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Abstract. Route Number 5 (Bannan Line) of Taipei Mass Rapid
Transit (MRT) is the most popular line in the Taipei Metro System
especially during rush hours periods. It has been estimated there are
more than 8,000 passengers on the ticket platform during
18:00~19:00 at Taipei main station. The purpose of this research is to
predict a specific departure frequency of passengers per train. Monte
Carlo Simulation will be used to optimize departure frequency
according to the passenger information provided by 22 stations, i.e.,
22 random variables of route number 5. It is worth mentioning that
we used 30,000 iterations to get the different samples of the
optimization departure frequency, i.e., 10 trains/hr which matches the
practical situation.

1. Introduction
The mass rapid transit (MRT) system is the most important, efficient, convenient

transportation between modern metropolitan and urban areas. Because the rail is
always underground or elevated, MRT offers the fastest way from downtown to any
other place [1]. MRT is therefore the most important mode of modern city
transportation. It can carry more than 1,000 passengers on each train to reach their
destination get elsewhere in even less than 10 minutes. However, during the
18:00~19:00 rush hour more than 8,000 passengers crowd into the platform of Route
Number 5 (Bannan Line) of Taipei main station [2]. Maintaining optimization, i.e., get
the optimization departure frequency to have these passengers on their way quickly
and of course maintain the most benefit of the Taipei Metro System is the main goal
of this research [3].

2. Monte Carlo Simulation
Due to the reasons of nonparametric statistics, full valuation, probabilistic 

iteration and easy operating, the Monte Carlo Simulation is chosen to model the 
complex situation of the train Taipei MRT system during the rush hours. Monte Carlo 
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such as [4-7]. Probability estimate is based on the assumption of normal distribution.

Gross [8], estimate the probability by MCS. Remaining life assessment of low
pressure turbine rotor has been recommended based on MCS [9]. With the advent of
computers, MCS has become a very common numerical method. Mark Demaria [10]
used MCS to estimate Tropical Cyclone Wind Speed Probabilities. It is a random
event process, similar to the scientific experimental process [11]. It is also used to
model error estimation in order to estimate social risk [12].

Table 1 Numbers of Departure passenger of each station of Bannan Line during
18:00~19:00 per weekday.

Station Departure Passengers
a Yongning 1607
b Tucheng 860
c Haishian 2951
d Far East Hospital 2080
e Futhong 4271
f Banqiao 4956
g Xinpu 6074
h Jiang zihui 3863
i Longshan Temple 3244
j Ximen 6858
k Taipei Main Station 8746
l Shandao Temple 2541
m Zhongxiao Xinsheng 2377
n Fuxing 4784
o Zhongxiao Dunhua 4701
p S.Y.S. Memorial Hall 2603
q Taipei City Hall 5015
r Yongchun 2449
s Houshanpi 2537
t Kunyang 1502
u Nangang 1103
v Taipei Nangang Exhibition Center 1977

Simulation is a very popular method of estimating a large amount of calculation. It is 
used in many research fields, such as statistical engineering, bio-medicine, 
psychology, atmospheric science, and management, but this application is specific to 
mass rapid transit transfer system. A lot of papers outline the risk estimate by MCS
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where Y0 is the seed value, A is the constant multiplier, C is the increment, and M is
the modulus. The value of Y0 is preset. The sequence of all other Yi’s will be obtained
according to eq. (1) and the normalized value (Pseudo-Random Number) R0, R1,
R2,…., Ri will be assigned from eq. (2)
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R i
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Performing each Monte Carlo iteration, a random number is generated for each
random variable of those 22 stations as described above. The 22 simulations are
processed deterministically for a few chosen standard deviations of the above
mentioned 22 random variables. It is worth mentioning we repeated the iteration
30,000 times to get the sample of the profile of the Bannan Line with different
departure frequencies.

