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Demand prediction is an important part of resource management. Higher forecasting accuracy leads to bet-

ter decision taking capabilities, especially in a competitive service-based business such as telecommunication
services. In this paper, a telecommunication service provider’s data on the use of vehicles by their employees
is analyzed and used to forecast the vehicle booking demand for the future at different geographical locations.
We implement multiple forecasting models and investigate the effect on forecasting accuracy of two predic-
tion strategies, namely the Direct multi-step forecasting strategy (DMS) and the Rolling mechanism strategy
(RMS). Moreover, the effect of different external inputs such as temperatures and holidays were tested. The
results show that both DMS and RMS can be used to forecast vehicle demand, with the highest improvement
in forecasting achieved through the addition of the holiday input, particularly by using the RMS strategy in

the majority of the cases.

1 INTRODUCTION

Flawless operation with constrained supply requires
an effective resource management strategy. The con-
tinuum in the supply can be ensured through the ac-
curate prediction of the demand with the exploita-
tion of historical data. Businesses such as telecom-
munication, utilities, retail, hotels, etc, recognize the
importance of accurate forecasting for demand espe-
cially when the supply is constrained. Indeed, oper-
ational efficiency and sustainable revenue growth in
businesses, with limited supply, are sensitive to poor
demand predictions (Azadeh et al., 2015). Hence,
corporations are keen to exploit machine learning and
other artificial intelligence methods for producing a
more accurate forecast. Higher operational efficiency
improves the quality of service leading to higher lev-
els of customer satisfaction.

However, in the service industry, maintaining ser-
vice standards is coupled with the availability of re-
strained resources to meet the demand. Based on the
types of industries, there could be many different re-
sources involved in providing services, such as vehi-
cles, specialized technical equipment, hardware loads
for when the device can sustain a certain limit of loads
(Herreria-Alonso et al., 2021), rooms or beds for in-
dividuals in hotels (Lee, 2018) or hospitals (Deschep-
per et al., 2021; Goic et al., 2021), etc. Generally,
the demand is predicted after analysis of the histori-
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cal demand data besides other correlated data such as
weather, seasonality, geography, etc, to enhance the
forecasting accuracy and thus better manage the avail-
able resources. Different strategies such as Rolling
mechanism forecasting strategy (RMS) (Mu et al.,,
2019), Direct multi-step forecasting strategy (DMS)
(Shi and Yeung, 2018) can be adopted by different
forecasting techniques for improving the accuracy.

Businesses such as utility companies, telecommu-
nication service providers, and car sharing companies
use vehicles to provide services to their consumers.
They normally own a fleet of vehicles. An employee
can request a vehicle for a certain hour or day and se-
lect a pick up location from the available locations.
This creates a record of the historical usage data in
different parking hubs and keeps track of the vehicles.
This historical usage data allows visualization of the
demand at respective parking hubs and can also be ex-
ploited to forecast the future demand for the vehicles
(Liu et al., 2021a; Miiller and Bogenberger, 2015; Yu
et al., 2020), thus ensuring their availability upon the
requested booking date and enhancing operational ef-
ficiency.

In this work, we focus on the data provided by
our partner telecommunication service provider that
keeps a fleet of vehicles at different parking hubs. The
engineers can book the vehicles on a daily basis to
perform the tasks allocated to them. The choice of
parking hub for booking may depend on the starting
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location of the engineer as well as the locations of the
tasks that they are performing. Hence, the demand for
vehicles can be different for different dates even for
the same parking hub. We investigate and evaluate
different forecasting strategies and forecasting mod-
els with the aim of accurately predicting the vehicle
booking demand for each parking hub. The ultimate
goal is to build a tool that can be used to manage re-
sources on a daily basis. We perform experiment with
the historical data provided by our partner telecom
and analyze the results to identify the best performing
method. Real-world data on the historical bookings
were combined with additional data involving official
holiday and temperature data to improve the accuracy.
We show the effectiveness of the tested methods and
provide a detail analysis of the results.

