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Abstract—High vehicle mobility and frequent topology changes of 
VANET have negative influence on performance of data 
distribution in such network. If cars are not connected through 
VANET, they are not able to access data owned by each other. 
Data availability in VANET is therefore lower than in standard 
wired networks.  Most of the solutions of data distribution in 
VANET are focused on the packet routing. On the other hand, 
our solution is using database replication as the method for the 
distribution of a data in VANET network. We are looking at 
VANET as distributed database system. Replication of data in 
such a distributed database system can be used to reduce the 
impact of intermittent node connectivity in VANET and to 
improve access of a node to data. To solve this problem we have 
designed a special query language suitable for distributed 
database systems in VANET. We have also designed replication 
algorithms for data distribution at each node in VANET. 
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I.  INTRODUCTION 
Vehicular ad-hoc networks (VANETs) are a subset of 

MANET mobile networks differentiated by using vehicles as 
network nodes. This means that node movement is affected by 
non-standard traffic regulations. In such a network each node is 
not playing only end system role but also acts as a node that 
can send data to the environment or communicate with other 
nodes. Mobility of VANET networks and lack of fixed 
infrastructure makes VANET attractive for time-critical 
applications. Regarding to node limitations by transport 
infrastructure, VANET anticipates the existence of fixed points 
in infrastructure so called RSU (Road Side Unit). 

In our article we look at VANET as a distributed database 
system. In a distributed database system data are often 
replicated. The aim of replications is to improve the reliability 
and availability of data across the whole network. In fixed 
networks replicas are often stored on the nodes that need them 
most, in order to reduce the cost of remote data access.  
However, in VANET due to great mobility of OBU (On Board 
Unit) nodes this kind of solution is inadequate.  The availability 
and reliability (consistency) of data is becoming an important 
problem. Particularly fragmentation of the network and slow 
response from some nodes has impact on the availability and 
reliability (consistency) of data in VANET.  

For distributed database system, in addition to creating and 
distributing replicas is typical query language. However, to our 
knowledge there is no specific query language designed for 
VANET networks.  The aim of this article is also to describe a 
query language for VANET, which is also used for replication 
processes. The result of this article will help you implement 
VANET as the distributed database system and to choose an 
appropriate method for data replication and distribution in 
VANET. 

The article is therefore divided as follows. The current 
state, which is about VANET network and its function and 
benefits of intelligent transport systems, is discussed in the next 
section. Furthermore, we focus on the current status of data 
replication in VANET and current state in database querying in 
mobile ad-hoc network. In the section III. we describe our own 
distributed database system ad-db designed especially for using 
in VANET and its querying language. In the section IV. we 
introduce proposed replication algorithms for VANET using 
query language described in section III. Then we compare 
achieved results of simulations of suggested algorithms. In 
conclusion, we identify the future direction of this research. 

II. STATE OF THE ART 

A. VANET issues 
At the present time, there are two, almost independent 

tracks of vehicle connectivity evolution. The first one is 
commercial and the second one is research area. On the 
commercial front, development of consumer electronics has put 
wireless connectivity with geolocation in the hands of 
potentially every one traveler. This offers the prospect of 
personalization, ubiquitous connectivity and traveler 
information delivered with a degree of reliability, accuracy and 
spatial fidelity, barely envisioned a few years ago. Today, it is 
not difficult to imagine real-time mobility and, perhaps, even 
some safety services pushed to your smartphone. 

On the research area the situation is more complicated. 
There are more threads and each of them has their own set of 
use cases, their own set of problems and their own way to solve 
them. 

Area of VANET consists of car-to-car communication 
(C2C) and car-to-infrastructure communication (C2I) [19]. In 
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general they are known as car-to-any communication (C2X). 
Common feature of network technologies used in C2X 
communication is very high rate of topological changes and 
frequent network partitioning. There are a lots of projects that 
are interested in VANET that try to solve some partial 
problems, for example WAVE (Wireless Access in Vehicular 
Environments Testbed)[1], SeVeCom (Security on the 
Road)[2], NOW (Network on Wheels)[3], SAFESPOT 
(Cooperative systems for road safety)[4], CVIS (Cooperative 
vehicle-infrastructure systems)[5], CarTALK [6], AutoNomos 
(distributed, self-organizing traffic information system)[7]. 