3. Simulation the income of each train
To simulate the income of each train we have to set up a model to get the

beginning and the end point of each passenger journey. It is reasonable to assume the
alighting rate can be obtained as per the equations below:
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where GORs is the alighting rate of each station,
DPs is the number of the departing passengers from of each station,
n is a specific number corresponding to each station and described in Table 2.

of one weekday. In this paper, the Random Number Generator is made by Linear
Congruential Generator (LCG) the equation is

To analyze the optimization frequency of the Bannan Line of Taipei MTR from
inputting each of the 22 independent parameters from each correspondence station the
final income of each train plays a important role of this research. Table 1 shows the
arrival of passengers for 22 stations of the Bannan Line during the time 18:00~19:00
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Table 3 Ticket Price of Bannan Line where the alphabet corresponds to Table 1.

Station a b c d e f g h i j k l m n o p q r s t u v

a 0

b 20

c 20 20

d 20 20 20

e 25 20 20 20

f 25 25 20 20 20

g 25 25 20 20 20 20

h 30 25 25 20 20 20 20

i 35 30 30 25 25 25 20 20

j 35 35 30 30 25 25 25 20 20

k 35 35 35 30 30 25 25 25 20 20

l 40 35 35 30 30 30 25 25 20 20 20

m 40 40 35 35 30 30 30 25 20 20 20 20

n 40 40 40 35 35 30 30 30 25 20 20 20 20

o 45 40 40 35 35 35 30 30 25 20 20 20 20 20

p 45 45 40 35 35 35 30 30 25 25 20 20 20 20 20

q 45 45 40 40 35 35 35 30 25 25 20 20 20 20 20 20

r 50 45 45 40 40 35 35 35 30 25 25 25 20 20 20 20 20

s 50 45 45 40 40 40 35 35 30 30 25 25 25 20 20 20 20 20

t 50 50 45 45 40 40 40 35 30 30 25 25 25 25 20 20 20 20 20

u 55 50 50 45 45 45 40 40 35 30 30 30 25 25 25 25 20 20 20 20

v 55 55 50 50 45 45 45 40 35 35 30 30 30 25 25 25 25 20 20 20 20 0

Table 2 Values of n at each station where the alphabet corresponds to Table 1.

a b c d e f g h i j k l m n o p q r s t u v

n 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 1.1 1

It is worthy of mention that the value of n for each station is assumed to have
linearly increase from station a to k and then to decrease linearly from station k to v. It
is reasonable that n 2 at station k because station k is the central station of the line,
i.e., the number of passenger for each journey is equal.
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It is obvious from Table 4 where the departure frequency is 1 train/hr that
some passengers cannot board the train at stations f, j, k, n, o, and q for the reason
that the train’s upper loading limit is 1,936 passengers (highlighted with yellow
background). Therefore, the total income is NTD$584,972 which is less than
others. However, if we double the frequency, it can be seen from Table 5 that only
if the passengers board the train at stations other than station k, then the total
income will increase to NTD$677,840 ( 2338920 ). If the frequency increase
three times, as the original Table 6 shows, the passengers of every station can get
on the train and the total income increases to NTD$691,308 ( 3230436 ). Even if
everyone can board the train, it will likely be crowded, especially at stations j and
k. For the sake of passenger comfort level, we increase the frequency ten times
from the original. It is very clear that even if the income is NTD$691,330
( 1069133 ) which maintains the same income as Table 7, the comfort level is
increased along with the willingness of passengers to take the line. Table 8 shows
the result of 20 trains/hr with the income NTD$681,040 (34052 20 ).

4. Results
The results of five different departure frequencies, i.e., 1, 2, 3, 10 and 20 trains

each hour are shown in Tables 4 to 8. It is obvious that the income of each train can be
calculated by the equations (5) and (6) below.


21

i1

(Inc)I (5)


Num

1

PriInc (6)

I: Total income of the train,
Inc: Income of each station,
Num: Number of passengers who board the train at on a specific station,
Pri: Ticket price that of each passenger needs to pay.

