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ABSTRACT 

 

Mobile computing means small and portable devices are connected with each other 

wirelessly. The purpose of the connection is to use central or distributed information. Mobile 

computing provides capability to mobile devices which are synchronized, mobile and 

interconnected to perform computation on single location or distributed location with use of 

communication standards and protocols. 

Mining process can be performed to retrieve data from distributed sites, which is referred as 

distributed data mining. Mobile Agent is an emerging paradigm in mobile computing and is 

efficient in terms of latency, bandwidth and response time. The approach of mobile agent is 

popular in distributed data mining because it transfers code instead of data so, mining process 

can be performed on the local sites. The agents migrate to the distributed sites, they perform 

necessary operations at the local sites and returns just the final outcome to the server. Agent 

paradigm is required to avoid massive movement of data and slow response time. 

 

In distributed data mining, different mining algorithms are available that includes clustering, 

classification and association rule mining. In this research association rule mining algorithms 

has been identified as important for integration of knowledge generated from the multiple 

data sites. This research describes creation of association rule mining algorithm and the steps 

to implement it on agent architecture. 

 

In this research, compactness refers to the data, which must be according to the memory of 

the mobile devices and data must not increase the data transfer and reduce the response time. 

 

This research focuses on intelligent agent paradigm in the context of information retrieval, 

filtering, classification and learning using proposed data mining algorithm. The proposed 

algorithm reduces the database scanning and increases performance average by 74 % as 

compared to existing association rule mining Apriori algorithm. 
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CHAPTER – I 
 

Introduction 

 

1.1. Background  

We are in an era where large amount of data is generated at a very high speed. This data 

is very important and analysis of this data produces extremely useful information which 

proves to be very vital. We are in an age, where all digital and mobile equipments transfer 

large amount of data every minute. This explosive data growth is the result of substantial 

usage of mobile devices. Large amounts of business data, scientific data, transactional 

data, telecom data, medical data, web searches, ecommerce data etc. is generated, so for 

its analysis and to convert data into organized knowledge, requires effective data mining 

algorithms and tools. 

Now a days a single organization has multiple divisions at different locations and the 

divisions are sharing common information among them for multiple purposes. One of 

the important reason is top level management requires data from all divisions for decision 

making. The data should be retrieved with less processing time and low bandwidth by 

top level management. This information retrieved will be effective for making decisions 

for the top management and as the resources are distributed, Distributed Data Mining is 

identified as an effective data management technique. DDM performs mining process on 

distributed resources [1]. Here data are located on local machines and these machines 

are connected through a computer network. For distributed database management 

technique two popular approaches are used, client server architecture and agent based 

architecture [2]. The client server approach describes that the data is collected from the 

local sites and mining process is carried out at the central server. The agent based 

approach describes that the mining process is done on local sites and the results are 

combined and rules are generated at the central server. Therefore, when we use agent 

based architecture network bandwidth is not wasted, as mining process is performed at 

local site and only final results are transferred at server end. 
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1.1.1 Mobile computing and Agent 

Mobile computing refers to mobile devices that are interconnected to each other. Mobile 

devices are small sized portable devices that can be used for different computing 

operations and data transfer also. In mobile computing there are main three concepts: 1) 

Communication is mobile, 2) Hardware is mobile or 3) Software is mobile. Mobile 

communication take care for reliable communication. Mobile hardware includes 

different mobile device that provides service of mobility whereas Mobile software refers 

to different programs that run on mobile hardware.  

In mobile computing, the computation process can be performed on local machine or 

remote machine. In mobile computing using distributed approach, computing process is 

performed at different places [3]. Mining process performed on distributed sites is called 

distributed data mining.  

 

1.1.2 Distributed Data Mining         

The process of identification of interesting patterns and analyzing them to generate 

knowledge from large databases is termed as data mining. The mining process which is 

performed on distributed databases is termed as distributed data mining. On the basis of 

knowledge to be mined, the data mining systems are classified as clustering, association 

rule mining, correlation analysis, classification, prediction, etc.  The research focusses 

on association rule mining algorithm, which is a popular approach in mobile agents for 

distributed data mining. The mobile agents transfer only the code instead of transferring 

all data. The mobile agents migrates to distributed data sites where the agents perform 

the data mining process and return the final results to the server. Agents reduce the large 

movement of data and reduce the response time [1]. 

 

1.2. Motivation of the Research 

In this era of technology, people are able to work from remote places. To complete a 

task, visiting a physical location is not compulsory, anyone can complete the task with 

use of remote machine or any hand held device using a wired or a wireless 

communication medium. The data is generated from a single location or diverse locations 

or by mobile devices. The users query the database for various database facilities and 

huge amount of data traverse through the networks, thus there is a need for a mechanism 

which can reduce the movement of data through the networks and improve the time 

required to analyze the data from the database. The research emphases on association 
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rule mining algorithm and its implementation on agent based approach to fetch effective 

and efficient data from remote locations. In this research the main focus is to improve 

the existing association rule mining, Apriori algorithm and propose a new algorithm 

which can retrieve and analyze data by reducing the number of database scans. 

 

1.3. Aim of the Research 

The research focusses on identification of association rule mining algorithm for 

integration of knowledge accumulated from distributed data sites. Main focus of the 

research is development of association rule mining algorithm and implement the 

algorithm on agent framework.  The research also focuses on enabling the agent with 

certain amount of knowledge and expertise to apply it for the specific task to fetch data, 

bifurcate it and generate association rules. 

 

Objectives of the Research 

Objective of the research is to develop an algorithm which can perform better then 

Apriori algorithm by reducing the scanning of database transactions, implement Apriori 

algorithm and D-Apriori algorithm on mobile agent framework and generate 

comparative analysis. 

 

1.4. Contribution of the Research 

The research will be able to reduce the data transfer through the networks with the use of 

mobile agents. The research focusses on developing an algorithm which can reduce the 

time for database scanning and finding association between the data items. The research 

also focusses on the transactional data which is added to the database at different intervals 

and finding the associativity between the data items. The research improves the 

functionalities of Apriori algorithm and generates almost the same output with less 

amount of time and less amount of database scanning, which in turn improves the 

performance of the distributed database systems using mobile agents.   

This research focuses on enabling the agents with certain amount of intelligence to apply 

the domain specific knowledge to retrieve, filter and classify information, find patterns 

and make predictions. 
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1.5.Thesis Organization 

The thesis is organized into eight chapters to describe the research work.  

Chapter 2 provides details about mobile computing and agent. Agent has been analysed 

as an important paradigm in mobile computing.  The same chapter further identifies the 

role of agent, agent components, properties of agent, architecture of agent and 

classification of agents. The same chapter describes the working of agent and comparative 

analysis of different agent frameworks and JADE is identified as an appropriate 

framework for agent. In this chapter, the architecture of JADE has been described in 

depth. 

Chapter 3 describes details about distributed database, different types of distributed 

databases, how distributed databases are used in mobile computing and role of agent in 

distributed database. 

Chapter 4 focusses on data mining, types of data mining, techniques of data mining and 

its applications, supervised and unsupervised learning techniques, Association rule 

mining algorithm and Distributed data mining. The chapter also describes Apriori 

algorithm, its limitations and study about proposed algorithms to improve the efficiency 

of Apriori algorithm. The chapter also describes details about improved Apriori algorithm 

and its limitations. 

Chapter 5 describes the scope and objective of Research, Methodology of Research, 

Proposed Model Architecture, working of proposed model and achievements of the 

proposed model with reference to the objectives. 

Chapter 6 discuss about proposed Data Mining Algorithm and its working. It also 

describes the calculation of the threshold value and benefits of proposed Data Mining 

Algorithm. 

Chapter 7 describes about implementation of JADE agent framework, creation of agents 

using Apriori and DApriori algorithms and creation of agents using distributed database-

cassandra. 

Chapter 8 focusses on comparative analysis of existing apriori algorithm and proposed 

DApriori algorithm, dataset details. Future enhancements of the research are also 

described in the same chapter. 
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CHAPTER II 

 

Mobile Computing and Agent 
 

 

 2.1   Overview of Mobile Computing 

Mobile computing is a technology which enables transmission of data through mobile 

devices. It provides portability, connectivity and interactivity of mobile devices through a 

network. Mobile computing provide benefits of availability of data and its work at all times.  

Mobile computers do not have permanent connection, have low bandwidth and also while 

using mobile network, resources from a mobile platform are utilized. It is also compulsory 

to use different transmission channel based on physical location, so when we use mobile 

computing for distributed application, powerful network conditions are required. To 

overcome such problems, mobile agent can be used for distributed environment in mobile 

computing.  

 

For distributed applications, mobile agents are an effective paradigm and are useful for 

partially connected devices [1].  Mobile agent can support low bandwidth network or 

network loss. Distributed application development with use of mobile agent is easy to 

develop and deploy, also pre-installation of application specific software are not required 

and agents can also dynamically distribute themselves [1]. 

 

2.2   Mobile Agents 

“Mobile agent technology is a paradigm that can take advantage of current distributed 

environments” [2]. The mobile agent technology emerge from two distinct disciplines: 

artificial intelligence and distributed system. Artificial intelligence deals concepts of agent 

[3] and distributed system that deals with code mobility [4] [5].
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The agent word is common now a days. The definition of agent is different, from different 

point of views.  In this research, agent has been defined as independent software program. 

It is kind of software which can migrate from one machine to another machine and can 

perform task on the destination machine [6]. As this agent can be traverse from one   location 

to another location they are also referred as mobile agent or they are also referred as software 

agent too.  A mobile agent is an independent program which can traverse to a single location 

or multiple locations and execute on behalf of network user. It can also request for the 

service or it can provide response to the request. The mobile agents traverse from one 

location to another location with a fixed migration path or can have a dynamic path.  

“It is used to provide interoperability interface to an arbitrary system and/or behave like a 

human agent” [7 ] , “Multi-agent system (MAS) can model complex systems and introduce 

the possibility of agents having common or conflicting goals”[7]. These agents may also 

collaborate with each other.  

 

Agent is Autonomous; it does not require human intervention. It co-operates with humans 

and other agents to accomplish the task. It perceives the environment and responds to 

changes in environment. It also takes initiatives by its own and has ability to travel between 

nodes. The agents are classified as Collaboration Agents, Collaborative learning Agents, 

Interface Agents and Smart Agents [8]. 

Other than the defined types of agent, they can also be classified into different types like, 

stationary agent or mobile agent. The agent which located at single locations are called 

stationary agent and the agent which traverse from one location to another location are called 

mobile agent.  

 

“Mobile agent can migrate on computer networks. The concept of having 

mobile agents carrying out tasks is creating a new paradigm for network-enabled distributed 

computing. Mobile agents make it very much easier to design, implement, and maintain 

distributed systems. Mobile agents can reduce network traffic, provide an effective means 

of overcoming network latency, and help us to construct more robust and fault-tolerant 

systems.”[9].
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In ordinary network communication client server architecture is used popularly but in certain 

cases like highly distributed environment client server application provides poor response.  

In the face of changing application also it is not advisable. In such circumstances agent 

architecture is advisable. 

  

Instead of request response same as client server architecture, here every node acts as a 

server in agent architecture. The details of servers and clients are described in each agent, 

so agent itself creates a system.  

 

“Mobile agents because of their features such as autonomy, mobility, asynchronous 

communication, flexible query processing, intelligence, cooperation, reactivity etc. not only 

support mobile computers and disconnected operations, but provide a convenient, efficient 

and robust programming paradigm for implementing distributed applications.” [10]. 

 

 The agent provides different benefits like parallel processing where agents can work on 

multiple heterogeneous network. As the agent migrates, the processing is performed at client 

side and large amount of data transfer is not required at server side to perform any kind of 

mining process. 

 

2.3 Mobile Agent Components  

The mobile agent contains main three components:  Code, State and Attributes.  

Code is the program (in a suitable language) that defines the agent’s behavior. State defines 

activities that should be performed by the agent at particular location after its movement.   

Attributes of agent defines information of agent like, from where agent has been created, 

agent’s proprietor, its history, agents necessity etc [29]. 

