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Abstract: The fund budget of multipurpose transit smart card
systems is studied by stochastic programming to assign limited
funds to different applications reasonably. Under the constraints
of a gross fund, models of chance-constrained and dependent-
chance for the fund budget of multipurpose transit smart card
systems are established with application scale and social demand
as random variables, respectively aiming to maximize earnings
and satisfy the service requirements the furthest; and the genetic
algorithm based on stochastic simulation is adopted for model
solution. The calculation results show that the fund budget differs
greatly with different system objectives which can cause the
systems to have distinct expansibilities, and the application scales
of some applications may not satisfy user demands with limited
funds. The analysis results indicate that the forecast of application
scales and application future demands should be done first, and
then the system objective is determined according to the system
mission, which can help reduce the risks of fund budgets.
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ultipurpose transit smart card systems are based on
Mtransit applications and can be expanded to other ap-
plications for service payments by smart cards'' ™. Applica-
tions belonging to the public transportation sector include
bus, ferry, taxi, light rail, metro, parking, gas stations, toll
bridges or roads around the city, and even the management
of drivers or vehicles. Applications of the non public trans-
portation sector can be divided into several categories such
as retail, finance, university, medical treatment, etc. In these
applications, bus, metro, light rail and ferry services are tran-
sit applications. The multipurpose transit smart card systems
greatly extend the ITS(intelligent transportation systems) ap-
plication coverage, which can remarkably save user time, im-
prove the efficiency of the application and more important-
ly, promote the use of public transportation. However, the
funds required for the system construction is limited, and
how to optimize it according to the characteristics of the city
comes down to investment budget programming, that is, to
reasonably allocate the limited funds into multiple applica-
tions.
In simple and certain conditions, cost-efficiency analy-

sis”! and integer programming with 0-1'" can be applied to
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fund budgeting. During the decision making of complex sys-
tems with random parameters, methods can be adopted inclu-
ding the model of expected value, the chance-constrained
programming model””" and the dependent-chance program-
ming model*™".

Multipurpose transit smart card systems are very compli-
cated in implementation, and the fund budget is very impor-
tant to systems development. As the most important factors
such as application scale and user size contain great uncer-
tainties, stochastic programming is applied to establish the
fund budget model of multipurpose transit smart card sys-
tems.

1 Fund Budget Model for Multipurpose Transit
Smart Card Systems

Suppose that the fund amount of the multipurpose transit
smart card systems for allocation is a, the total number of
applications being planned to be implemented at the same
time is n, e. g. , metro, bus, campus, retail and so on, and the
life cycle of all the applications is 7. In consideration of the
costs of systems maintenance, operation and escalation, there
is a certain investment for each application every year and
the investment for the j-th year is P;. Then

P =a (1)

Suppose that the i-th application can be divided into x;,
unit systems and the average cost for every unit in the j-th
year is a,, then there is a group of constraints:

AX, +ayX, +...+a,.x, <P,

agx, +a,x, +...+a,x, <P,

nl

(2)
AyX, + 0y X, + ..+ a,x, <P,

Suppose that the process of the system fund budgeting is
not limited by the investment of each year, the above con-
straints can be transformed into

n T T

S San<yr 3

i=1 j=0 7=0
ax, +a,x, +...+a,x,<a 4)

where a, is the average cost of unit system of the i-th appli-
cation in the life cycle.
In addition, the number of the unit systems is limited to

some level for each application. Then
X, <b, i=1,2,...,n 5

where b, is the total unit system number of the i-th applica-
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tion.

Besides, we should also consider that the scale of each ap-
plication should meet social requirements. The application
scales and social requirements here respectively refer to the
maximum numbers of customers that an application can cov-
er and the customer numbers who require the service of the
application ( user size). Suppose that the scale of the unit
system of application i is 7, and the future requirement of
this application is &,, then the constraint is

nx,=¢  i=1,2,...n (6)

Suppose that the average earnings of the unit system of
application i is ¢, in the #-th year, then the benefits B of the
multipurpose transit smart card systems in their lifecycle is

n T

B =Y Yl +i)7x (7)
i=1 t=0
where i is the base earnings yield, which is used to discount
the fund to the initial year of investment.
After picking up the factor x,, Eq. (7) is predigested to
+c,Xx (8)

n’tn

B=cux, +c,x, +...

where ¢, is the accumulated value of the yearly unit system
earnings of application i after being discounted to the initial
year of investment.

The objectives of systems implementation may have two
different definitions. On the one hand, with the constraint of
the fund amount, the fund budget for the multipurpose transit
smart card systems mainly solves the problem of how to rea-
sonably allocate the funds to maximize the overall benefits
during the development of each application, and in consider-
ation of the uncertainty of future requirements and the re-
quirements of multiple conflict objectives, the chance-con-
strained programming can be applied to solve this problem.
The aim of the chance-constrained programming model is to
maximize the benefits with random variables in constraints
like application scale and user size, and the decision should
be made before the random variables are observed. For the
decision, it is allowed to dissatisfy the constraints to some
certain extent, but the probability of the constraints to be
true should be no less than a certain confidence level q.
Then the chance-constrained programming model for the
multipurpose transit smart card systems is set as follows:

max ¢, x, +C,X, + ... +C,X, 9)
S. t.
ax, +a,x, +...+a,x,<a
X, <b, i=1,2,....n
Pr{nx,=¢ ) =q; i=1,2,..,n
x,i=1,2,...,n, positive integer

