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Exploiting Traveling Information for Data
Forwarding in Community-Characterized

Vehicular Networks
Zhong Li, Cheng Wang, Lu Shao, Chang-Jun Jiang, and Cheng-Xiang Wang

Abstract—In intelligent vehicular communication networks, a
hybrid communication architecture is used which combines both
centralized and ad hoc transmission schemes. In order to maximize
the end-to-end delivery ratio while reducing the network overhead,
one important problem is to efficiently design the data forward-
ing algorithm to guarantee the quality of data transmission. In
this paper, by considering the traveling information and vehicular
space-crossing community structure, two metrics, “space–time ap-
proachability” and “social approachability,” are defined to provide
the absolute and relative geographical information of the forth-
coming contacts, respectively. Then, a novel data-forwarding algo-
rithm, called approachability-based algorithm, is proposed, which
utilizes two metrics together for better routing quality. We evaluate
the proposed approachability-based algorithm utilizing San Fran-
cisco Cabspotting and Shanghai Taxi Movement datasets. Simula-
tion results show that the approachability-based data forwarding
algorithm can achieve better performance than the popular data
forwarding algorithms ZOOM and BUBBLE RAP in all the inter-
ested scenarios.

Index Terms—Data forwarding, social community, traveling in-
formation, vehicular networks.
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I. INTRODUCTION

PUSHED by governments and car makers, vehicular com-
munication networks have recently received increasing at-

tention. In vehicular networks, one important problem is to
efficiently design data forwarding algorithms to support data
transmission tasks. On one hand, we rely on highly efficient
transmissions by using centralized road side units (RSUs).
On the other hand, we want to take advantage of moving ve-
hicles to help data carrying in the physical space by using ad
hoc inter vehicle communications, which are complementary to
centralized RSU transmissions. Therefore, we carry on our data
forwarding study under the hybrid communication architecture,
i.e., centralized and ad hoc transmissions.

It is crucial to utilize various information obtained from a ve-
hicular network to design an efficient data-forwarding scheme.
Previous studies usually make use of various road information
to predict the future forwarding direction to forward data, such
as some geography- or trajectory-based methods [3], [6]–[12].
However, the computation on the road information/digital map
has a very high cost since the knowledge of GPS, road segment,
road length, and vehicle speed is required. Then, researchers
turn to only using the vehicle social contact behaviors to predict
the encounter probability to improve data-forwarding efficiency,
such as some contact- or social-based methods [1], [2], [4],
[13]–[18]. However, such methods do not sufficiently consider
the differences between the vehicular networks and the common
mobile networks in data forwarding. In vehicular networks, ve-
hicles are moving on the physically constrained roads. The inter
contact time between two vehicles is limited by the traffic condi-
tion. Moreover, the shortest communication paths do not always
match the physical shortest paths [3]. Therefore, we can see the
road information is still important for vehicles to forward data.

In fact, in daily life, a person has some information about at
what time he/she will drive a car to some place. For example,
a car will arrive at Hilton Hotel at 7:00 o’clock and will arrive
at Pudong Airport at approximately 10:00 o’clock. We call this
kind of information traveling information (i.e., the forthcoming
position and the corresponding arrival time). With the help of
the car navigator, given a destination, the traveling route can
be calculated and adaptively adjusted according to the real-time
traffic conditions. Therefore, the vehicle/driver can obtain some
knowledge about the forthcoming traveling route information
easily. The traveling information can reflect the road conditions
to some extent.
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In this work, combining the above traveling information and
the social information, we design an efficient data-forwarding
scheme under the hybrid communication architecture. In partic-
ular, the paper studies the unicast session among vehicles.

In this paper, first due to the stability of the road map, we
define the traveling information (the position and the arrival
time of a vehicle) as the absolute geographical information.
Meanwhile, due to the dynamics of social behaviors, we define
the social attribute of vehicles, i.e., community structure, as the
relative geographical information. With respect to the traveling
information, we give the definition of space-time approacha-
bility which is adopted to measure the probability of a vehicle
approaching to the destination.

The space-time approachability is calculated based on all
the shared traveling information when vehicles encounter each
other. The larger space-time approachability a vehicle has, the
faster the message will be carried to the destination. With re-
spect to the vehicular social attribute, we use the community
structure to characterize it in vehicular networks. From another
perspective, we introduce social approachability to depict the
probability of a vehicle approaching the destination.

Then, combining the space-time approachability with the so-
cial approachability, we design an approachability-based data-
forwarding algorithm in vehicular networks. In particular, in
our vehicular networks, RSUs do not cover the whole city area
and some of the neighboring RSUs are interconnected via wired
or wireless links, i.e., there are several RSU connected compo-
nents. For different transmission phases (i.e., vehicle to vehicle,
vehicle to RSU, or RSU to vehicle), the approachability-based
measurement is utilized in different ways. In addition, in the pro-
posed algorithm, RSUs do not passively send messages to all
passing vehicles. According to the approachability-based mea-
surement, they have “brains” to decide how to forward data.

