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Abstract

In vehicular ad-hoc networks (VANETS), store-carry-forward approach may be used for data
sharing, where moving vehicles carry and exchange data when they go by each other. In this ap-
proach, storage resource in a vehicle is generally limited. Therefore, attributes of data that have to
be stored in vehicles are an important factor in order to efficiently distribute desired data. In VA-
NETs, there are different types of data which depend on the time and location. Such kind of data
cannot be deployed adequately to the requesting vehicles only by popularity-based rule. In this
paper, we propose a data distribution method that takes into account the effective life and area in
addition to popularity of data. Our extensive simulation results demonstrate drastic improve-
ments on acquisition performance of the time and area specific data.
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1. Introduction

In an Intelligent Transportation System (ITS) [1], a number of applications for safety, comfort and convenience
have been proposed. Many of them rely on distributing data, e.g., on the current traffic conditions [2], or on free
parking spaces around the current location of the vehicle [3]. Entertainment and information services such as
multimedia communication and messaging or advertising from roadside to vehicle are also very attractive ap-
plications [4]. In ITS, information sharing based on inter-vehicle communication is effective for improving data
availability. ITS involves two categories of communication, vehicle-to-infrastructure and vehicle-to-vehicle
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communication. In vehicle-to-infrastructure communication, a distributed database stored at fixed sites, such as
roadside units, is queried by the moving vehicles via the wireless network infrastructure. Then, the vehicle ob-
tains data from the database and carries it in the direction of travel. In vehicle-to-vehicle communication, two
vehicles can communicate with each other when their distance is smaller than a wireless communication range
which can be connected by a local area wireless protocol such as IEEE 802.11 [5], Bluetooth [6], and so on.
These protocols provide broadband but short-range peer-to-peer communication, and enable vehicular ad-hoc
networks (VANETS) [7]. In VANETS, a mobile user discovers the desired information from the vehicles it en-
counters or from distant vehicles by multi-hop transmission relayed by intermediate moving vehicles [8]. This
direct communication between individual vehicles can significantly increase passenger comfort. These are so
called application layer store-carry-forward approach and categorized in Disruption Tolerant Networks (DTNSs)
[9].

In the above approach, as the amount of data items carried by a vehicle becomes larger, the performance such
as the ratio of desired data reception is more improved. This is because a vehicle has many chances that it can
encounter another vehicle which has desired data. Storage resource in a vehicle, in other words, the amount of
saved data is limited in general. Therefore, attributes of data that should be carried by vehicles are an important
factor in order to efficiently disseminate desired data. So far, there has been Roadcast study as a typical popular-
ity aware content sharing scheme in VANETSs. Roadcast consists of two components called popularity aware
content retrieval and popularity aware data replacement. The popularity aware content retrieval scheme finds the
most relevant and popular data for user’s query. The popularity aware data replacement ensures that different
data is deployed inside a vehicular network according to its popularity. Roadcast achieves that more popular da-
ta tends to be shared with other vehicles so that the query delay and the query hit ratio can be improved. The ex-
isting methods such as Roadcast deploy the data to vehicles randomly according to its relative popularity. In
VANETSs, however, there are different types of data which depend on the time and location, and some informa-
tion has an effective life or a deployment area. Such kind of data cannot be deployed adequately to the request-
ing vehicles only by popularity-based rule, and the data out of effective scope may not be a high valuable for
requesting user even if it is obtained. Existing method based on popularity cannot achieve the system which
takes into account the effective scope of the data. Therefore, in this paper, we propose a data distribution method
that takes into account the effective life and area in addition to popularity of data.

The rest of this paper is organized as follows. Related work is discussed in Section 2. Section 3 describes our
system model. Section 4 presents the effective life and area based data storing and deployment. Performance
evaluations are shown in Section 5. Finally, we conclude the paper in Section 6.

2. Related Works
2.1. VANET

Vehicular networks represent an interesting application scenario not only for traffic safety and efficiency but al-
so for more commercial and entertainment support. So far, however, most of vehicular network researches focus
on routing issues [3] [7] [10]. They all assume the consumer related information is known beforehand so that the
sender can route the content to its destination. For example, VADD studies how to choose the best routing path
based on the traffic information. Other researches in vehicular networks have focused on content distribution [7]
[11] [12]. The efficient discovery and distribution of information is a challenging problem especially in a dy-
namic environment such as vehicular network. Literature [7] introduces data pouring and buffering techniques to
disseminate data along the roads. This paper studies content sharing, where each vehicle queries useful data
from its encountered neighbor vehicles. Different from destination aware routing and dissemination [7], how to
disseminate the most suitable data to neighboring vehicles is the main focus of this paper.