  

2.4   Properties of Mobile Agents 

An agent can be a machine, a piece of software or a person [11].   In broad view the definition 

of mobile agent is “who work” but is very vast definition for IT so for software agent it 

requires certain characteristics to identify it as agent [12]. There are major three properties 

of mobile agent based on how mobile code works and where it comes from are mobility, 
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executability and autonomy. This three properties can be analyzed in security perspective 

too.  

 Mobility: Mobile agent is small code which move from one place to another place as per 

the requirement.  The degree of mobility depends on the network speed, if mobile agent is 

not affected by any kind of manual intervention. The speed of the mobile agent is affected 

by manual operation like pointing, clicking or giving a command [13]. 

 

 

 

                               Code (Agent)                                Code (Agent) 

 

FIGURE 2.1: Movement of Code  

 

     Autonomy:  Mobile agent can work without any kind of peripheral involvement [14].   In 

some amount it can control over its internal state and actions base on its own skills [12] [13] 

.It responds appropriately according to the conditions. 

  

 Executability: The code which can be understood by machine is called executable code. 

Agent is such a code which can be executed by the machine [13]. 

 

 Adaptive:  Mobile agents are able to respond to other agents and environment in some 

extent. Based on the knowledge adaptive agent can modify their behaviour [12]. 

 

 Sociable:  Agent is social. Where the interaction of agent is friendly is marked as friendly 

relation or nice social relation [12]. 

 

Mobile: Mobile agents are mobile means it can transport itself from one environment to 

another environment [12]. 

 Proxy: Agent can work as proxy. Agent may act on behalf of somebody or something for 

benefit of some entity or to represent something [12].

Site A Site B Site C 
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 Proactive: Mobile agents are proactive. They does not simply respond to environment but 

they are goal oriented [12]. 

       Intelligent:  The present condition of Mobile agent is recognized by knowledge. The 

knowledge includes beliefs, goals, plans and assumptions. Mobile agents communicate with 

other agent using symbolic language [12]. 

 Rational: On the basis of knowledge and task to be completed by the agent, the agent select 

an action to complete the task [12]. 

 Unpredictable: Agent is capable to behave unpredictably and unsettled, though we know 

the initial condition of the agent [12]. 

Credible: Agent has realistic characteristics and expressive state [12]. 

 Transparent and accountable: All activities of are known and then also it maintain record 

of its activities and at the time of requirement the records are available [12]. 

 Coordinative: Mobile agents are making coordination with other agents. Agents are doing 

some activities in shared environment. Agents are doing coordination via plans, workflows 

or other process management mechanism [12]. 

      Cooperative: To achieve common goal agents can coordinate with each other.  To fulfill a 

task mobile agent coordinate and communicate with each other. Collaboration is used 

interchangeably to cooperate [12]. 

 Competitive: Opposite to cooperative mobile agents are competitive. Agents can be 

competitive it may be possible that success of one agent may implies the failure of others 

agent [12]. 

 

2.5   Architecture of  Agents 

      We can identify agent architecture as an efficient brain that is useful in decision making and 

reasoning to solve some problems and achieve certain goals.  There are different agent 

architectures like reactive architecture, logic based architecture, hybrid architecture, 

cognitive architecture and semantic architecture [11]. 
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Logic based architecture: “Logic based architecture is also referred as symbolic or 

deliberative architecture that depends on the physical symbol system hypothesis” (Newell 

& Simon, 1976). “This architecture is based on the traditional artificial symbolic approach 

by representing and modeling the environment and the agent behavior with symbolic 

representation. Thus, the agent behavior is based on the manipulation of the symbolic 

representation” [11]. “The role of agents in the traditional architecture can also be 

considered as theorem provers” (Shardlow, 1990). The process of logical deduction or 

theorem proving is result of the syntactical manipulation of symbolic representation [11]. 

 

  

Reactive architecture:  In reactive architecture direct mapping of situations to action takes 

place. Reactive architecture is not using complex symbolic reasoning or central symbolic 

world model. The reactive architecture is understood by set of sensors and effectors to 

change in the environment. In comparison to logic based architecture, reactive architecture 

is easy to design and apply [11]. 

       

Hybrid architecture:  As per the name suggests hybrid architecture is combination of more 

than two architectures [14]. It allows reactive and deliberate agent behaviour. The hybrid 

architecture provides benefits of both type of architectures that is reactive and logic based 

architecture and also it supports horizontal layer architecture and vertical layer architecture 

[11]. 

 

Cognitive architecture:  The base of cognitive architecture is stream of cognitive science. 

In cognitive architecture, intelligent agent and multi agent approach is used [11]. “The 

construction of intelligent agent using cognitive architecture focuses on the cognition part, 

the simulation and modeling of human behavior “[11]. Memory and learning are key 

components to develop cognitive architecture [11]. 

 

Agent architectures can be also classified on the basis of agent like mobile agent 

architecture, information or internet agent architecture, reactive software agent architecture 

and many more.
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     There are different characteristics of agent architecture like requirement of number of agents, 

allocated time, communication and failure costs, participation of user, ambiguity of situation 

and chance to reach the goal. Based on different features various agent systems are possible. 

Various number of agents are possible in agent system [10]. 

  

  Single Agent System:  According the name, in single agent system only one agent is there. 

In single agent system all task is performed by one agent only so sometimes it become 

complex as compare to multiple agent system. In single agent system single agent has to 

complete all the task so it overloaded. When in any domain if centralized control is required 

then single agent system is advisable [10]. 

 

 Multiple Agent System: In multiple agent system, multiple agents are available in the 

system. The work is distributed between different agents. There are many advantages of 

multi agent system like different individual agent can perform independent task alone. The 

multi agent system is robust and provides higher processing capabilities, as agent can 

process parallel and   redundant agents are available to complete a task. The major advantage 

of multi agent system is it can work, even if one are more agent are not able to work. The 

present agents share responsibilities. Scalability is another benefit of multi agent system. 

New agents can be easily added to multi agent system. The programmer can easily break 

down the system in multiple task and assign different task to different agent so programmer 

point of view multi agent system is easy. Multi agent system is suitable for ecommerce like 

application, where criterion changes across agents. There are different forms of multi agent 

systems like homogenous non communicating multi agent system and heterogeneous non 

communicating multi agent system [10]. 

 

Homogenous non-communicating multi-agent system: 

 The task of all agent is same in this kind of system. In this system the agents are employed 

with same objective, knowledge base, desirable activity and decision actions. The agents are 

different in the matter of taking inputs, their locations and actions. In this type of system 

agents are similar but they cannot predict actions of other agents due to lack of knowledge 
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of internal states of other agent.  Meta crawler – Information filtering agent use this type of 

architecture [10]. 

 

      Heterogeneous non-communicating multi-agent system: In this type of architecture 

agents are configured with different objective, knowledge base, desirable activity and 

decision actions etc. The agents of this category are either competitive or benign. The agent 

can cooperate each other or they can block the task of each other. When the agent cannot 

build trust with each other in that case cooperation is serious issue. In this type, agent has to 

standardize themselves through observation because communication is not possible and 

without communication they are not aware about objective, knowledge base, possible 

activity and decision actions of other agent. In this type, effective communication, 

coordination and resource allocation is possible though agents differ in different terms. 

Team is developed on the basis of a common objective. The agents having different 

capabilities belongs to the same team. In a team each agent is assigned a role and particularly 

if they are specialized. The team is developed to complete particular task. In ecommerce 

business heterogeneous communication multi agent architecture is useful. In ecommerce 

reliable and cooperative agents are required to finish the task in larger problem solving 

framework [10]. 

 

2.6   Classification of Agents  

 Classification of agent is possible on the basis of different type of agents. Agents can be 

classified on the basis of different features. The features include: task performed by agents, 

the range and effectiveness of agent, the range of sensitivity, their control architecture and 

the internal state they possess [15]. 

     The agents can also be classified on the basis of autonomy, learning and cooperation features. 

 As per Nwana’s classification, agent can be classified in different types based on 

characteristics of agent.  Here the agent are kind of intelligent software and they are having 

some important characteristics like they can work themselves without human intervention. 

In agent life cycle, there are different states and specific objectives. Agents are working to 

achieve that objectives on behalf of the user. To achieve the goal, agents have to work
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 aggressively instead of merely responding to the environment. Agent have to take initiative 

to complete certain task [16] [17]. 

      To complete particular task, cooperation between different agents is required. Interaction is 

important between the agents.  Cooperation between different agents is social ability of 

agents. Agents are intelligent as they learn and sense from their acts and revert to the external 

environment. According Nawana’s three characteristics –cooperate, learn and autonomous 

are useful to provide classification of agents [8]. 

  

 

 

FIGURE 2.2: Classification of Agents [8] 

 

 The classification of agent is not definitive. Cooperation and autonomy are main focus of 

collaborative agents. The collaborative agent are not focused on learning that does not mean 

they never learn. Same way the main focus of interface agent is autonomy and learning 

rather than cooperation. According to the Fig 2.2, outside of the intersecting area is not 

considered as agent [8]. 

      Other than above mentioned categories of agent many other categories are also possible.  

 Nawana has classified different categories of agents. As per Nawana, “By combining the 

two constructs so far (i.e. static/mobile and reactive/deliberative) in conjunction with the 

agent types identified (i.e. collaborative agents, interface agents, etc.), we could have static 

deliberative collaborative agents, mobile reactive collaborative agents, static deliberative 

interface agents, mobile reactive interface agents, etc But these categories, though quite a 

mouthful, may also be necessary to further classify existing agents. For example, Lashkari 

et al. (1994) presented a paper at AAAI on ‘Collaborative interface agents’ which, in our 
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classification, translates to static collaborative interface agents.”[8] Therefor there is no 

standardization to classify the agents. 

 

      The classification of agent is also possible on its major role. “Agents may sometimes be 

classified by their roles (preferably, if the roles are major ones), e.g. world wide web 

(WWW) information agents. This category of agents usually exploits internet search engines 

such as Web Crawlers, Lycos and Spiders.” [8].This type of agents are useful to manage 

large amount of information in wide area networks like the internet. This types of agents are 

called internet or information agents which are either mobile, static or deliberative [8]  

      The agent classification also includes the category of hybrid agents. The hybrid agent is 

combination of more than one type of agents in one agent [8]. 

  According to the different tasks of agent, they can be classified as mobile, interface, 

collaborative, internet, smart, reactive and hybrid agents.  

Applications which are having more than two types of agent categories are also possible, 

this type of applications are called heterogeneous agent system. Heterogeneous applications 

are not frequent but such applications do exist. In heterogeneous applications different types 

of agents are possible, the agents can be kind to each other or they can be competitive to 

each other. In heterogeneous environment different types of competitive agents are possible 

like competitive, information agent or competitive information agent etc. [8]. 

There are different categories of agents possible as per the type and construct, according 

behavior, according objectives, capacities and function. Agent can be classified according 

this types also [18]. 

  

Classification criteria: 

Anything can be classified on particular criteria basis. The agent can also be classified in 

different categories. According Nawana’s [8], classification agent can be classified in 

different categories based on four different dimensions called mobility, behavioral model, 

primary attributes and roles.  

Mobility: Mobility suggest that weather agent is able to move around the network or not. If 

agent is able to move then that kind of agent is referred as mobile agent and if it is unable to 

move then it is referred as static agent.



Classification of Agents 

16 
 

 

  Agents can be classified according behavioral model also.    

Behavioral model: 

 The agents can also be classified by considering the way they create their environment and 

internal states. “Deliberative agents possess an internal symbolic reasoning model, and they 

engage in planning and negotiating with other agents in order to achieve their goals.  On the 

other hand, reactive agents only act using a response type of behaviour by responding to the 

present state of the environment in which they are embedded.” [12]. 

 

Primary attributes: As per Nawana’s [8] three attributes can be used to classify the agent. 

The attributes are autonomy, learning and cooperation. The all agents consists all these 

characteristics at a basic amount. If the agents contain any of the characteristics in different 

amount, according that the agents can be further classified in smart, interface, collaborative, 

and collaborative learning agent [18]. 