At last, we extensively evaluate the approachability-based
data forwarding algorithm on two different datasets: San Fran-
cisco Cabspotting and Shanghai Taxi Movement. The re-
sults show that the approachability-based data forwarding
algorithm significantly outperforms several existing vehicular
data-forwarding algorithms.

The rest of this paper is organized as follows. We review
the related work in Section II. In Section III, we present
the network model and some assumptions. In Section IV, we
formalize the partially shared traveling information and in-
troduce the space-crossing community detection method. In
Section V, we define the space-time approachability and de-
sign an approachability-based algorithm to show how to use
the partially shared traveling information in data forwarding. In
Section VI, we introduce two experiment datasets and describe
the issues of trace preprocessing, RSU deployment, and contact
extraction. In Section VII, we conduct extensive experiments
and analyze the results in detail. Finally, we conclude the paper
in Section VIII.

II. RELATED WORK

Some previous studies used the distance information calcu-
lated by GPS records to forward data, called geography-based

methods. In these methods, the source vehicle transmits the
message to one of its neighbors, in which the Euclidean GPS
distance between the neighbor and the destination is smaller
than that of other neighbors [6]. The same relay operation will
be executed continuously until the message arrives at the desti-
nation. We can see this kind of method may result in a problem
such as a dead-end road [19], since the shortest Euclidean com-
munication paths do not always match the shortest physical road
paths.

Therefore, in order to overcome this disadvantage, some
improved geography-based data-forwarding schemes emerge,
called trajectory-based methods. In these methods, besides the
GPS information, other road information is added, such as the
road intersection [7]–[9], the road length [3], [10], the destina-
tion direction [11], the traffic density, digital map [12], etc. The
reader can refer to literature [21], [22]. Because the destination
is always moving, in fact, we can see this kind of methods is a
course of finding the shortest dynamic path from the source to
the destination by using various kinds of information, just like
the car navigator. Meanwhile, besides the path programming,
most of these methods use the path-reversing scheme to guar-
antee the correct routing path in their algorithms. Thus, they
need to store the passing roads and the relay nodes in the road
intersection devices. Although we could not precisely estimate
the quantity of the information and the storage they used, intu-
itively, we can see that the complexity of the trajectory-based
methods is high.

Recently, people were enlightened by the node contact rela-
tionship and proposed some contact-based methods. In Prophet
[13], each node maintains the encounter history. The routing de-
cision is made based on the encounter probability. In OIA [4],
the authors give a study of infrastructure/RSU-assisted rout-
ing in vehicular networks by using a Markov chain to predict
the future encounter probability. In particular, they consider the
problem of buffer limits. In GeoMob [14], the authors study
the macroscopic mobility pattern and the microscopic mobility
pattern to predict the future region where a vehicle will go. The
message is relayed to a vehicle, which is most likely to go to
the destination region. In addition, a storage-friendly routing
scheme, called RENA [15], is proposed to improve the data-
forwarding efficiency in vehicular networks. RENA is based on
regional movement history with avoiding excessive storage for
tracking encounter history.

Based on the above device contacts, researchers find that ve-
hicle moving behaviors have some social characteristics that can
be explored, such as community structure and node centrality.
So, some more advanced methods emerge by exploiting the so-
cial relationship among vehicles, called social-based methods
[1], [2], [16]–[18]. For example, the representative work ZOOM
[2] is the first paper that uses the contact-level mobility (obtained
by a Markov chain) together with the social-level mobility (ob-
tained by calculating the social ego centrality) to forward data.
The paper demonstrates that capturing the social-level mobility
as a complementary counterpart of the contact-level priors can
significantly improve the performance of the opportunistic data
forwarding.
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III. SYSTEM MODEL AND ASSUMPTIONS

In this paper, we model the underlying network with in-
frastructure support as a dynamic graph, which can be de-
fined as a time sequence of network graph, denoted by G =
{G0, G1, . . . , Gt, . . .}, where Gt = (Vt, Et) represents a time-
dependent network snapshot recorded at time t, Vt denotes the
set of nodes, including the set of vehicles and the set of station-
ary RSUs, and Et = {(u, v)|u, v ∈ Vt} denotes the edge set.
Both node and edge sets can change over time. The edges in the
network are aggregated by using the following median-based
sliding window mechanism.

Let l(u, v, t) = 1 denote the start of a contact between
node u and v at time t (0 ≤ t < ∞). Then, we have∑tn ow

t=tn ow −Δ l(u, v, t) denote the overall numbers of contacts
between node u and v from time tnow − Δ to tnow and have∑tn ow

t=tn ow −Δ l∗(t) denote the overall numbers of contacts for all
nodes from time tnow − Δ to tnow , 0 < Δ < tnow . The window
length Δ of the sliding window mechanism is usually empiri-
cally determined [1], [23]. We take the length of sliding window
Δ as a constant, not a variable. We have Δ equal 6×3600 s, since
the comparison algorithms [1], [2] used in our experiment are
all set this value.

We define the encounter ratio between node u and v at current
time tnow as

e(u, v, tnow ) =

∑tn ow
t=tn ow −Δ l(u, v, t)
∑tn ow

t=tn ow −Δ l∗(t)
.

