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Abstract 
The unprecedented growth and increased importance of 
geographically distributed spatial data has created a strong need 
for efficient sharing of such data among users. Interestingly, the 
ever-increasing popularity of peer-to-peer systems has opened 
exciting possibilities for such sharing.This motivates our 
investigation int spatial indexing in P2P systems. In this paper 
the framework SPATIAL P2P which they have proposed maintains 
the multidimensionality of the spatial data. SPATIALP2P supports 
dynamic insertion and deletion of spatial information of various 
sizes and dynamic joining and leaving of peers. The peer tree 
indexing structure performs the search process very efficiently 
without the need of load balancing and provides efficient storing, 
indexing, and searching services by preserving locality and 
directionality. As a result,  SPATIALP2P performs exceptionally 
well for point and range query operations.
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I. Introduction
P2P networks can be classified into three types according 
to their architectures, namely, unstructured, structured, and 
hybrid. Unstructured p2p has much superiority as its supporting 
complex query, simple configuration, and easy maintenance. Its 
disadvantages lie in bad scalability and inefficient of data query. 
While merits and demerits of structured p2p are just contrary to 
that of unstructured p2p. Spatial data management applications 
require the ability of powerful processing of spatial data querying 
and supporting complex query, so neither of the two architectures 
can completely meet the application requirements of spatial data 
management
Taxonomy of computer systems from the P2P perspective is 
shown in fig. 1 [31]. All computer systems can be classified into 
centralized and distributed systems. Centralized systems are 
represented by  mainframes and supercomputers for execution 
of compute-intensive applications and large batch jobs, and 
high-end servers for data or content sharing and for collaborative 
applications. Distributed systems are those in which components 
located at network computers communicate and coordinate their 
actions only by passing messages [5].
Distributed systems can be further classified into the client-server 
model and the P2P model. A client is informally defined as an 
entity (e.g. node, program, module etc.) that initiates requests but 
is not able to serve requests. If the client also serves the request, 
it plays the role of a server. A server is informally defined as an 
entity that serves requests from other entities, but does not initiate 
requests. If the server does initiate requests, then it plays the role 
of a client. Typically, there are one or a few servers versus many 
clients. A client-server model represents the execution of entities 
with the roles of clients and servers. Any entity in a system can 
play both roles but for a different purpose, i.e. server and client 
functionality residing on separate nodes.
Similarly, an entity can be a server for one kind of request and 

client for others. The P2P model enables peers to share their 
resources (information, processing, presence etc.) with at most a 
limited interaction with a centralized server. The peers may have 
to handle a limited connectivity (wireless, unreliable modem links 
etc.), support possibly independent naming, and be able to share 
the role of the server. It is equivalent to having all entities being 
client and servers for the same purpose.
By considering whether the overlay network is created as nodes 
and content are added, or its creation is based on specific rules. 
The P2P model can be classified into unstructure and structure by 
the network structure [5].Unstructure means that the placement 
of content (file) is \completely unrelated to the overlay topology. 
Structure means that the overlay topology is tightly controlled and 
files are placed at precisely specified locations. In the unstructured 
network, it is classified into the purely, hybrid decentralized model 
and the partially centralized model.
In this paper, we propose SPATIALP2P, a totally decentralized 
framework for spatial (i.e., 2D) data that conforms to the autonomy 
principle of P2P networks. SPATIALP2P provides storing, 
indexing, and searching services for spatial data in a P2P network. 
SPATIALP2P exploits existing experience in the field of DHTs 
and can be built on top of any 1D DHT. Thus, SPATIALP2P 
distributes the spatial information to peers and guarantees the 
retrieval of any spatial area that exists in the system with low 
space and time complexity. Additionally, SPATIALP2P efficiently 
handles changes in the spatial information and in the network 
structure caused by joining or leaving peers without the need 
of load balancing or restructuring. Finally, contrary to existing 
DHT-based approaches, SPATIALP2P captures the locality and 
directionality of the 2D space.
spatial data is the geographic data which is related to space. Spatial 
database management system is used to manage the spatial data 
because of the underlying peer to peer architecture there is no 
central server. They have direct links with other nodes in the 
network. Basically in spatial peer to peer system each node has 
its own database and capable of sharing spatial information of 
different kind. They are all independent nodes and are maintaining 
the databases on their own. A peer can join or leave the network 
whenever there is a need. So the network structure is always 
changing. The spatial objects have some specific properties like 
identity, location, and relationship among them. Spatial relationship 
is distinguished as topological, direction and metric relationships. 
Spatial database systems offer the underlying database technology 
for geographic information systems and other applications. In 
spatial peer to peer database we not only save one dimensional 
data but multidimensional also. Spatial data handling is a difficult 
task because of its multidimensionality. Spatial querying is still a 
complicated one because of the spatial object properties. Locality 
stores the dimensional information and directionality preserves 
the structure orientation. The corresponding indexing structure 
explains the locality and directionality. Usually Distributed 
Hash range query operationsdexing. The One dimensional 
DHT uses a distance metric to map the multidimensional 
information into a single dimension. So there is no preservation 
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of multidimensionality. To preserve the multidimensionality and 
lessen the load balancing a decentralized framework is proposed 
by Verena Kantere, Spiros Skiadopoulos, and Timos Selliswhich 
is funded by the project PENED 2003 multidimensional spatial 
data. It  manages the changing network structure without the need 
of load balancing and simplifies the process of storing, querying, 
indexing and searching of any spatial data with low space and 
time complexity.
To achieve these goals, SPATIALP2P undertakes a different 
approach and does not use a global ordering like 1D DHT methods. 
In SPATIALP2P each peer stores data and indexes peers that 
are close in the 2D space. This avoids the locality loss of the 
space-filling curve. Moreover, in SPATIALP2P, the indexed peers 
are carefully chosen in such a way that the directionality of the 
multidimensional space is also preserved.
Summarizing, the SPATIALP2P framework

