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Abstract: Dispatching system plays a crucial role in today smartphone based online taxi system. There are three
common models that are used in online taxi dispatch system: (1) first come first served, (2) stable marriage, and (3)
agent-based models. Unfortunately, these existing models accommodate passenger’s waiting time and/or driver’s
pickup cost only. Meanwhile, there are several other important aspects: price, driver’s service level, and passenger’s
behaviour. Based on this problem, this work aims to develop a dispatching model for online taxi system that
accommodates these aspects too rather than waiting time and pickup cost only. This model is developed by combining
stable marriage and first price sealed bid auction. The stable marriage is used to satisfy both passenger and driver. The
first price sealed bid auction is used to offer a competitive price for the passenger that is still accepted by the driver.
Based on the simulation result, overall, the proposed model performs the best among the previous models, except in
the average pickup distance. In the extreme undersupply condition, the proposed model creates 20 percent higher in
the average customer’s satisfaction score and equal in the average net distance. In the extreme oversupply condition,
the proposed model creates 28 percent higher in the vehicle’s satisfaction score. The proposed model creates up to 21
percent lower travel cost. Although the proposed model creates the worst in the average pickup distance, the average
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pickup time is 3.9 minutes with the assumption that the vehicle’s speed is 10 km per hour.

Keywords: Dispatching model, Online taxi, Stable marriage, First price sealed bid auction.

1. Introduction

Nowadays, online taxi system becomes very
popular. This condition is catalysed by the
smartphone technology which the global positioning
system (GPS) receiver is embedded [1]. By using
GPS equipped smartphone, destination, and vehicle
current locations are easily and accurately provided.
This system is more efficient due to reducing drivers’
time and energy and passengers’ expense [2].

One important system in the online taxi system is
the dispatching system. The role of the dispatching
system is allocating passenger booking request to the
preferred vehicle [3]. There are many studies
conducted on the dispatching system in the online
taxi system. They can be grouped into three
approaches. The first approach is the combination
between first come first served (FCFS) and the
nearest driver models [4]. The second one is the
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stable marriage model [5]. The first model has been
proven in achieving local optimal [6] while the
second one has been proven in achieving global
optimal and fairness [7]. The third one is the agent-
based model [8]. This third model is the most widely
used model in the latest taxi dispatching works.

Unfortunately, many of these studies in the
dispatching system used only distance or time
between the pickup and the current vehicle locations
in matching the request and the vehicle. It occurs in
studies that adopted either FCFS [4], stable marriage
[5], or agent-based model [9]. The reason is the only
aspect that is concerned by the passenger is waiting
time and the only aspect that is concerned by the
driver is the pickup cost [9].

Although these two aspects are important, there
are several other aspects that become concerned in
both passenger and driver. Passenger also concerns
about driver’s attitude and vehicle condition [10].
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Drivers’ driving attitude may affect the travel safety
[11]. Meanwhile, the driver also concerns about
revenue [12] and passenger’s attitude. In the current
online taxi systems, such as Go-Jek, Grab, or Uber,
both drivers and passengers can assess their
counterpart by giving a score based on their
satisfaction [13]. Moreover, the company is aware of
this assessment to maintain both passengers’ and
drivers’ satisfaction so that they will keep engaged in
the system [2].

Nowadays, online taxi price is dynamic based on
the supply-demand balance [13]. In the overdemand
situation, the price rises and on the other side, in the
oversupply situation, the price goes down. For
example, Uber charges premium price during peak
hours and give discount during off-peak [14]. UberX
also applies different base fare index based on the city
in the Unites States of America [15]. This dynamic
occurs in all vehicles. Moreover, in the same supply-
demand balance, all vehicles get the same price. In
the collaborative online taxi system where the drivers
are not the employee of the company, there are
various vehicle types with various car price range.

Due to this uniform price treatment among
drivers, there is no incentive for drivers to improve
their service level. The driver tends to choose cheaper
vehicle rather than the more expensive and
sophisticated vehicle. There is also no price incentive
for drivers to improve their driving behaviour. In
general, drivers, behave based on incentive [13],
especially price incentive. Unfortunately, this
individual price incentive has not been
accommodated in the either existing online taxi
dispatch system or in the online taxi dispatch studies.