Note that we assume e(u, v, tnow ) = e(v, u, tnow ) by assign-
ing the larger value to the other. In the following sections, for
brevity, we denote the current time tnow by t, without confusion.

In the median-based sliding window mechanism, according
to the encounter ratios between any two nodes, we filter the edge
between two nodes if the encounter ratio value of the two nodes
is below the median of encounter ratio values among all nodes.

IV. TRAVELING INFORMATION FORMALIZATION IN

COMMUNITY-CHARACTERIZED VEHICULAR NETWORKS

A. Partially Shared Traveling Information

Assume that the vehicle shares some traveling route
information when it meets another vehicle. Let se-
quence Pk

u = {< pu (1), tu (1) >,< pu (2), tu (2) >, . . . , <
pu (i), tu (i) >, . . . , < pu (k), tu (k) >} stand for the number
of k partially shared traveling information of vehicle u at an
encounter, where pu (i) denotes the ith key position that the
vehicle will pass by in the future, and tu (i) denotes the corre-
sponding arrival time at ith key position, 1 ≤ i ≤ k, k ∈ N+ .
The value of k is obtained through the following steps. First,
for any source–destination pairs, we assume that there are
L positions selected randomly on the basis of the traveling
route. In the experiment, we set L as a constant equaling 10.
Other values are also allowed. We vary the degree of sharing
to see the different simulation results. Second, a driver can
choose the degree of sharing, defined by a parameter α ∈ [0, 1],
to release their traveling information, in which α means the
sharing probability of one position in L positions. Note that, if

a vehicle has the strong privacy demand, it can choose not to
open its traveling route information totally. The partially shared
traveling information can be seen as the absolute geographical
trajectory, which is useful for data forwarding in vehicular
networks. In the course of traveling information sharing, the
problems of privacy preservation and incentive mechanism will
be further studied in our future work.

B. Space-Crossing Community Structure

In vehicular networks, due to daily activities of drivers, ve-
hicle movement behaviors show a characteristic of cluster or
community. This social attribute reflects the law of object in-
teractions in the underlying network. The social community
can be seen as the relative geographical information, which has
been proved useful in data forwarding in opportunistic networks
[16], [17].

In different application scenarios, we can obtain different
community structures through different community detection
methods (see the recent review papers by Fortunato [24] and
Lancichinetti et al. [25]). In our paper, we have three de-
mands when doing the community detection. First, the detection
method can be used in a dynamic environment. Second, the de-
tection method has the ability of handling the hybrid underlying
network with infrastructure support. Third, the detection results
do help the data forwarding in opportunistic networks and can
reflect the positive role of infrastructures. Based on above three
requirements, we choose space-crossing community detection
[20] to tackle our vehicular network. In the vehicular network,
the space-crossing community is a subgraph. It comprises of
moving vehicles and stationary RSUs that frequently transmit
data to each other than to other devices. The internal edges
in the space-crossing community represent the communication
connectivity capability among these devices. The capability in-
cludes the directly frequent interactions among infrastructures-
vehicles or vehicles-vehicles and the indirectly frequent inter-
actions among vehicles–vehicles through some infrastructures.

In particular, many previous community detection methods
simply put the infrastructures and the vehicles on an equal foot-
ing. These methods cannot reflect the true communication con-
nectivity capability among those long-distance nodes in far ar-
eas through infrastructures. However, the space-crossing com-
munity detection method does well in this point. We provide
a detailed description of the space-crossing community detec-
tion method in Appendix A. The Appendix file can be found in
literature [29].

V. APPROACHABILITY-BASED DATA FORWARDING IN

VEHICULAR NETWORKS

In this section, we will present how to use the shared travel-
ing information to improve the data forwarding in community-
characterized vehicular networks.

We give a concept of approachability. The approachability
is defined for a node/vehicle. It reflects the capability of a ve-
hicle to advance the messages toward the destination. First, in
Section V-A, we give a definition of space-time approachability
of a vehicle by using the partially shared travelling information.
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Second, in Section V-B, we calculate the social approachability
of a vehicle by using the space-crossing communities detected
in vehicular networks. The space-time approachability and the
social approachability both predict a vehicle’s future movement
and describe the capability of a vehicle to advance the mes-
sages towards the destination from two different perspectives.
Finally, we use the product of both to form the approacha-
bility measurement and design an approachability-based data
forwarding algorithm in vehicular networks in Section V-D. Us-
ing the approachability measurement, if the approachability of
the message holder is lower than that of its encounter node,
the algorithm will let the message holder transmit the
data to the encounter node since the encounter node has stronger
ability to forward the data to the destination than the current
message holder.

A. Space-Time Approachability

Definition 1 (approximate destination set): Assuming that,
for a destination vehicle d, from last Δ length of sliding win-
dow to current time t, vehicle d has passed several RSUs. Then,
for every passed RSU r, if e(r, d, t) is larger than the me-
dian of {e(r′, d, t)|r′ ∈ {all the passed RSUs by vehicle d}
and e(r′, d, t) �= 0}, we will put RSU r into a new set, called
approximate destination set Rt(d).

Definition 2 (RSU importance): Let CCt(r) denote the RSU
connected component containing RSU r. Based on Definition 1,
we define RSU importance for every r ∈ Rt(d) as w(r, d, t).

