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Abstract: Carpooling has been long deemed a promising approach to better utilizing existing transportation
infrastructure, the carpooling system can alleviate the problems of traffic congestion and environmental
pollution effectively in big cities. However, algorithmic and technical barriers inhibit the development of taxi
carpooling, and it is still not the preferred mode of commute. In order to improve carpooling efficiency in
urban, a taxi carpooling scheme based on multi-objective model and optimisation algorithm is presented. In
this paper, urban traffic road network nodes were constructed from the perspective of passenger carpooling.
A multi-objective taxi carpooling scheme selection model was built based on an analysis of the main
influences of carpooling schemes on passengers. This model aimed to minimise get-on-and-get-off distance,
carpooling waiting time and arriving at the destination. Furthermore, a two-phase algorithm was used to
solve this model. A rapid searching algorithm for feasible routes was established, and the weight vector was
assigned by introducing information entropy to obtain satisfying routes. The algorithm is applied to the urban
road, the Simulation experimental result indicates that the optimisation method presented in this study is

effective in taxi carpooling passengers.
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1. Introduction

Taxis play an important role in urban public
transport systems. They provide a convenient travel
service for the public that features privacy, comfort
and point-to-point service; they are effective means
to improve the service level and travel efficiency of
urban public transport. They also expand
employment opportunities (Yuan & Wu, 2014;
Zhang et al., 2014; Bonarrigo et al., 2014). However,
with the acceleration of urbanisation in China and
the growing tension between supply and demand in
the taxi market, concerned management cannot
simply satisfy passenger demand by increasing the
number of taxis, which will only intensify road
congestion and environmental pollution (Friginal et
al., 2014; Shaheen et al., 2016; Delhomme &
Gheorghi, 2016). Therefore, improving the
operational efficiency and carrying rate of taxis are
effective means to ameliorate taxi service level
based on existing conditions. Carpooling has been
adopted by several large cities as a solution. It is a
voluntary behaviour in which passengers agree to
take the same taxi via consultation during rush hours
and the expense is shared by the carpooling
passengers. Large cities, such as Beijing and

Shanghai, have implemented a taxi carpooling
policy. However, most carpooling arrangements
require prior appointments, and passengers should
pay for reservation. Therefore, improved carpooling
methods that increase efficiency and satisfy demand
are the keys to the success of taxi carpooling.

2. Related Works

Garling et al. (2000) proposed that carpooling be
applied to public transport as a solution for traffic
congestion and to improve operating efficiency.
They also proposed several policies to support
carpooling. Luk et al. (2013) analysed the
characteristics of carpoolers using a graph theory
algorithm and established carpooling vehicles
according to the dynamic variation of carpooling
demand. Wen et al. (2014) proposed a model for
matching carpooling routes based on the Global
Positioning System to provide services to many-to-
many carpoolers, and thus, minimise carpooling
mileage and cost. Calvo et al. (2004) proposed a
carpooling model based on an intelligent system to
achieve an optimal carpooling allocation scheme
using information and communications technology.
Yan et al. (2011) achieved many-to-many matching
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of carpooling using a time-space network flow
technology. Baldacci et al. (2004) proposed
conducting research on carpooling matching using a
heuristic algorithm based on integer programming.
Shao et al. (2013) proposed the concept of a
matching degree based on the service requirement
and characteristics of vehicles. They applied the
service demand to a specific vehicle based on a
heuristic algorithm. Wang et al. (2011) proposed a
vehicle-sharing model based on a quantisation
algorithm to achieve carpooling. Cheng et al. (2013)
presented a dynamic taxi carpooling model based on
a genetic algorithm. Other related studies have
focused on matching carpooling routes using a
heuristic algorithm or an intelligent algorithm
(Waerden et al., 2015; Malodia & Singla, 2016;
Huangetal., 2016; Lietal., 2014). The present study
aims to establish a selection optimisation model for
a taxi carpooling scheme using multi-objective
decision from the perspective of passengers and to
provide a basis for carpoolers to choose an optimum
scheme.

