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Abstract
In many applications, including location based services, queries 
may not be precise. In this paper, we study the problem of efficiently 
computing range aggregates in a multidimensional space when the 
query location is uncertain. Typically a user desires to obtain the 
value of some aggregation function over distributed data items In 
such a network of data aggregators, each data aggregator serves a 
set of data items at specific coherencies. Just as various fragments 
of a dynamic webpage are served by one or more nodes of a 
content distribution network, our technique involves decomposing 
a client query into sub-queries and executing sub-queries on 
judiciously chosen data aggregators with their individual sub-
query incoherency bounds. We provide a technique for getting the 
optimal set of sub-queries with their incoherency bounds which 
satisfies client query’s coherency.
We present a low-cost, scalable technique to answer continuous 
aggregation queries using a network of aggregators of dynamic 
data items. In such a network of data aggregators, each data 
aggregator serves a set of data items at specific coherencies. We 
provide a technique for getting the optimal set of sub-queries 
with their incoherency bounds which satisfies client query’s 
coherency requirement with least number of refresh messages 
sent from aggregators to the client. For estimating the number 
of refresh messages, we build a query cost model which can be 
used to estimate the number of messages required to satisfy the 
client specified incoherency bound. Performance results using 
real-world traces show that our cost-based query planning leads 
to queries being executed using less than one third the number of 
messages required by existing schemes.
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I. Introduction
There are many applications in the real world that operate on 
dynamic data. The dynamic data is the data that changes frequently. 
The applications that produce such data include routing planning 
based on traffic information, sensors-based monitoring, portfolio 
valuations, and auctions. In such applications data is aggregated 
from multiple independent sources. This aggregation provides 
meaningful results that can be used to take certain action or well 
informed decision. There is lot of research on this area of dynamic 
data and query processing of such data. For instance a user has 
many portfolios with different stock accounts. Then the values 
coming from various accounts are to be aggregated to satisfy 
the needs of user. Such queries are long running as data changes 
continuously. They are also known as continuous queries. The 
responses to such queries are to be refreshed periodically to 
provide accurate information required by the end users. Push or 
pull based mechanisms can be used to process continuous queries. 
Push based method means the user is responsible to make query 
and get the result. Whereas the pull based method means the server 
or program pushes the updated results without need for asking 
it for the updated data. In this paper a push based mechanism is 

used between the clients and data sources. The clients are people 
who give queries while the data sources contain actual data that 
can be queries. That data is dynamic in nature and thus needs 
continuous queries. 
Push based data dissemination needs to support multiple online 
users. Therefore there is scalable issue with it. To overcome the 
scalability problem, a network of data aggregators is introduced 
in [1-2], and [3]. In such data aggregators, the data refreshes occur 
based on the requirements. Every data aggregator maintains its 
configured incoherency bounds that can help in query processing 
efficiently. Each data aggregator is characterized by a set of pairs 
of values that are associated with DA in order to disseminate 
required information. The data aggregators are maintained using 
the following methods. Data sources reference datavalues which 
has scalability problem. The other approach is that the Das with 
high incoherency bound allows DA to have its own incoherency 
that is bound in a scalable fashion as explored in [2] and [3]. 
The remainder of the paper is structured as follows. Section II 
reviews literature. Section III presents proposed system. Section 
IV provides prototype implementation details. Section V presents 
experimental results while section VI concludes the paper. 

II. Related Works
Working with continuous queries that act on dynamic data has 
got many important real time utilities. There were many real 
time applications such as sensor network that produce data 
continuously. Such data is not static as it changes from time to 
time. Querying such data has to be done continuously in order to 
get correct information. Data aggregators are used in the literature 
in order to answer such queries efficiently. Such queries are also 
known as incoherency bounded aggregation queries. These queries 
have become important and there are many mechanisms to handle 
such queries [4-7], and [8]. Recently Gupta and Ramamritham [9] 
proposed a new technique to handle continuous queries based on a 
network of data aggregators. In their work a query given by user is 
divided into many sub queries. This approach reduces the number 
of refreshes required in order to evaluate the given query. There are 
two types of techniques in this case. They are known pull-based 
approach and push-based approach. In case of pull-based approach 
the data dissemination takes place only when user makes queries 
[4, 7]. However, in push based approaches the program or server 
pushes the updated content without the user asking for it [5]. In 
this paper push based approach is preferred as it has advantages to 
know the latest information. Data aggregators are used that reduce 
number of messages to be sent [5]. There is dissemination tree 
from sensor node to clients [8]. Effort filters and partial aggregators 
are also used. In [9] they investigated a method that selects partial 
aggregates. For instance the given query is divided into multiple 
sub queries in order to answer query faster. Cost based methods 
were introduced in [10] in order to create network aggregation 
tree. Their methods are energy efficient. 
Data histograms are used in [11] for optimization of local threshold 
for threshold monitoring with respect to a central site. However, 
maintaining histograms is a tedious task that causes computational 
overhead. Chebyshev’s inequality mechanism is sued in [12] that 
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can be compared to the work of [9] as they assume the number of 
refreshes based on the number of data variances. In this paper we 
implement a measure known as “sum diff” that takes input values 
and find out the differences. Between the sensor data temporal and 
spatial correlations as explored in [13] and [14].We also consider 
the correlation measure between data items. When clients issues 
queries they are mapped to corresponding aggregations [15]. 
That can be done for individual data items and multiple data 
items. NDAs (Network Data Aggregators) are used to solve the 
problem effective [1-2] and [3]. In these prior works, the fidelity 
is a fraction of time when the requirements of client are met. 
Client requirements are given to each data aggregator and also 
the respective incoherency bound. Client queries can also be used 
to constructor network data aggregators optimally. Aggregators 
and their reconstructions are also explored in [2]. 