1) If |Rt(d)
⋂

CCt(r)| = 1, we will have

w(r, d, t) = e(r, d, t).

2) If |Rt(d)
⋂

CCt(r)| > 1, we will have

w(r, d, t) =
∑

r ′∈Rt (d)
⋂

C Ct (r)
e(r′, d, t)

where e(r, d, t) and e(r′, d, t) denote the encounter ratio be-
tween r − d and r′ − d at time t, respectively. For r /∈ Rt(d),
we have w(r, d, t) = 0.

Definition 3 (space-time approachability): For a vehicle
u, it shares its k partial traveling route information Pk

u =
{< pu (1), tu (1) >,< pu (2), tu (2) >, . . . , < pu (i), tu (i) >,
. . . , < pu (k), tu (k) >} at an encounter, as described in
Section IV-A. Taking the ith position information pu (i) as
a center point, we can find a set Iu (i) which denotes the
nearby RSUs within the vehicle-RSU communication range.
Therefore, based on approximate destination set Rt(d), we let
Rt(d)

⋂
Iu (i) denote the set of proximate destinations (RSUs)

approached by vehicle u in its ith shared position.
We define the space-time approachability for vehicle u whose

message destination is vehicle d as TSA(u, d), having

TSAt(u, d) =
k∑

i=1

∑
r∈Rt (d)

⋂
Iu (i) w(r, d, t)

tu (i) − t

where w(r, d, t) denotes the RSU importance of r at current time
t with the related destination d, and we assume that tu (i) − t >
0. A larger TSA means the vehicle will approach the destination

Fig. 1. Example of calculating space-time approachability.

set using the high contact frequency (described in the numerator)
and the short time (described in the denominator). Note that, we
allow TSAt(u, d) = 0, if vehicle u rejects to share traveling
route information with the encountered vehicles.

Here, we give an example of calculating space-time approach-
ability in Fig. 1. The black dot represents the shared position by
each vehicle. The dashed arrow points to the communication
RSU(s) associated with the shared position. Assume that there
are two vehicles. The vehicle u shares its partial traveling
route information as {< pu (1), tu (1) >,< pu (2), tu (2) >},
and the vehicle v shares its partial traveling route information
as {< pv (1), tv (1) >,< pv (2), tv (2) >,< pv (3), tv (3) >}.
RSUs r1, r2, r3, r4 are in the approximate destination set Rt(d).
Therefore, we have

TSAt(u, d) = w (r1,d,t)
tu (1)−t + w (r3,d,t)

tu (1)−t + w (r4,d,t)
tu (2)−t

TSAt(v, d) = w (r2,d,t)
tv (1)−t + w (r3,d,t)

tv (1)−t + w (r4,d,t)
tv (2)−t + w (r1,d,t)

tv (3)−t .

B. Social Approachability

Definition 4 (local activity): Case I: For moving vehicles:
Let lavt(i, u) denote the local activity of a moving vehicle

u in ith space-crossing community SCt(i) at time t. Then, we
have

lavt(i, u) =

∑
(u,v )∈SCt (i) e(u, v, t)

∑
(v ′,v ′′)∈SCt (i) e(v′, v′′, t)

, 1 ≤ i ≤ q

where v′ and v′′ are any two nodes in SCt(i); e(u, v, t) denotes
the encounter ratio between node u and v at current time t; q
represents the number of space-crossing communities. The nu-
merator represents the sum of the encounter ratio between node
u and other nodes in community SCt(i) and the denominator
represents the sum of the encounter ratio between any two nodes
in community SCt(i).

Case II: For stationary RSUs
Let CCt(i, j) denote the jth connected component of RSUs

in ith space-crossing community SCt(i). We define the local
activity of every RSU r ∈ CCt(i, j) as

lapt(i, r) =
∑

r ′∈C Ct (i,j )
lavt(i, r′)

where, for every RSU r′ ∈ CCt(i, j), lavt(i, r′) is obtained ac-
cording to the method provided in Case I, with treating RSUs
as ordinary vehicles.

The local activity of a node (including the moving vehicle
and the stationary RSU) can represent the importance of a node
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in a certain space-crossing community. A larger local activity
means that the node has more interactions with other members
in the community.

Definition 5 (activity vector): For each moving vehicle u, we
define the activity vector at time t as

At(u) = (lavt(1, u), lavt(2, u), . . . , lavt(i, u), . . . , lavt(q, u)).

For each RSU r, we define the activity vector at time t as

At(r) = (lapt(1, r), lapt(2, r), . . . , lapt(i, r), . . . , lapt(q, r))

where lavt(i, u) and lapt(i, r) denote the local activity of mov-
ing vehicle u and RSU r, respectively in space-crossing commu-
nity SCt(i) at time t. q represents the number of communities
after applying the space-crossing community detection method.

