurban passenger transportation
company is characterized by:

— the multiplicity and diversity of decisions;
— the necessity to make decisions at different

levels;
the high level of interaction between all the deci-
sions;
— the necessity to work in a complex environ-

ment which has direct and indirect impacts on
decision making.



18 CANADIAN TRANSPORTATION RESEARCH FORUM

Figure 1 illustrates this situation. Decisions apply
in the first place on the definition of a supply policy,
that is the network configuration, the types of serv-
ices between each city pair, the frequencies, etc.
This network design must take into consideration the
state of the market, the demographic trend, the
transportation demand, the position of each mode
and each company, etc. It should also consider the
economic context (cost of energy, inflation rate,
labour cost, . . . ), the government context (trans-.
portation policies, support to some modes in partic-
ular, regulation, . . . ) and the financial status of the
company.
The orientation and choices adopted at this level

must be taken for long, medium and short terms and
must be related to the planning activities for the
development of the company. This procedure will
enable the company to introduce services that it
desires to offer now as well as others in the coming
years. Analyses are necessary at this level to plan he
development or the replacement of the vehicle fleet,
the hiring or training of personnel, etc.

However, it is mainly at an operational and more
tactical level that questions are raised regarding the
availability and allocation of human and material
resources for the company. This level of tactical
decisions is the one at which the company decides in
detail the level of service to offer between city pairs,
and consequently organizes its multiple operations
taking in consideration the seasonal weekly and
daily variations of the transportation demand. The
schedules and the capacities assigned to these sched-
ules are defined; the routing and scheduling pro-
cedures are outlined; the assignment of each vehicle
category and the personnel for these services is
managed; the maintenance activities are organized;
the tariffs are chosen, etc. All these actions are
made, while taking into consideration the govern-
ment's regulations and the competition that other
modes or companies exert. These decisions interact
with each other; they all influence human and mate-
rial resources required to ensure the services and
vice versa.
The company must evaluate the financial implica-

tions on the one hand and the possible effects on the
market on the other hand, before choosing its levels
of service. The financial implications relate to the
operating costs but also to the investments required
for the potential acquisition of new equipment.
While forecasting, the company must also consider
marketing strategies and competing mechanisms
that rule the market behaviour.

Lastly, considering its investments, operating
costs and operating revenues, the company must
manage a budget which often also includes other
categories of revenue and expense, for example gov-
ernment subsidies, revenues related to sales on
board of vehicles, taxes, R&D expenses. In addi-
tion, the company has access to financial tools such
as loans that must be planned in parallel with its
investments and its obligations to balance its budget.
However, these tools are limited as they are governed
by the financial market (interest rates, credit
limit, . . . ).
The process illustrated in Figure 1 is continuous

and reiterates from one year to another within each
company. The company is operating in a market
environment which is determined by the other com-
panies' strategies, but also determined, as men-
tioned earlier, by the economical context and the

government policies and regulations. In order to
plan and manage its activities, each company relies
in part on its own historical development; in general,
the evolution of its position in each market segment
procures a good indication on potentially interesting
adjustments of the service to be offered. The com-
pany can also use, but less frequently, information
systems and performance indicators in order to ac-
count and control several components of its operat-
ing costs and revenues, o evaluate profits and costs
of its investments and to prepare more detailed fore-
casts.

Managers and planners in the interurban pas-
senger transportation industry (including govern-
ment managers in charge of policies and regulations)
have an arduous task in an environment where they
possess few tools with which to grasp the multiple
effects of their decisions, apart from their own per-
sonal experience. No method or instrument exists to
analyze and forecast, in a completely integrated and
detailed manner, the correlated effects of all deci-
sions, of the economical contingency and of the
regulation on the market behaviour, on the com-
panies productivity/competitiveness and on the fi-
nancial health of these companies.

III. JET-SET; ITS PHILOSOPHY AND ITS
OBJECTIVES

Decision making in interurban passenger trans-
portation represents a difficult task which is consid-
ered by many people to require more sensibility to
the social and political context than scientific and
rational considerations. However, the question that
remains to be answered is how to train individuals in
order to help them make better decisions in complex
situations.