The rest of the paper is organized as follows. Sec-
tion 2 reviews related works, particularly focusing on
works, where the RMS and DMS were used and how
other factors were incorporated into the forecast. Sec-
tion 3 explains the data and the methods used. Section
4, presents the experiments and interprets the results,
and finally, section 5 provides a conclusion to the find-
ings.

2 BACKGROUND

There are many use cases where DMS and RMS were
used for forecasting. For example, DMS was ex-
ploited to predict energy prices and wind power with a
radial-basis functional network (Khalid, 2019). It was
found to outperform the recursive forecasting strat-
egy when used with a random forest algorithm for
wind speed prediction (Vassallo et al., 2020). An-
other study implemented the DMS with XGBoost al-
gorithm to predict the state of charge and terminal
voltage in lithium-ion batteries that are exposed to dif-
ferent loads (Dineva et al., 2021). The traffic speed
was predicted using DMS with an ensemble model
(Feng et al., 2021).

Many forecasting scenarios depend on the short
window from the recent past. Short-term predictions
of water levels in different water channels in a river
located in China were tested via the implementation
of an RMS with Long short-term memory (LSTM)
algorithm (Liu et al., 2021b). In (Yuan et al., 2021),
authors created an ensemble model composed of dif-
ferent models that used LSTM with RMS to forecast
the intensity of typhoons. A comparative study is
done in (Yuan et al., 2019) that found Convolutional
Long Short-Term Memory with Ensemble Empiri-
cal Mode Decomposition (EEMD-ConvLSTM) with
RMS to be more robust than the one-step forecasting
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models exploiting Global Forecast System, Medium
Range Forecast (MRF), Model Ensemble Members
(ENSM) in forecasting North Atlantic Oscillation in-
dex. While (Du et al., 2016) uses RMS forecasting
with different algorithms to predict wind speed. The
demand was predicted with LSTM through the RMS
forecasting approach (Wang et al., 2021a).

In (Surakhi et al., 2021) the time lag influence on
the accuracy of the predictions is investigated and it is
found that the selection of time lags affect the accu-
racy significantly due to correlation strength between
the selected time lag values. The historical values
(time lags values) of electricity consumption alone
were found to be able to eliminate the need for ad-
ditional inputs such as weather data as they already
captured the effect of weather data, and emphasized
the need to select the optimal number of lagged val-
ues via genetic algorithms(Bouktif et al., 2018). Both
(Bakker et al., 2014; Wang et al., 2021b) found that
using weather input improved the forecasting accu-
racy. The weather, holiday, and accident were used in
the form of one-hot encoding as additional input to the
traffic forecasting models and were found to enhance
the predictions (Sun et al., 2020).

3 METHODOLOGY

Historical vehicle booking records of 91 days for 10
parking locations (hereafter referred to as parking 1,
parking 2, etc) were acquired. The data represent the
number of vehicles booked for the selected date at
each station. It is a continuous univariate time se-
ries data for the vehicle booking at different parking
hubs. As an example, bookings for parking hubs 3,
5, and 9 are shown in Figure. 1, which shows that
there is a shared pattern in booking demand except
for the period between the 16" of July and the 30" of
July where the booking requests dropped abnormally
and then raised sharply afterward. This pattern is ob-
served in most of the parking hubs data with the dif-
ference being the total booking request. Comparing
the different parking hubs, we found that the booking
request is lowest in parking hub 5 during all the peri-
ods. On the other hand, we found that parking hubs 8
and 9 are alternate as the most booked parking hub.

The weather plays an important role in everyday
transportation decisions and might affect the book-
ing of vehicles at different parking hubs. The fore-
casted temperature for the period between 15" May
and 17" August 2021 was collected (Figure. 2). It can
be observed that the temperature gradually increased
throughout the data.

The publicly announced holidays are shown in ta-
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Vehicle Bookings in different parking hubs
Parkinghub 3 === Parking hub 5 - Parking hub 9
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Figure 1: Vehicle bookings by date for parking hubs 3, 5
and 9.
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Figure 2: Temperature forecast data in Fahrenheit.

Table 1: Public holiday dates and the corresponding day of
the week.