Definition 6 (social approachability [20]): Given two activ-
ity vectors At(u) of node u and At(v) of node v, we define
social approachability between u and v at time t as SAt(u, v),
having

SAt(u, v) = At(u) · At(v)

where the operator · denotes the inner product of vectors.
On the one hand, a node having a larger social approachability

with the destination can guarantee this node has similar distribu-
tion of the belonging communities with the destination. On the
other hand, it can guarantee this node has larger local activity in
the activity vector correspondingly. Together, a node having a
larger social approachability with the destination indicates that
it has higher chance to approach the destination.

C. Approachability-Based Measurement

Definition 7 (approachability-based measurement): As-
sume that there is a session from source node u to destination
node d, and now node u meets another node v. Then, we define a
fair approachability-based measurement Mt(u, d) and Mt(v, d)
for node u and node v at time t.

1) If TSAt(u, d) �= 0, SAt(u, d) �= 0, TSAt(v, d) �= 0, and
SAt(v, d) �= 0, we will have Mt(u, d) = TSAt(u, d) ×
SAt(u, d) and Mt(v, d) = TSAt(v, d) × SAt(v, d).

2) If TSAt(u, d) × TSAt(v, d) = 0, i.e., the vehicle(s)
does(do) not like to share traveling route information,
we will have Mt(u, d) = SAt(u, d) and Mt(v, d) =
SAt(v, d).

3) If SAt(u, d) × SAt(v, d) = 0, i.e., the social approach-
ability between node u/v and destination d is totally
irrelevant, we will have Mt(u, d) = TSAt(u, d) and
Mt(v, d) = TSAt(v, d).

4) For other cases, we have Mt(u, d) = Mt(v, d) = 0.

D. Approachability-Based Data Forwarding Algorithm in
Different Phases

Phase 1: Vehicle → Vehicle
When a vehicle holds a message, it will try to send the message

to a moving vehicle with a larger approachability-based mea-
surement than itself and will let the vehicle send the message
to the destination consecutively. If the encountered vehicle has
a smaller approachability-based measurement than the message

holder, the message holder will inquire the current neighbors
of the encountered vehicle. If the set of current neighbors con-
tains the destination, then the message will be transmitted to the
encountered vehicle.

Phase 2: Vehicle → RSU
When a vehicle holds a message and it meets an RSU, first

the vehicle will detect whether the RSU is in the approxi-
mate destination set Rt(d). If yes, the message is delivered
to the RSU directly. If no, the vehicle will transmit the mes-
sage to the encountered RSU with a larger approachability-
based measurement than the vehicle itself. Otherwise, the
message holder will inquire the current neighbors of the en-
countered RSU. If the set of current neighbors contains the
destination, the message will be transmitted to the encountered
RSU.

Phase 3: RSU → Vehicle
When a RSU holds a message, it first delivers the message

to other RSUs in its common connected components. Then, the
RSUs will deliver the message to the passing vehicles with
larger approachability-based measurement than RSUs them-
selves. Otherwise, the message holder will inquire the current
neighbors of the encountered vehicle. If the set of current neigh-
bors contains the destination, then the message will be transmit-
ted to the encounter vehicle.

In the above three phases, after the message holder transmits
the packet to the encountered node, the holder removes the
packet from its buffer.

Note that the implementation of the approachability-based
data forwarding algorithm in the hybrid communication struc-
ture is provided in Appendix B.

VI. VEHICLE TRACE DATA ANALYSIS

We use two large GPS-based vehicle mobility traces to eval-
uate the efficiency of our algorithm. One is San Francisco Cab-
spotting in America, and the other is Shanghai Taxi Movement
in China.

A. Datasets

1) San Francisco Cabspotting: The data can be downloaded
from [26]. The data contains GPS coordinates of 536 taxis col-
lected over a period of three consecutive weeks in the San Fran-
cisco Bay Area. Each taxi is equipped with a GPS receiver and
sends a location update (timestamp, identifier, geo-coordinates)
periodically. The location updates are quite fine-grained. The
average time interval between two consecutive location updates
is less than 60 s.

2) Shanghai Taxi Movement: Partial data can be down-
loaded from [27]. The dataset was collected by our research
group in Shanghai, China, which was approximately 3000
taxis from January to September, 2006. The taxi periodi-
cally sends reports back to the data collector via an on-
board GPS-enabled device. Each taxi reports every 60 s. The
information in the dataset includes vehicle ID, location coordi-
nates, timestamp, onboard, vehicle moving speed, and heading
direction.
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Fig. 2. RSUs deployed uniformly in San Francisco.

B. Trace Preprocessing

GPS accuracy might be affected by many factors. In above two
vehicle datasets, there are some noisy data, e.g., the locations
of the data are wrong or fall outside of the map bounds. So, a
noise suppression method, which uses map polygon clipping,
is executed to filter the noisy data on the vehicle datasets. The
results of the trace preprocessing on two datasets are provided
in Appendix C.

C. RSU Deployment

In order to sufficiently evaluate our algorithm in different
scenarios, in the paper, we discuss three configurations of RSU
deployment (70 RSUs for San Francisco Cabspotting and 352
RSUs for Shanghai Taxi Movement). The first configuration
has RSU locations selected in dense vehicle traffic area. The
second configuration has RSU locations selected in sparse ve-
hicle traffic area. The third configuration has RSU locations
selected uniformly in the vehicular network. There are two il-
lustrations of RSU deployment, shown in Figs. 2 and 3, with
red triangles representing RSUs. Note that, efficiently deploying
RSUs is crucial to improve packet forwarding efficiency in ve-
hicular networks. For different network scenarios and research
purposes, the optimal RSU deployment strategies are different.
However, this problem is not the main focus of our paper.