This question was the starting point of the re-
search project devoted to the conception and devel-
opment of the computerized management training
game presented in this paper.
The objective of the JET-SET package is to create

game situations that:

— reproduce, to a greater extent, the complexity
of the situations in which the interurban pas-
senger transportation companies have to
evolve;

— enable the participants to make diverse and
interrelated decisions as the ones encountered
in practice;

— enable the participants to experiment pro-
gressively with the effect of their decisions,
the effect of those taken by their competitors
and the effect of the economical and regulati,e
environments;

— sensitize the participants with regard to the
underlying market dynamics of interurban pas-
senger transportation, and particularly to the
interactions between competing modes and
companies, as well as to the mechanisms that
determine the equilibrium between transporta-
tion supply and demand.

The current version of the game considers most of
the mechanisms and interactions illustrated in Figure
1. Simplifications have been made to the detailed
management of operations; in particular, routing and
scheduling issues are not examined in JET-SETw.
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IV. FUNCTIONS OF THE GAME

JET-SET is a computerized game in which six
transportation companies compete: one conventional
train company, one rapid train company, two tradi-
tional bus companies and two air companies one
offering STOL services.

At the beginning of a match, each company is in a
predetermined financial situation and owns a fleet of
vehicles with given techno-economical charac-
teristics (price, capacity, operating costs, life-
span . . . ). Each company has a specific market
share between each city pair that it serves. The
complete network includes seven cities, each com-
pany has a direct service between 6 of the 21 city
pairs.
Each player (or team of players) owns one of these

six companies and manages it individually.(2) In this
regard, the player is required to make several deci-
sions concerning his company: level of service of-
fered between each city pair (frequencies and fares),
purchases or leases of vehicles to enlarge the fleet or
to replace old vehicles, loans or debts repay-
ments . . . . The player can also decide to initiate
special projects, such as promotional campaigns or
market studies. Each player must make these deci-
sions at the beginning of each year, using the infor-
mation contained in the activity report that he re-
ceives at the end of the previous year (see Figure 2).
The information contained in these reports con-

cern the company: its operations during the year that
is terminating, the composition of the vehicle fleet,
its ridership, its operating costs and revenues, the
load factor of the vehicles in operation, the costs of
its investments and of its banking activities, its fi-
nancial situation, its credit limit, the number of
vehicles on order, etc. Other information is also
presented in the report illustrating the economic,
demographic and financial context: population per
city, interest rate, variations in salary and energy

costs, taxation rate, subsidy rate, etc. Information
from regulatory agencies impose constraints on per-
mitted variations in the levels of service. Additional
information is given to the players who have re-
quested special projects. All this information con-
stitutes a means for a player to analyse in more detail
the state of its company and its environment, and
consequently this information helps the player to
make decisions for the following year.
A seventh character, as important as the six play-

ers intervenes in JET-SET. This is the "game mas-
ter" who plays the role of the government with the
power to influence the evolution of the economic,
financial, regulatory and demographie context.
The game master receives, at the end of each year,

a report informing him of the status of the transpor-
tation network, the market shares of each company,
their respective performance, etc. On the basis of
this information, the master will make decisions to
vary some indicators such as the demographic
growth rate, the salaries and energy costs, the gov-
ernment subsidy rates, the interest rate, etc. The
game master also regulates the permitted variations
in the levels of service.
The players and game master's decisions are then

used as input into the computer program, which
creates an evolving artificial environment, within
which the six companies are simultaneously present
(as well as the car which is always present in JET-
SET). The program simulates the multimodal and
multicompany transportation network as well as the
behaviour of the users of this network. The program
also represents the companies' operation, simulates
the evolution of their vehicle fleet and determines
their annual budget in relation to their financial
status updating.

Each execution of the computerized program sim-
ulates one year of activity for all the companies,
representing the consequences and interactions of
the players' decisions and the choices made by the

REPORT TO DECISIONS FROM REPORT TO
SAME MASTER GAME MASTER GAME MASTER

SIMULATI ON
SYSTEM'S SYSTEM'SYEAR i

STATUS
1

STATUS
(Execution)

REPORTS TO
PLAYERS

PLAYER'S
DECISIONS

End I Beginning
Year i-11 Year i

REPORTS TO
' PLAYERS

End Beginning
Year i Year i+ 1

Figure 2: Functions of the Game
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game master. After the execution of the program, the
companies face a new situation which corresponds
to the status of the system a year later, which is a
new equilibrium between transportation supply and
demand. New reports are handed out to the players
and the master, and so forth. A complete game
covers a series of simulated years in such a manner
that the evolution of each company depends directly
on the decisions taken by the player that manages it
but also, indirectly by the decisions taken by other
companies as well as by the game master. Each layer
works with the objective of gradually enhancing his
decision making capability while experimenting
with the dynamic mechanisms of the market.