Role: The last criterion of agent is role. According the general nature of the agent, the role 

can be identified for the agent. According the role of the agents they can be classified as 

general nature agent, information agents etc. [18]. 

The agents can also classified in different types based on trivial characteristics. Versatility, 

competitiveness etc. are the attributes of the agents and with combination of different trivial 

characteristics different types of agents are possible [18].* 

  

Collaborative agents:   

Collaborative agents are combination of autonomy and cooperation. Some collaborative 

agents can have learning capacities too but it is trivial. If the agent is collaborative means 

agents have features like autonomy, responsiveness, and proactive. Collaborative agents are 

coarse – grained multi agent systems and generally the agents are static. To identify behavior 

of agent, collaborative agent may or may not have featured attributes. Collaborative agents 

are suitable for following situations like, agent should be distributed, the situation with 

distributed nature, the problem solving capacity is distributed and for the situation where 

modularity is important [19]. 
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 Interface agents:  

Interface agents are the agents that are working for their owner and concentrate on autonomy 

and learning. Interface agents observe user actions and interact with user by imitation. The 

interface agent does not do much negotiation and this agent interact with other to get advice. 

Interface agents are smart and they are useful to perform the task automatically. Interface 

agents are useful in the applications like financial decision system, tutorial system, 

entertainment etc. [19]. 

Information Agents 

Information agents are the agents which provides information from internet sources. This 

agents are capable to retrieve, select and manage the information. This agents may perform 

task of mobile agent or collaborative agent. This agents may have properties of interface 

agent also. In some situations where the amount of information about a solution to a problem 

is large, information agents can filter it to a selection of most crucial and useful parts which 

are needed. 

Reactive agent 

The reactive agents perform in a request-response manner to the existing state of the 

environment in which they are embedded. “P. Maes highlights the following key ideas for 

reactive agents:  

 Emergent functionality: the dynamics of the interaction leads to the emergent 

complexity. 

 Task decomposition: a reactive agent is viewed as a collection of modules which 

operate autonomously and responsible for specific tasks (e.g. sensing, computation, 

etc.).   

  They tend to operate on representations that are close to raw sensor data.”[20][8]. 

 

Hybrid agent 

 Hybrid agent is combination of more than one agent philosophies in single agent [8].     

“These philosophies may be mobile, interface, information, collaborative etc. The goal of 

having hybrid agents is the notion that the benefits accrued from having the combination of 

philosophies within a single agent is greater than the gains obtained from the same agent 
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 based on a singular philosophy. An example of this is collaborative interface agents.” 

[21][22]. 

 

 Mobile Agents  Mobile agents are processes which move about wide area networks, 

cooperate with remote hosts and gather information on behalf of the respective owner and 

subsequently returning the results to their host. Mobile agents also reveal pro-activeness, 

social ability and independence.   

 Mobile agents are used in certain conditions when local resources are limited and there 

is a need to utilize remote resources to accomplish the tasks. 

 Mobile agents are also used where distributed computation needs to be attained. 

 They are also used where coordination is complex. 

 Mobile agents are very useful in situations where the cost of transferring large amount 

of remote information to the local node is large, thus the use of a mobile agent is 

necessary to begin and get it. 

 

 “A software agent is a mobile software agent if it is able to migrate from host to host to work 

in a heterogeneous network environment” [22]. “This means we must also consider the 

software environment in which mobile agents exist” [22]. “This is called the mobile agent 

environment, which is a software system distributed over a network of heterogeneous 

computers and its primary task is to provide an environment in which mobile agents can run. 

Note that not only an agent transports itself, but also its state. When it reaches the new host, 

the agent should be able to perform appropriately in the new environment” [22] [8]. 

  

2.7   Working of  Agent 

Initially mobile agent resides on home machine. The agent is then sent to the remote 

computer known as mobile agent host and is executed on the remote host. Only the mobile 

agent code is transferred to the remote host. According to Hongjoong Sin, et al [23] cited by 

G.Sundrai is “When a mobile agent is dispatched the entire code of the mobile agent (MA) 

and the execution state of the mobile agent is transferred to the host. The host provides a 

suitable execution environment for the mobile agent to execute. The mobile agent uses 

resources like CPU, memory, etc. of the host to perform its task” [24]. 
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FIGURE 2.3: Working of Agent 

 

 

2.8 Different Agent Frameworks 

Agent architectures are the key mechanisms underlying the independent components that 

supports efficient performance in dynamic, open and real-world environments. There are 

various agent development platforms available for development of different kinds of 

applications. This research also describes the study of a variety of agent technologies along 

with their advantages and disadvantages. Different mobile agent frameworks are Aglets, 

Voyager, JADE, TACOMA, Grasshopper, SPRINGS, Tryllians Agent Development Kit, 

Zeus etc. 

Aglets is developed by IBM which is combination of agents and applets which provides 

mobility to the applet. Aglets is agent technology developed with use of java. Aglet is 

abstract class of java. Aglet can work as mobile agent, it traverse from one location to 

another location and complete the task. Aglet implements event handler operations. Aglet 

use single thread mechanism so two agents cannot send synchronous messages to each other 

at the same time otherwise it create deadlocks. Voyager is also java based agent framework 

developed by Object Space. With use of voyager technology, distributed application is  
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possible with traditional messaging or RMI. Voyegers business software is not freely 

available and the agent is active for particular time period only. TACOMA Tromoso and 

Cornell Moving Agents is developed by Tromoso and Cornell University. In TACOMA 

architecture data files and code files are used. Data files store status of the agent and the 

code file stores actual code of the agent.  

Grasshopper is developed by IKV++. Grasshopper use MASIF (Mobile Agent System 

Interoperability Facilities) support for developing mobile agent application. This application 

is telecommunication based applications. Grasshopper provides GUI support to develop 

agent. The Grasshopper mobile agent framework is made of various regions. Developers 

can get dynamic proxy benefit due to regions. 

Springs is developed by DISG- Distributed Information Systems Group at the University of 

Zaragoza in Spain. It proposed a hierarchical infrastructure of regions but it does not support 

FIPA standard and does not provide graphical tools. 

JADE is developed by R & D department of telecom Italia and latter distributed as open 

source under LGPL license. It is java based, follow FIPA specifications. Jade support GUI. 

It provides run time environment for agent development and can develop multi agent system. 

It has inbuilt agent mobility service and agent management system [13]. The comparative 

analysis of different agent framework has been described here.  

 

TABLE 2.1 Comparative Analysis of Mobile Agents 

 
Features 

of 

Mobile 

Agent JADE Voyager Aglet Springs Tacoma 

Grasshop

per 

Security 

Strong 

Tradition

al 

Secured 

channel Partial Partial 

Firewall 

agent Partial 

Model 

Procedur

al 

Procedur

al Event 

Procedur

al 

Behavior

al Procedural 

Program

ming 

Language JAVA JAVA JAVA JAVA JAVA - 
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Proxies No Yes Yes Yes No Yes 

Synchron

ous 

Communi

cations No Yes Yes Yes No Yes 

Asynchro

nous 

Communi

cations Yes Yes Yes Yes Yes Yes 

Messages 

Yes 

(FIPA) No Yes Yes Yes Yes 

Remote 

Calls No Yes No Yes Yes - 

Call by 

Name Yes No No Yes No No 

Available 

Downloa

d 

Yes 

(LGPL) Not Free IBM PL Yes - Not Free 

GUI 

Tools Yes No Some No Yes Yes 

Level of 

Activity 

Very 

High High 

Very 

Low High 

Very 

High None 

 

 

2.9   JADE Agent Framework 

JADE is middleware that simplify the development of applications. It is already used in 

different sectors like supply chain management, rescue management, tourism etc. JADE is 

compliant with FIPA specifications. It provides a same set of APIs that are independent from 

underlying network and java versions [25]. It seems to be better as compared to other 

frameworks. Jade is open source platform, designed purely in java and supports GUI. It 

provides run time environment for agent development and can develop multi agent system. 

It has inbuilt agent mobility service, agent management system, security features and sound 

agent mobility. Jade has been already used in many successful projects in various sectors. 
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In aglet for multi agent synchronous message communication is not possible. In Voyager 

agent is active for particular time only. In Tacoma it is required for the programmer to 

explicitly know about the agent status before migrating it. The aglet, voyager, Tacoma does 

not comply with FIPA standards. 

JADE agent work on the platform. The platform provides basic services to the agent like 

message delivery. Platform is combination of containers. The container can be executed on 

different host so distributed platform can be achieved [26]. 

Jade is a java based framework. It provides many inbuilt classes which are written in java. 

Programmer work in java to develop agent in jade framework. Jade is middle ware which 

provides facilities to develop multi agent system.  Jade distributed applications can be 

developed and it supports FIPA (Foundation for Intelligent Physical Agent) specifications. 

Jade provides many features to support distributed application development.  It supports 

peer to peer messages passing and yellow pages services too. Jade is open source software 

under the terms and conditions of LGPL-Lesser General Public License Version 2. In Jade 

communication is possible through powerful message passing mechanism. In jade, “Agent 

can access their queue via a combination of several modes: blocking, polling, timeout and 

pattern matching” [27]. The components of JADE are clearly differentiated from each other 

and they are integrated too.   
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FIGURE 2.4: Relationship between Main Architectural Elements [28] 

 

Main architectural elements of JADE platform are describes by the Fig 2.4.  “A JADE 

platform is composed of agent containers that can be distributed over the network. Agents 

live in containers which are the Java process, that provides the JADE run-time and all the 

services needed for hosting and executing agents. There is a special container, called the 

main container, which represents the bootstrap point of a platform: it is the first container to 

be launched and all other containers must join to a main container by registering with it.” 

[28]. 
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FIGURE 2.5:  UML Diagram of Relationship between JADE Main Architectural 

Elements [28] 

  

The main architectural elements relationship of JADE is described in Figure 2.5.  

 “The programmer identifies containers by simply using a logical name; by default the main 

container is named ‘Main Container’ while the others are named ‘Container-1’, ‘Container-

2’, etc. Command-line options are available to override default names” [28]. The Main 

Container has several responsibilities like: 

 

 

 The Main container manages the container tables which are the registry of the objects 

and convey address of all container nodes of the platform. 

 It also manages the registry of all agents known as Descriptor Table for Global Agent 

(GADT), including the location and status of the agents. 

 The Main Container is the host for two agents like AMS (Agent management system) 

and Directory Facilitator (DF). It hosts yellow page service of the platform. 

 

 “JADE provides a cache of the GADT that each container manages locally. Platform 

operations, in general, do not involve the main-container, but instead just the local cache 

and the two containers hosting the agents which are the subject and the object of 



Chapter II: Mobile Computing and Agent 
 

25 
 

the operation (e.g. sender and receiver of the message). When a container must discover 

where the recipient of a message lives, it first searches its LADT (local agent descriptor 

table) and then, only if the search fails, is the main- container contacted in order to obtain 

the proper remote reference which, consequently, is cached locally for future usages.”  [28]. 

 

In JADE architecture main container can be single point of failure. To avoid the failure 

problem due to main container JADE provides Main replication service. This service 

provides facility to avoid failure in the case of main container failure. Using replication 

service, the administrator can also control the level of fault tolerance of the platform and 

also the level of distribution of the platform [28]. 

 

“A control layer composed of several distributed instances of the main-container can be 

configured to implement a distributed bootstrapping system (i.e. several bootstrap points can 

be passed to each container) and a distributed control system. In the extreme case, each 

container can be instructed to join the Main Replication Service and act as part of the control 

layer” [28]. 

 

 “Agent identity is contained within an Agent Identifier (AID), composed of a set of slots 

that comply with the structure and semantics defined by FIPA. The most basic elements of 

the AID are the agent name and its addresses. The name of an agent is a globally unique 

identifier that JADE constructs by concatenating a user-defined nickname (also known as a 

local name as it is sufficient for disambiguating intra-platform communication) to the 

platform name. The agent addresses are transport addresses inherited by the platform, where 

each platform address corresponds to an MTP (Message Transport Protocol) end point 

where FIPA-compliant messages can be sent and received. Agent programmers are also 

allowed to add their own transport addresses to the AID when, for any application-specific 

purpose, they wish to implement their own agent private MTP” [28]. 