In the last couple of years there has been an increasing interest in in-network aggregation mechanisms for ve-
hicular ad hoc networks [13]. This technology aims at reducing redundant information and improving commu-
nication efficiency by summarizing information that is exchanged between vehicles. Our deployment takes into
consideration the number of replicas so that data with high density in the network is not stored in vehicle’s sto-
rage, but not summarizing information.

On the other hand, content retrieval through intermittent contact opportunities in vehicular networks is also an
important technique. In literature [4], content retrieval is studied in a small area, where vehicles in adjacent lanes
exchange information as they pass through one another. The scheduling issues of content retrieval at the road
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intersection are analyzed in [14]. To accelerate content retrieval, randomized network coding is proposed [11].
However, the network coding based data diffusion brings in large amount of redundant data which may not be
useful but taking much communication bandwidth and memory space. In Roadcast, content retrieval [15] is
based on users query request and how to efficiently share content with future encountered vehicles based on lo-
cal information is studied.

Studies in data replacement start from cache replacement. In literature [16], several replacement algorithms
for web cache are studied. Later, these replacements are improved by adding the popularity factor. However, all
these works are based on web cache which is in a centralized environment. Roadcast differs from the existing
works in that it is a distributed replacement algorithm and it aims to optimize the network-wide content sharing
performance.

2.2. Roadcast

Roadcast [15] has been proposed as a system for sharing information on VANET. In Roadcast, popular data is
distributed to many vehicles so that it can satisfy many users request in the future. Roadcast achieves these ob-
jectives with two techniques. One is popularity aware content retrieval and the other is popularity aware data re-
placement. First, the popularity aware content retrieval scheme makes use of information retrieval (IR) tech-
niques to find the relevant data towards user’s queries. However, different from the traditional IR techniques, the
factor of data popularity is considered and the relevance of the data to queries is re-ranked, so that more popular
data is more likely to be shared with other vehicles. Second, in Roadcast, the downloaded data is stored as rep-
lica which can be shared with other Roadcast users. When the local memory is full, some data objects have to be
replaced. The proposed data replacement algorithm ensures that the data replications with different popularity
can have different life time so that popular data can have more, while not too many, copies in the network.
Roadcast considers the popularity of data as a most important factor to improve the query hit ratio.

2.3. Issues of Roadcast

In Roadcast, the popularity of data is considered as the most important factor. However, effective life and area
of the content is not taken into account. In general, various kinds of information are shared in VANET. This in-
formation include not only entertainment information such as MP3 music or video but also restaurant and park-
ing information, sale advertisement of shops located on the roadside, and so on. Such information may be deli-
vered only for specific areas or may have limited valid time. In other words, the value of the information may be
reduced or become invalidout side effective life and area. When such content is disseminated, not only popular-
ity of the content but also effective life and area should be taken into account. In the paper, we propose the data
deployment based on the effective life and area as well as popularity of data.

3. System Model

In vehicular ad-hoc networks (VANETS), moving vehicles carry data and exchange it as they pass each other. In
this section, we describe our system model. In our system, a vehicle obtains data from the wireless network in-
frastructure. A vehicle with obtained data moves on a road and encounters another vehicle on the opposite lane.
Then the vehicle exchanges the obtained data each other. The vehicle obtains the desired data by repeating this
behavior. Figure 1 shows the system model.

In Figure 1, vehicle A moves to the right side and vehicle B moves to the left side, respectively. When the
vehicle A passes near the data source, the data source deploy data in the vehicle. Then, the vehicle A moves and
carries the obtained data. If the vehicle A encounters the vehicle B which requested the data in the vehicle A, the
data is exchanged between A and B.

4. Effective Life and Area Based Data Storing and Deployment

4.1. Replacement Algorithm

In vehicular ad-hoc networks (VANETS), moving vehicles carry data and exchange it as they pass each other.
Storage resource in a vehicle, in other words, the amount of saved data is limited in general. Therefore,
attributes of data that should be carried by vehicles are an important factor in order to efficiently disseminate de-
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Figure 1. System model.

sired data. In this paper, we focus on effective life and area as well as popularity of data, and propose a replace-
ment algorithm based on these attributes. The proposed method decides the data to be replaced according to the
following operations.

In this method, the data which has the largest w;, defined as Equation (1), has to be replaced from the storage
of the vehicle, if new data is input when the storage capacity is full.

1 * *
V\/i:Ti*{agi+(l_a)ci} T,*D, )
(0<a<1)

where f;, g; and c; are popularity, generation number of data and the replication count of data i, respectively. T;
and D; are calculated based on effective life and area of its data.

Popular data should not be replaced if it has not been disseminated yet, in order to give more opportunities to
disseminate the data with higher popularity. In our method, therefore, each data source decides whether it dep-
loys a specific object or not with a probability which is predefined by its popularity. When the total number of
vehicles is V and the request probability of data i is P;, the expected number of vehicles which obtain data i is
VP;. This means that the data is deployed randomly in a VANET so that the number of replicated data is linear
to its popularity. Furthermore, in our method, it can be expected that data with low popularity is also deployed to
vehicles because of the probabilistic manner. In our system, it is also necessary to collect popularity information
of all data which is expected to be requested from users.