Based on this problem, in this work, we propose
a novel online taxi dispatching model that
accommodates not just waiting time or pickup cost
but also individual price incentive. This model is
developed based on stable marriage model. This
model is combined with the first price sealed bid (first
price) auction in the simultaneous bidding process.
The first price auction is very popular in electronic
auction [16] Auction mechanism is adopted to give
price incentive for passenger and better winning
opportunity for the driver who submits lower bidding
price although it is not the only accommodated
variable. As a negotiation mechanism, the bidding
price ranges between driver’s individual target point
and reservation price.

Our contributions on this paper are as follows.
Q) We accommodate passenger satisfaction,

driver satisfaction, and financial incentive into the
online taxi dispatching system rather than waiting
time and pickup cost only as in the existing
dispatching model.
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2 We introduce an individual price mechanism
rather than an existing uniform price mechanism
as in the existing online taxi system and it is
accommodated in the proposed dispatching system.

The remainder of this paper is structured as
follows. In the second section, we explain the related
work to strengthen the necessity of this work and the
reasoning of the chosen methods. The topics in the
second section include: online taxi dispatch system,
stable marriage model, and first price sealed bid
auction. In the third section, we explain the models
that include the mathematical model and the
simulation model. In the fourth section, we show the
simulation result and discuss the findings. In the fifth
section, we conclude the work by connecting the
research purpose, model, and result findings.

2. Related work
2.1 Online taxi dispatch system

Nowadays, due to the massive penetration of
smartphone technology, the taxi system also evolves.
Uber, DiDi Chuxing, and Lyft have transformed the
way people travel [17]. In the current online taxi
system, passengers and drivers are connected to the
system by using their smartphone. New online taxi
companies, such as Grab, Go-Jek, and Uber disrupt
the traditional taxi industry [14]. In China, service
order of the conventional cruising taxi fell at least 35
percent [18]. This new system improves the service
quality because information about passengers and
vehicles’ locations are well provided. In this online
taxi system, a dispatching system to match between
passengers and drivers becomes crucial.

There are several popular methods in the online taxi
dispatching system. The first method is the
combination between FCFS and the nearest driver. In
this model, every time a new order request arrives,
the system will process this request immediately [19].
The system will find the available vehicles and or will
soon available vehicles near the pickup location.
Then, this request will be allocated to the nearest
vehicles to achieve the lowest passenger’s waiting
time [19]. Kusuma proposed the combination
between the FCFS, the nearest driver, and first-in-
first-out model [4]. In this work, the driver’s idle time
is also concerned so that drivers with the longer idle
time are prioritized. This work has been improved in
the later work by adding the first price auction
mechanism where drivers in the passenger’s
observation range can bid price to win the order [20].
The goal of this work is to introduce the price
competition so that it can reduce the passenger’s
travel cost [20]. This work showed that by
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Figure. 1 Matching illustration

implementing price competition, the total travel cost
for 100 orders is only 13.8 percent rather than without
price competition.

The second model is the stable marriage model.
In this model, there is a dispatching time interval [5].
In every interval or time window, incoming booking
requests are pooled first rather than are immediately
dispatched so that there are more requests and
available taxis within the time window [5].

By using stable marriage, passengers’ preference
will be matched with the drivers’ preference. The
illustration of this problem is shown in Fig. 1.

In Fig. 1, there are two passengers, p; and pz. p:
arrives earlier than p.. Meanwhile, in the system,
there are two available vehicles, v; and v If the
system implements FCFS, then p; will be served by
v; because p; is closer to v; rather than v.. Because
v2is the only available vehicle then p-will be served
by vz Based on this model, the total cost is 13. If the
system implements stable marriage, there are two
scenarios: vehicle submission and passenger
submission. In the wvehicle submission, vehicles
submit proposal and passengers evaluate proposal.
Meanwhile, in the passenger submission, passengers
submit passenger and vehicles evaluate proposal. The
scenario in the vehicle submission is as follows. First,
vz submits proposal to p2and v submits proposal to
p:. Because both passengers receive only one
proposal each, then both passengers accept their
received proposal immediately. So, p; will be served
by vzand p-will be served by v;. The total cost is 10.
The process in the passenger submission model is as
follows. First, both passengers submit to v;. Then, v;
accepts p- and rejects p;. In the second round, p;
submits to vz and because vz receives one proposal
only, then v, accepts p;. The total cost is also 10.
Based on this simple simulation, it shows that the
total cost in stable marriage system is lower than in
FCFS system.

The third model is the agent-based model. This
model is widely used in the several latest online taxi
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dispatch studies. These several studies will be
discussed below.