Date Day of the week
19 July 2021 Monday
20 July 2021 Tuesday
21 July 2021 Wednesday
22 July 2021 Thursday
12 August 2021 Thursday

ble 1. The public holidays apply to all the sectors,
thus influencing the booking levels. The holiday dates
in the tables match the sudden changes in the trends
within the booking shown in Figure. 1 which indicate
a correlation between the holiday and vehicle book-
ings.

3.1 Rolling Mechanism Forecasting

(RMS)
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Figure 3: The working concept of RMS.

RMS is a forecasting strategy that utilizes the recent
trends in data to forecast future values which are re-

ferred to as forecasting horizons (Mu et al., 2019). All
the values in the forecasting horizons are predicted us-
ing the same model that is fitted to take a fixed rolling
window of inputs when no external factors are consid-
ered. Figure 3 demonstrates the concept of the rolling
mechanism. When the first period in the horizon is
predicted, the fixed window of input is coming from
real data, yet when the second period is predicted the
first-period prediction is added as the most recent in-
put to the rolling window, and the input furthest from
the value to be predicted is removed. This new input
window is used to predict the second period. When
the third period is predicted the second-period predic-
tion is used as the most recent input and the value
furthest from the third period is removed. To explain
the concept mathematically, let B be the set of all the
vehicle bookings in a parking hub. Then we assume
B,us C B to represent a subset of bookings considered
for RMS, such that

Brs = {bisn—ill <i<nVbypi€B} (1)

where b, j_; represents the booking entry from
set B, n represents the size of the rolling window, &
represents the forecasting time step, ¢ represents the
time step for the first forecasted period, then

bt+h = ?—(Brms) (2)
where, b, is the foretasted booking for the time
step 4 and F is the forecasting model. This forecast-
ing strategy has the advantage of adapting to changes
in data and the training phase of the model assigns
importance to the input values based on their proxim-
ity from the predicted horizon, thus adapting to data
trends. Additionally, the method is computationally
less expensive as one model is needed for predicting
all values in the horizon H. However, because the pre-
vious prediction is used in the forecast of other hori-
zons, the error is accumulated as the prediction steps
increase.

3.2 Direct Multi Step Forecasting

Strategy (DMS)
= V(-2 )} {1} ¢ )
G {2 {1 t+1
== {2 {1 t+2
o — )

(T current model inputs [ Forecasted horizon
Figure 4: The working concept of DMS.

In DMS, each step ahead is predicted independently
via a different model. Each period is predicted via
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a separate model which is trained and validated us-
ing a modified data set specific to that perdition pe-
riod, yet all the models use the exact same input to
predict their corresponding periods (Shi and Yeung,
2018). The concept of DMS forecasting is illustrated
in Figure 4. To explain the DMS mathematically, lets
assume By, C B to represent a subset of bookings
considered for DMS, such that

Bips = {bi—i|1 <i<n,Vb,_; € B} 3)

where b,_; represent the booking entry from set B
and n represent the size of the input window, ¢ repre-
sents the time step of the first forecasted period, then

ben = On(Bams) “4)
where,b, ., is the foretasted booking for the time
step i and 0y, is the model specific for predicting the
booking b, at the forecasted time step #. The DMS
does not cause error accumulation as predicted hori-
zons are not used as input to predict further horizons
(Dossani, 2022). This advantage in DMS forecasting
made it interesting to test for booking demand fore-
casting. However, as all the models use the same in-
puts, the DMS does not capture the relationship be-
tween the different time steps of the modeled case
(Taieb et al., 2012). Furthermore, creating an indi-
vidual model for each horizon is a computationally
expensive process that becomes a liability when the
number of the forecasted horizon is large.

3.3 Machine Learning Algorithms

In this paper, we implement different machine
learning algorithms with multiple parameter set-
tings to forecast the booking demand. They in-
cludes K-nearest neighbour regressor (KNN), deci-
sion tree (DT), ridge regression (RR), Lasso Re-
gression (Lasso), liner regression (LR), random for-
est (RF), neural network (NN), stochastic gradi-
ent descent (SGD), support vector regressor (SVR)
(James et al., 2021), Gradient Boosting (Friedman,
2001) (GBoost), extrem gradiant boosing (Chen and
Guestrin, 2016) (XGBoost), light gradient boosting
machine (LGBM) (Ke et al., 2017), ExtraTreesRe-
gressor (Geurts et al., 2006), MLPRegressor (Hornik
et al., 1989) and ElasticNet (Zou and Hastie, 2003).
Due to limited space, we do not go into details of
these algorithms. Interested readers are reffered to
(James et al., 2021).