3. Model for choosing a taxi carpooling scheme
3.1. Cyberisation of urban roads

We describe road interchanges, such as crossroads,
T-intersections and forks, as “Internet” nodes. We
then grade the nodes of a road transport network by
following the “from left to right, top to bottom”
principle. Subsequently, we establish the urban road
transport network G and set G = (v, 1), where v
represents the Internet nodes, i.e. v ={vi, vz, vs, ...,
vi}. In addition, vi = (Xix, Xiy), where Xix, Xiy represent
the position of node viin the coordinate system, | =
{ls, l2, I, ..., Ii} and I represents the distance
between nodes. Finally, we establish the distance
matrices of the nodes as follows:

dij = M, the distance between nodes i and j

if i and j are adjacent nodes

d; = 0, the distance between nodes i and j )
ifi=]j

d;; = oo, the distance between nodes i and

if i and j are not adjacent nodes

D represents the distance of the set of nodes, and djj
represents the distance between nodes i and j.

3.2 Mathematical description of a taxi operation
We define T as the information set of taxis in an
urban transport network, T = {ti, i€n}, where t;
denotes the information of the ith taxi. Define ti =
{(tisx, tisy), tit, tip, tin, (tifx, tify)}, where (tisx, tisy)
denotes the position where a taxi carries its
passengers, tit denotes the moment when the taxi
carries its passengers, tip denotes the number of
passengers, tin denotes the set of nodes on the route
and (tirx, tity) denotes the position of taxi destination.

3.3 Mathematical description of a carpooler

We define P as the information set of carpoolers in
the urban transport network, P = {pi, ien}, where pi
denotes the ith carpooler group. Define pi = {(pisx,
Pisy), Pit, Pip, Pin, (Pifx, Pify)}, where (pisx, Pisy) denotes
the starting position of the carpooling route, pit
denotes the moment when the carpoolers depart, pip
denotes the number of carpoolers, pindenotes the set
of nodes on the route during carpooling and (pitx,
pity) denotes the position of the destination of the
carpoolers.

3.4 Factors that affect the choice of a carpooling
scheme

Passengers who opts for taxi carpooling are
influenced by several factors when choosing a
carpooling scheme, including mileage, waiting time
and the optimal carpooling path.

(1) The distance between passengers on and off
The distance between the positions where
carpoolers get on and get off, relies on the starting
and final positions of carpooling. Mileage is
illustrated in Fig. 1.

As shown in Fig. 1, the starting and final positions
of a taxi are ti (tisx, tisy) and t (tix, tiy), the operating
route is tin = {tiove—ovi—ova—vs—ve—ti'}, the
starting and final positions of the carpoolers are
(pisx, Pisy) and (pix, pity) and information on the
starting and final positions is P1(pax, p1y) and pz2(pax,
pzy). The key to calculating the positions of
carpooling points p1 and pz2. The details are
presented as follows.

From Fig. 1, information on the starting and final
positions is confirmed. We then determine the
distances, including the distances between the
starting position and the nodes of the operating
route and those between the final position and the
nodes of the operating route.
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Fig. 1. The mileage of the carpooling
Furthermore, we utilise the distance calculation

principle in geometry to confirm the node with the
shortest operating route as follows:

dspj = \/( Pisk — ij)2 + (pisy - ij)z ) J € tin ) (2)
pn = j! J = min(dspj)x J Etin ; (3)
dfpk:\/(pifx_ka)2+(pify_xky)21k€tin; 4)
pm=k,k =min(d,).k t;, . (5)

dspj represents the distances between the nodes of
the operating route and the starting position of
carpooling, and dgpk represents the distances
between the nodes of the operating route and the
final position of carpooling. In addition, pn
represents the node from which the distance with
the starting position is the shortest, whereas pm
represents the node from which the distance with
the final position is the shortest.