The first agent-based dispatch model can be
called as limited-movement-grid (LMG) model [9].
In it, the map is divided into square-shaped grids with
specified size. The drivers become the agents. The
shortest distance is adopted in this model. The agent
prioritizes passengers in the same grid first. If in the
single grid, the number of drivers is equal to or less
than the number of the passengers then every driver
will get the nearest passenger inside the grid.
Otherwise, the drivers that fail to get a passenger in
their own grid can move to the left, right, up, or down
for one grid. In this work, dispatching parameters are
passenger waiting time and vehicle pickup distance.
This dispatching model is then combined with the
pre-dispatching model to improve the supply-demand
balance.

The second agent-based dispatch model can be
called as a bipartite matching model [8]. In it, both
passengers and drivers become autonomous agents
that can interact with each other. In this model, the
Hungarian method as a bipartite matching model is
implemented to achieve global optimization. The
concerned parameter is the minimum cost of the
passenger’s perspective (pickup distance or waiting
time). The Euclidean distance is used in measuring
the distance between passengers and drivers.

The third agent-based dispatch model can be
called as free-movement-grid (FMG) model [21]. In
it, the grids represent the agents. So, the main goal is
maximizing the revenue of the grid. In the first step,
orders in every grid are sorted based on the revenue.
In this work, the revenue consists of two revenues:
current revenue and potential revenue. The current
revenue is revenue which is grabbed from the current
order. The potential revenue is the revenue that may
be grabbed in the area surrounding the current order
destination. Orders with higher revenue will be
prioritized. In every order matching, the order will be
matched to the nearest available driver in the same
grid. In the second step, the unexecuted orders will be
sorted again based on the revenue without concerning
the grid. Once again, higher revenue orders will be
prioritized. Every order will be allocated to the
nearest available driver.

The fourth agent-based dispatch model can be
called as circle-shaped-maximum-revenue (CSMR)
model [17]. In it, agents are represented by the drivers.
Rather than using square-shaped grid, circle-shaped
agent’s observation area with a specified radius is
used. This dispatch model also focuses on improving
revenue, which is the trade-off between short-term
revenue (revenue per order) and long-term revenue
(daily revenue). The driver will bid order with the
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highest revenue or travel distance. In the case that
there are some drivers who bid the same passenger,
the order will be matched to the nearest driver.

The fifth agent-based dispatch model can be
called as circle-shaped-nearest (CSN) model [22]. In
it, the drivers represent the agents too. The circle-
shaped observation range is also used. In this model,
every vehicle prioritizes the nearest distance to
minimize the empty driving distance. In case there
are some drivers bid the same passenger, vehicle with
the shortest distance is prioritized.

2.2 Stable marriage

Stable marriage algorithm is a stable matching
algorithm or model which was first introduced by
Gale and Shapley in 1962 which was implemented in
the college admission system [23]. This algorithm
was developed based on submission and acceptance.
The system consists of n men and n women where
men submit proposal and women accept or reject
proposal. The role can be interchanged. It was proven
that there is at least one stable solution [23].

The process of this basic stable marriage
algorithm is as follows [23]. This algorithm consists
of iterations or rounds which stop after stable pairs
situation is achieved. Each round consists of a
submission and acceptance session. In the submission
session, all unengaged men submit proposal to their
most preferred woman with the condition that every
man never submits to the woman whom he ever
submits. In the acceptance session, all women
evaluate the received proposals, accept the most
preferred one, and reject the others. The men whose
proposal is accepted then become engaged while the
women who receive proposal become engaged too. In
the next round, the engaged men do not submit
proposal. Meanwhile, engaged women still can
receive proposal. If the women receive a better
proposal, then they accept the newer proposal and
engage with the new men. The previous men whose
proposal is declined become unengaged and can
submit a new proposal in the next round. In the
condition that the number of men is equal to the
number of women, iteration stops when the last
woman receives and accepts proposal. It means that
there no change in pairs anymore. This algorithm is
also easily implemented in the scenario where the
number of men is not equal to the number of women.

2.3 First price sealed bid auction

Auction is one effective method in allocating or
distributing limited resources to the parties [24].
Auction is also a common mechanism to sell products
that are not easy to value [16]. This method is popular
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from the Sotheby art stuff, Dutch flower market, real
estate, government procurement, to the e-commerce
era. This is popular due to its method of finding party
that can offer the best yield.

Auctions can be grouped into two types: sealed-
price auction and bilateral auction price (open-price
auction) [25]. The sealed-price auction includes the
first price sealed-bid auction and the second price
sealed-bid auction. Meanwhile, the open-price
auction includes the English auction and the Dutch
auction. In the sealed-bid auction, the bid price
remains secret. It only reveals the winning price. The
sealed-price auction is better in maintaining bidders’
privacy and the system efficiency [16].