On the other hand, what the multipurpose transit smart
card systems provide is a kind of service, which aims to find
the safest solution so as to maximize the probability that the
service meets the future requirements. In the implementation
of the multipurpose transit smart card systems, as limited by
the total fund amount, those applications are dependent on
and in conflict with each other. It is impossible to have a

great investment for every application to ensure that it meets
the requirements; it is only possible to make every applied
service meet the requirements as much as possible, which
means to maximize the probability of user size satisfying ev-
ery application scale. Therefore, dependent-chance program-
ming can be applied to model fund budgeting of multipur-
pose transit smart card systems. The model is as follows:

max Pr{nx,=¢,} i=1,2,...,n (10)
S. t.

ax, ta,x, +...+a,x,<a

X, <b, i=1,2,...,n

x,i=1,2,...,n, positive integer

Due to the complexity of the target functions in formulae
(9) and (10), the solving algorithm is required to be of high
robustness so as to avoid plunging into local optimum solu-
tions; the genetic algorithm has the merit of being adept at
global searches, and it does not require conducting in-depth
mathematical analysis on the nature of the optimization is-
sue'"""*'. Hence, the genetic algorithm based on stochastic
simulation is adopted as the solution method for the above-
mentioned model'"” . The specific algorithm is shown as fol-
lows:

(D Assign the system parameters of the model and set the
generation of evolution as 0;

(2 Generate the initial chromosome;

(3 Check whether the individual meets the constraints. If
no, go to step @);

@ Calculate the target value and fitness function, and re-
cord the optimal individual;

(® Select the parents according to the fitness function;

(©® Crossover process;

(D Check whether the individual meets the constraints. If
no, go to step ©;

Mutation process;

(© Check whether the individual meets the constraints. If
no, go to step @);

@0 Output the result of the current generation as required
and add 1 to the generation of evolution;

(D Check if the generation of evolution is less than the
maximum generation set in system parameters. If yes, go to
step @);

(2 Output the best individual of the evolution.
2 Application Examples

One city, constructing multipurpose transit smart card sys-
tems, invests 120 x 10° yuan in six planned applications
which are retail, ferry, taxi, parks and gardens, buses, and
metro, respectively, that is a = 12 000, n = 6. Suppose that
the satisfactory confidence levels for formula (9) are all
90%;i.e.,a; =0.90; i=1,2,...,6. The application scale
m, obeys a log normal distribution, whose parameters are
(u;, o;); and the user size £, obeys an exponential distribu-
tion, whose parameter is 8,. The elements of the arrays and
other parameters a,, b,, ¢, of formulae (9) and (10) are
shown in Tab. 1.
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Tab.1 Computation parameters

Application 1 2 3 4 5 6
M 3.2 4.5 4.8 4.0 3.0 6.0
g; 1.2 1.8 1.8 1.5 1.0 2.0
Bi 12 16 18 18 15 24
a,/(10° yuan) 8 5 4 3 6
b, 5 8 6 10
c;/( 10° yuan) 10 6 4.8 4.2 9 12

The genetic algorithm adopted by the program sets some
system parameters including:

(D Population size is 30.

(2 Maximum evolving generations are 300.

(@ Crossover probability: P, =0. 4.

(4) Mutation probability: P, =0. 1.

() Cycle times for stochastic simulation are 3000.

© If filial generation does not meet the constraints, repeat
the mutation process. After some cycle times, if filial genera-
tion still does not meet the constraints, then preserve parent
generation; the cycle times are limited to 50.

(D The parameters required for the computation of indi-
vidual fitness: P, =0. 05.

Integer variable generation: record the evolving genera-
tions, the initial value of the generation is 0.

By the genetic algorithm based on stochastic simulation,
for the chance-constrained programming model after the
evolution of 300 generations, the maximum earnings calcu-
lated by the program at last is 159 x 10° yuan, and the spe-
cific investment plan is (x,, x,, x;, X,, X5, X,) =(3,4, 4,4,
5,2); 1i.e., investment allocations for each application are
24 x10°,20 x 10°, 16 x 10°, 12 x 10°, 30 x 10°, and 18 x 10°
yuan, respectively.

For the dependent-chance programming model after the
evolution of 300 generations, the optimal solution is ob-
tained; i. e., the probability for the services provided by ev-
ery application to meet the requirement is 82. 87% at most.
The specific investment plan is (x,, x,, X5, X,, X5, X,) = (3,
3,3,6,4,3);1i.e., the investment allocations for each appli-
cation are 24 x 10°, 15 x 10°, 12 x 10°, 18 x 10°, 24 x 10°,
and 27 x 10° yuan, respectively.

In the practice of the multipurpose transit smart card sys-
tems in that city, the real fund allocation is based on the ob-
jective of maximizing the benefits. The results indicate that
different target settings cause differences in system develop-
ment directions, so the fund budgeting processes should be
closely connected to the system missions. On the other
hand, results generating from the dependent-chance program-
ming model show that under the condition of limited funds,
some of the application scales may fail to satisfy customer
requirements, which would indirectly reduce the service fre-
quency of some applications and further extend the fund
payback period. Hence, during fund budgeting, we should
carefully take into consideration the scales of every applica-
tion included in the multipurpose transit smart card systems
and forecast each application’s future demands in reason.

3 Conclusions

1) The models are applicable for fund budgeting of the
systems and the solving algorithm is feasible.
2) The purpose of fund budgeting of the multipurpose

transit smart card systems can be divided into two categories
according to the requirements of the stakeholder: one is to
maximize the total earnings with the constraint of the fund
amount; the other is to maximize the service levels of the
multipurpose transit smart card systems so as to maximize
the probability of the services meeting future requirements.

3) The fund budget process should be closely connected to
the system objective. Different target settings can cause big
differences in system development directions.

4) Application scales with demands should be analyzed in
detail before fund budgeting.
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