Then based on above settings, we execute contact extrac-
tion to form community structure. The detailed procedure
and the captured space-crossing communities are provided in
Appendix D.

VII. EVALUATION

A. Simulation Setup

We use an open-source simulator “The ONE” [28] for sim-
ulation. We import the vehicle mobility traces and the road
map to simulate the node mobility. The source and destination

Fig. 3. RSUs deployed in dense traffic area in Shanghai.

TABLE I
SIMULATION SETTINGS

Parameter Settings

Vehicle transmission range 100 m
RSU transmission range 300 m
V2V transmission speed 250 Kb/s
V2I transmission speed 1 Mb/s
Vehicle buffer size 5 MB
RSU buffer size 5 MB
Packet generation interval 200–300 s randomly
Packet size 50–100 KB randomly
Sliding window size 6×3600s
Degree of sharing α Cabspotting:0.6, Shanghai: 0.5
Simulation time Cabspotting: 2071531s, Shanghai: 2073599s

pairs are chosen randomly among all vehicles. Each simulation
is repeated 20 times with different random seeds. Besides the
parameters described in Section VI-A, the other simulation set-
tings are summarized in Table I. Note that, in real world, the
transmission speed, transmission range, and buffer size of the
RSUs are larger than our settings. However, in order to clearly
test the tiny performance variations, we set the values as de-
scribed in Table I. Since all the comparison algorithms use the
same settings, it does not impact our simulation results.

B. Experiment Results and Analysis

1) Comparison Fairness: In this section, we compare our
algorithm with two popular social-based data forwarding algo-
rithms (BUBBLE RAP [1] and ZOOM [2]) in vehicular net-
works. The descriptions of the two algorithms are provided in
Appendix E.

Note that, for the sake of fairness, we select settings or pa-
rameters which bring about the best performances for above
two comparison algorithms. Additionally, since the comparison
algorithms are not based on the underlying network with infras-
tructure support, we use the fair infrastructure strategy (spread-
ing the messages in RSU connected component) for above
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Fig. 4. Simulation results of (a) delivery ratio, (b) overhead ratio, and (c) average latency on San Francisco Cabspotting with RSUs being deployed in a dense
traffic area.

Fig. 5. Simulation results of (a) delivery ratio, (b) overhead ratio, and (c) average latency on San Francisco Cabspotting with RSUs being deployed in a sparse
traffic area.

Fig. 6. Simulation results of (a) delivery ratio, (b) overhead ratio, and (c) average latency on San Francisco Cabspotting with RSUs being deployed uniformly.

comparison algorithms. That is to say, ZOOM and BUBBLE
RAP are also be applied in the environment with RSU support.
ZOOM and BUBBLE RAP both have the same copies strategy
on RSUs with our approachability-based algorithm.

2) Metrics: The performance of the proposed approach-
ability-based algorithm is evaluated in the following metrics.

1) Delivery ratio: the ratio of the number of successfully de-
livered messages to the total number of created messages.

2) Average latency: the average message delay for all the
successful sessions.

3) Overhead ratio: the proportion of the difference between
the number of relayed messages and successfully delivered
messages out of the successfully delivered messages.

3) General Comparison Experiment: From Figs. 4 to 9, we
show the delivery ratio, overhead ratio, and average latency

of our approachability-based algorithm, ZOOM, and BUBBLE
RAP in San Francisco Cabspotting and Shanghai Taxi Move-
ment for three kinds of RSU deployment. We can see, on
average, the delivery ratio of approachability-based algorithm
achieves best among these compared algorithms, and meanwhile
the overhead ratio and average latency are lowest.

In terms of delivery ratio, for all kinds of scenarios, the peak
value of our approachability-based algorithm is higher than
ZOOM and BUBBLE RAP. The emerging time of the peak
value of approachability-based algorithm is later than ZOOM
and BUBBLE RAP. These phenomena all demonstrate the bet-
ter performance of our algorithm. It is normal that the delivery
ratios of the three algorithms all decrease as the time to live
(TTL) increases. This is because the network capacity is lim-
ited and the buffer overflows the excessive messages. Note that,
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Fig. 7. Simulation results of (a) delivery ratio, (b) overhead ratio, and (c) average latency on Shanghai Taxi Movement with RSUs being deployed in a dense
traffic area.

Fig. 8. Simulation results of (a) delivery ratio, (b) overhead ratio, and (c) average latency on Shanghai Taxi Movement with RSUs being deployed in a sparse
traffic area.

Fig. 9. Simulation results of (a) delivery ratio, (b) overhead ratio, and (c) average latency on Shanghai Taxi Movement with RSUs being deployed uniformly.

in Shanghai Taxi Movement [Figs. 7(a) and 9(a)], the delivery
ratio of ZOOM is slighter higher than approachability-based
algorithm between TTL 100 and 400 min, when the RSU loca-
tions are selected in dense traffic area and selected uniformly.
However, the approachability-based algorithm still respectively
outperforms ZOOM with 12.74% and 10.97% on average.