3.4 Model Formulation

It can be observed in Figure 1 that each parking hub
experience different booking level. Hence, we model

362

Table 2: Input Forms.

SLNo | InputFormName | D | W | T | H
1 D7WO0 7 10 -
2 D14WO0 410 |- |-
3 D6W3 6 |3 |- |-
4 D7WO0T 710 | * -
5 D14WOT 1410 | * |-
6 D6W3T 6 |3 | *]-
7 D7WO0T1 7 (0 |1]-
8 D14WOT1 410 |1]-
9 D6W3T1 6 |3 |1]-
10 D7WO0T3 710 |3]-
11 D14W0T3 1410 |3]-
12 D6W3T3 6 |3 |3]-
13 D7WOH 710 |- |*
14 D14WOH 410 |- | *
15 D6W3H 6 |3 |- |*
16 D7WO0TH 7 10 | *|*
17 D14WOTH 1410 | *|*
18 D6W3TH 6 |3 |1 |*
19 D7WOT1H 7 10 |1 |*
20 D14WOTI1H 410 |1 |*
21 D6W3T1H 6 |3 |1 |*
22 D7WO0T3H 7 10 |3 |*
23 D14WOT3H 1410 |3 |*
24 D6W3T3H 6 |3 |3 |*

each parking hub separately, i.e, for each parking hub,
we built 2 models (RMS and DMS), for each configu-
ration of input features, to test the effect of the differ-
ent model configurations on the forecasting accuracy.
In total, 24 feature configurations including different
external features and with different lag setups were
tested for each of the two models. Data for each of
these configurations were fitted on multiple machine
learning algorithms as listed in the previous section,
and for multiple different parameter settings of these
algorithms. The result for the model with the best
accuracy was taken as the result for that input config-
uration.

3.5 Data Preparation

In RMS, the target needs to be the booking period
directly after the last booking period input. On the
other hand, the DMS requires a specific data set for
each predicted period, such that each period model
is trained to predict multiple periods ahead with the
same input used in the other models. Fortunately,
the RMS input data can be modified to fit the DMS
requirement via shifting the target, thus training the
models to predict different steps ahead using the same
input.
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As shown in Table 2, 24 data inputs were gen-
erated for each of the parking hubs, termed input
forms, that represent different combinations of day
lags, week lags, temperature lags, and holidays. The
number after the D indicates the day lag, W indicates
the week lag, T indicates temperature input lag and H
indicates holiday inputs. If there was no number after
the T, this means that the temperature for the target
day was added to the inputs. Also ’-’ in the column
T and H represent the corresponding parameter was
not used, and **’ represent only the value for the tar-
get day was used in the input. Additionally, the day
of the week of the target date was used as an extra in-
put feature, encoded with one-hot encoding, creating
7 more binary inputs.

4 EXPERIMENTS AND RESULTS

In this section, the accuracy of RMS is compared to
DMS with different input forms and external input
combinations as shown in Table 2. Weighted abso-
lute percentage error (WAPE) was used as a measure
of accuracy. The data for the last 7 days were used
as a test set to calculate the accuracy. The model that
achieved the best WAPE accuracy was selected and
reported back with the results.

The KN, XGBoost , LGBM and RF all used
the default hyper parameters.The RF was tested
further through 13 different combination of max-
imum tree depth and number of estimator of
[(5,10),(5,15),(5,50),(7,80),(7,100),(7,120),(9,10),
(9,150), (11,10),(11,15),(11,100),(11,500),(13,700)]
respectively. DT algorithms was tested using 6
different maximum tree depths of 5, 7, 10, 15
and 20. The gradient boosting was tested with 11
different combination of hyper parameters, out of
which 7 combination only used number of estimators
and maximum depth with the respective values of
[(500,11),(500,3),(500,5),(100,11),(100,12),(100,13),
(100,14)]. The other combinations added the sub
sample parameter.  The hyper parameter com-
bination in the respective order of number of
estimator , maximum depth and sub sample was
[(25,5,1),(30,5,1),(40,5,1,),(100,11,1)].