We judge the distances of the optimal node with the
starting and final positions using the distance
formula. The details are as follows:

- - - -
Vip- ViV, Vip- V.V,
i ii-t i iti+l .
=0 L= (6)
‘VJ.VH‘ ‘vjvh1
- - - -
VPV, Vi p- V.V,
_ Yk kVk-1 _ Y kVk+1
r,=——-"2=, = ©)
A ViV

rirepresents the position of the vertical line of point
p on line vjvj-1, r2 represents the position of the
vertical line of point p on line vjvj+1, rsrepresents the
position of the vertical line of point p’ on line vkVk-1
and ra4 represents the position of the vertical line of
point p’ on line vkVk+1.

Condition 1: If 0<ri1<1 and 0<rz<1, then point p is
on lines vjvj+1 and vjvj-1. The distances between
point p and the two lines are calculated, and the

v,

P2(P2P2y 7
6t (tisetiny)

shortest distance is identified. The carpooling point
p1 (p1x, p1y) of point p is determined.

Condition 2: If ri>1 or r1<0, then 0<r2<1, which
shows that point p is on line vjvj+1. The carpooling
point p1 (p1x, P1y) of point p is determined.
Condition 3: If r2>1 or r2<0, then 0<ri<1, which
shows that point p is on line vjvj-1. The carpooling
point p1 (pix, p1y) of point p is determined.
Condition 4: If 0<rs<1 and 0<rs<1, then point p is
on lines vjvj«1 and vjvj-1. The distances between
point p and the two lines are calculated, and the
shortest distance is identified. The carpooling point
P2 (P2, P2y) of point p is determined.

Condition 5: If ra>1 or r3<0, then 0<rs<1, which
shows that point p is on line vkvk+1. The carpooling
point p2 (p2x, p2y) of point p is determined.
Condition 6: If rs>1 or r4<0, then 0<rz<1, which
shows that point p is on line vkvi-1. The carpooling
point pz (p2x, P2y) of point p is determined.

The distance between the starting point of the
carpoolers and that of carpooling is

d, = (P D) + (P — By, )° ®)

The distance between the finishing point of the
carpoolers and that of carpooling is

d :\/( Pitc — pzx)2 +(pify - p2y)2 9)
(2) Carpooling waiting time

The waiting time of carpooling is the period from
the moment a taxi arrives at the carpooling position
to the moment the carpoolers arrive at the
carpooling position. When the time is short,
carpooling effect is good.

From Fig. 1, the waiting time of carpooling for
carpoolers pi is the time difference between the taxi
from tito p1and the carpoolers from tito pi.

Define
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z, =tc-tp, (10)
z dt, +d,,
tc= i#jAi, jepn +A1-1 (11)
Vi
dppl
tp=——+Ar,. (12)
Vv

p

22 represents the waiting time of carpooling, tc
represents the time the taxi arrives at the carpooling
point, pin is the node matrices of the taxi from the
starting point to the carpooling point, dj is the
distance of each neighbouring node before the taxi
arrives at the carpooling point, dvp represents the
distance between the carpooling point and the
neighbouring node, Az, represents the time cost

before the taxi arrives at the carpooling point caused
by indefinite factors such as traffic light and traffic
flow and vt represents the average speed of the taxi.
tp represents the time the carpoolers arrive at the
carpooling point, dpp1 represents the distance the
carpoolers travel to arrive at the carpooling point, vp
represents the speed of the carpoolers and Az,

represents the time cost caused by indefinite factors
such as walking speed and road calculation error.

(3) Carpooling mileage

Carpooling mileage is the distance between the
carpooling point and the destination. The shorter the
distance, the less the costs of time and expenses, the
more likely the carpool will be chosen. Conversely,
the longer the distance, the higher the costs of time
and expenses, the less likely the carpool will be
chosen.