As a matching method, first price auction can also
be implemented in online taxi system where every
driver has his price range. The goal is offering the
passenger with a competitive service price that is still
accepted by the winning driver.

3. Research method
3.1 Model

This dispatching model is basically developed
based on the stable marriage model. As a stable
marriage, there two consecutive processes: proposal
submission and proposal acceptance. In this work,
proposal is submitted by the driver. On the other side,
proposal acceptance is conducted by the passenger or
customer. Inside the proposal, every driver also bids
the service price. Due to the adoption of first price
sealed bid auction model, a driver cannot observe
their opponents’ bidding price. In this model, the
passenger term has the same meaning as the customer
term.

In this model, several notations are used. These
notations are as follows.

n,  number of vehicles

nc  number of customers

nes number of closed customers

] vehicle index

J customer index

k price index

I,;  customer’s pickup location

ly;  customer’s destination location

I vehicle’s current location

dy;; pickup distance between vehicle and customer
dq;; vehicle driving distance in serving customer
d;;  customer’s travel distance

d,;; vehicle’s net distance

d.,, average pickup distance

d.n average net distance

dn;; vehicle’s minimum net distance

dn,;i  vehicle’s maximum net distance
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customer’s minimum pickup distance
customer’s maximum pickup distance
vehicle-customer link value
vehicle’s target point

vehicle’s reservation price

minimum reservation price

medium price

maximum target point

vehicle’s bidding price

step price

average travel cost

customer’s cost by using vehicle
customer’s closed price

submitted price to customer

Set of distinct prices that are submitted to
customer and they are sorted ascendingly
net distance weight

pickup distance weight

bidding price weight

vehicle satisfaction weight

customer satisfaction weight

vehicle’s total score from customer’s
perspective
vehicle’s pickup distance score from

customer’s perspective

vehicle’s bidding price score from customer’s
perspective

vehicle’s satisfaction score from customer’s
perspective

average vehicle satisfaction score

vehicle’s weighted pickup distance score from
customer’s perspective

vehicle’s weighted bidding price score from
customer’s perspective

vehicle’s weighted satisfaction score from
customer’s perspective
customer’s total score
perspective

customer’s net distance score from vehicle’s
perspective

customer’s satisfaction score from vehicle’s
perspective

average customer satisfaction score
customer’s weighted net distance score from
vehicle’s perspective

customer’s weighted satisfaction score from
vehicle’s perspective

customer minimum satisfaction score from
vehicle’s perspective

customer maximum satisfaction score from
vehicle’s perspective

vehicle minimum satisfaction score from
customer’s perspective

from vehicle’s

170
Sva; Vehicle maximum satisfaction score from
customer’s perspective
Spiy  minimum bidding price received by customer
Sra; Maximum bidding price received by customer
Sy set of vehicles that send proposal to customer
Sqi Set of customers that have been proposed by
vehicle
Sy set of links between selected vehicle and
selected customer
Coroj CUStOMer that is proposed by vehicle

vs;  Vehicle that is selected by customer

Swi  vehicle’s status
Si;  customer’s status
st  matching process status

st;  stable status

Stny vehicle matching status

Stme CUStomer matching status

t,;  vehicle’s bidding time

t;;  customer’s selection time

I'sy  success ratio

U uniform distribution random function

Algorithm 1: Matching process

Stn=0

while st =0 do

begin
proposal_submission()
proposal_selection()
stable_checking()

end

There are three types of time that are used in this
model: iteration time, vehicle’s bidding time, and
passenger’s selection time. These times are discrete.
The iteration time increments when the three
processes in single iteration are complete. The
vehicle’s bidding time increments every time a
vehicle submits a proposal. The vehicle’s bidding
time may be different among vehicles because in
single iteration time, some vehicles may submit a
proposal while the others may not. The passenger’s
selection time increments every time a passenger
evaluates proposal or proposals. The passenger’s
selection time may be different among passengers
because in single iteration time, some passengers
may evaluate proposals while the others may not
because they do not receive proposal.