In terms of overhead ratio and average latency, the
approachability-based algorithm keeps a low overhead ratio and
a low average latency than the compared algorithms in both
datasets. Note that in San Francisco Cabspotting, the overhead
of ZOOM is smaller than BUBBLE RAP, but in Shanghai Taxi
Movement, the opposite is true. This is because the vehicle con-
tacts in Shanghai Taxi Movement are denser than San Francisco
Cabspotting, which results in ZOOM, who uses the contact-
level mobility in its first phase of data forwarding, generating

more relays. All in all, together with the delivery ratio, we can
see, the approachability-based algorithm does not use a too long
delay to exchange for a good delivery ratio. Here, in Table II,
we list the detailed performance contributions in a quantifiable
way. The percents are the gains of our approachability-based
algorithm compared with ZOOM and BUBBLE RAP. The data
are averaged on the three kinds of RSU deployment scenarios.

Here, we give the detailed analysis based on above simulation
results. In BUBBLE RAP, it uses the global betweenness as
the relay criterion in its first phase of data forwarding. If it
delivers the message to a node with a high global betweenness,
although it indeed has high contact frequency with other nodes
with respect to the entire network, it may be in a community
which is irrelevant to or does not overlap with the destination
community. As a relay, this node may increase the time of
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TABLE II
PERFORMANCE CONTRIBUTIONS

Fig. 10. Rush and nonrush hours tests of (a) distribution of contacts, (b) number of communities, and (c) hourly delivery ratio on San Francisco Cabspotting.

Fig. 11. Rush and nonrush hours tests of (a) distribution of contacts, (b) number of communities, and (c) hourly delivery ratio on Shanghai Taxi Movement.

reaching the destination. In ZOOM, it uses Markov chain to
predict the next contact time based on the previous inter contact
time between nodes. The message holder delivers the message to
a node with the minimal next contact time with the destination.
We can see the Markov-based method puts much emphasis on
the nodes that are required to directly contact the destination in
the future. The method is prone to losing many potential useful
contacts which may not be directly linked with the destination.
It is the key difference between the Markov-based method and
our method. Our method concerns the probability of the next
relay approaching to the destination, not the specific contact,
which leads to a wider range of contacts than the Markov-based
method.

4) Rush and Nonrush Hours Comparison Experiment: Es-
pecially, we do experiments to verify the effectiveness of the
partially shared traveling information independently. In vehicle
datasets, we observe a phenomenon: the traffic is different in
different time period of a day, i.e., existing the rush hours and
nonrush hours, as illustrated in Figs. 10(a) and 11(a).

In Figs. 10(a) and 11(a), we show the distribution of the num-
ber of contacts captured in San Francisco Cabspotting (26th
May, 2008) and Shanghai Taxi Movement (5th August, 2006).
In Figs. 10(b) and 11(b), we show the distribution of the number
of space-crossing communities in San Francisco Cabspotting
(26th May, 2008) and Shanghai Taxi Movement (5th August,
2006). We can see the time periods of 8:00–9:00, 11:00–13:00,
and 16:00–20:00 are the rush hours approximately. The num-
ber of contacts in rush hours is more than that in nonrush hours.
Similarly, the distribution of the number of space-crossing com-
munities also shows the characteristic of the rush and nonrush
hours.

In the rush hours, the social communities and the partially
shared traveling information all work in data forwarding. In the
nonrush hours, due to the decrease of social communities, the
data forwarding mainly relies on the shared traveling informa-
tion. Figs. 10(c) and 11(c) are the results of delivery ratio, which
are evaluated on the rush and nonrush hours in San Francisco
Cabspotting (26th May, 2008) and Shanghai Taxi Movement
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Fig. 12. Impact of buffer size on delivery ratio for (a) test on San Francisco
Cabspotting and (b) test on Shanghai Taxi Movement.

(5th August, 2006). In order to avoid the cumulative effect,
each hour is independently tested. From the results, we can see
clearly that the delivery ratio do not fluctuate largely on rush
and nonrush hours from time 5:00–20:00. This can demonstrate
that the shared traveling information indeed helps the data for-
warding in vehicular networks. For time periods of 0:00–5:00
and 20:00–24:00, since the number of contacts is few, the social
communities and the shared traveling information both play a
little role in data forwarding.

5) Different Parameters Comparison Experiments: For fur-
ther performance study, we investigate the impact of buffer size
and degree of sharing. We see how the performance of data
forwarding reacts to these parameters in vehicular networks.

The RSU locations are selected in the dense traffic area. Due
to space limit, we omit other cases. First, in San Francisco Cab-
spotting, setting TTL as 1080 s, we vary the buffer size from 5
to 1 MB. The results are shown in Fig. 12(a). When the buffer
size decreases, all algorithms have low packet delivery ratio.
However, at every freezing value of buffer size, our algorithm
achieves better performance compared with ZOOM and BUB-
BLE RAP. It demonstrates the advantage of our algorithm. In
Shanghai Taxi Movement, setting TTL as 600 min, we also
vary the buffer size from 5 to 1 MB. The results are shown
in Fig. 12(b). The similar trend also appears in Shanghai Taxi
Movement.