V. SOFTWARE COMPONENTS

As illustrated in Figure 3, the software is com-
posed of three major elements:

— A data bank grouping several files containing
all the information which describes the sys-
tem's status at the beginning of a match, as
well as the status as it evolves.

— A simulation program that solves mathe-
matical models, following a well defined pro-
cedure. These models describe the rela-
tionships between all the system's variables
including the complete transportation network
on one hand and the individual company's on
the other hand.

— An interface between the user and the data
bank, that is a "user friendly" interactive pro-
gram that enables an easy dialogue between
the user and the software for the collection of
the players' and the master's decisions, for the
updating of the data files and for the editing of
the output reports. This interactive program
also allows the simulation program execution
to be controlled.

The software is implanted on an APPLE II E
microcomputer, and has been written in Pascal. In
the near future a version will be prepared for the
IBM-PC.
The interface between the user and the software

constitutes a key element that characterises the facil-
ity and the flexibility of utilizing JET-SET. The
presentation of this interface would be too tedious in
the context of this paper but the simulation program,
particularly the transportation model, needs to be
detailed.

VI. THE SIMULATION PROGRAM

The series of operations executed in order to sim-
ulate one year of activities for all the companies is
schematized in Figure 4. This simulation program is
made up of four major components.
The operation model is the simplest of all four.

Using the techno-economic characteristics of vehi-
cles and the offered levels of service, it accounts for
the physical operations of the companies and evalu-
ates their costs. It should be noted that for similar
services from one year to another, these costs can
vary as functions of the energy and manpower unit
costs.
The transportation model, detailed in the follow-

ing section, is the heart of the program. It simulates
the complete network, the transportation demand,
and the behaviour of passengers on the network, in
order to obtain the ridership of each company be-
tween each city pair and, consequently, the vehicles
load factors, the detailed market structure and the
operating revenues.
The fleet model has four major functions. The

first function is to proceed to an annual adjustment
of each vehicle fleet, to increase the age of all
vehicles by one, to shelve the vehicles that attained
the retiring age, and at the same time to introduce
new purchased or rented vehicles in the fleet; the

INPUT/OUTPUT INTERFACE

Gathering of players'

and master's decisions
Editing output reports

DATA BANKS

SIMULATION PROGRAM

Figure 3: Main Components of the Software
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introduction of new vehicles includes those that were
ordered previously but for which the delivery was
delayed. The second essential function of the fleet
model is to verify the compatibility between the fleet
size and the offered services: if a company does not
have a sufficient number of vehicles to ensure the
services that it offers(4), the program automatically
applies the "imposed leases" policy, forcing the
company to lease additional vehicles with a financial
penalty. The third function is to update the credit
limit of the companies on the assumption that the
banks determine these limits as a function of the
value of the fleets. The fourth function is the regis-
tering of the costs of all purchases and leases of
vehicles, as well as the amortization which is calcu-
lated over the vehicles life-span.
The budget model is a simulation procedure of the

financial activities of each company at the beginning
and at the end of each year. At the beginning of the
year, when companies proceed with purchases,
leases, loans and/or debt repayments, the program
verifies if the companies are capable of doing such
operations considering their financial situation; if it
is not the case, the program will impose additional
loans on some companies (at a higher rate than the
regular loan rate) and/or postpone repayments. This
"imposed loan" rate also applies to companies that
want to borrow beyond their credit limit. The pro-
gram is then used to prepare the budget of each
company at the end of a year. All other costs and
revenues are then assembled: operating costs, inter-
est to pay, marketing campaigns and special project
costs, operating revenues, government subsidies and
interests received; the taxes to pay are computed
(after deduction of amortization) and companies that
do not dispose of sufficient financial resources to
pay all the expenses are forced again to make an
"imposed loan" and/or cancel repayments.

VII. THE TRANSPORTATION MODEL

The transportation model is made up of two parts

(refer to Figure 5): a demand model which deter-

Transportation demand

Choice of routes

Trip assignments

Capacity constraints

Figure 5: Transportation Model's Structure

mines the transportation demand between each city
pair, and a route choice and trip assignment model
which simulates passenger behaviour on the network
while considering the restrictions imposed by the
offered capacity.
The demand model and the route choice compo-

nent of the second model have mathematical for-
mulations that originate from the linear log forms of
total demand models and market share models dis-
cussed by Gaudry and Willst21. The essential dif-
ference relies on the replacement of the concept of
"mode choice" by the one of "route choice"'.