The first process is the proposal submission
process. In this process, all unengaged vehicles send
proposal to their most prioritized customer. There are
two parameters that are concerned by the vehicle in
determining his most prioritized customer: net
distance and customer satisfaction. This customer
selection is formalized by using Egs. (1) to (14).
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dp,ij = [|tp; = 1] 1)
dej = [l = Lol 2
daij = dyyj+dy; 3)
dnij=dpj—dyy; (4)

dnii(tp;) = min(dp; ;) Nj & Scui(ty)  (5)
dnai(tpi) = max(dn; ;) Aj € Seui(tp:)  (6)
1,dypii(tpi) = dng,i(ty,)

dnij=Anii(tp,i)
dna,i(ty,i)—dnii(tpi)’

(")

Snij(tpi) = else

The explanation of the Egs. (1) to (7) is as follows.

Euclidean distance is used in determining the pickup
distance as in Eq. (1) and the travel distance as in Eqg.
(2). In Eq. (3), the driving distance is the summation
of the pickup distance and the travel distance. In Eq.
(4), the net distance is the difference between the
travel distance and the pickup distance. In Egs. (5)
and (6), the minimum and maximum net distance are
calculated among customers whom they have not
been submitted to. These minimum and maximum
net distance scores are used to normalize the net
distance. Eq. (7) shows that the net distance is
proportional to the net distance score.

Seii () = min(sg;) Aj & Sewi(tp,0) (8)
Scai(tp;) = max(sc;) Aj € S i(tp:) 9)
1, ¢cii(tni) = Cea,i(tn,i)

Sc,j—Sci,i(tp,i)
Sca,i(tn,i)=Scii(tp,i)’

Seij(tpi) = else (10)

The explanation of Egs. (8) to (10) is as follows.
The minimum customer’s satisfaction score is
formalized by using Eg. (8), while the maximum
customer’s satisfaction score is formalized by using
Eg. (9). These minimum and maximum scores are
used to normalize the customer’s satisfaction score.
The customer’s satisfaction score is formalized by
using Eq. (10).

Swn,i,j (Eb,i) = Wn-Snij(tp,i) (11)
Swe,i,j(tp,i) = We-Se,ij(tp,i) (12)
Se,i,j(tn,i) = Swnij(tpi) + Swe,ij(tp,i) (13)
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Cproi(tpi) = jymax(sc;j(ty))  (14)

These scores are weighted by using Eq. (11) for
the net distance score and Eq. (12) for the customer’s
satisfaction weighted score. Then these scores are
accumulated by using Eg. (13). Eq. (14) is used to
guarantee that the proposal will be submitted to the
passenger with the highest accumulated score, and he
has not been submitted yet by the vehicle.

Vehicle sends proposal with certain bidding price.
This bidding price ranges from his target point and
reservation price. In the beginning, the vehicle will
bid at its target point. Every time the vehicle sends
bidding, his bidding price goes lower until his
reservation price. This vehicle’s price dynamics is
formalized by using Egs. (15) and (16). Eq. (15) is
used when the vehicle bidding time is higher than 0
and Eq. (16) is used to determine initial bidding time.

Ppi(toi — 1), 00,i(tni) > Pre
() = {722 iNfoi) = Prei (15
pb'L( b'l) { Pr.i» Pb,i (tp,i) < Dri (15)

Pb,i(0) = Py (16)

The second process is the proposal acceptance
process. This process is held by the customers. There
are three parameters that are concerned by the
customer: pickup distance, bidding price, and vehicle
satisfaction. This process is formalized by using Egs.
(17) to (31).

dpi,j (ts,j) = min(dp,i,j) Al E SpT,j (ts,j) (17)
dpa,j (ts‘,j) = max(dp,i,j) Nl E SpT,j (ts,j) (18)
1, dpi,j(ts,j) = dpa,j(ts,j)

Spij(s,j) = )1 _ _pii=9pijs)) ’
dpa,j(ts;)=dpij(ts;)

else (19)

From the customer’s perspective, pickup distance
aspect is formalized by using Egs. (17) to (19).
Among the received proposals, Eq. (17) is used to
calculate the minimum pickup distance, and Eq. (18)
is used to calculate the maximum pickup distance.
These minimum and maximum scores are used to
normalize the pickup distance. Then, Eq. (19) is used
to determine the pickup distance score of the received
proposal. Eq. (19) shows that the pickup distance is
inversely proportional to the pickup distance score.