It is a totally and inherently distributed P2P network,• 
It can be built on top of any 1D DHT,• 
It . provides efficient hashing, indexing, and searching• 
It services for spatial data in a P2P network,• 
It  guarantees the retrieval of any information that exists in • 
the system,\
It. achieves a small index size for any peer and a small• 
It search path for any search performed in the system,\• 
It  requires a low cost for updating peer indexes when peers • 
join or leave,
It  achieves data and search load balancing without • 
restructuring the network, and preserves the locality and the 
directionality of space

II. Related Works
The problem of spatial indexing has motivated several research 
efforts.In this regard, the R-tree [6] is one of the most popular 
spatial index structures.E ach spatial data object in the R-tree 
is represented by a Minimum Bounding Rectangle (MBR).Leaf 
nodes in the R-tree contain entries of the form (oid, rect) where 
oid is a pointer to the object in the database and rect is the MBR 
of the object.Non-leaf nodes contain entries of the form (ptr, rect) 
where ptr is a pointer to a child node in the R-tree and rect is the 
MBR that covers all the MBRs in the child node.V ariants of the 
R-tree include the R+-tree [13] and the R*-tree [1].
R-tree-based distributed spatial indexes include the M-Rtree [8], 
MC-Rtree [12] and the dR-tree [9]. I n case of the M-Rtree, all 
the internal nodes of the parallel R-tree are stored at one single 
dedicated machine that is regarded as the master server, while 
the leaf nodes are declustered across several other machines. The 
leaf level at the master server contains the (MBR, siteid, pageid) 
tuples for each global leaf node.I n order to identify the page and 
site where the leaf page is located, the (siteid, page id) is used.An 
improvement to the M-Rtree is the MC-Rtree where the master 
node contains only the client ids of the data nodes (and not page 
ids), while the data rectangles are kept indexed by R-trees in 
the client machines.In tuitively, MC-Rtree exploits parallelism 
better thanm the M-Rtree since the client machines find the page 
ids in parallel.The dRtree uses an R-tree-based two-tier indexing 
mechanism which facilitates efficient data migration and load-
balancing in clusters.More recently, an R-tree-based indexing 
structure for P2P systems has been proposed in [5] in the context 
of sensor networks.The proposed index structure in [5] can be 
interpreted as a P2P version of the centralized R-tree.Ho wever, 
our work differs from the proposal in [5] in several ways.Here, 
we state only two of the major differences. First, our approach is 

completely decentralized without any notion of cluster   leaders, 
while the work in [5] assumes the existence of cluster leaders.Seco 
nd, the execution of nearest neighbour queries have been optimized 
in [5], while we focus on optimizing window queries.