To make the results more comparable and readable
we present the model’s result in the form of accuracy
% as 1 — WAPE, for all the different cases tested in
both the RMS and DMS. The result of demand pre-
diction across the 10 parking hubs for the lagged input
forms D7WO0, D14W0, and D6W3 with and without
the cases of the temperature input that is added as the
temperature of the target day (T), lagged temperature
of 1 day with the target day (T1) and lagged temper-

ature of 3 days with the target day (T3) are presented
on tables 3, 4, 5 and 6. The tables report the perfor-
mance results of the models in both the RMS and the
DMS for all the forms. The models in tables 3 and
4 did not use a holiday input and the variation in ac-
curacy is presented in a boxplot (Figure 5) comparing
the RMS versus the DMS approach in all the data in-
puts forms. Similarly, tables 5 and 6 present the per-
formance results for the models that used the Holiday
input while Figure 6 present a comparative visualiza-
tion of the model’s performance in both the RMS and
DMS cases for the different combinations of inputs.

4.1 Models Performance

Table 3: 1-WAPE results for the different parking hub mod-
els using DMS and RMS without a holiday input and using
the basic forms and the basic forms with temperature inputs.

RMS DMS
Form D7WO0 | DI4WO | D6W3 | D7WO | DI4WO | D6W3
Parking hubl | 86.95 8835 | 869 92.09 9047 | 89.46
Parking hub2 | 85.58 846 | 90.43 84.06 9182 | 91.92
Parking hub3 | 88.12 8838 | 85.87 89.65 88 72.19
Parking hubd | 75.94 8353 | 7333 76.11 80.65 | 81.73
Parking hub5 | 77.15 763 | 8091 77.04 8629 | 69.95
Parking hub6 | 83.72 83.68 | 84.04 83.84 7753 | 75.53
Parking hub7 | 90.77 93 92.29 92.52 83.17 | 86.96
Parking hub8 | 89.44 8794 | 8957 87.67 85.1 | 84.95
Parking hub9 | 84.48 36.88 | 86.95 85.84 88.78 | 85.72
Parking hub10 | 82 84.66 | 837 80.44 88.96 | 83.44
Average 84.41 8573 | 854 84.93 86.08 | 82.18
Stdev 4.67 416 | 5.15 5.49 428 | 697
Form D7WOT | DI4WOT | D6W3T | D7WOT | DI4WOT | D6W3T
Parking hubl | 85.84 8822 | 8635 94.46 8745 | 8538
Parking hub2 | 86.36 8389 | 87.57 83.11 8729 | 9336
Parking hub3 | 86.17 87.04 | 85.87 85.98 85.18 | 79.25
Parking hub4 | 78.95 80.72 | 7534 7273 762 | 847
Parking hub5 | S81.71 7718 | 82.11 757 85.77 | 77.82
Parking hub6 | 82.32 8147 | 8354 77.01 7580 | 7422
Parking hub7 | 89.62 9156 | 91.72 86.31 82.63 | 88.66
Parking hub8 | 89.17 89.01 | 90.18 8834 8821 | 83.76
Parking hub9 | 85.16 863 | 86.66 87.86 8342 | 84.87
Parking hub10 | 8227 8431 | 8439 80.37 9174 | 7898
Average 84.76 85.06 | 8537 83.19 8438 | 83.1
Stdev 323 416 | 432 6.36 482 | 535

We can notice that, RMS results are more consistent
in comparison to the DMS forecasting when the holi-
day parameter was not used (Table 3 and 4). The dif-
ferent data input forms did not affect the RSM perfor-
mance as much as the DMS and the temperature input
did not significantly contribute to the improvement of
results. For the RMS, the D7WO input accuracy im-
proved slightly when the temperature input of the tar-
get day or the temperature input of 1-day lag is added
to the RMS models while the opposite is observed for
input forms D14W0 and D6W3 for the prior condi-
tions. When a temperature lag of 3 was used, the
performance recorded was the lowest for all the input
forms. In the DMS case, the input forms D7WO0 and
D14WO0 experienced lower accuracy as more temper-
ature inputs were added. The only exception was for

363



NCTA 2022 - 14th International Conference on Neural Computation Theory and Applications

Table 4: 1-WAPE results for the different parking hub mod-
els using DMS and RMS without a holiday input and using
the basic forms with a temperature lag input of 1 and a tem-
perature lag input of 3.