The operating route of the taxi is set to ti = (vi, vz,
..., vn). The mileage of carpooling pin=
{p1—>v2—>vs—>va—vs—p2} is set. The mileage of
carpooling z4 is:

4= z \/(Xix _ij)z +(%, — ij)2 . (13)

i=j®i, jep,

(4) Construction selection model for taxi carpooling
scheme

Assume that the operating information of n number
of taxis is available, i.e. T = {t1, t2, t3, ..., tn}.
Assume that the ith carpooler of an m number of
carpooler groups is Pi. The multi-objective model
for the ith carpooler Piis

min z, =d,
min z, =d,
>, dt+d
Oel L Wl 14
() m|n23:%+Az’1—L’ﬂ+Afz ( )
v, v,
min z, = z (Xix_xjx)2+(xiy_xiy)2
i#jnijep

\/( pisx - plx)z +(pi5y - ply)2 < Adl

\/( Pir — p2x)2 + (pify - sz)z <Ad,
st . @)
dt; +d,,

i AL jetpy

+Ar, 2 ey Ar,
A v,

The object function of Model (14) lists the shortest
carpooling distance, shortest carpooling waiting
time and the optimum carpooling route (Bruglieri et
al., 2014; Xu, 2016; Fahnenschreiber, 2016; Majka,
2014). Equation (15) presents the conditions of the
object function, i.e. the shortest distance between
the initial position of the carpoolers and the node of
the operating route of the taxi should be within the
range Ad, . If the distance is longer than Ad, , then

the distance between the initial position and the
carpooling point is too long; therefore, this route is
unsuitable for carpooling. The shortest distance
between the destination of the carpoolers and the
node of the operating route of the taxi should be
within the range Ad, . If the distance is longer than

Ad, , then the distance to the destination is too long;

therefore, this route is unsuitable for carpooling.
The time cost of the taxi reaching the carpooling
point should be higher than that of the carpoolers.

4. Solution for the model

Mutual contradictions exist amongst functions for an
object function with the multi-objective
optimisation problem. Directly determining the
optimum solution using a traditional algorithm is
difficult. In this study, the process of solving the
multi-objective model is divided into two stages.
The first stage involves solving the feasible route,
whereas the second stage confirms the target weight
through the information entropy, and then
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comprehensively calculates the feasible routes to

finally identify the optimum scheme.

A. Searching for feasible routes

The taxi possesses route information; hence, a route
matching calculation with a single carpooler can be
performed using the route information of the taxi to
determine feasible routes.

Step 1: Calculate the distance between the taxi and
the starting points of the carpoolers. If the distance

is shorter than Ad, then perform the next
calculation; otherwise, exit.

Step 2: Calculate the distance between the taxi and
the destination of the carpoolers. If the distance is
shorter than Ad, then perform the next calculation;
otherwise, exit.

Step 3: Calculate the time from the taxi arriving at
the carpooling point to the carpoolers arriving at the
carpooling points. If the time is positive, then
perform the next calculation; otherwise, exit.

Step 4: Calculate the matching degree. If the degree
is high, then the route is feasible; otherwise, exit.

B. Comprehensive calculation of feasible routes
The calculation for choosing feasible routes is
substantially a multi-objective decision-making
problem. Information entropy (Zhang et al., 1995;
Sugihakim & Alatas, 2016; Kumar & Peeta, 2015;
Wolfenburg, 2014) is a common means to confirm
multi-objective weights. This method is based on
difference  driving theory, recognises the
prominence of local difference, determines the
optimum weights based on the sample data, reflects
the utility value of information entropy and avoids
the human factor. Consequently, the index will
become increasingly objective.

Assume that the number of feasible routes is m, n is
the evaluation index terms and the matrix of the
index data is X = (Xijj)mxn. The comprehensive
objectives of the routes can be achieved using
information entropy. The details are as follows.
Step 1: Establish the decision-making matrix X:

Xy Xy X,
X X X

x=|"2 22 2n (16)
Xml sz an

Step 2: Normalise the decision-making matrix X:

X
i = max(x;) &

Then, calculate the normalised matrix R as follows:

Ty lin
N, I, - T

r= 21 22 2n (18)
rm1 IFm2 If‘mn

Step 3: Calculate the jth evaluation ratio pjj under
the ith factor as follows:

pij = . (19)
T
j=1

Step 4: Calculate entropy ei of the ith factor:

h-t (20)
Inm

€ = _hz P In Pij»
j=1

Step 5: Calculate the difference coefficient giof the

ith factor.