At the present time, great effort is dedicated to routing 
services in VANET networks. This is an area which is dealt 
with in the most of these projects. In this paper, we will try to 
describe our solution based on the idea of using distributed 
database system in the VANET environment. 

B. Classification of replication techniques in VANET 
Comparison of replicated techniques is based on 

a behaviour of mobile nodes in the data distribution. During its 
life cycle, mobile nodes during have to decide to which nodes 
and at what time the data will be distributed. Many replication 
techniques are using information obtained during the previous 
communications with the other nodes to make the decision. 
Every node has the list of all accessible nodes and the list of 
unreachable nodes (disqualified list). There is no possibility of 
using this algorithms in VANET. The reason is explained in 
this chapter. 

STE method (Select Than Eliminate) [20] 

• The node randomly selected set of nodes (Si). 
• x then sends the update/query request to all the reachable 

servers in Si . 
• An update request is considered to be successful if at least 

one response is received from these servers within the 
timeout period Ttimeout.  

• If no response is received from a server then that server is 
included in DQL(x) until the disqualification period is 
reached. 

ETS method (eliminate Than Select) is working on the 
similar principles [20].  

Since our solution is focusing on VANET, we are 
describing disadvantages of the solutions as follows:   

• It is not possible to maintain the list of all nodes in 
VANET.  

• VANET is characterized by frequent changes of the 
network topology. 

• There is very high probability of that the node moved to 
DQL will not be met again. 

Other known replication methods are based on the 
frequency of querying specific data replicas. SAF method can 
be used as an example of such method [21]: 

SAF method (Static access frequency). Each node keeps 
the N replicas ordered by the access frequency in its memory. 
The method is aiming to divide the replicas between the nodes 

that way, the replicas were as available as possible for all 
clients (other nodes).  

The result of this method is the allocation of data replicas at 
lower cost and the lower network load. However, if there are 
mobile hosts with the same access characteristics, there would 
be redundancy in replica allocation between mobile hosts. It is 
more convenient to share the replica between multiple nodes 
leaving space for more replicas to be stored. This way the SAF 
method is causing weak data availability when a large number 
of clients have the same data requirements. 

Improvement of this method is Dynamic Access Frequency 
and Neighborhood (DAFN), which tries to solve the problem 
with the replica redundancy between the neighborhood nodes. 

Disadvantages of these methods (based on the access 
frequency) in VANET is similar to above mentioned 
techniques: 

• It is not possible to maintain the list of all nodes in 
VANET. 

• VANET is characterized by frequent changes of the 
network topology. 

• It is not possible to list all the replicas in the VANET. 

Described methods are designed to improve data 
availability by allocating replicas on each node of the MANET. 
These methods are not very convenient to use in VANET. 
They are based on the assumption that the effortlessness of the 
data access is dependent on the distance between the applicant 
and the provider of data. However, this parameter is the subject 
of the frequent changes in VANET. It is making use of these 
methods very inappropriate in a such environment.  

 

III. QUERYING IN VANET ENVIRONMENT 
The problem with classic DDBS architecture when 

deploying in the VANET is primarily necessity of existence of 
so-called Global Dictionary. It stores information about the 
allocation of data across the distributed databases. This is not 
possible in the VANET as it is not possible to provide 
communication between two random network nodes.  

Our solution, the system ad-db, solves this problem by 
allowing sending queries to the nodes that are in the requesting 
node direct surrounding [13, 14, 15, 16, 17]. It is possible to do 
so using two methods [13, 16, 17]: 

Pull method – a query node sends a query packed as a 
broadcast message. Each data node, which receives the query, 
checks whether they own the requested data or their part. If it 
does, it sends the answer to the query node in a form of the 
unicast message. In case it could respond only to the part of the 
query, informations about processed part of the query are 
packed in. The query node waits for the response for the 
specified time. After it responses will be processed. If partial 
responses are received it tries to connect them with operations 
which remained unexecuted in the query. 

Push method – a data node periodically sends response to 
preprogrammed query in a form of the broadcast message. If 
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any of the nodes receives this response, it checks if data are 
needed. If so, it processes them. 