Svi,j (ts,j) = min(sv,i) Al E Spr,j (tS,j) (20)

Sva,j (ts,j) = max(sm-) Al E Spr,j (ts,j) (21)
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1, Svi,j (ts,j) = Sva,j (ts,j)

Sv,i,j(ts,j) = Sv,i=Svi,j(ts,j) else (22)
Sva,j(ts1)=Svij(ts,)”
From the customer’s perspective, vehicle

satisfaction aspect is formalized by using Eq. (20) to
Eg. (22). Among the received proposals, Eq. (20) is
used to calculate the minimum vehicle satisfaction
score, and Eq. (21) is used to calculate the maximum
vehicle satisfaction score. These minimum and
maximum scores are used to normalize the vehicle
satisfaction score. Then, Eq. (22) is used to determine

the vehicle satisfaction score of the received proposal.

spi,j(ts;) = min(ppi(ts;)) Ai € Sy (ts;) (23)
Sba,j(ts,j) = max(pb,i(ts,j)) AL E Spr,j(ts,j) (24)
1, 5p;(ts,j) = Spa,j(ts,j)

_ Poilts))snijtsp) (25)
Sba,j(ts,j)=5pij(ts;)’

Sp,i,j(tsj) =

From the customer’s perspective, the bidding
price aspect is formalized by using Egs. (23) to (25).
Among the received proposals, Eq. (23) is used to
calculate the minimum bidding price score, and Eqg.
(24) is used to calculate the maximum bidding price
score. These minimum and maximum price scores
are used to normalize the bidding price. Then, Eqg.
(25) is used to determine the vehicle bidding price
score of the received proposal. Eq. (25) shows that
the bidding price is inversely proportional compared
to the bidding price score.

Swp,i,j(ts,j) = Wp-sp,i,j(ts,j) (26)
Swv,i,j(ts,j) = Wv-sv,i,j(ts,j) (27)
Swh,i,j(ts,j) = Wp-Sp,i,j(ts,j) (28)

Svi,j(ts,j) = Swp,ij(ts,j) + Sww,ij(ts) +
Swh,i,j (ts,j) (29)

vsel,j(ts,j) = i, max (Sv,i,j(ts,j)) (30)

pe,i(ts;) =
{ps,j,l(ts,j)'ps,j,l(ts,j) 2 Pri A\ [ = vs,j(ts,j)

. (31)
pr,i:ps,j,l(ts,j) <priANlL= vs,j(ts,j)

These three scores then are weighted based on the
prioritization. The weighing process is formalized by

International Journal of Intelligent Engineering and Systems, Vol.14, No.5, 2021

172

using Egs. (26) to (28) for the pickup distance score,
vehicle satisfaction score, and bidding price score
consecutively. Then, these weighted scores are
accumulated by using Eqg. (29). Eg. (30) shows that
the winning vehicle is vehicle with the highest
cumulative score. Eq. (31) shows that the closed price
cannot be lower than the selected driver’s reservation
price.

This matching process is formalized by the link
between vehicle i and customer j. If the link value is
1 then wvehicle i is matched with customer j.
Otherwise, the link value is 0. This process is
formalized by using Eq. (32). The link value then is
used to determine the status of vehicle and customer
as shown in Egs. (33) and (34).

Lepi(t) =jAvs(t) =i
iy () = {0, Cpi(t) #Jj Vs ;(t) #1i 42
_ 1,Elmi,j(tl-) =1 Ami,j(ti) EM
Stv,i(ti) - { 0’ aml,](tl) N mi,j(ti) EM (33)
_(L3m () =1Am;(t) €M
Stej(t) = { 0,Am;;(t;) Amy;(t;) EM (39

The last process is evaluating whether the
iteration continues or ends. This evaluation process
result is the value of st,. This process is formalized
by using Egs. (35) to (38). Eg. (35) shows that the
matching status is stable if the value of all links does
not change anymore. Eq. (36) shows that the
customer matching status is 1 if all customers receive
proposals. Eq. (37) shows that the vehicle matching
status is 1 if all vehicles have customers. Eq. (38) is
used to determine whether the matching process ends.
When the number of customers is less than or equal
to the number of vehicles, the matching process ends
if all customers have received proposals. Meanwhile,
when the number of customers is more than the
number of vehicles, the matching process ends if
there are not any rejected proposals.

1L,vm;(¢) = my;(t;— 1)

sts(ty) = {0, am;;(t;) = myj(t; — 1) (39)
sene) = o 2o ) ~ 0oty 0
st =g e~ 0w sty 0 @

=L,
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3.2 Simulation

This dispatching model is then implemented into
online taxi dispatch system simulation. In this
simulation, the proposed model is compared with the
stable marriage [5], limited-movement-grid [9], free-
movement-grid  [21],  circle-shaped-maximum-
revenue [17], and circle-shaped-nearest [22] models.
These second to fifth models are the agent-based
models explained in the related work section.