Fig. 13. Impact of degree of sharing on delivery ratio for (a) test on San
Francisco Cabspotting and (b) test on Shanghai Taxi Movement.

Second, in San Francisco Cabspotting, we vary the value of
degree of sharing α from 0.2, 0.6 to 0.8. In Shanghai Taxi Move-
ment, we vary the value of degree of sharing α from 0.2, 0.4
to 0.5. The results are shown in Fig. 13(a) and (b). The deliv-
ery ratio of approachability-based Algorithm increases with the
increasing value of degree of sharing. Since the more shared lo-
cations will provide more information about whether the vehicle
will pass the destination in a short time. However, this increasing
tendency will not always continue. See the curves labeled the
degree of sharing α equaling 0.6 and α equaling 0.8 in San Fran-
cisco Cabspotting, and the curves labeled the degree of sharing
α equaling 0.4 and α equaling 0.5 in Shanghai Taxi Movement.
The curves respectively stated above are almost coincident. So
we obtain, for different datasets, the degree of sharing has an
upper bound. The bound can guarantee that the vehicle owns
enough traveling information (compared with the whole map)
to decide a good relay. Moreover, for Shanghai Taxi Movement,
since the contacts in it are denser than San Francisco Cabspot-
ting, a lower degree of sharing can satisfy the data forwarding
requirement.

VIII. CONCLUSION

In this paper, we have investigated how to use a vehicle’s
traveling information to forward data in social community-
characterized vehicular networks. We have proposed a very
efficient approachability-based data-forwarding algorithm
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for vehicular networks under the hybrid communication
architecture. Through comprehensive simulations, we have
demonstrated that our algorithm outperforms some widely
used vehicular data forwarding algorithms such as ZOOM and
BUBBLE RAP. In terms of delivery ratio, our approachability-
based algorithm is better than ZOOM with 30.81% and better
than BUBBLE RAP with 64.67% on average using the San
Francisco Cabspotting dataset. Using the Shanghai Taxi Move-
ment dataset, the proposed algorithm is better than ZOOM with
12.45% and better than BUBBLE RAP with 18.61% on average.
More importantly, the proposed algorithm also achieves better
performance than ZOOM and BUBBLE RAP in terms of both
the overhead ratio and latency. For our future work, we will fur-
ther explore the issues of privacy preserving and incentive mech-
anism when sharing traveling information in vehicular networks.
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protocol evaluation,” in Proc. Int. Conf. Simul. Tools Techn., Rome, Italy,
Mar. 2009, Art. no. 55.

[29] [Online]. Available: https://www.dropbox.com/s/qc6a7tc1wsfnlm4/
appendix-TVT.pdf?dl=0.

Zhong Li received the Ph.D. degree from Tongji Uni-
versity, Shanghai, China, in 2015.

She is currently a Lecturer with DongHua Uni-
versity, Shanghai, China,. Her research interests in-
clude vehicular networks, wireless networking, and
Internet of Things.

Cheng Wang received the Ph.D. degree from Tongji
University, Shanghai, China, in 2011.

He is currently a Professor of computer science
with Tongji University. His research interests include
wireless networking, mobile social networks, and
cloud computing.

Lu Shao, photograph and biography not available at the time of publication.



LI et al.: EXPLOITING TRAVELING INFORMATION FOR DATA FORWARDING IN COMMUNITY-CHARACTERIZED VEHICULAR NETWORKS 6335

Chang-Jun Jiang received the Ph.D. degree from the
Institute of Automation, Chinese Academy of Sci-
ences, Beijing, China, in 1995.

He is currently a Professor with the Department of
Computer Science and Engineering, Tongji Univer-
sity, Shanghai, China. His research interests include
concurrent theory, Petri net, and formal verification
of software, wireless networks, concurrency process-
ing, and intelligent transportation systems.

Cheng-Xiang Wang received the B.Sc. and M.Eng.
degrees in communication and information systems
from Shandong University, Shandong, China, in 1997
and 2000, respectively, and the Ph.D. degree in
wireless communications from Aalborg University,
Aalborg, Denmark, in 2004.

He has been with Heriot-Watt University, Edin-
burgh, U.K., since 2005, and became a Professor
with the Department of Wireless Communications
in 2011. He is also an Honorary Fellow of the Uni-
versity of Edinburgh, U.K., the Chair Professor of

Shandong University, and a Guest Professor of Southeast University, China. He
was a Research Fellow with the University of Agder, Grimstad, Norway, from
2001 to 2005, a Visiting Researcher with Siemens AG-Mobile Phones, Munich,
Germany, in 2004, and a Research Assistant with Hamburg University of Tech-
nology, Hamburg, Germany, from 2000 to 2001. His current research interests
focus on wireless channel modeling and 5G wireless communication networks,
including green communications, cognitive radio networks, high mobility com-
munication networks, massive MIMO, millimeter-wave communications, and
visible light communications.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