III. Proposed Approach for Continous Query Processing
Aggregate queries and their execution are given importance in the 
proposed approach. It supports continuous queries that are solved 
using network of aggregators. The value of continuous weighted 
additive aggregation query is computed as follows.

Condition for the satisfaction of query incoherency bound is as 
given below.

The proposed approach divides user query into multiple sub 
queries. Each sub query is executed at an individual DA. This 
will reduce the number of refreshes that will improve query 
performance. 

A. Data Dissemination Cost Model
The proposed cost model considers two ingredients. They are 
incoherency bound model and data dynamics model. The former 
is pertaining to incoherency while the latter is pertaining to data 
dynamics. For data dissemination push based model is used. In 
this model the data is pushed by the program whenever required. 
The client gets messages pushed by the source or server program 
without asking for it. The cost of data dissemination is proportional 
to sum diff which is computed as follows.

Query plan selection is another important feature of the work. 
This is sued to make queries more efficient. The query plan 
selection process is carried out using an algorithm known as greedy 
algorithm which is as shown in fig. 1. 

Fig. 1: Greedy Algorithm for Query Plan Selection

As can be seen in figure 1, it is evident that the sum diff measure 
is used by the greedy algorithm to make a query plan selection. 
Best query plan can same time and improve query processing 
efficiency. More technical details of the proposed approach can 
be found in [9]

IV. Prototype Application
We built a prototype application in .NET platform using C# 
programming language and ASP.NET technology. The application 
is web based and the dataset considered is the stock dataset. The 
application provides required user interface for continuous queries. 
The environment used to build the application includes PC with 
4 GB RAM, core 2 dual processor running Windows 7 operating 
system. The main UI of the application is as shown in fig. 1.

Fig. 2:

The main UI of the application that has navigation to various 
operations that are related to making continuous queries on dynamic 
datasets that change frequently. The solution is made using a 
network of data aggregators that produce desired results. 

V. Experimental Resutls
We have made experiments with our prototype web application 
specially meant for demonstrating the proof of concept of this 
paper. The experiments are made in terms of incoherency bounds 
vs. number of pushes, number of pushes vs. data sum diff, query 
cost validation with changing incoherency bound and sum 
diff value. Experiments also involve performance comparison 
of various algorithms used. The algorithms are tested with 
different strategies. They are naïve approach (no sub query, equal 
incoherency bound), opt c (optimal incoherency bound, no sub 
query), random (selects sub queries randomly), min-cost (selects 
sub queries while minimizing sum diff), and max-gain (selection 
of sub queries while maximizing gain). 

Fig. 2: Number of Pushes Versus Incoherency Bounds
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As shown in the above figure horizontal axis represents coherency 
bounds while vertical axis represents number of pushes.

Fig. 3: Performance Evaluation of Algorithms

As shown in the above figure horizontal axis represents query 
incoherency bounds while vertical axis represents average number 
of refreshes per query.

Fig. 4: Effect of α on Query Satisfiability

As shown in the above figure horizontal axis represents alpha while 
vertical axis represents percentage of queries not supported.

VI. Conclusion

In this paper we study continuous queries that are used to obtain the 
data those changes from time to time. We implement a cost based 
approach that minimizes refreshes required to execute a continuous 
query. We solve the problem using a network of aggregators. The 
proposed approach outperforms existing approach in continuous 
query processing. The algorithm we implemented has merits such 
as dividing given query into multiple sub queries and determining 
query plan based on the measure specified. We built a prototype 
application in Microsoft .NET platform which demonstrates the 
proof of concept. The application supports making continuous 
queries. The empirical results revealed that the proposed technique 
is useful and that can be used in real world applications. 
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