 

“Two special agents are automatically instantiated and started by JADE when the main-

container is launched, whose roles are defined by the Agent Management standard of FIPA.” 

[28]. 
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1. The Agent Management System (AMS): The task of AMS is supervision of entire 

platform. It is a point from where all agents can find the details to manage their life cycle.  

Every agent is automatically registered, at start up, with AMS by JADE itself to get valid 

AID.  

 

2. The Directory Facilitator (DF) Agent:  DF provides service of yellow pages. If any agent 

wants to register their service of search for the service they can used DF agent. The DF 

provides subscription service too, DF can notify to agent whenever a service registration 

or modification is made that matches some specified criteria. To provide distribute 

yellow page service multiple DF can be started concurrently across several domain.  

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 2.6: JADE Architecture  [26] 

 

Here JADE architecture provides following facilities: 

• Platform features are implemented as separated modules. 

• Flexible support for integration of new features and modification of existing features. 

• Easy establishment and deployment of features across a distributed platform. 

• “ ‘Deploy what you need’ strategy to only start required features and use target-specific 

implementations (e.g. for mobile environments)” [28]. 
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Jade architecture is inspired from Aspect Oriented Programming (AOP). The main 

abstraction is in the JADE distributed coordinated filters, is the service. All agent level 

processes are sent by the container to the service responsible for implementing the operation. 

All agent level operations like starting, moving, sending messages, and terminating are 

performed by a JADE service which contains several components. The service is responsible 

for implementing the operations.  

 

FIGURE 2.7: A Complete Example of Message Delivery   [28] 

 

“The node to node interactions can be carried out by means of horizontal commands. 

Vertical commands embed the operations to be performed along with parameters. The 

component within every service that is responsible for accepting horizontal command is 

called slice” [28]. The command is accepted from remote node. A slice executes the 

operation embedded in a received horizontal command, or issues a new vertical command. 

Issuing the vertical command, the actual operation is passed on to another service 

component called the incoming (or target) sink.   

From this chapter JADE is identified as suitable framework for Mobile agents. 
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Chapter III 
 

Distributed Database 

 

3.1 Introduction  

Mobile computing is powerful technology of recent time. In mobile computing the 

devices are moving from one location to another location. To provide consistent data to 

mobile devices inbuilt robust support of different technologies is required. From 

different technologies one of the important technology is distributed database. In 

distributed database the data is located at different sites and to support the data DDBMS 

is beneficial.    

 

3.2 Distributed Database 

“A distributed database is a single logical database that is spread physically across 

computers at multiple locations that are connected by a data communications network.” 

[1]. 

“A distributed database requires multiple database management systems, running at each 

remote site. The degree to which these different DBMSs cooperate, or work in 

partnership, and whether there is a master site that coordinates requests involving data 

from multiple sites distinguish different types of distributed database environments” [1]. 

 

Differentiate distributed database and decentralized database is important. A 

decentralized database is also stored on computers at multiple locations but the 

computers are not connected by network and database software so that we can identify 

it as one logical database. So in distributed database, users from various locations cannot 

share data [1]. 

 

“A decentralized database is best regarded as a collection of independent databases, 

rather than having the geographical distribution of a single database.”  [1].
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There are various circumstances, where distributed database can be used. Like Data 

communications costs and reliability, Data sharing, Distribution and autonomy of 

business units, multiple application vendor environment, Database recovery, Satisfying 

both transaction and analytical processing.  There are many distributed database options 

exist (Bell and Grimson, 1992). The distributed environment is briefly explained by Fig 

3.1. 

 

 

FIGURE 3.1 Types of Distributed Database Environments [1] 

 

In homogenous environment same database management system is used at each node. It 

is further divided in two parts: autonomous and non-autonomous. In autonomous 

environment, each database works independently and pass data back and forth to share 

data updates. In non-autonomous database a central database management system 

organize database access and updates among different connected machines. 

In heterogeneous environment, various database management systems are used at each 

node. The heterogeneous is further divided in two parts: System and Gateway. 

In gateway part, benefits of logical database is not focused and simple paths are created 

to other databases. 
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The Systems supports functionality of logical database. System is further divided in two 

parts Full DBMS Functionality support and Partial-Multi-database support which have 

some features of a distributed database. Partial multi-database further divided into 

federated and un-federated systems. 

Unique data support is provided to local databases by federated system. The other type 

of partial multi-database is tight integration. The tight Integration of all data across all 

local database are defined using one global schema.  

Other type of partial multi-database is Un-federated database, in un-federated database 

the access to the database is possible through central coordinating module. 

In homogeneous distributed environment data are distributed across all the nodes. In this 

type there is no local data and all the nodes have same DBMS system.  With union of 

local schema, one global schema is created. The database is access through a single-

global database definition. If heterogeneous and homogenous databases are compared 

then, to manage heterogeneous environment in an organization is difficult compare to 

homogenous but to force an organization for homogenous environment is also not easy. 

Variations of homogeneous distributed database environment system is described in the 

Fig 3.2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 3.2: Homogeneous Distributed Environment [Adapted from Bell and 

Grismson, 1992] 
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Figure 3.3: Heterogeneous Distributed Database Environment [Adapted from Bell 

and Grimson, 1992] 

 

In heterogeneous database, different DBMS system is used for each node and the data is 

distributed across all the nodes as described in Fig 3.3. In heterogeneous environment, if 

any users wants to access only local database then it is also possible and local users can 

access remote data through global schema too. 

Distributed database management system provides excellent facilities to the end user. 

The major task of distributed database management system is, when end user request for 

data   through query passing, the system provides data effectively. The end user is 

unaware about the location of data, the data can be collected from the single site or it can 

be collected from multiple remote sites. Same applies for updations of data, this facility 

provided by DDBMS is called “location transparency” [2]. The communication between 

local site and remote site is performed automatically by the system. The optimal situation 

provided by DDBMS is that user is not aware about distribution of data and all 

distributed data in network behave as single logical database [1]. 

 

The second main task of distributed database management system is capability to 

manage network failure. Distributed database management system has local autonomy. 

This system provides facility to execute local database and run independently when 

network connection is not available. When main site connection is not available, the 

individual site is capable to control local data and conduct local security. The local site 
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is also capable for log transactions and recover the local failure. The local sites provides 

full access to local users for the local data when central site connection is not available.  

 

In distributed database environment, it should be decided that the system should be 

synchronous or asynchronous. In synchronous system, all data across all systems stored 

is latest, so any user can access data from anywhere and can get latest data all the time.  

In synchronous management if any updates are fired from any place it will be reflected 

all the sites. The synchronous technology reduce complexity because at the time of query 

processing,  it should not search for the recent copy of the updated data but it takes more 

time because it requires more time to check accuracy of updates at each node.  

 

Asynchronous distributed database technology is not synchronous according its name so 

it stores replicated copies at different nodes. Any user request for the data to the local 

server, the request will be fulfilled without communicating across the network. 

Asynchronous response is faster because updates performed locally and data replicated 

batch wise or on particular time interval but due to this reason only conformation of data 

integrity and consistency across different nodes is not possible.   

 

The distributed database system provides many benefits.  

Distributed database system increase reliability means system is running and availability 

means system is available for use [3].   When database is unavailable due to failure of 

centralized system, in such case distributed database system can work effectively. 

When an organization expand to a new location in that case it is easy to add new 

computers and new data to new work group. 

Multiple options are available for distributing database like data replication, horizontal 

partition, vertical partition or combination of all. 

Data replication provides facility of individual copy of the database at multiple sites. 

With use of this method reliability can be improved and faster response can be achieved. 

It allows nodes to operate independently with coordination. It reduces network traffic 

though it requires extra storage space. Immediate updates on each node may be difficult 

in data replication. The replicated data is updated by snapshots.  The snapshots are send 

on particular time interval to the replicated site and the complete data or changed data 

from last snapshot is updated.  
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There are two types of partitioning. Horizontal partitioning and vertical partitioning. The 

purpose of partitioning is increase security and performance.  In horizontal partitioning 

the rows of the table are partitioned at different location and in vertical partitioning the 

columns of table ate distributed at different locations.  

In distributed database mixture of data replication and horizontal and vertical 

partitioning, is frequently used [1]. According to distributed database environment the 

database designer has to select any strategy from available different strategies.  

 

 

 

Figure 3.4: Architecture of Distributed Database Management System [1]. 

 

Figure 3.4 describes general architecture of computer system with distributed database 

management system capabilities. According to above figure each node has local database 

as well as copy of distributed DBMS and its related distributed data dictionary. “The   

distributed data dictionary (DD) provides location of all data in the network and data 

definition.”[29] When use request of data it is first processed by distributed DBMS and 

it identifies that the transactions are local or global. If required data are stored at local 

node then it is referred as local transaction. If the user request can be satisfied through 

one or more sites then it is referred as global transaction. The user request can be routed 

by distributed DBMS to other sites as per requirement [1]. 
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The distributed DBMS, interchanges messages as per requirement to contributing nodes 

to organize the processing of the transaction until transaction is completed. The 

processing may be complex because of various database management system at different 

locations [1]. 

 

Commercial DBMS products provides many facilities like, it must be capable to translate 

the request so the remote request can be handled by local DBMS. The distributed DBMS 

is also capable to handle mixed DBMSs. Distributed DBMS described in figure 3.4 

assumes that copies of DDBMS and data dictionary exist at each node [1]. 

 

The alternative of distributed database system is instead of storing the DDBMS and data 

dictionary at local node they can be stored at the central node. This type is referred as 

centralized DDBMS, where failure possibilities are higher so it is not desirable. The main 

role of DDBMS, is to avoid the underlying complexity of the database from the user. 

The DDBMS should provide transparency about the location [1]. 

  

The centralized solution is not robust so it is not much desirable.  A distributed database 

management system should protect users as much as possible from the complexities of 

distributed database management. The distributed DBMS should make location data 

transparent [1]. 

 

3.3 Distributed Database for Mobile Computing 

“Mobile computing is a process of computation on mobile device. In mobile computing, 

a set of distributed computing systems or service provider servers participate, connect 

and synchronize through mobile communication protocols.” [4]. 

 

“Mobile computing requires decentralized (distributed) computations on diversified 

devices, systems, and networks, which are mobile, synchronized, and interconnected via 

mobile communication standards and protocols.” [4]. 

In Mobile computing the user of mobile devices can access the data from anywhere as 

there location is changed so for it data should be easily accessible that can be provided 

by distributed database system. Distributed database system ensure the availability of 

data for any user. Distributed database also provides transparency.  



Chapter III: Distributed Database 

38 
 

Now a days due to fast growth of the internet and huge amount of data, distributed 

database management system is popular as well as today’s requirement.  DDBMS is used 

in different applications like telecommunication, education sector, banking sector etc. 

Application of such system for mobile computing environment are also available.  

Examples that use distributed database management system and supports mobile 

computing include: 

 “Facebook: Developed a distributed database Cassandra at Facebook to power 

the Facebook inbox search feature and Niet compatible browser" [5].  

 "BlueRunner: Building an Email Service in the Cloud"- A research prototype 

for hosting emails at IBM ARC for a browser based scalable email client and 

cassandra as backend [5]. 

  

3.4 Distributed Data and Mobile Agents 

In mobile computing due to different features of distributed database system it is 

popularly used but mobile devices are having their own limitations.  In mobile devices 

now a day’s configuration is increased but it is not as good as compare to the non-mobile 

device due to power consumption, processing capacity, battery life, storage space etc. 

The mobile devices are having above limitations due to its mobility.  

In distributed database data is distributed between multiple locations. In distributed 

database different approaches are possible that includes client server based approach or 

agent based approach [7]. To reduce network overhead agent based approach is advisable 

where code is transferred instead of data and mining process is performed at the client 

location itself. 