22 stations. The ticket price of Bannan Line is shown on Table 3.

After we have GORs of each station and consult the transportation fee listed in,
we can than calculate the total income of each train by summation all incomes of each
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Table 4 Passengers of each station and total income of each train with departure
frequency 1 train/hr where the alphabet corresponds to Table 1.
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Table 5 Passengers of each station and total income of each train with departure
frequency 2 trains/hr where the alphabet corresponds to Table 1.
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Table 6 Passengers of each station and total income of each train with departure
frequency 3 trains/hr where the alphabet corresponds to Table 1.
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Table 7 Passengers of each station and total income of each train with departure
frequency 10 trains/hr where the alphabet corresponds to Table 1.
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Table 8 Passengers of each station and total income of each train with departure
frequency 20 trains/hr where the alphabet corresponds to Table 1.
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It can be seen from Fig. 1 that the total income almost the same after the
frequency increases up to 3 trains/hr and there is a maximum income value at the
frequency of 10 trains/hr.
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Figure 1 Income of different departing frequencies.

Figs 2-6 show the distribution and statistical data of 30,000 iterations of each
different frequency. Each of them is normal standard distribution. Table 9 gives
statistical data of the different departure frequency of each train.

According to the results shown above, it is wise to choose the departure
frequency 10 trains/hr. The reason why we did not didn’t pick up 20 trains/hr is 
that there is still an electricity cost of NTD$50,000 for each train. After consulting
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Figure 2 Distribution of 30,000 iterations of departing frequency 1 train/hr.
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Figure 3 Distribution of 30,000 iterations of departing frequency 2 trains/hr.
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Figure 4 Distribution of 30,000 iterations of departing frequency 3 trains/hr.

the departure time table for the Bannan Line we found that the departure
frequency is 11 trains/hr which matches the results of our research.
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Figure 5 Distribution of 30,000 iterations of departing frequency 10 trains/hr.
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Figure 6 Distribution of 30,000 iterations of departing frequency 20 trains/hr.
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Table 9: Statistical data of different departure frequencies.

Statistical Data

1 2 3 4 5
584972 338923 230435 69134 34052

0.13 0.129 0.13 0.13 0.13
584972 338923 230435 69134 34052
584977 338926 230434 69133 34017

22.58 22.32 22 22.51 22
509.8 498.34 500 507 496
0.018 0.0411 -0.02 0.05 0.001

-0.015 -0.013 -0.01 -0.02 -0.011
183 193 173 197 197

departure frequency
mean
standard error
median
mode
standard deviation
variance
kurtosis
skewness
range
minimum
maximum
numbers of iteration

584880 338828 230347 69026 33941
585063 339021 230520 69223 34138
30000 30000 30000 30000 30000

5. Conclusions
This research focuses on the MRT of the Bannan line, which is the most popular

line of the 5 lines of the MRT system. Based on the total entrance of passengers into
of each station during the time of 18:00~19:00 on one weekday, we set up a procedure
to obtain the optimization of departure frequency of trains by using Monte Carlo
Simulation for 60,000 iterations. The frequency is 10 trains/hr which is almost the
same as the real situation, i.e., 11 trains/hr. We can apply this research to other lines of
the MRT and even other cities. However, there are still a few points that need to be
discussed.
a. The given data varies according to the number assigned to the variable n. It is

just an assumption for the specific number of each station n to calculate the
number of passenger of different journeys. The results will be varied according to
the different ways this number.

b. The number of passenger alighting the train is another assumption in this research.
It is based on the GORs number which is the alighting rate calculated from the
number of the departing passengers from each station. The results will be different
if this assumption is changed.

c. Cost is an important factor of the total profit of the Bannan Line. We made no
mention of any cost of this research owing to the reason that the comfort level is
another factor of passengers’ willingness to take the MRT.
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