RMS DMS

Form D7WOT1 | D14WOT1 | D6W3T1 | D7WOT1 | DI4WOT1 | D6W3T1
Parking hubl 86.27 88.99 87.24 90.35 89.77 86.31
Parking hub2 86.9 83.07 87.38 84.82 88.23 92.29
Parking hub3 86.97 87.13 85.87 85.74 85.52 77.06
Parking hub4 79.32 78.43 74.09 69.37 73.42 80.33
Parking hub5 82.93 77.59 83.56 73.97 76.44 72.09
Parking hub6 83.87 81.5 82.48 77.78 75.82 75.26
Parking hub7 92.69 90.6 91.49 86.12 80.76 79.24
Parking hub8 89.75 87.69 89.32 89.24 89.39 85.37
Parking hub9 85.44 86.29 88.77 87.21 81.32 84.46
Parking hub10 84 84.35 82.79 80.99 92.72 79.24
Average 85.81 84.56 85.3 82.56 83.34 81.16
Stdev 3.51 4.16 4.67 6.54 6.39 5.67
Form D7WO0T3 | D14WOT3 | D6W3T3 | D7WOT3 | D14WOT3 | D6W3T3
Parking hubl 85.27 86.95 85.94 86.61 83.53 85.24
Parking hub2 84.96 83.73 86.88 80.81 91.46 88.93
Parking hub3 86.1 88.39 85.87 86.34 86.88 83.7
Parking hub4 71.43 79.85 77.49 71.98 69.36 76.42
Parking hub5 81 75.56 81.1 70.13 67.61 78.71
Parking hub6 8243 82.31 82.93 84.96 78.03 73.48
Parking hub7 90 89.13 90.07 81.91 80.8 78.22
Parking hub8 89.31 87.29 88.28 84.62 85.86 83.91
Parking hub9 84.76 86.41 86.02 83.51 76.62 81.78
Parking hub10 83.23 83.18 81 80.7 88.68 69.47
Average 83.85 84.28 84.56 81.16 80.88 79.99
Stdev 4.91 4.03 3.64 5.43 7.59 5.57

D6W3 with a target day temperature input (D6W3T),
the accuracy raised by around 1%.

From a different view, the parking hub level re-
sults reveal some interesting behavior. Parking hub 1
achieved the best accuracy with the form D7WO0 us-
ing the DMS with an accuracy difference of 5% to
the D7WO0 with RMS and 3.5% difference with the
best RMS basic form D14WO for station 1. Addition-
ally, the temperature of the target day increased the
accuracy to around 94.5% which is a further improve-
ment. Parking hub 2 produced the best accuracy with
the RMS when D6W3 form was used (5% better than
D7W0), yet achieved 1% better performance when
D14WO0 and D6W3 were used by the DMS. In the
case of the input form D7WO0 in parking hubs 4 and
5, the accuracy was raised by around 3% by adding
the temperature of the target day. In parking hub 10,
the best demand prediction was achieved using the
D14WO0 form with the temperature of the target day,
with a significant difference in the accuracy of 5%.
These cases indicate the DMS can make a significant
impact on the accuracy based on the used data.