The more eiis given, the smaller the difference of

the evaluation and the less the effect of the factor in

the comprehensive evaluation. We define the

difference coefficient gi= 1—ei. The higher the value

of gi, the more important the factor will be.

9 , where wi is the

m

;gi

weight confirmed using the entropy weight method.
Step 7: Perform the comprehensive calculation of
the feasible routes.

Step 6: Define weight w, =

k=Y w-r, i=12:n (21)
j=1

Arrange the feasible routes from large to small
based on the comprehensive objectives; the former
routes are the optimal routes.
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5. Simulation results and performance

evaluation u
Fig. 2 presents the urban traffic transformation :
Figure G of several counties in Lanzhou, with 37

nodes. Their coordinates are shown in Table 1, and
the distances between each node are listed in Matrix
(26). Assume that each road in Figure G is
bidirectional. The route information of the taxis is
randomly generated based on the attributes of the
taxis and passengers. The route information is
shown in Table 2, the travel information of the
passenger is Pi, the starting position is (3345, 2040),
the departure time is 9:50 am, the number of [ 1 2 3 45 .. 35 3 37 |
carpoolers is one and the destination is (6675,6435). 10 074w o oo
The multi-objective optimal model for choosing a
carpooling point is established based on the 2074 0 0490 082 o oo oo
coordinates of the nodes, the distance matrix of the 3 o 049 00850 - © o oo

Fig. 2. The nodes of the road network

o 00

nodes, the route information of the taxis, the D= (26)
positions where passengers get on and get off,

carpooling waiting time and the similarity of routes. Hoo ® oo 1140 o

The weight of the decision-making matrix of the 360 o o o o - 101 0 587
feasible routes is then confirmed using information 37 0 o o o o - o 1500

entropy theory, and the comprehensive objectives
of the feasible routes are determined as shown in
Table 3.

Table 1. The coordinates of the nodes
No Coordinate (XixXiy,) No Coordinate (Xix,Xiy) No Coordinate (Xix,Xiy) No Coordinate (Xix,Xiy)

1 300 1665 10 2565 3645 19 4710 5415 28 6075 5775
2 825 1140 11 3840 2280 20 5475 795 29 5910 870
3 1155 780 12 3495 4425 21 5355 1830 30 6345 1875
4 1440 465 13 3720 4620 22 5355 2460 31 6855 945
5 1545 1530 14 4005 4215 23 5355 3600 32 6870 2025
6 1410 2655 15 4695 765 24 5235 5925 33 6900 2655
7 3150 645 16 4710 1710 25 5595 1890 34 6885 3660
8 3045 1440 17 4695 2385 26 5610 2505 35 6885 4800
9 2850 2175 18 4725 3615 27 5865 4725 36 6900 5805

37 6870 7305

Table 2. The routes information of the taxis

No Initial position Time Operating routes Destination
1 (1830,480) 9:30 7—8—9—11—-17—22—26—33 (6885,7410)
2 (2445,1965) 9:55 9—11—17-22—26—33—534—35-36 (6870,6900)
3 (2850,2160) 10:00 9—-11-17—-18—19—-24—-37 (6870,5310)
4 (495,1875) 9:20 1—6—10—12—13—19—24—-37—36 (6870,6660)
5 (2070,3225) 9:58 10—9—11—17—22—26—33—34—35-36 (6840,1575)
6 (3060,1140) 9:54 8—9—11—-12—13—-19—24—37 (6870,6660)
7 (2275,2655) 10:01 9—11—17—18—23—34—35—36 (6900,6290)
8 (6870,1170) 9:20 31-32—33-34-35-36 (6900,6105)
9 (420,1485) 9:10 1-2—53—-4—-7—-15-20-29 (6285,840)