To overcome the limitations of mobile devices in distributed database system agent 

based approach is used.  

Now a days, mobile devices are very common and data should be available at any time 

in mobile devices but there are certain limitations of mobile devices. The mobile devices 

can manage only small amount of data and to overcome such limitations, Agent 

technology is very useful to retrieve information from the remote and distributed 

databases [6]. 
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CHAPTER – IV 
 

Data Mining, Distributed Data Mining and 

Apriori Algorithm 

 
This chapter describes data mining, different types of data mining and different 

techniques of data mining. In this chapter, association rule mining technique has been 

focused for distributed data mining. 

 

4.1  Data Mining 

Data Mining is termed as the process of discovering interesting patterns and knowledge 

from large amount of data, also known as knowledge discovery. Data mining provides 

many functionalities like, classification, refinement, mining common pattern, association 

and clustering.   

“Data mining functionalities are used to specify the kind of patterns to be found in data 

mining tasks. In general, the task can be classified into two categories: descriptive and 

predictive. Descriptive mining task characterize properties of the data in a target data set. 

Predictive mining task perform induction on the current data in order to make 

predictions” [1]. Data mining tools predict future trends and behaviors, allowing 

businesses to make proactive, knowledge-driven decisions [2]. 

 

Data mining is successful with three key points. 1. Volume of data 2.  Powerful 

processors and 3.  Mining algorithms.  

With use of data mining, many operations are possible like market segmentation, 

customer churn, fraud detection, direct marketing, interactive marketing, market basket 

analysis and trend analysis [3]. 

 

This chapter describes Data mining functionalities, and the types of patterns that can be 

discovered. This chapter also focusses on distributed data mining, association rule 

mining, Apriori algorithm and available different versions of Apriori algorithms on the 

basis of improving functionalities. 
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4.2  Types of data mining 

On the basis of data availability and the access methods, there are different types of data 

mining methods.  

Stream mining: “Stream data mining is the process of extracting knowledge structures 

from continuous, rapid data records. A data stream is an ordered sequence of instances 

that in many applications of data stream mining can be read only once or a small number 

of times using limited computing and storage capabilities” [3]. 

Sometimes large amount of data stream are generated through real time surveillance 

system, internet traffic, retail industry, online transactions and other dynamic 

environment. 

As stream data size is too high so it is not possible to store the complete data at a time in 

primary memory and new mining algorithms or techniques are required for such kind of 

data. As data is in huge amount random sampling, sliding windows, histogram, 

randomized algorithm like methods are used [27]. 

Web mining: Web mining is another popular approach of data mining which generates 

important information from web pages. Though there are certain differences between 

web mining and ordinary data mining. In web mining web pages are generally public so, 

the information can be fetched [28]. 

Web mining can be used for pricing analysis, product data, popularity; competitive 

analysis etc. web mining is also categorized into three types:  Content mining, structure 

mining and usage mining [28].  

Multi database data mining: Multi database data mining is one of the popular approach 

of data mining. Web provides countless information which can be mined and used for 

any organization. This information can play major role for any organization for decision 

making. The data of single organization is called internal data and the web data is called 

external data. External data mining provides very efficient knowledge but it requires 

multiple database data mining [4].   

Distributed Data Mining 

Distributed Data Mining (DDM) is a branch of data mining that offers a framework to 

mine distributed data closely monitoring the distributed data and computing resources. 
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Distributed data mining originated from the need of mining over decentralized data 

sources regardless of their physical locations. Distributed data mining is required in two 

cases, 1) The data is distributed on different locations and mining process is performed 

and 2) Data mining, sometimes needs lots of resources to perform mining process and to 

distribute the load, distributed mining process is required. The mining process is carried 

out at the local sites and final results are aggregated at the global site. 

For distributed applications there are different paradigms like client-server, remote 

evaluation, code on demand and mobile agent [5]. From the different paradigms for 

distributed environment, mobile agents has many advantages like; reduced 

communication cost, asynchronous execution, easy development of distributed 

applications. “Mobile agents make it easier, faster, and more effective to develop, 

manage, and execute distributed applications than other technologies” [6]. There are 

different applications of mobile agents in DDM like remote information retrieval, 

Network management, Cloud computing, Mobile computing, Software testing etc.  

 

4.3 Techniques of Data Mining 

Huge amount of data is generated from businesses, science and many more areas with 

the growth of Information Technology. This large amount of data can be used for 

decision making and knowledge generation [7]. Data mining is a process of extraction 

of useful information and pattern identification from existing database [8]. 

 

Through analyzing and understanding this large amount of data, specific pattern can be 

identified and some predications can be made.  Identifying the hidden pattern from the 

large source of data is called data mining. Data mining is main part of knowledge 

discovery process. With use of data mining,   the hidden patterns can be extracted, which 

can be further used for decision making. Data mining is a logical process that is used to 

search large amount of data. 

The major techniques of data mining are classification, clustering and association rule 

mining.   

 Classification 

Classification is mostly used as data mining technique. In classification, defined model 

is available and on the basis of the model, the mining is performed, so classification 
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is also called supervised learning process. There are many applications of classification 

technique like email classification where email provider classify different types of 

emails. The classification approach frequently use decision tree or neural network based 

classification algorithms [8]. 

  

Clustering 

Clustering technique provides the facility to group the records together. In clustering 

technique certain classes are created and related data are gathered in individual class. 

There are different methods for clustering like partitioning method, density based method, 

grid based method, model based method etc. [8]. 

 

Association rule mining 

Association rule mining is also very popular data mining technique. In association rule 

mining the pattern is identified based on relationship between different transactional data 

and so association technique is also called relational technique. Association technique’s 

most popular application is market basket analysis, which identify consumer’s buying 

habit [9]. Association rule mining is used to help business to take certain kind of decisions.  

There are different types of association rules like multi-level, multi-dimensional etc.  

 

The other data mining techniques are prediction, decision tree generation and neural 

network. In predication technique as per its name suggest used for prediction. It is used 

to find relation between dependent and independent variables respectively. The decision 

tree method is easy to understand method. In decision tree the root is simple question with 

multiple answers. Each answer then leads to set of conditions that help to determine final 

decision tree. Neural network is a set of connected input output units.  

 

4.4  Supervised and Unsupervised Learning Techniques  

According to Jiawei Han and Micheline Kamber, datamining is used to identify the 

hidden pattern from available data and as it is growing field, many techniques and its 

related algorithms are available. Data mining’s single algorithm is not suitable for all 

kind of data [1]. 

Data mining has incorporated many techniques from other domains such as statistics, 

machine learning, pattern recognition, database and data warehouse systems, 
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information retrieval, visualization algorithms, high performance application and many 

other application domains [1].   

Data mining techniques can be classified in different categories like supervised learning,   

unsupervised learning, semi supervised learning, active supervised learning etc [1]. 

Supervised learning means the model is defined prior to the analysis and on the basis of 

the model the dataset is bifurcated.  We then apply the algorithm to the data in order to 

estimate the parameters of the model. Classification, Decision Tree, Bayesian 

Classification, Neural Networks, Association Rule Mining are the example of supervised 

learning [1]. 

 

Un-supervised learning does not have any specific model prior to the analysis [1].In 

unsupervised learning directly the algorithm is applied and results are observed, the 

model is created on the basis of the results. Clustering is the main example of 

unsupervised learning. The other examples of unsupervised learning are various data 

mining techniques like classification, decision tree, Bayesian classification, neural 

network, association rule mining, genetic algorithm etc [10].   

 

4.5  Association Rule mining algorithm and Distributed Data Mining 

Association Rule Mining 

From above different data mining technique for distributed database, Association Rule 

Mining technique is focused in the current research.  

Association Rule Mining is one of the most important data mining techniques which find 

associativity from large set of data items. ARM specially focuses on distributed 

architecture, which will require integration of knowledge generated from multiple data 

sites [11]. Association Rule Mining is one of the most important data mining techniques 

that have been studied by the researchers. This mining technique generates rules on the 

basis of minimum support count.  

In Association Rule Mining, Association rule express an association between set of data 

items. There have been many algorithms developed for mining frequent patterns which 

can be classified into two categories 1) candidate generation with Apriori and its variants 

as the most popular, and 2) Pattern growth methods with F-P Growth method and its 

variants. F-P Growth use two data structures F-P Tree and header table. F-P Growth  
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algorithm is very fast but it requires significant storage space as F-P Trees are repeatedly 

generated [12].  

The Apriori algorithm iteratively identifies frequent item sets in data by applying the 

downward closure property of item sets in the generation of candidate item sets where a 

candidate item set is confirmed as frequent only when all its subsets are identified as 

frequent in the previous pass. Apriori algorithm is most popular algorithm of Distributed 

Data Mining [13]. 

 

“A frequent itemset typically refers to a set of items that often appear together in a 

transactional data set.”[16]. For example: laptop and antivirus software which are bought 

together by the customers, mobile phone and memory card bought together from a 

mobile shop. “Mining frequent patterns leads to generation of interesting associations 

within the data” [16]. 

Buys(X, “mobile phone”) ⇒ Buys (X, “memory card”) 

 X represents the customer that buys mobile phone along with the memory card. 

“This association rule involves a single attribute or predicate (i.e., buys) that repeats. 

Association rules that contain a single predicate are referred to as single-dimensional 

association rules” [16]. 

Buys(Age (X, “20…29”) ^ income(X, “20K…29K”)) ⇒ Buys(X, “mobile phone”) 

 

The above rule describes, study about customers who has purchased mobile phones and 

whose age between 20 to 29 years with an income of 20,000 to 29,000. 

 

“This is an association between more than one attributes or predicates (i.e., age, income, 

and buys). Adopting the terminology used in multidimensional databases, where each 

attribute is referred to as a dimension, the above rule can be referred to as a 

multidimensional association rule” [16]. 

Minimum support count is important in apriori algorithm, which is entered by user. 

Apriori algorithm identifies item lists that are higher than minimum support count. If 

minimum support count is less than more itemsets are identified and if it is high then less 

pair of items are identified. 

Typically, association rules are discarded as uninteresting if they do not satisfy a 

minimum support threshold. Additional analysis can be performed to uncover interesting 

statistical correlations between associated attribute-value pairs.  
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A data mining system has the potential to generate thousands or even millions of patterns 

or rules. A pattern is also interesting, if it validates a hypothesis that the user sought to 

confirm. An interesting pattern represents knowledge.  

Measures of pattern interestingness are essential for the efficient discovery of patterns of 

value to the given user. Such measures can be used after the data mining step in order to 

rank the discovered patterns according to their interestingness, filtering out the 

uninteresting ones. More importantly, such measures can be used to guide and constrain 

the discovery process, improving the search efficiency by pruning away subsets of the 

pattern space that do not satisfy pre-specified interestingness constraints. 

Frequent patterns are patterns (such as itemsets, subsequences, or substructures) that 

appear in a data set frequently. For example, a set of items, such as milk and bread that 

appear frequently together in a transaction data set is a frequent itemset. A subsequence, 

such as buying first a PC, then a digital camera, and then a memory card, if it occurs 

frequently in a shopping history database, is a (frequent) sequential pattern. A 

substructure can refer to different structural forms, such as sub graphs, sub trees, or sub 

lattices, which may be combined with itemsets or subsequences. If a substructure occurs 

frequently, it is called a (frequent) structured pattern. Finding such frequent patterns 

plays an essential role in mining associations, correlations, and many other interesting 

relationships among data. Moreover, it helps in data classification, clustering, and other 

data mining tasks as well. Thus, frequent pattern mining has become an important data 

mining task and a focused theme in data mining research.  

 

Frequent pattern mining searches for recurring relationships in a given data set. This 

section introduces the basic concepts of frequent pattern mining for the discovery of 

interesting associations and correlations between itemsets in transactional and relational 

databases. 