Figure 5 shows the distribution of model perfor-
mance over 10 different parking hubs in all the cases
of tables 3 and 4. The interquartile range for the RMS
models is smaller in all the different cases, indicat-
ing more stability in the performance when compared
to the RMS. However, in some cases, and depending
on the data, it was observed that the DMS provides
some advantage. The maximum of the DMS models
for D7WO0, D7WOT, D14WO0T, D14WO0T1, D6W3T,
and D6W3T1 is higher than the RMS models. The

364

Accuracies for models without Holiday

. I Rolling
90 I Direct
w85 ;é
z
=80
T 75 :
70 o
© E = M O kFE = O M = = o™
scEE5sskEE5z22858%6
§222332283 232
o N~xN KN 0O = 3 0 o © ©
o a a3 o o
Data input form

Figure 5: Boxplot for accuracy of the models that did not
considered a holiday input in both the DMS and RMS ap-
proaches.

main issue with the DMS in the case study is the vari-
ance. The standard deviation of the performance pa-
rameter is higher for the DMS models than the RMS
models and this is clearly observed via the Figure 5
and supported by the tables 3 and 4.

In general, the RMS performance was better than
the DMS. However, on the level of the parking hub,
some DMS models improved the predictions signif-
icantly. Moreover, the temperature input did not
increase the accuracy significantly except for some
parking hubs which indicates that only some parking
hub booking demands are temperature dependent.

4.2 Model Performance with Additional
Holiday Input
Table 5: 1-WAPE results for the different parking hub mod-

els using DMS and RMS with a holiday input and using the
basic forms and the basic forms with temperature inputs.

RMS DMS
Form D7W0 DI14W0 | D6W3 D7W0 | DI14W0 | D6W3
Parking hub1 90.62 93.01 94.13 91.72 92.17 92.73
Parking hub2 91.39 90.34 90.77 87.68 93.5 92.4
Parking hub3 86.1 84.54 85.87 83.57 78.76 77.18
Parking hub4 87.24 89.85 733 92.08 88.05 84.79
Parking hub5 88.47 88.87 89.71 87.31 88.14 87.35
Parking hub6 92.85 90.49 90.77 91.04 88 88.54
Parking hub7 91.7 93.08 89.61 90.24 95.34 92.84
Parking hub8 95.32 97.02 96.36 94.61 97.24 95.48
Parking hub9 91.85 90.31 90.04 90.38 92.39 91.35
Parking hub10 | 92.91 94.57 91.7 93.52 95.79 96.01
Average 90.84 91.21 89.23 90.22 90.94 89.87
Stdev 2.68 3.25 5.93 3.1 5.16 5.38
Form D7WOT | DI4WOT | D6W3T | D7WOT | D14WOT | D6W3T
Parking hubl 92.26 93.18 92.38 90.45 90.45 92.42
Parking hub2 91.29 90.35 90.18 85.56 85.56 92.97
Parking hub3 86.17 84.54 85.87 83.57 83.57 70.15
Parking hub4 85.12 89.18 74.09 88.74 88.74 82.55
Parking hub5 90.85 88.05 90.9 90.72 90.72 88.58
Parking hub6 92.66 92 93.84 89.97 89.97 87.06
Parking hub7 89.16 91.19 89.01 88.3 88.3 95.84
Parking hub8 96.15 97.16 95.79 94.99 94.99 91.85
Parking hub9 90.66 90.95 91.8 91.4 91.4 91.03
Parking hub10 | 90.15 92.58 91.73 91.11 91.11 90.43
Average 90.45 90.92 89.56 89.48 89.48 88.29
Stdev 3 3.17 5.75 3.03 3.03 6.96
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Table 6: 1-WAPE results for the different parking hub mod-
els using DMS and RMS with a holiday input and using the
basic forms with a temperature lag input of 1 and a temper-
ature lag input of 3.