In addition to these methods system ad-db allows executing 
of local queries. 

A query must be written in the format from which it is easy 
to extract the sub-queries so that data node can determine, 
whether it is able to perform some parts of the query in the pull 
method. System ad-db therefore uses object λ-calculus [13, 14], 
introduced in [18]. Object λ-calculus extends the classical λ-
calculus by the possibility of working with objects and using 
relational algebra operations on object collections. Thus it 
retains the essential characteristics of classic λ-calculus and 
also allows the implementation of database operations. For 
extraction of sub-query in the object-λ-calculus the inverse 
operation to the β-reduction can be used. 

Relational operations using the object λ-calculus can be 
written as follows [18]: 

 list of all instances of class A (access to a named 
relation A in relational algebra) 

Inst(A) 
 access to an object property (attribute value)  

object⊲⊲property 
 selection operation 

collection / / (λ row | condition) 
 projection operation 

collection » {list of attributes} 
 collection operation 

collection » (λ row | transformation) 
 Cartesian product 

collection1×collection2 
In addition, the ad-db system introduces operations for the 

natural join operation: 
 inner natural join 
⋈(collection1,collection2) 

 left outer natural join 
⋈L (collection1,collection2) 

 right outer natural join 
⋈R (collection1,collection2) 

 full outer natural join 
⋈F (collection1,collection2) 

The above notation will be adhered throughout the article. 

IV. OUR ALGORITHMS  
Constant broadcasting of all data into the environment is 

ineffective. Oftentimes there may be a large-scale data. Such 
solutions have the effect on network load. Frequent changes of 
network topology, which is typical for VANET, also ranks 
these solutions among ineffective. Therefore we decided to 
design new solutions for quick and efficient data access in the 
VANET network. Our solutions are presented in the three 
algorithms. We based our algorithms on the assumption that 
not only RSU, but OBU too should be used for the 
dissemination of information in VANET. For the distributed 
database querying we use the language described in section III. 

A. Description and parameters of the scenario 
Our simulation of VANET network and replica distribution 

assumes the following parameters. Each mobile node has its 
own local database. It creates local queries over this local 
database. ( �  - local search). Each mobile node considers 
VANET as a distributed database system. Nodes are sending 
global queries to the distributed database system using pull 
method (� - a global search). Mobile nodes can send their data 
into the environment directly using the PUSH method (ℙ - 
push data).  

In VANET there are RSU units that hold the original 
information, i.e. the current replica. Any information on the 
RSU has time of its creation and changes autonomously - 
without depending on other RSU. Each OBU during its life 
scenario is in a need for different types of information 
according to its local needs. 

B. SPA (Simple Pulling Algorithm) 
This algorithm works on a simple principle. Each OBU 

units is just trying to update the data (replicas) which they are 
interest in at the current time. They are not seeking to expand 
their local database with the data (replicas) that  could be 
significant for them in the future. Algorithm of this method is 
as follows: 

When the participant (OBU) requires the data of type 
����	��
, performs the following steps: 

1. List of the data available locally for the given type of 
information is retrieved from the local database. For 
each type the timestamp and the identifier of the node 
that created the data is found and stored as named 
relation old. 

�: ��
 =  Inst(���������)
// (�����|���� ⊲ 
�������

= ����	��
)�»{�	�������, ��	�	�����} 

2. If the ��
 is non-empty relation, continue to step (3), 
otherwise to step (5). 

3. From global database all available data of type 
����	��
 newer than those found in the relation old, 
and those that are not in this relation are retrieved. 

�: ������� = ⋈� (Inst(����	��
), ��
)
// (����|��� ⊲ ��
�	������� < ���

⊲ �	������� ∨ ��� ⊲ ��
�	�������
= !) 