 

“Frequent itemset mining leads to the discovery of associations and correlations among 

items in large transactional or relational data sets. With massive amounts of data 

continuously being collected and stored, many industries are becoming interested in 

mining such patterns from their databases. The discovery of interesting correlation 

relationships among huge amounts of business transaction records can help in many 

business decision-making processes, such as catalog design, cross-marketing, and 

customer shopping behavior analysis” [17]. 
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“These patterns can be represented in the form of association rules. For example, the 

information that customers who purchase computers also tend to buy antivirus software 

at the same time is represented in Association Rule” [17]. 

 

Computer ⇒ antivirus software [support = 2%; confidence = 60%]   [17]. 

 

To identify rule interest, there are two measures, one is rule support and second is 

confidence. Rule support describes usefulness and confidence describes certainty of 

discovered rules. After analysis of all the transactions, 2% Support for Association rules 

describes that, computer and antivirus purchased together for 2% of all the transactions.    

A 60 % confidence suggest that, there are 60% customers who purchased computer and 

software together [17]. 

  

“Typically, association rules are considered interesting if they satisfy both a minimum 

support threshold and a minimum confidence threshold. Such thresholds can be set by 

users or domain experts. Additional analysis can be performed to uncover interesting 

statistical correlations between associated items” [17].  

Here we can describe association rule as follows: 

Suppose I is set of items,  

                    I ={ I1, I2, … , Im } 

 Let D, the task-relevant data, be a set of database transactions where each transaction T 

is a set of items such that T ⊆ I.  Here each transaction is associated with its unique ID 

that is called TID. Let A be a set of items. A transaction T is said to contain A if and only 

if A ⊆ T.  

“An association rule is an implication of the form A⇒B, where A⊂I, B⊂ I, and A∩B=Φ. 

The rule A⇒B holds in the transaction set D with support s, where s is the percentage of 

transactions in D that contain A∪B (i.e., the union of sets A and B, or say, both A and 

B).  

This is taken to be the probability, P (A∪B).  The rule A ⇒ B has confidence c in the 

transaction set D, where c is the percentage of transactions in D containing A that also 

contain B. This is taken to be the conditional probability, P (B/A). That is, support (A⇒B) 

= P (A∪B)” Rules that satisfy both a minimum support threshold (min sup) are called 

strong Association rules. 

“Frequent item-set mining is the simplest form of frequent pattern mining” [18].
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In mining frequent itemsets main challenge is if minimum support count is low than 

mining process will generate huge number of itemsets that satisfy minimum support 

count. The reason is, if the item set is frequent then its subsets are also frequent. If support 

count is high then the frequent itemsets are less. 

 

Apriori algorithm is most popular algorithm of Distributed Data Mining [4]. Apriori 

algorithm performs repeated scanning of database to generate association rules. It scans 

database multiple times to generate support count for set of single items, set of 2 pairs, 

set of 3 pairs and so on. The limitation of Apriori algorithm is that, it scans whole 

database multiple times so it requires more time to perform mining process. Next section 

describes Apriori algorithm in depth. 

  

4.6  Apriori Algorithm 

Apriori algorithm is association rule mining algorithm proposed by R. Agrawal and R. 

Srikant in 1994. This algorithm identifies frequency of pair of items in database. Bottom 

up approach is applied by Apriori algorithm. In Apriori algorithm, during first mining 

complete transactions are scanned and for individual items support count is identified. 

Then group of candidates are generated and tested again data. This algorithm is 

terminated when no further groups can be generated.  

Han and Kamber, Nevzat Demir has described in his research paper about Apriori 

algorithm that “The name of the algorithm is based on the fact that the algorithm uses 

prior knowledge of frequent itemset properties, as we shall see following. Apriori 

employs an iterative approach known as a level-wise search, where k-itemsets are used 

to explore (k+1)-itemsets. First, the set of frequent 1-itemsets is found by scanning the 

database to accumulate the count for each item, and collecting those items that satisfy 

minimum support. The resulting set is denoted L1.Next, L1 is used to find L2, the set of 

frequent 2-itemsets, which is used to find L3, and so on, until no more frequent k-itemsets 

can be found. The finding of each Lk requires one full scan of the database” [19]. 

 

The property of Apriori algorithm is, all frequent item set’s subset must also be frequent. 

This property has been described by Sowjanya, Amarendra and Vasudevarao as “The 

Apriori property is based on the following observation. By definition, if an itemset I does 

not satisfy the minimum support threshold, min sup, then I is not frequent; that is, 

P(I)<min sup. If an item A is added to the itemset I, then the resulting itemset (i.e., I∪A) 
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cannot occur more frequently than I. Therefore, I∪A is not frequent either; that is, 

P(I∪A)< min sup. 

So in the Apriori algorithm it is finding the sentence of pattern and also find support 

count of each item. So that finding support count and frequent item sets in the iteration 

phase it will time consuming process.” [20]. 

The Apriori algorithm is divided into two steps, First is join step and second is prune 

step. 

R.Agrawal and R.Srikant has describes the join and prune steps of Apriroi as, “ 

Join step: it is used  to find Lk,  is a set of candidate k-itemsets is generated by joining  

Lk-1 with itself. This set of candidates is referred by Ck. Let l1 and l2 be itemsets in Lk-1. 

 The notation li [j] refers to the jth item in li (e.g., l1[k-2] refers to the second to the last 

item in l1). By convention, Apriori assumes that items within a transaction or itemset are 

sorted in lexicographic order. For the (k-1)-itemset, li, this means that the items are sorted 

such that li[1] < li[2] < … < li[k-1]  The join, Lk-1 on Lk-1, is performed, where members 

of Lk-1 are joinable if their first (k-2) items are in common. That is, members l1 and l2 of        

Lk-1 are joined if (l1[1] = l2[1]) ^ (l1[2] = l2[2]) ^ ... ^(l1[k-2] = l2[k-2]) ^ (l1[k-1]. < l2[k-

1]). The condition l1[k-1] < l2[k-1] simply ensures that no duplicates are generated. The 

resulting itemset formed by joining l1 and l2 is l1[1], l1[2], … , l1[k-2], l1[k-1], l2[k-1].  

 

The prune step: Ck is a superset of Lk, that is, its members may or may not be frequent, 

but all of the frequent k-itemsets are included in Ck. A scan of the database to determine 

the count of each candidate in Ck would result in the determination of Lk (i.e., all 

candidates having a count no less than the minimum support count are frequent by 

definition, and therefore belong to Lk). Ck, however, can be huge, and so this could 

involve heavy computation. To reduce the size of Ck, the Apriori property is used as 

follows. Any (k-1) itemset that is not frequent cannot be a subset of a frequent k-itemset. 

Hence, if any (k-1) subset of a candidate k-itemset is not in Lk-1, then the candidate 

cannot be frequent either and so can be removed from Ck. This subset testing can be done 

quickly by maintaining a hash tree of all frequent itemsets.” [21]. 

The steps of Apriori algorithms are described here: 

1. In the first step of the algorithm it will scan all the transactions and generate candidate 

set C1. It counts occurrence of all the items. In the first iteration all the items are member 

of the set of candidate 1-itemset. 
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2. L1 is generated from C1. L1 contains that items only, whose support count is greater 

than minimum support. L1 consist of candidate 1 itemset from C1 with higher support 

count then minimum. 

 

3. To generate L2, the join operation of L1 is used. The join of L1 ⋈ L1 is used to generate 

a candidate set of 2-itemsets C2. C2 is used to identify frequency of 2 itemsets. From C2, 

no candidates are removed. 

 

4. In the next step the complete transactions in D are scanned to identify the frequency 

of itemsets available in C2.  

 

5. L2, is generated from C2 where L2 is set of frequent 2-itemsets. The L2 contains items 

from C2 that are having support count more than minimum support count. 

 

6. Candidate set of 3 itemsets is generated, from L2 ⋈   L2. The frequency will be 

identified through scanning of transaction set D. Here property of Apriori algorithm “All 

subsets of frequent itemsets must also be frequent” [21]. is followed and non-frequent 

itemsets are removed. 

 

7. L3 is generated through C3. L3 contains that items only whose support count is higher 

than minimum support count. 

 

8. The algorithm is further used to generate candidate set of 4 itemsets and so on. This 

steps are repeat until further candidate sets cannot be generated. The algorithm 

terminates after generating all frequent itemsets. 

      The above steps describes Apriori algorithm [21]. 

Strong association rules can be generated if the frequent itemsets from transactions in 

database D have been identified. The association rules satisfy both, minimum support 

and minimum confidence. 

 

4.7   Limitations of Apriori Algorithm 

The Apriori algorithm has certain limitations. In Apriori algorithm after generation of 

candidate sets to identify the support count complete database scanning is compulsory. 

It incurs high IO cost. It requires more time to generate rules. 
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4.8   Improving efficiency of  Apriori Algorithm 

To improve efficiency of Apriori algorithm many variations has been proposed. Shruti 

Agrawal and Ranveer Kaur has proposed comparative study of improved versions of 

Apriori algorithm. With reference of J.Han and M. Kamber they have suggested ways to 

improve the Apriori algorithm [22].  

1. Apriori algorithm can be improved by reducing number of transactions in 

database. 

2. Apriori can be improved by reducing the scans of database. 

3. Apriori can be improved by cut off the large candidates which cause high IO cost. 

 

Suhani Nagpal has prorposed improve version of Apriori algorithm. She has proposed 

an algorithm with objective of designing an algorithm which have efficiency and requires 

less storage space. According the improved algorithm the database is scanned only once 

and will work on tables that are created at the time of analysis. Thus execution speed can 

be reduced as multiple database scanning can be avoided. In this algorithm logarithm 

decoding technique is used to reduce complexity [23].  

S.Kumar and S. Karanth and team has also proposed improved version of Apriori 

algorithm. In their research they used probability and matrix. The proposed algorithm 

works in two phases, Probability Matrix Generation and Bottom Up approach to mine 

frequent items set [24].  

 

“In first phase initial matrix M1 will be generated for the given data set. Rows in matrix 

represent transaction. Columns in matrix represent items. Each cell will have the values 

either 0 or 1 for representing presence of items in the transaction. Entry value 1 indicates 

the corresponding item is present in transaction and value 0 indicates the corresponding 

item is not present in transaction. Initial Matrix leads to the generation of Probability 

matrix M2, where each entry value of 1 is replaced by the probability of occurrence of 

corresponding item to the total number of transactions and inserting two more columns 

to the probability matrix to hold total probability and count of elements in each row 
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respectively. The Probability Matrix will be rearranged as per the descending order of 

Total probability leads to the generation of Sorted Probability Matrix M3” [24]. 

 

“In second phase, Non zero entries in Sorted Probability Matrix will be replaced by the 

value of 1 leads to the generation of Sorted Probability Matrix M4. Select first transaction 

from M4 and compare its total probability and count with next transaction total 

probability and count respectively. If the next transaction total probability and count 

greater than the next transaction probability then do the Bitwise AND operation between 

the transaction, if the resultant is equal to first transaction structure then increase the 

support count of first transaction item set by 1. Continue this process of Comparing and 

Bitwise AND operation with remaining transaction until it satisfies the condition of First 

transaction total probability and count is less than or equal to next transaction and checks 

the total support count if its greater than the required support count extract the item set 

of that transaction and all its subset and move it to frequent Item set. The same process 

will be repeated for remaining transaction until it finds unseen transaction in the given 

data set.” [24]. 

 “The Major advantage of this algorithm is it avoids comparison of currently chosen 

transaction with other transaction to mine the frequent item set if the total probability or 

count of number of elements of the other transactions on which comparison needs to be 

done is lesser than the chosen transaction.” [24]. 

Jiao Yabing has also proposed improved version of Apriori algorithm.  According the 

researcher, “  study introduced an algorithm that decrease the number of candidate items 

in the candidate item set Ck. In the Apriori algorithm, Ck-1 is compared with support level 

once it was found. Item sets less than the support level will be pruned and Lk-1 will come 

out which will connect with itself and lead to Ck. The optimized algorithm is that, before 

the candidate item sets Ck come out, further prune Lk-1, count the times of all items 

occurred in Lk-1, delete item sets with this number less than k-1 in Lk-1. In this way, the 

number of connecting items sets will decrease, so that the number of candidate items will 

decline.” [25]. 