The environment is a city of Bandung in
Indonesia, with the size is approximately 167 km2,
This city size is then transformed into 10 km width
and 16.7 km length. In the beginning, some taxi
vehicles and customers are generated. These vehicles
and customers are located randomly in this city. This
location includes passenger’s pickup location,
passenger’s destination location, and vehicles’
current location. The passengers’ pickup and vehicles’
current locations are in the city central and they are
uniformly distributed in the 4 km? area. The
passengers’ destination location is uniformly
distributed around the city.

Besides these locations, several variables are set
randomly. They follow uniform distribution. These
processes are formalized by using Egs. (39) to (42).

Spi = U(Syis Spa) (39)
Se,j = U(Scis Sca) (40)
Pri = U®ri, Pmia) (41)
Pt = U(Pmia Pea) (42)

This simulation runs on in a different number of
passengers. The number of passengers ranges from
25 persons to 75 persons with the step size is 5
persons. It means that the condition ranges from
oversupply to undersupply. There are 30 simulation
sessions for every level.

The model performance is evaluated by
observing several variables. These variables are
average net distance, average pickup distance,
average travel cost, average customer satisfaction
score, and average vehicle satisfaction score. These
variables are evaluated because they are concerned
by the driver or the passenger. Meanwhile, the
success ratio is used to evaluate the system ability in
fulfilling the incoming orders. These observed
variables are calculated by using Egs. (43) to (47). In
this simulation, there are several adjusted variables.
Default value of these variables are shown in Table 1.
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Table 1. Adjusted variables default value
Variable Default value
v 50 unit
Wh 1
Wp 1
Wb 1
We 1
Wy 1
Dstep 100 rupiah
Dmid 4,500 rupiah
Dri 3,000 rupiah
Dta 6,000 rupiah
Svm 3
Sva 5
Svi 1
Sem 3
Sca 5
Sci 1
davn = Z:::J ’ V(i'j) € Slink,i,j (43)
davp = Z:Z'} V() € Siink,ij (44)
ate = 2Py ) € Sy (45)
Sac = %»V(i»j) € Slink,i,j (46)
Sav = SZ:S]»V(LJ') € Stink,ij (47)

4. Result and discussion

Based on the simulation, in this section, we will
show and discuss the simulation result. The result is
shown in Fig. 2 to Fig. 6. These figures represent the
average net distance, average pickup distance,
average travel cost, average customer satisfaction
score, and average vehicle score consecutively. In
every figure, SM represents stable marriage model
[5], LMG represents the limited-movement-grid
model [9], FMG represents the free-movement-grid
model [21], CSMR represents the circle-shaped-
maximum-revenue model [17], CSN represents
circle-shaped-nearest model [22], and SM-bid
represents the proposed stable marriage-first price
auction model.

Based on Fig. 2, the average net distance is
stagnant in all number of passengers in the CSN [22]
and SM [5] models. In the LMG [9] and proposed
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avg. net distance (km)

30 40 50 60 70

number of customers(person)

® LMG [9] FMG [21] CSMR [17] CSN[22] ® SM[5] ® SM-bid

Figure. 2 Average net distance result

avg. pickup distance (km)

0.0

30 40 50 60 70

number of customers(person)

® LMG [9] FMG [21] CSMR [17] CSN[22] ® SM[5] ® SM-bid

Figure. 3 Average pickup distance result

models, the net distance tends to increase with low
inclination due to the increase in demand. In the FMG
[21] and CSMR [17] models, the average net distance
increases with higher inclination due to the increase
in demand. In the overdemand situation, the FMG
[21] and CSMR [17] models create the highest
average net distance. In the oversupply situation, the
CSN [22] and SM [5] models create the highest
average net distance. The proposed model tends to
create a low average net distance which is 91 percent
in the oversupply situation and 85 percent in the
overdemand situation compared with the highest
average net distance in the same situation.