RMS DMS

Form D7WOTI | DI4WOT1 | D6W3TI | D7WOTI | DI4WOTI | D6W3TI
Parking hubl 9134 9336 | 91.62 91.13 9411 | 9394
Parking hub2 | 92.36 8922 | 9123 88.64 9002 | 95.65
Parking hub3 86.17 8454 | 85.87 83.57 81.96 | 72.02
Parking hubd | 85.84 8949 | 74.00 90.17 8927 | 7825
Parking hub5 93.9 87.26 | 90.85 85.69 9031 | 87.86
Parking hub6 | 96.38 9197 | 9382 89.83 9377 | 8745
Parking hub7 9.9 87.60 | 87.08 89.22 9424 | 95.04
Parking hub8 96.8 97.03 | 9655 95.64 9595 | 9537
Parking hub9 | 91.94 90.74 | 91.95 89.50 9045 | 90.19
Parking hub10 | 92.6 9239 | 9135 9456 9284 | 91.96
Average 9172 9037 | 89.44 39.8 9129 | 88.77
Stdev 35 336 | 586 341 376 |75
Form D7WOT3 | DI4WOT3 | D6W3T3 | DJWOT3 | DI4WOT3 | D6W3T3
Parking hubl 9397 9205 | 9253 9399 9305 | 96.62
Parking hub2 | 92.47 911 93.49 85.89 87.99 | 8741
Parking hub3 86.1 8454 | 8587 84.83 7968 | 71.6
Parking hubd | 89.35 899 | 7286 91.62 8879 | 80.67
Parking hub5 | 90.16 877 | 91.46 81.54 87.81 | 88.88
Parking hub6 | 94.76 9204 | 9263 90.93 9224 | 8355
Parking hub7 | 9143 8844 | 86.05 80.65 8622 | 92.19
Parking hub8 | 96.08 96.19 | 96.68 96.39 9521 | 9391
Parking hub9 | 94.72 9387 | 9355 9136 90.78 | 93
Parking hub10 | 92.56 9235 | 914l 90.79 8647 | 86.55
Average 92.16 90.82 | 89.65 38.8 8882 | 87.44
Stdev 285 315 | 642 501 715 | 703

The addition of a categorical parameter representing
holiday (i.e, whether the target day is a holiday or a
normal day) made a significant improvement to all the
results. Each model’s accuracy was increased by no
less than 5% in comparison to the no holiday input
case. These can be observed in the Tables 5 and 6.

Accuracies for models with Holiday
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Figure 6: Boxplot for accuracy of the models that consid-
ered a holiday input in both the DMS and RMS approaches.

Also, Figure 6 indicates a huge improvement in
the performance of both the DMS and RMS, in com-
parison to the one in Figure 5. The boxplot shrink-
age and the abrupt improvement in accuracy ampli-
fied the importance of the holiday input for the fore-
cast. Additionally, the variance between the perfor-
mance of the different models decreased in all the
cases. An interesting observation can be seen in the
D6W3 form variants. There is an outlier in each in-
put form that has an accuracy lower than the major-
ity of the other models. When comparing the D6W3
in Figure 5 and Figure 6, the input form is causing
more outlier with lower accuracy than the input form
D14WO0 and D7WO.

The analysis of the results indicates that the RMS
with a holiday input had the best performance. Al-
though in some case the DMS was observed to be
better than the RMS, the trade-off between the com-
putational cost and the performance make the RMS
the better strategy as a whole. The possible reason
behind the weakness of the DMS is the unsuitability
of the model and also the lack of previous day signal,
thus not capturing the trend. Moreover, the DMS fa-
vored the simplest data input forms (e.g. D7W0 with
and without a holiday) and was able to outperform the
RMS in only few of the cases when a long sequence of
day lags (D14WO0) was provided, indicating the need
for a large number of correlated input to produce su-
perior results for specific parking hubs.

S CONCLUSION

In this paper, we make use of a telecommunication
service provider’s data on the use of the fleet of vehi-
cles by its employees to analyze and forecast the ve-
hicle booking demand for the future. For that, a com-
parison of the accuracy results using the DMS against
the RMS is done. It was observed that the RMS per-
formance was superior to the DMS in the majority
of the cases and with a significantly lower computa-
tional cost. The holiday inputs were found to improve
the prediction quality by about 5% for both the RMS
and the DMS methods. The results suggest that, for
our problem, the RMS forecasting method is better
suited in comparison to the DMS. Some outliers were
seen in the accuracy of the results such as in park-
ing hub 5, and without any external inputs, where the
DMS showed improved accuracy when compared to
the RMS.

The tested models were built into a tool, which
trains the data with all models and automatically
keeps the one with the highest accuracy for each park-
ing hub. The built tool is being trialed by our partner
telecom and encouraging feedback is being received
on the effect of the better forecast have on the resource
management task.
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