 

Jaishree Singh, Hari Ram and Dr. J.S.Sodhi has proposed improved Apriori algorithm. 

According them, “  

Classical Apriori algorithm generates large number of candidate sets if database is large 

and due to large number of records in database results in much more I/O cost. In this 
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project, we proposed an optimized method for Apriori algorithm which reduces the size 

of database. In our proposed method, we introduced an attribute Size_Of_Transaction 

(SOT), containing number of items in individual transaction in database. The deletion 

process of transaction in database will made according to the value of K. Whatever the 

value of K, algorithm searches the same value for SOT in database. If value of K matches 

with value of SOT then delete only those transaction from database.”[26].  

R.Agrawal and R.Shrikant has suggested many techniques for improving Apriori 

algorithm including Hash-based technique, Transaction reduction, partitioning, sampling 

and Dynamic Itemset counting. 

This research has focused on one of the improved version of Apriori algorithm in next 

section, and identified its limitations. 

 

4.9   Improved Apriori algorithm 

Mohammed Al-Maolegi and Bassam Arkok has proposed improved Apriroi algorithm. 

This is kind of Apriori algorithm which generates associative rules. Improved Apriori 

reduce the time consuming for candidate itemset generation. Improved Apriori first scans 

all transactions to generate set of frequent 1 itemsets which denotes as L1 that contains 

the items, their support count and transaction id where the item are found. From L1, set 

of two frequent itemsets L2 is generated. From L2, L3 and so on more frequent k itemset 

is generated. From L1, C2 is generated which is pair of two itemset. To find frequency 

count of two itemset instead of scanning complete database it will scan the specific 

transactions only. When pair of two itemset is generated, the item that has minimum 

support count from the pair is identified. During generation of C2, instead of scanning 

complete database, the identified items transaction id are only searched.  

Improved apriori algorithm reduce time consumption through reducing scanning of 

database transactions [15]. 

 

4.10  Limitations of Improved Apriori algorithm 

An improved Apriori algorithm provides very good features due to that the database 

scanning will be reduced but the limitation of improved Apriori algorithm is when new 

transactions are added it will scan the complete database. 
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4.11  Conclusion  

This chapter describes data mining, different types of data mining and its different 

techniques. This chapter also describes different types of Data Mining Techniques, 

Association rule mining algorithm for Distributed data mining, Apriori algorithm, its 

limitations, its advanced versions and requirement of new Apriori algorithm.  

After analyzing different versions of Apriori algorithms, it is derived that there is need of 

improved version of Apriori algorithm which reduces number of scanning of databases 

and can reduce number of transactions for scanning. 
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CHAPTER – V 
 

Proposed Model 

 

5.1 Introduction 

In the present scenario, an organization has different branches at various locations around 

the world. The most crucial part of this scenario is to deal with large amount of the 

information generated at various locations and retrieve it with least processing time and 

minimum bandwidth using mobile devices. The mobile devices are connected with each 

other remotely and one of the purpose of their association is to carry out data mining for 

central or remote data. Mining process done to retrieve data from distributed sites, is 

referred as distributed data mining.  

There are two approaches which are identified for Distributed Data mining process, one is 

Client Server Architecture and secondly Agent based architecture [1]. The client server 

approach describes that the data is collected from the local sites and mining process is 

carried out at the central server. The agent based approach describes that the mining process 

is performed on local sites, and final results are transferred and the results are combined 

and rules are generated at the central server.  

 

The mobile agent approach is widespread in distributed data mining because it transfers 

code rather than data so, mining process can be carried out on the local sites. The agents 

migrate to the distributed sites where they execute necessary operations at the local sites 

and returns just the final outcome to the server. Agent paradigm is essential to avoid 

enormous movement of data and slow response time. Mobile Agent is an evolving 

paradigm in mobile computing and is effective in terms of latency, bandwidth and response 

time.
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Distributed Data Mining in incremental database requires efficient distributed data mining 

algorithm. In proposed model new DApriori algorithm has been developed which can work 

effectively on incremental- transactional database.    

 

5.2 Scope and Objective of Research 

Distributed data mining is becoming a popular approach for data mining through mobile 

devices. Though mobile devices provide various benefits like portability, it has several 

limitations of less memory space, less battery life, less computational capabilities etc. The 

proposed research describes creation of a mining algorithm and its implementation on agent 

which can overcome the limitations of such mobile devices and also reduce the database 

scanning of transactions as compared to existing algorithm.  

 

Objectives of the research are: 

1. Create a DApriori algorithm which reduces scanning of database transactions compare 

to existing Apriori algorithm. 

2. Identify agent as suitable architecture for distributed data mining. 

3. Identify JADE architecture for agent implementation. 

4. Implementation of the developed algorithm on agent and generate comparative analysis,    

  

The following points have been considered as scope of research. 

1. To work with distributed database through mobile devices, specifically mobile agent. 

2. To work with association rule mining algorithm. 

3. To work with incremental database. 

4. To implement Apriori and proposed D Apriori algorithm on JADE agent framework and 

comparative analysis should be carried out. 

  

5.3  Methodology of Research. 

 Initially the research had been started with the idea of identification of an effective mining 

algorithm.  In this research, different research methodology steps has been used. Initially 

during literature review, different research papers, patents and articles has been studied 

related to distributed data mining. During study of distributed data mining, it has been 
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identified that there are different application areas of distributed data mining and one of the 

important application area of distributed data mining is incremental database. For 

incremental database, association rule miming technique is identified as most appropriate 

technique for generating associativity of different item sets. 

During the journey of research two architectures have been identified for DDM. One is client 

server architecture and second is agent based architecture. Agent based architecture is more 

popular then client server architecture due to different benefits of agents like traverse code 

instead of data, thus the research has been divided in two phases. 

Phase one is Agent creation, identification of best suitable agent framework and 

implementation of agent. During phase one different agent framework has been studied and 

from different agent frameworks JADE has been identified as the best suitable agent 

framework due to different reasons like java based framework, FIPA specification 

supported, GUI support, easy to develop and deploy agent and many other features.  

 

Phase two of the research is to propose best suitable DDM algorithm for agent framework. 

During the research need of better algorithm is identified for performance increment and 

Apriori algorithm has been identified as best suitable algorithm for DDM and JADE agent 

framework. Latter on different versions of Apriori has been studied and after studying about 

different Apriori algorithm research gap has been identified. It has been identified that 

efficient algorithm is required which can work on distributed database environment and 

perform faster compare to existing algorithms and which requires low memory space. In 

conclusion of phase 2 DApriori algorithm has been proposed. 

Finally, DApriori algorithm has been implemented on JADE framework. At the end of 

research, distributed database environment, Apache Cassandra has been identified as 

efficient DDBMS environment and combination of JADE agent framework and Apache 

Cassandra has been done. The research is concluded with comparative analysis of Apriori 

and DApriori algorithms on above environment. 
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FIGURE 5.1 Methodology of Research 

 

5.4 Proposed Model Architecture 

In this research, qualitative approach has been used and followed the research methodology 

steps. In the initial stage of research core theoretical concepts has been identified through 

literature review. During literature review various research paper, book chapters, articles has 

been studied for data mining techniques and distributed data mining. Through the journey of 

research, the role of agent is identified for distributed data mining. Association rule mining, 

Apriori algorithm has been identified as important algorithm for distributed data mining, its 

limitations has been identified and developed algorithm has been proposed. 

Then linkage are developed between theoretical core concepts and the data. To implement this 

JADE is used to developed agent.  Later on in this research verify the results and summary is 

generated for proposed algorithm. This research emphases on empowering the agents with 

certain amount of intelligence to apply the specific knowledge for a domain to retrieve, classify, 

find patterns, filter information and make predictions. This research also focuses on intelligent 

agent paradigm in the perspective of information retrieval, classification, filtering, and learning 

using proposed data mining algorithm. The proposed algorithm reduces the database scanning 

and increases performance as compared to existing association rule mining Apriori algorithm. 
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This research focuses on distributed data mining algorithms. From different algorithms of 

distributed data mining, this research emphases on association rule mining algorithms and from 

which apriori algorithm is identified for further research. 

The research also focusses on identification of limitations of Apriori algorithm and to overcome 

the limitations, D-Apriori algorithm is proposed. Using D-Apriori algorithm, threshold value is 

calculated on the basis of first mining process. After completion of first mining process, if new 

transactions are added, and the number of transactions exceed the product (threshold value * 

number of transactions in previous mining), then the mining process will be carried out to find 

association rules for new transactions. The final rules generated will be the union of the rules  

generated in first mining process and the rules generated in next mining process. In this proposed 

research model, DApriori algorithm has been implemented on mobile Agent using JADE 

framework. The proposed research model is described in Figure 5.2. 

 

 

FIGURE 5.2 Proposed Model Architecture 

 

5.5 Working of Proposed Model 

As per the proposed model architecture, DApriori algorithm has been developed and the 

algorithm has been implemented on JADE framework. To implement the algorithm on 

JADE framework, DApriori agent has been created and implemented on JADE framework. 

To perform comparative analysis Apriori agent has been created and it is also implemented 
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on JADE and performance has been evaluated for both algorithms and comparative analysis 

has been carried out. 

For distributed database performance, Apache Cassandra has been used. So the database has 

been created in apache cassandra and for different nodes and through jade agent– DApriroi 

mining agent,  mining process has been performed and rules are generated and results are 

carried out and the result of DApriori algorithm is higher than Apriori algorithm.  

 

5.6   Achievements of Proposed model with reference to objective of research 

 

DApriori algorithm has been implemented and comparative analysis has been carried out 

and the performance has been evaluated in concern with time. The DApriori algorithm’s 

performance is on average 74% better as compared to Apriori algorithm. 
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Chapter -VI 
 

Proposed Data mining Algorithm 

 
 

6.1 Introduction 

In this research association rule mining algorithms has been identified as important for 

integration of knowledge generated from the several data sites. This research describes 

creation of association rule mining algorithm and the steps to implement it on agent 

architecture. 

“Association Rule Mining is one among the foremost important data mining techniques 

which find associativity from large set of data items. ARM specially focuses on distributed 

architecture, which requires combination of knowledge generated from multiple data sites.” 

[1]. Association Rule Mining is one among the important data mining techniques that have 

been studied by the researchers. This mining technique generates rules on the basis of 

minimum support count. In Association Rule Mining, Association rule express an 

association between set of data items. 

“There are several algorithms developed for mining frequent patterns which can be 

classified into two classes 1) candidate generation with Apriori and its variants as the most 

popular, and 2) Pattern growth methods with F-P Growth method and its variants. F-P 

Growth use two data structures F-P Tree and header table” [4]. 

“F-P Growth algorithm is very fast but it requires significant storage space as F-P Trees are 

repeatedly generated.” [2]. “The Apriori algorithm iteratively identifies frequent item sets 

in data by applying the downward closure property of item sets in the generation of candidate 

item sets where a candidate item set is confirmed as frequent only when all its subsets are 

identified as frequent in the previous pass”[1]. “Apriori algorithm is most popular algorithm 

of Distributed Data Mining.” [3]. “Apriori algorithm performs repeated scanning of database 

to generate association rules” [3]. It scans database multiple times to generate support count 

for set of single items, set of 2 pairs, set of 3 pairs and so on. The limitation of Apriori 
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algorithm is, it scans whole database multiple times so it requires more time to perform 

mining process.  

To overcome this limitation of Apriori Algorithm, Mohammed Al Maolegi has proposed an 

improved Apriori algorithm [3]. It reduces database scanning compare to classical Apriori 

algorithm. It scans the complete database first time only then it scans only selected 

transactions. To perform selected scanning, during first time scanning it stores transaction 

ids of each items. Then during prune step the items which are having support count, less 

then minimum support are removed and for remaining items join step is performed. After 

join step to find support instead of scanning the complete database it will scan the 

transactions, which transaction ids are stored for the particular item. An improved Apriori 

algorithm reduces database scanning, but the limitation of improved Apriori algorithm is 

when new transactions are added it will scan the complete database.  