4. Continue to step (6). 

5. From global database all the data of type ����	��
 is 
loaded. 

�: ������� = Inst(����	��
) 

6. All local data are updated according to the data 
obtained in the relation �������. 

7. The result of local query is returned to a participant: 

�:Inst(����	��
) 
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C. IRA (Independent Replication Algorithm) 
Unlike SPA, IRA is trying to create replicas even of data 

that OBU currently does not need. Each OBU in VANET sends 
at specified intervals information about its local database. It 
informs the environment about the data held. Based on this 
information other OBU in the network perform updating of 
their databases. IRA algorithm is as follows: 

Since the launch of the program the following is carried out 
in one thread: 

1. Wait for the interval specified by pushInterval 
constant. 

2. List of available data is sent via network using push 
method a. 

ℙ:Inst(���������) 

3. Continue to step (1).  

After receiving list of data types by push method with 
query Inst(���� �����) the following steps are performed: 

1. List of data that came by push method (��� relation), 
but are not in the local database is found and stored as 
named relation ��"����. 

�: ��"���� = ⋈� ���,Inst(���������)�
// (����|��� ⊲ �	������� < ���

⊲ ����	������� ∨ ���
⊲ �	������� = !) 

2. If the relation ��"���� is empty, the algorithm ends. 

3. ��"����  relation is grouped by data type, which 
produces a list of pairs 

����, ��
(��	�	�����, ��
�	�������)� 

4. Continue using the first pair. 

5. Data type specified by item ����  from pairs is 
requested for using pull method, with the condition 
that the data must be newer than what is found in the 
relation ��
 of a pair, or is not in the ��
 relation. 

�: ������� = ⋈� (Inst(����), ��
)
// (����|��� ⊲ ��
�	������� < ���

⊲ �	������� ∨ ���
⊲ ��
�	������� = !) 

6. All local data are updated according to the data 
obtained in the ������� relation 

7. If there is another pair, continue to the step (5). 

When participant requests data of the type ����	��
, the 
following steps are performed: 

1. Result of this local query is returned to the participant: 

�:Inst(����	��
) 

D. DRA (Dependent Replication Algorithm) 
This algorithm combines the good properties of both SPA 

and the IRA algorithms. It is querying for the required 
information and the information about replicas located in its 

surounding using the single pull query. DRA algorithm is as 
follows: 

When participant requires data of type ����	��
 , the 
following steps are performed: 

1. List of data that are available locally for the given type 
of information is retrieved from a local database. For 
each type the timestamp and the identifier of the node 
that created the data is found. 

�: ��
 =  Inst(���������)
// (�����|���� ⊲ 
�������

= ����	��
)�»{�	�������, ��	�	�����} 

2. If old is non-empty set, continue to step (3), otherwise 
continue to step (5). 

3. All available data of type ����	��
 newer than those 
found in the ��
 relation and those that are not in this 
relation are retrieved from global database.  List of all 
available data which are not of type ����	��
  is 
retrieved at the same time. 

�: �������, ��"���� = ⋈� (Inst(����	��
), ��
)
// (����|��� ⊲ ��
�	������� < ��� ⊲ �	�������
∨ ��� ⊲ ��
�	������� = !), Inst(���������)/

/ (�����|���� ⊲ 
�������
≠ ����	��
) 

4. It continues to step (6). 

5. All the data of type ����	��
 are retrieved. List of all 
available data that are not of type ����	��
  is 
retrieved at the same time. 

     
 �: �������, ��"���� =
Inst(����	��
), Inst(���������)// (�����|���� ⊲

������� ≠ ����	��
) 

6. Local data are updated according to data obtained in 
the ������� relation 

7. If the relation ��"���� is empty, continue to step (13). 

8. ��"���� relation is groupsedby the type thus pairs are 
created. 

����, ��
(��	�	�����, ��
�	�������)� 

9. Continue using the first pair. 

10. Data of type specified by item ����  from pair is 
requested for using pull method, with condition that 
the data must be newer than what is found in the 
relation ��
 of a pair, or are not in the ��
 relation. 

�: ������� = ⋈� (Inst(����), ��
)
// (����|��� ⊲ ��
�	������� < ���

⊲ �	������� ∨ ��� ⊲ ��
�	�������
= !) 