A. The Demand Model

The transportation demand T„ between two cities i
and j is estimated with a gravity model that has the
following form:

T„ = °co (P,13,)al • L„a2 • 53

with ao, a,, a2, and a3 > 0 (Eq. 1)

where ao, a1, a2, and a3 are parameters,

P, and P., are the populations of cities i and j, L„ is the
linguistic index that measures the linguistic homoge-

neity of cities i and j, and S„ is a measure of the level

of service offered between i and j; this measure is
defined as follows:

S„ = E U,k
ice4

with A,'; A„ and Uijk = Yjk • C11,31,' • D 2 • F43

with f3, , 132 < 0 and 133 > 0 (Eq. 2)

where U,jk is defined as the utility(6) of the path k
between i and j, A, is the set of all "possible" paths
k between i and j, Ai*, is the sub-set of four paths that
have the greatest utilities, C„k is the transportation
cost between i and j by the path k, D,k is the
travelling timem characterizing the path (i,j,k), F„k is
the frequency of service on that same path, and 13„

02, P3 are three parameters determining the utility
elasticities regarding cost, time and frequency. .-y„„ is
a constant which characterizes the company (or the
companies) serving the path (i,j,k). The measure S„
is defined over the subset A,*; in order to be based on
a common scale for all city pairs.

It should be understood that "possible" paths are
the ones that satisfy certain criteria of plausibility; in
particular, all paths that require more than one trans-
fer from a service to another are excluded, but we
consider several paths that require one transfer, for
example, from i to s using company X, then from s
to j using company Y. There is a total of over 400
paths considered throughout our network of 21 city
pairs. It should also be understood that for paths
with a transfer, the transfer costs and the transfer
times from a service to another are taken into con-
sideration in the variables Co( and

In order to avoid an unrealistic increase of the
demand T„ when companies raise very significantly
their levels of service, the gravity relation presented
previously (Eq 1) has been restricted asymptotically
for large increases of Su.

B. Route Choice and Trip Assignment Model

In the absence of congestion (supposing that there
are no problems relating to capacity constraints), the
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transportation demand T„k related to each possible
path k between two cities i and j is presented in the
following relation:

= (U„k/U,,) • T,, (Eq. 3)

with U,; = E Ujj
keAij

where U 1 is defined as being the "aggregated util-
ity" of the set of possible paths to travel between i
and j. (U„ and Ao are defined in section A.

It should be noted that if a company (or the
companies) operating on a path k between i and j
reduces considerably its tariff'', the utility U,,„ of
that path can become very large, to such an extent
that the company can dominate almost the whole
market between i and j; such a situation, even
though not probable, is not impossible. On the other
hand, if the frequency of service is augmented con-
siderably for one reason or another, there is a limit to
the attractiveness of such an increase on the public;
consequently, the relation that defines the utility Uijk
(Eq 2) has been restricted asymptotically for all
large increases of frequency Fijk •

Equation 3 solves the problem of simulating the
route choice when the network is not congested. It
expresses that travellers try to utilize possible paths
as a function of their respective utilities. The trans-
portation demand da on each arc a of the networle is
presented in the following assignment formulation:

da = E To, • 0:jk (Eq.4)
ijk

where 04 = 1 or 0 depending if the arc a belongs
or not to the path k between i and j. This assignment
Procedure does not account for capacity constraints
da pa, where pa represents the offered capacity on
arc a. In other words, this procedure does not ac-
count for the fact that some passengers can be turned
down due to lack of space on the arcs that compose
the path that they want to use. To solve this problem,
we utilize a route choice and assignment procedure
that is iterative and that can be summarized as fol-
lows:

• Step 0: For each arc a, v. = accepted volume on
arc a = 0.

• Step 1: Knowing the demands T,1, we simulate
the route choice (Eq 3) and we assign the result-
ing flows Tijk on the network (Eq 4), thus ob-
taining values da of the "additional" demands.
The demand assigned on each arc a is Da = va
+ da.

• Step 2: On each arc a where the demand Da is
greater than the capacity pa, we determine the
proportion of the additional demand da that is
excessive. This proportion is

fa = (Da — pa)/da = (D. — pa)/(Da — v.)