III. The Spatial P2P Framework
The proposed spatial peer to peer framework is a grid based 
spatial data model. The space is partitioned by a grid. Each cell 
is identified by (x, y) coordinates. The euclidean distance metric 
is used to measure the distance between two cells in the grid. 
For example consider two cells in the basic grid. A(1,2) and B(3,6) 
Then the distance between them is denoted as D(A,B) = (4,2) The 
distance is calculated by the maximum and minimum coordinates 
of the cells. D(C,C1) = (d1,d2)
Where d1=max{|cx-cx1|,|cy,cy1|}
d2=min{|cx-cx1|,|cy,cy1|}    
Peer-to peer spatial queries in sensor networks. Proc. P2P, 2003. 
In spatial P2P, each peer maintain links with successors and 
indexed peers. They guarantee the connectivity of the network. 
Thus, successors assure that there is always a path between two 
arbitrary peers in the network. Moreover, successors preserve 
the locality and the directionality of the 2D space in the P2P 
network. This allows the application of traditional spatial query 
evaluation techniques [21]. To speed up searching, a peer also 
stores the location of additional peers. Such peers are called 
indexed peers. Here we require that each peer p should have 4 
successors s1,s2,s3,s4where each successor lies in a different 
quadrant. Successor s1 is the closest peer to p with respect to the 
D distance that lies in Group 1 or 2 of p Successor s2 is the closest 
peer to p with respect to the D distance that lies in Group 3 or 4 
of p, Successor s3 is the closest peer to p with respect to the D 
distance that lies in Group 5 or 6 of p, Successor s4 is the closest 
peer to p with respect to the D distance that lies in Group 7 or 8 
of p. Ties between peers are solved similarly to hashing. If there 
are no peers in one of the above pairs of groups, the corresponding 
successor does not exist.

Fig. 1:

if there are no peers in Groups 1 and 2 of p, then s1does not exist, 
if there are no peers in Groups 3 and 4 of p, then s2 does not exist, 
if there are no peers in Groups 5 and 6 of p, then s3 does not exist, 
and  if there are no peers in Groups 7 and 8 of p, then s4 does not 
exist. When a peer p seeking information about cell A then p checks 
if this information is stored in p. If it is not there then p checks 
whether the information is stored in its successors or its indexes 
peers. If the requested information cannot be found, p forwards 
the search to a peer that is closer to A. The time complexity is 
O(log n), where n is the number of peers in the network.
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IV. Spatial P2P Query Processing

A. NN-Queries
Nearest neighbor querying involves finding the spatial objects 
that are nearest to a query location. Here we are using a technique 
called peer tree to do this. We frequently need to find the spatial 
objects closest to the query point.. In NN queries, we are finding 
the nearest spatial objects using the Euclidean distance between 
the object and the query point. NN query is first initiated on a 
single peer in the P2P network. In traditional database systems, 
NN queries are executed always starting from the root of that tree, 
i.e., the top-most level clustering; in contrast, in a peer to-peer 
environment any node shouldhave the capability of initiating the 
query. In our peer-tree structure, data is stored only at the physical 
nodes, i.e., nodes that are at level 0 of the hierarchical clustering. 
In our peer-to-peer NN query execution model, we are able to 
limit an NN query only to the relevant nodes and can prevent it 
to propagate till up the root (i.e., topmost) partition. If the query 
can be answered locally, there is no need to go up till the root 
partition and query the root. By limiting the query to only the 
relevant nodes, we conserve energy.

B. Range Queries
Here the data objects that fall into a query region is asked. Similar 
to the NN query, the query can be initiated from any node of the 
peer-tree and the processing needs to be developed in a distributed 
manner.

V. Consrained Nearest Neighbour Qyery CNN
Qaueries are recently formulated in the context of database systems. 
This type of query is targeted towards users who are particularly 
interested in the nearest neighbor(s) in a region bounded by certain 
spatial conditions, rather than in searching for nearest neighbors 
in the entire data space. This can be seen as performing nearest 
neighbor and range queries in a single query.

A. Multi-Dimensional Queries
Besides the location based queries, the proposed framework can be 
utilized for other multi-dimensional queries over sensor networks. 
One such example could be environmental monitoring by running 
continuous queries asking temperature, etc. Each of the sensed 
attributes can be defined as a dimension in multi-dimensional space 
and the peer-tree can be constructed as a multi-dimensional index 
structure. The dynamic nature of the system should be carefully 
addressed while building such an index structure.

VI. Conclusions
Peer to peer technology plays an important role in spatial data 
sharing .In spatial P2P each peer stores part of the available spatial 
information and runs software with equivalent functionality rather 
than through a central server. Spatial P2P is dynamic in nature. 
Spatial objects are having distinct properties like identity location 
and relationship among them and spatial data is multidimensional. 
Spatial data sharing process like storing, querying and retrieving 
large amounts of data is a complex task. It requires the potential 
of preserving multidimensionality of heterogeneous spatial 
data without the time complexity and load balancing. It can be 
simplified if some intelligent techniques will be used. The main 
objective of this paper is to analyze the process of preserving the 
locality and dimensionality of space in the network. It maintains 
the multidimensionality of the spatial data in grid approximation 
which is done by some intelligent indexing technique and 

searching.
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