11. Local data are updated according to the data obtained 
in the newData relation 

12. If there is yet another pair, continue to step (10). 
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13. Result of this local query is returned to the participant: 

�:Inst(����	��
) 

V. SIMULATION 
The proposed algorithms were tested using computer 

simulation. We have used simulation tool adhocsim.fri, which 
has been developed for the simulations in VANET 
environment. Every simulation in adhocsim.fri is placed to 
a road network, which is represented as a graph of graph 
theory. There are different types of nodes in road network that 
represent crossroads, bends... Basic travel speed is given to 
each car at its entry to the simulation. The cars move on road 
sections by uniform linear motion. When entering a crossroad 
they slow down and at the following road section they again 
continue at its standard speed. Each car is equipped with OBU 
device, which allows it to communicate with others through 
VANET. Besides them, RSU devices can be also placed in 
simulation. They do not move but are placed on any place of a 
road section or a crossroad. Simulation anticipates obstacles 
(buildings, etc.) that block signal transmission. Simulation also 
allows some tolerance on building corners, which simulate 
a possibility of a small bend of a radio signal. 

 
Figure 1.  Road network 

A. Parameters of simulation and simulation 
Our simulation settings were as follows. Vehicles (OBUs) 

moved  in a region 4 x 2 km in the fixed network of  total 
length of 100 km. Number of vehicles in the simulation, 
depending on the concrete simulation run is set to average 
values of 100, 200 and 400 cars with the main roads more busy 
than side roads. The exact number of cars in the simulation is 
changing in time since cars was entering and leaving the 
simulation in the intervals set by exponential distribution. Car 
speed was  10 to 20 ms-1 (the average speed of a car in the 
city). Maximal transmission range was set to 800 m. 12 RSU 
nodes was placed on the road network (as shown in Figure [1]). 
Each RSU provided the unique information of every of four 
data types (A, B, C and D). The different data types were 
therefore fragmented by RSU (A1, A2 ... A12). In the road 
network there were therefore 48 unique data replicas 
(fragments) that  changed at random intervals specified by 
exponential distribution with mean 20 minutes. Such a road 

network can be regarded as difficult for solving data 
distribution and replication. 

OBU requests for some data time was generated in 
specified intervals from exponential distribution with a median 
10 minutes. 

VI. RESULTS 
During the simulation run, we tried to determine whether 

the data distributed on OBU are up to date. We therefore 
measured data actuality. Collecting statistics about what 
percentage of the up to date information of that type has OBU, 
was made after requesting the data by each particular OBU 
individually. In addition to data actuality we recorded data 
transmission throughout the simulation because it is a 
significant variable in the VANET. 

 
Figure 2.  Data actuality 

 
Figure 3.  Data transmission 

From the simulation results showed (see Figure 2 and 3): 

SPA - this algorithm compared to other tested needed 
minimum bytes to be transmitted. It also showed that the 
actuality of the data using this algorithm is the lowest and 
varied in the range from 3 to 10%. This is due to not creating 
replicas of the OBU devices.  

DRA - this algorithm needs more data to be transmitted 
than the use of SPA algorithm. This is because the OBU 
transmit information about their local database and at the same 
time the algorithm creates replicas. Actuality of the data 
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received by DRA algorithm in a simulated road network varied 
from 7 to 14%. 

IRA - this algorithm needs most data to be transmitted of 
all tested algorithms. This algorithm did not distribute each 
requirement into the environment as it was in the SPA and 
DRA. IRA informed its surroundings about its local database 
and other OBU made their replications. We can say that the 
IRA algorithm produces the largest amount of replicas and 
distributes the most data. This fact is confirmed by the actuality 
of the distributed data, which varied in the range from 10 to 
21%. 

VII. CONCLUSION 
This article answered simple questions. Is it possible to 

distribute data in VANET as in a distributed database system? 
Which procedure (method) should we choose for effective 
dissemination of replicas in the VANET? What will be the 
actuality of the data on individual nodes in the VANET? 

We simulated VANET as DDBS. We used a specially 
designed query language for querying distributed database 
system in the VANET environment. Then we verified 
replication and data distribution in VANET using designed 
algorithms. Given the large number of fragmented data types in 
simulations, we can say that the algorithms achieved 
satisfactory results. The simulation showed that the IRA 
algorithm reaches the best data actuality. On the other hand it 
achieved very poor results in the terms of network load. In the 
future continuation of this research we will focus on improving 
the algorithm IRA so that we can reduce the network load. 
From the present results, we see that if the priority is to 
minimize network load, it is preferable to use algorithms DRA, 
or SPA. 
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