10 (825,2235) 9:15 1-6—10—12—>13—19-24 (5670,6360)
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Table 3. The carpooling schemes and their comprehensive objectives
The routes information of the taxis Objectives Z;(m) Z,(m) Z3(min) Z4(m)
9—11—>17-522—26—33—34—35—-36 0.9799 73 50 3.95 1360
9—511—-17—18—523—34—35-536 0.8752 73 80 9.15 1282
10-59—11-17—-22—26—33—34—35—36 0.8467 73 109 7.62 1354
9—11—17—18—19—24—37 0.5415 120 352 9.35 1940
8—9—-11—-12—13—19—-24—37 0.4461 163 159 5.23 3423
7—8—-9—11-17-522—-26—33 Infeasible routes
1-6—10—12—13—19—24—-37—-36 Infeasible routes
31—532—533—-34—35-36 Infeasible routes
1—-2—3—54—7—15-20—29 Infeasible routes
1-6—10—12—13—19—-24 Infeasible routes

Five feasible and five infeasible routes are References

identified from Table 3. We compare the [1] BALDACCI R., MEMIEZZO V. &

comprehensive objectives of the five feasible
routes, and then determine that the values of Z1 and
Zs significantly affect carpooling. Their weights are
0.3859 and 0.3506, respectively, which reflect
different driving traits based on information
entropy. Carpooler Pi can choose the optimum
carpooling scheme based on the comprehensive
objectives.

6. Conclusion

(1) We establish the objective function to identify
the shortest distance of carpoolers getting on and
getting off, the shortest carpooling waiting time and
the shortest distance of arriving at the destination via
carpooling. We also establish the optimum model
for carpooling that considers a single carpooling
time. We solve the multi-objective optimal scheme
using the search algorithm and information entropy
theory.

(2) We calculate the comprehensive objectives of
the feasible routes. The proposed model can identify
the optimum carpooling scheme quickly and
effectively.

(3) This study focuses on optimising taxi carpooling
based on assumed conditions. Factors, such as road
congestion, and the determination of operating
routes are not considered. Rigorously describing
unknown routes from the perspective of
optimisation and further research on the
optimisation of multi-time carpooling are areas for
further discussion in the follow-up stage.

Acknowledgment
This paper is supported by the National Natural

Science Foundation of China (Grant n0.61364026).

[2

(3]

[4]

[5]

(6]

[7]

MINGOZZI A., 2013. An exact method for the

carpooling problem based on lagrangean
column generation. Operations Research,
52(3),pp.422-429.

BONARRIGO S., CARCHIOLO V,

LONGHEU A., LORIA M., MALGERI M., et
all, 2014. A carpooling open application with
social oriented reward mechanism. Lecture
Notes in Computer Science, 8729, pp.447-456.
BRUGLIERI M., COLORNI A, LIAF. & LUE
A., 2014. A Multi-objective Time-dependent
Route Planner: A Real World Application to
Milano  City. Transportation  Research
Procedia, 3, pp.460-469.

CALVO,R.W,, LUIGI, F.L.,, HAASTRUP P. &
Maniezzo V., 2004. A distributed geographic
information system for the daily carpooling
problem. Computers and Operations Research,
31(13),pp. 2263-2278.

CHENG J., TANG,ZH.H., LIU J. & ZHONG
L., 2013. Research on dynamic
taxipooling model based on genetic
algorithm. Journal of Wuhan University
of Technology(Transportation Science&
Engineering) , 37(1), pp.187-191.
DELHOMME P. & GHEORGHI A,
2016.Comparing French carpoolers and non-
carpoolers: Which factors contribute the most
to carpooling?. Transportation Research Part
D: Transport and Environment, 42(1), pp.1-15.
FAHNENSCHREIBER S., GUNDLING F.,
KEYHANI M.H. & SCHNEE M., 2016. A
Multi-modal Routing Approach Combining
Dynamic Ride-sharing and Public Transport.

91



Qiang Xiao, Rui-chun He

Carpooling scheme selection for taxi carpooling passengers ...

Transportation Research Procedia, 13,pp. 176-
183.

[8] FRIGINAL J., GAMBS S., GUIOCHET J. &
KILLUIAN,M.O., 2014. Towards privacy-
driven design of a dynamic carpooling system.
Pervasive and Mobile Computing, 14(5),71-82.