The generation number g; corresponds to the number of vehicles which are transferred from its original source.
The replication count c; represents the number of copies which are generated by the same vehicle. If the data has
large g; or ¢;, it can be expected that many copies of the data exist in the VANET. Therefore, this system is will-
ing to replace the data which has higher g; and ¢; to avoid deployment of redundant copies and store other kinds
of data. « is the coefficient that decides which g; or ¢; is more important.

T; represents a temporal effectiveness of data i and is obtained by normalizing the age of data i to adjust the
scale of the other elements. T; is calculated by the following equation.

T, = elapsed time from the data i generation time/effective life time of data i

If T; < 1, the age of data i is within the effective life, otherwise the data i grow stale.
D;indicates a spatial effectiveness of data i, similarly with temporal effectiveness. D; is expressed by the fol-
lowing.

D, = distance from original location of data i/radius of the effective area for data i
There are different possible types of functions for T; and D; function. In this paper, we use above function as
one example in which the effectiveness decays linearly with time and distance.
4.2. Scheduling Method of Data Deployment

In VANET where vehicles move at high speed, since the time for the data exchange is less, the amount of data
which can be transmitted and received at a time is also limited. Thus, the performance of our system depends on
the scheduling method of data deployment. In the paper, we proposed the following scheduling method.
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When a vehicle encounters the other vehicle, our proposal prefers to deploy the data which has the smallest w;,
defined as Equation (1). It can be expected that popular data within effective life time and area is distributed
faster.

5. Performance Evaluation

In this section we describe the simulation model and compared model for our system evaluation, and then
present the simulation results.

5.1. Simulation Setup

To investigate the performance of our deployment, we evaluate probability of data reception, i.e., the percentage
of data items which requesting vehicles successfully obtained. In our evaluation, we implement our deployment
on the ONE simulator (ver.1.4.0) [17] and use a map of the Helsinki area (Figure 2). There are totally 100 road-
side units on this map. A data object is generated by each roadside unit. When the effective life of the data is ex-
pired, the roadside unit generates a new data object. Some keywords are assigned to each data object or each us-
er’s query, according to Zipf-like distribution [18]. The simulation parameters are summarized in Table 1.

5.2. Compared Method

In this evaluation, we compare the performance of the proposed method with popularity-only which decides the
data to be deployed according to its popularity. In the popularity-only, the data which has the largest Wi' , de-
fined in Equation (2), has to be replaced from the storage of the vehicle if new data is input when the storage
capacity is full. We assume this method works as conventional method.
o1

w, =—*1a0; +(1-a)c

g+ (1-a)a) 2

(0 <a< 1)

5.3. Simulation Results

Figure 3 shows the query hit ratio with several size of buffer memory. The query hit ratio is the possibility that
the query can be served by local vehicle or roadside unit. Figure 4 shows the query delay with several size of
buffer memory. The query delay is defined as the average delay from initiating the query to receiving the re-
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Figure 2. Simulation map.
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Figure 4. Query delay.

quired data. From Figure 3, our proposal consistently outperforms popularity-only in query hit ratio, the im-
provement is up to around 3%. As shown in Figure 4, when the memory size is small, both schemes have a rela-
tively higher query delay. When the memory size increases, the query delay decreases. This is because as the
memory size increases, vehicles are able to buffer more data objects. Hence, there will be more data replicas and
the queries can be served by these replicas quickly. From these figures, we also observe our proposal slightly
outperforms popularity-only.

Furthermore, we also evaluate the performance of our proposal in terms of effective data. Figure 5 shows
query hit ratio of the effective data which means percentage of the data within its effective life and area in suc-
cessfully obtained data. Figure 6 shows its query delay. From these results, we can observe that our proposal
significantly improved these performances on valid data acquisition.

Figure 7 shows the query hit ratio with different Zipf parameters. On the Internet, popularities of data follow
Zipf-like distribution. This distribution indicates that the number of data with high popularity is small and many
data have low popularity. When the Zipf parameter is large, the number of data with low popularity is large and
the popularity of few data with high popularity becomes enhanced. Therefore, Popularity-only shows better
performance than our proposal. However, when the Zipf parameter is small, access pattern tends to be quite un-
iformly distributed, and different keywords have similar popularity. From Figure 7, when the content access is
close to uniform distribution, our proposal has much advantage.

(=)
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Figure 5. Hit ratio of effective data.

Table 1. Simulation parameters and their values.