• Step 3: We make the hypothesis that the proba-
bility to be rejected on an arc is the same for all
travellers that want to use that arc, whatever
path (i,j,k) each traveller wishes to use. This
hypothesis enables the model to calculate the
number of travellers E:jk on a path (i,j,k) that are
in excess on that path due to a lack of capacity
on the arc a; we have:

E:jk = Tijk • fa • °:jk

• Step 4: We determine the number of travellers
Eiji( exceeding the capacity of each path (i,j,k).

If this path is composed of two arcs a and b, we
have"):

E,Jk = Max (E4; E4) = Tijk Max (fa; fb)

(Eq. 5)

because if the arcs a and b take on T„k — E:jk
and Tijk Ek respectively, this means that
together they take on a number of passengers
equal to:

Min (To, — E:jk; Tijk R'jk)

that is T„k — Max (E4; El'A) passengers. Ob-
viously, if the path is composed of a single arc
a, we have:

E,Jk = E:j k •

• Step 5: On each path, passengers are rejected
when in excess. We obtain the flow v. accepted
on each arc a:

va = Da — E Eo, • 04 (Eq. 6)
k

• The transportation demand that "exceeds" be-
tween each city pair is given by:

= E Eijk
Ice Ali

This "exceeding" demand is a demand that
needs to be redistributed in the network after
eliminating all paths including arcs that are satu-
rated, i.e. arcs where the capacities pa are ex-
actly attained." After those eliminations, we
repeat all the procedures starting with step 1
where we make T,, = E,,, and so on.

Note: To prove the convergence of this algorithm, it
is sufficient to prove that at step 5, there is always at
least one arc a on which the exact offered capacity is
reached, after subtracting all exceeding flows. The
demonstration follows.
Among all the arcs on which there are exceeding

flows (see step 2), there is always at least one arc a
on which the exceeding proportion fa is superior to
the proportions f, calculated on other arcs e. In other
words, there is always an arc a such that:

f, for any arc e.

For that arc a, we have (see Eq. 5):

Rik = E:jk = Tijk • fa for any path (ijk) including
that arc.

Equation 6 becomes:

V. = Da — E Tijk • fa • 04
ijk

= Da — fa • E T„k04
ijk

= D. — fa • da = pa .

VIII. CONCLUSION

The multiplicity and diversity of decisions made
in order to manage interurban passenger transporta-
tion companies render the managers' tasks extremely
arduous, especially as the effects of decisions inter-
act between each other. This complex process is a
continuous and iterative process that repeats itself in
a market environment determined by the strategies
of other companies and/or other modes, but is also
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determined by the socio-economical and political
context and by regulations.
The computerized management training game

JET-SET presented in this paper enables the learning
of these complex situations that characterize the in-
terurban passenger transportation industry. It is
aimed at training transportation planners and manag-
ers, as well as students interested in this area.
A preliminary version of the program was run

experimentally during the fall of 1984, at the George
A. Scott Institute of Transport Canada, during a
senior transportation management course. This first
trial was excellent although the program presented a
few weaknesses. The transportation professionals
that participated in this course were in general satis-
fied with the didactic and technical qualities of the
system. Their criticisms enabled us to better orient
our subsequent developments that brought us to this
current version.

In a context where planners and managers of
transportation companies do not have any choice but
to enhance the competitiveness and the productivit 
of their company, the use of such specialized tech-
niques seems very suitable and desirable. This ap-
plies equally in a governmental context where there
is a requirement for adequate knowledge of the
transportation market in order to generate adequate
policies. Using the scientific qualities of transporta-
tion models together with didactic capabilities of
micro-computers, tools like JET-SET are a step in
the right direction.
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ENDNOTES

1. However, a simplified notion of scheduling is
implicit, and players have to take it into consid-
eration.

2. The number of players may be less than 6. In
such a case, companies which are not repre-
sented by a player stay inert during the match.

3. through immigration policies, for example.
4. The required number of vehicles is based on

hypothesis regarding the daily peak period of
the transportation demand.

5. This substitution and the specific data charac-
terizing the particular configuration of our net-
work required adjustment to the parameters esti-
mated by Gaudry & Wills.

6. U,),, can be interpreted as the inverse of a gener-
alized cost of transportation.

7. This travelling time includes access and egress
time.

8. At the limit, in JET-SET, a company can offer
some free services.

9. An arc is defined by two extremities (two cities)
and by a company that serves directly those two
cities. For example, the arc a = (u,w,x) is the
arc of the network that represents the service
offered by the company x between cities u and
w.

10. We suppose that all paths formed of more than
two successive arcs are not "possible" paths.

11. We suppose that vehicles are saturated at 90% of
their capacity.
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