[9] GARLING T., GARLING A. & JOHANSSON
A., 2000. Household choice of car-use
reduction measures. Transportation Research
Part A, 34,pp.309-320.

[10]JHE W., KAI H. & LI D., 2014. Intelligent
carpool routing for urban ridesharing by mining
GPS trajectorie. |EEE Transaction on

Intelligent  Transportation system, 15(5),
pp.2286-2296.
[11JHUANG C., ZHANG D., SLYW. &

STEPHEN,C. H. LEUNG, 2016. Tabu search
for the real-world carpooling problem. Journal
of Combinatorial Optimization, 32(2), pp.492-
512.

[12]KNAPEN, L., YASAR, A., CHO, S., et all,
2014. Exploiting graph-theoretic tools for
matching in carpooling applications. J Ambient
Intell Human Comput, 5(3),pp.393-407.

[13]KUMAR A. & PEETA S., 2015. Entropy
weighted average method for the determination
of a single representative path flow solution for
the static user equilibrium traffic assignment
problem. Transportation Research Part B:
Methodological, 71(1), pp.213-229.

[14]LI B., KRUSHINSKY D.,RENJERSHA. &
WOENSEL,T.V., 2014. The Share-a-Ride
Problem: People and parcels sharing taxis.
European Journal of Operational Research,
238(1),pp. 31-40.

[15]MAJKA, A,  2014.  Multi-objective
optimization applied for planning of regional
European airline. Archives of
Transport,29(1),pp.37-46.

[16]MALODIA S. & SINGLA H., 2016. A study of
carpooling behaviour using a stated preference
web survey in selected cities of India.
Transportation Planning and Technology,
39(5), pp.538-550.

[17]SHAHEEN,S.A., CHAN N.D. & GAYNORT.,
2016. Casual carpooling in the San Francisco
Bay Area: Understanding user characteristics,
behaviors, and motivations. Transport Policy,
51,pp.165-173.

[18]SHAO Z.ZH., WANG H.G., LIU H., et al,
2013. Research on service requirement
distribution algorithms in carpooling
problems. Journal of Tsinghua University
(Science and Technology),53(2), pp.252-258.

[19]SUGIHAKIM R. & ALATAS H,
2016.Application of a Boltzmann-entropy-like
concept in an agent-based multilane traffic
model. Physics Letters A, 380(1-2),pp.147-155.

[20]WAERDEN,P.V.D., LEM A. & SCHAEFER
W., 2015. Investigation of factors that stimulate
car drivers to change from car to carpooling in
city center oriented work trips. Transportation
Research Procedia, 10,pp.335-344.

[21]WANG W.L., HUANG H.P., ZHAO Y. W. &
ZHANG  J.L.,.2011. Dynamic customer
demand VRP with soft time windows
based on wvehicle  sharing. = Computer
Integrated Manufacturing Systems, 17(5),pp.
1056-1063.

[22]WOLFENBURG A., 2014. New version of the
BBS method and its usage for determining and
scheduling vehicle routes. Archives of
Transport,31(3),pp.83-91.

[23]XU X,, LI K. & LI X., 2016. A multi-objective
subway timetable optimization approach with
minimum  passenger time and energy
consumption. Journal of Advanced
Transportation, 50(1),pp. 69-95.

[24]YAN S. & CHEN C.Y., 2011. An optimization
model and a solution algorithm for the many to
many carpooling problem. Annals of
Operations Research, 191(1),pp. 37-71.

[25]YUAN CH.W. & WU Q.Q., 2014. Optimal
loading rate model of taxi under different
objective. Journal of Chang an University
(Natural Science Edition),34(2),pp. 88-93.

[26]ZHANG W.Q, ZHANG SH.Y & JIANG L.Q.,
1995. A decision assessment model based on
entropy and its application. Journal of Systems
Engineering, 10(3), pp.69-74.

[27]ZHANG SH.B,YANG Y.., ZHAO W.Y,
ZHANG S.Y. & Jiao H.H. 2014. Hedonic
price pricing model based on urban
taxi feature. Journal of Chang an University
(Natural Science Edition), 34(4), pp.127-133.

92