The explanation of the result in Fig. 3 is as follows.
The CSMR [17], CSN [22], the proposed model
creates stagnant average pickup distance due to the
increase in the demand. In the LMG [9] model, the
average pickup distance declines due to the increase
in the demand. From the oversupply to equal supply-
demand situation, the average pickup distance of the
FMG [21] and SM models increases. After that, it
tends to stagnant for the FMG [21] model and
declines for the SM [5] model. The proposed model
creates the highest average pickup distance, which is
3 percent to 4 percent compared with the lowest
average pickup distance in the same situation.
Fortunately, the average pickup distance of the
proposed model is approximately 0.65 km so that if
the vehicle speed is approximately 10 km per hour,
the average pickup time is 3.9 minutes and it still less
than 15 minutes.
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avg. travel cost (rupiah)
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number of customers(person)

® LMG [9] FMG [21] CSMR [17] CSN[22] ® SM[5] ® SM-bid

Figure 4. Average travel cost result

avg. cus. satisfaction
N

30 40 50 60 70

number of customers(person)

® LMG [9] FMG [21] CSMR [17] CSN[22] ® SM[5] ® SM-bid

Figure. 5 Average customer satisfaction score result

In Fig. 4, it is shown that the proposed model, due
to the auction mechanism, creates lower travel cost
rather than all previous models. In the LMG [9], CSN
[22], SM [5], and the proposed models, the average
travel cost tends to stagnant. Meanwhile, in the FMG
[21] and CSMR [17] models, the average travel cost
tends to increase due to the increase in the demand.
The average travel cost of the proposed model is only
92 percent in the oversupply situation and 79 percent
in the overdemand situation compared with the
highest average travel cost in the same situation.

In Fig. 5, it is shown that the average customer
satisfaction score of the proposed model is the best
among the previous models in the undersupply
condition. In all previous models, the average
customer satisfaction is stagnant. In the proposed
model, it is also stagnant in oversupply to equal-
supply condition and inclines in the undersupply
condition. In the extreme undersupply condition, the
average customer satisfaction score of the proposed
model is 20 percent better than the previous models.
In Fig. 6, it is shown that the average vehicle
satisfaction score of the proposed model is the best
among all previous models in the oversupply
condition. In all previous models, the average vehicle
satisfaction is stagnant. In the proposed model, it
declines in the oversupply to equal-supply condition
and is stagnant in the oversupply condition. In the
extreme oversupply condition, the average vehicle
satisfaction score of the proposed model is 28 percent
higher than the previous models.
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avg. veh. satisfaction
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® LMG [9] FMG [21] CSMR [17] CSN[22] ® SM[5] ® SM-bid

Figure. 6 Average vehicle satisfaction score

Based on this simulation result, there are several
findings in the proposed model performance
compared with the previous models. By
accommodating more parameters, the proposed
model sacrifices the pickup distance (waiting time)
aspect although it is still in acceptable value.
Fortunately, in inequal supply-demand condition, the
proposed model can be better in the travel cost,
customer satisfaction, and vehicle’s satisfaction
aspects because these aspects are accommodated in
this proposed model. Due to the adoption of the
auction-based price mechanism, the passenger is
offered lower price rather than the static price. On the
other side, the driver whose bidding price is lower has
an incentive for a better winning opportunity. On the
other side, the driver whose service level is higher
also has an incentive in better winning opportunity
too. The driver can interpret the service level in many
ways, such as driving behaviour, vehicle condition,
etc.

Meanwhile, this work has several limitations. In
this simulation, there is only one scenario that the
passengers and drivers are concentrated in a small
area and the passengers’ destination is around the

wide area so that the net distance tends to big positive.

Meanwhile, there are many other scenarios in the real
world so that in future work, it will be challenging to

evaluate this proposed model in many other scenarios.

Fortunately, this work has demonstrated the
dispatching model that accommodates multi
variables. It is done by aggregating the weighted
score of every variable. As an open model, this model
can be modified easily when more variables are
included in the model on both passenger’s side and/or
driver’s side.

5. Conclusion

To accommodate not the pickup cost and waiting
time only, this work has developed a new online taxi
dispatching model. Besides pickup distance, these
parameters are net distance, driver’s bidding price,
vehicle’s satisfaction score, and customer’s
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satisfaction score. This model is developed by
combining the stable marriage model and first-price
sealed bid auction to satisfy both the customer and the
driver. It also offers competitive travel cost for the
customer which is still accepted by the driver. Based
on the simulation result, overall, the proposed model
performs the best among the previous models, except
in the average pickup distance. In the extreme
undersupply condition, the proposed model creates
20 percent higher in the average customer’s
satisfaction score and equal in the average net
distance. In the extreme oversupply condition, the
proposed model creates 28 percent higher in the
vehicle’s satisfaction score. The proposed model
creates up to 21 percent lower travel cost. Although
the proposed model creates the worst in the average
pickup distance, the average pickup time is 3.9
minutes with the assumption that the vehicle’s speed
is 10 km per hour.
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