Parameter Value
Simulation Time 12h
Number of Vehicles 150

Simulation Area
Communication Range
TransmissionSpeed
Data Size
Size of Buffer Memory
Keyword Set Size
Number of Keywords in Data
Number of Keywords in Query
Effective Life of Data
Effective Range of Data
Zipf Parameter
Vehicle Speed

o value

4.5 km x 3.4 km (Helsinki area)
200 m
250 KBps
500 KB - 2 MB
5MB - 40 MB
40

0.5
10 m/s - 15 m/s

0.5

5.4. Effective Data Ratio in the Effective Area

We also evaluate effective data ratio in its effective area according to elapsed time from data generation. We set

the parameters as shown in Table 2 and the other parameters are same as shown in Table 1.

In Figure 8, x-axis shows the elapsed time from data generation and y-axis shows the ratio of the vehicles
which have data in the vehicles in effective area. In this case, effective life of data is 1h. In the popularity-only,
even if the effective life is expired, the amount of data in effective areas increases and ineffective data is still
deployed. After a while, the deployed ineffective data starts to decrease. On the contrary, in our proposal, al-
though effective data ratio starts to decline before the expiration of effective life, more valid data is distributed
to more vehicles in effective area. Figure 9 and Figure 10 are results in the case where effective life is 0.5 h and
1.5 h, respectively. These figures show the similar results as Figure 8. From these results, it is possible for our
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Table 2. Simulation parameters.
Parameter Value
Size of Buffer Memory 15 MB
Effective Range of Data 500 m
Effective Life of Data 05h,1h,15h

proposal to distribute more valid data to the effective area within the effective life of data. In the proposed me-
thod, data is gradually deleted from vehicles’ buffer before its expiration. Thus, our proposal can suppress that
the vehicle buffer is occupied by invalid data, and release the useless buffer resources of the vehicle for other
more valid data. Therefore, area-limited information can be distributed to most effective vehicles by our propos-

al method.

5.5. Impact of Replacement Policy

In this section, we compare the performance on each factor of replacement policy. Figure 11 represents the re-
sult of data acquisition performance in the case of popularity only, popularity and effective area, popularity and
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effective life, and considering all factors (proposal). As the size of buffer memory becomes large, there is no
difference in the buffered data, and all policy shows similar performance. However, in the case where the size of
buffer memory is small, it is possible for the proposed method to consider the expiration time and scope of data
at the same time, and achieve performance improvement.

5.6. Impact of Parameter a

In this section, data acquisition performance is evaluated when a parameter o in Equation (1) is changed. Figure
12 shows the result in the case of 100, 150 and 200 vehicles. From this result, by setting o to around 0.3 to 0.4,
the performance can be improved. Therefore, it is important to balance between the number of copies and the
number of generations to obtain a better performance.

5.7. Impact of Deployment Scheduling Method

In VANET where vehicles move at high speed, since the time for the data exchange is less, the amount of data
which can be transmitted and received at a time is also limited. In this section, in order to investigate the differ-
ences in performance of the scheduling of deployment, we evaluate the performance of our proposal in compar-
ison with the following scheduling method. In this evaluation, we have adopted our proposed replacement to
both scheduling methods.

(FIFO) The data to be transmitted is decided by FIFO. Neither the expiration time nor scope of the data is
taken into account. The data is transmitted according to the order of old data which the vehicle stored.

The above method (FIFO) is evaluated in the same manner as Figure 5 and the result is shown in Figure 13.
By our proposed scheduling, distributing the locally valid data that depends on the time and place shows better
performance. The effect of the scheduling method depends on the time for data exchange. It is also expected that
this effect can increase as the number of transmitted data at a time is small.

6. Conclusions

In this paper, we propose a deployment method which can help a user get the useful data as much as possible
through intermittently connected VANET. In VANETSs, store-carry-forward approach may be used for data
sharing, where moving vehicles carry and exchange data when they go by each other. In this approach, attributes
of data that have to be stored in vehicles are an important factor in order to efficiently distribute desired data. In
VANETS, there are different types of data which depend on the time and location. Such kind of data cannot be
deployed adequately to the requesting vehicles only by popularity-based rule, and the data out of effective scope,
such as effective life and area, may not be a high valuable for requesting user even if it is obtained. Existing
method based on popularity cannot achieve the system which takes into account the effective scope of the data.
We focus on effective life and area as well as popularity of data, and propose a data replacement algorithm of

(=)
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full buffer inside a vehicle and also scheduling method of data deployment from vehicle based on these

attributes.

From our simulation results, it is possible for our proposal to distribute more valid data to the effective area
within the effective life of data. In the proposed method, data is gradually deleted from vehicles’ buffer before
its expiration. Our proposal can suppress that the vehicle buffer is occupied by invalid data, and release the use-
less buffer resources of the vehicle for other more valid data. Thus, our proposal can greatly improve acquisition
performance of the time and area specific data.

In the future, it is necessary to set up a proper effective life and area according to the kind of content.
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