The Improved Apriori Algorithm does not take into consideration about addition of new 

transactions. It scans whole database again, this consumes more time and overhead. This 

research focuses on generation of a new D-Apriori algorithm which overcomes the 

limitation of existing algorithms and implementation of this mining algorithm on agent. 

 

6.2  Problem statement  

Literature review identifies that association rule mining algorithm is best suitable algorithm 

for distributed data mining. But for incremental database suitable mining algorithm is 

required, which should have functionality to scan only new transactions with minimum 

database scanning and generate appropriate result. 

This research focuses on improvements in Association Rule Mining algorithm and 

generation of new D-Apriori algorithm, which finds associativity form large set of data 

items, reduces scanning of data items, reduces processing time and creation of an intelligent 

mobile agent which mines the data from distributed database and returns the final results to 

the server. 
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6.3 Pseudo Code for DApriori Algorithm 

1: For incremental mining process 

2: if first time mining process is performed then PerformMiningProcess(); 

3:   Start 

4:    Mine complete database and find individual items, its support count and transaction ids 

       for each items 

5:    Read minimum support count and remove items whose support count is less than  

       minimum support 

6:    Generate L1; 

7:     L1 = frequent Item set I from transaction T. 

8:     Tid = Transaction Id List from Item set I 

9:      k = 2, where k is pair of items 

10:    while Lk - I ≠ 0 do 

11:       Generate Ck from Lk - 1 

12:       Where Ck = createpairs(k; minsupport) 

13:       Ck = candidates generated from LK -1 

14:       Get item Ig from k pairs of items which is having minimum support count 

15:       Get Ts , where Ts : set of transaction Ids Tid for Item Ig 

16:       for each transaction Tid in Ts do Increment the count of all items in CK that  

                  are   found in Ts 

17:             Generate Lk, Lk is set of items in Ck , having support count greater than 

                   minimum support 

18:             Generate next item pair,k + + 

19:       end for 

20:   end while 

21:   Generate known frequent Item set 

22:   KnownFrequentItemsets <-  Lk 

23:   return KnownFrequentItemsets 

24:   end if 

25:   else 

26:    if number of new transactions >= (threshold value) of existing transactions 
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           then Repeat Performminingprocess() and generate NewFrequentItemsets for 

          new transactions only 

27:     Update new frequent itemsets from new generated itemset 

28:      NewFrequentItemsets = KnownFrequentItemsets U NewFrequentItemsets 

29:      KnownFrequentItemsets = NewFrequentItemsets 

30:      Return all subsets of elements in KnownFrequentItemsets 

31: end if 

32: else 

33: if number of new transactions < (threshold value) of existing transactions 

34:     then NewFrequentItemsets = KnownFrequentItemsets 

35: end if 

 

6.4 Working of DApriori algorithm 

Steps of D Apriori algorithm. 

Step 1: During the first mining step, the complete database is scanned and calculates the 

support count for each data item and identify the transaction ids of each data item. 

Step 2: The data items having less support count than the minimum support are removed. 

Step 3: To generate support count of pair of two items, instead of searching the complete 

database, transactions ids of one of the item from two, having minimum support count will 

be scanned. 

Step 4: The data items having less support count than the minimum support are removed. 

Step 5: The process is repeated for the pair of three, four, five or more items. 

Step 6: Above steps are repeated until pair of items can be generated for which we find 

support count higher than minimum support and finally association rules are generated. 

Step 7: As this algorithm is proposed for transactional database, when new transactions are 

generated, to generate association rules instead of scanning for the complete database 

(existing database + new transactions), this algorithm will scan only new transactions. if size 

of new transactional database >= Threshold value of existing database then rules will be 

generated for new transactional database only The final output will be the union of the 

existing rules and the newly generated rules of transactional database. The D-Apriori 

algorithm is implemented on JADE framework to create intelligent mobile agent. 
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Working of DApriori Algorithm is described in the following Fig. 6.1 
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Figure 6.1 Working of DApriori Algorithm 
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6.5  Calculation of Threshold Value 

In proposed algorithm, threshold value has been identified on the basis of different number 

of transactions. Multiple times, the threshold values have been calculated and from this 

results, 0.05 is identified as a threshold value. 

10000 transactions are considered as base (old) transactions, new transactions are added to 

the base transactions and the output of D-Apriori algorithm is measured in milliseconds. 

This process is carried out for 1000 transactions with interval of 100 transactions and 

average of minimum and maximum time is calculated.  

This average is added to the minimum value to find the corresponding number of 

transactions which is 10500 with the threshold percentage of 0.05This process has been 

performed with several number of transactions to calculate the threshold value for the set of 

transactions. 

The above results are carried out on following hardware configurations:  

Processor      : Intel ® Core ™ I5 3210 M CPU @ 2.50 GHz. 

Installed Memory (RAM)  : 4 GB. 

System Type    : 64-bit Operating System, x64 based processor. 

 

TABLE 6.1:  Calculation of Threshold Value 

No. of 

Transactions 

Time 

ms 

  

10100 

(0.01%) 

240 
   

10200 244 
   

10300 240 
   

10400 243 
 

Step-1 
 

10500(0.05%) 247 
 

( 256 – 240 )  

10600 250 
 

=16 Step-2 

10700 249 
 

16/2 = 8 =240+8 

10800 258 
  

= 248 

10900 255 
   

11000(0.1%) 256 
   



Calculation of Threshold Value 

71 
 

 

 

FIGURE 6.2 Graph indicating the Threshold Value 

 

6.6  Benefits of D Apriori algorithm 

The existing Apriori algorithm scans whole database multiple times, so it requires more time 

and it generates large number of candidate sets. If database is having large number of records 

then scanning of complete database multiple times, results in much more I/O cost. To 

overcome the limitations of Apriori algorithm, during this research D-Apriori Algorithm is 

developed with following benefits. 

• D-Apriori Algorithm reduce the scanning of the transactions in the database. 

• After first mining process, D-Apriori algorithm scans only new transactions added in 

transactional database after reaching the threshold value. 

• D-Apriori algorithm increases the performance and reduce I/O cost as compared to Apriori 

Algorithm. 
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CHAPTER VII 

Experimental Setup  

 

This research proposes a new DApriori algorithm and it is implemented on agent framework. 

After literature review of different agent frameworks, JADE is identified as best suitable 

framework for agent implementation. This chapter describes some important features of 

JADE framework and its implementation. This chapter also describes Apriori agent creation, 

its implementation on JADE framework, DApriori agent creation and its implantation on 

JADE framework. 

This chapter also describes implementation of JADE agent on distributed database 

environment using Apache Cassandra. 

  

7.1.  Jade Implementation 

The Jade implementation includes creation of java class files for the algorithms, booting up 

the Jade architecture. After the Jade boots up, new agents can be created and upon execution 

of the agents, the results of the algorithms are generated. 

Creating Jade Agents 

“Jade is completely written in Java. It is a middleware that facilitates the development of 

multi-agent systems” [1].  

o It contains a runtime environment where JADE agents can “live” and that should be active 

on a same host before other agents can be executed on the same host. 

o “It also includes library of classes that developers can use directly or by specializing them, 

to develop specific agents. 

o It contains a set of graphical tools used for administrating and monitoring the activity of 

running agents.” [1]. 
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Containers 

“Each running instance of the JADE runtime environment is called a Container as it can 

contain several agents. The set of active containers is called a Platform.” [2]. 

The Main container should remain active in a platform so that all other containers can 

register with it. Each Jade agent is identified by a unique name, if they know the name of 

each other they can communicate with each other transparently irrespective of their actual 

location. 

Running Jade 

Options for running jade include: 

The following command line launches a Main Container activating the JADE management 

GUI (-gui) option and –cp option specifies the classpath of jade classes and all required 

application specific classes. 

java -cp lib\jade.jar jade.Boot -gui -local-port 1099 

The port no can also be specified using –port option and hostname like localhost can be 

specified using –host option. 

java -cp lib\jade.jar jade.Boot -gui -local-host <hostname> 

 

Figure 7.1   Booting Jade Framework
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jicp://192.168.1.36:1099:-  The host and port where the Main Container is listening to accept 

other containers joining the platform. 

Agent container Main-Containe@192.168.1.36 is the name of the container. 

 

The Agent Platform (AP)  

The physical infrastructure is provided by the agent platform (AP) where agents can be 

deployed. The infrastructure consists of the operating systems, physical machines, FIPA 

agent management components, the agents and any other required support software. 

 

 

Figure 7.2   Jade Remote Agent Management GUI 

 

The Agent Management Console has a tree structure which describes the Agent Platforms. 

The agent platforms can be local or remote agent platforms. The platforms are identified by 

<Main-Container-host>:<Main-Container-port>/JADE. The Main-Container-host is the ip-

address of the local or remote host, whereas Main-Container-port is the port no of the 

platform. Here when we launch a Main Container, we create a Platform that is composed of 

a single default Container called Main Container which in turn, contains three agents: 
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The AMS (Agent Management System) is activated by default since we launched a Main 

Container. The AMS is a required component of an Agent Platform (AP) and is responsible 

for managing the operations of an AP, such as the creation and deletion of agents, and 

overseeing the migration of agents to and from the AP. Each agent must register with an 

AMS in order to obtain an AID which is then retained by the AMS as a directory of all 

agents present within the AP and their current state (e.g. active, suspended or waiting).  The 

life of an agent with an AP terminates with its deregistration from the AMS and its AID is 

destroyed. Only a single AMS can exist in a single Agent Platform. 

The DF (Directory Facilitator) is activated by default since we launched a Main Container. 

It maintains an accurate, complete and timely list of agents and must provide the most 

current information about agents in its directory on a non-discriminatory basis to all 

authorized agents. An AP may support any number of DFs which may register with one 

another to form federations. Every agent that wishes to publicize its services to other agents 

should find an appropriate DF and request the registration of its agent description. 

The RMA (Remote Management Agent) i.e. the agent implementing the JADE 

Management Console itself and allows a platform administrator to manipulate and monitor 

the running platform. 

Looking at agent names we see that they have the form <local-name>@<platform-name> 

The agents can be created using two ways  

1. Starting agents using command line  

Java jade.Boot –gui –agents dap:examples.Apriori.apriori_opt(flu1.csv,100) 

2. Starting agents using Agent Management Console 

The output of the algorithm can be viewed on the console. 

 

7.2 Creation of Agent using Apriori Algorithm 

The new agent can be added to the platform using Agent Management console. The class 

file of the algorithm is added using the package and can be selected during creation of agent. 

After the main container is initialized, other containers can also be launched on different 

host within the platform.
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Figure 7.3   Creating Jade Agent (Insert Start Parameters) 

 

Figure 7.4   Creating Jade Agent (Select Agent Class) 

 

Selecting the Agent Class: The files in above figure are created using java and the compiled 

class files of the algorithms are added to the examples package. This class files are used to 

create the java agents using Jade. 

Provide the Agent name, the class name which can be selected from above list and the 

command line arguments like the name of the dataset file and the minimum support count 

are passed to the agent. This agent will be created under the main container. 
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  Figure 7.5  Creating Jade Agent for Apriori algorithm 

Here the apriori algorithm is selected from the list of class files. 

 

 

Figure 7.6 Output of Apriori Algorithm 

The output of the Apriori algorithm is generated as a text file containing the pair of itemsets 

and the corresponding count which is greater than the minimum support count.
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Figure 7.7 Output of Apriori Algorithm (Text File) 

7.3 Creation of Agent using D-Apriori algorithm 

 

Figure 7.8  Creating Jade Agent for DAPRIORI algorithm 

 

For creation of Agent using DApriori algorithm, the name of the agent,  the class file of 

DApriori algorithm is selected and the input parameters like dataset csv file and the 

minimum support count are passed. The agent will be created under the main container. 
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Figure 7.9 Output of DApriori Algorithm 
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Figure 7.10 Output of DApriori Algorithm (Text File) 

 

7.4 Apache Cassandra implementation with Jade 

“Apache Cassandra is a free and open-source distributed database management system 

designed to manage massive amounts of data across many servers” [3]. 

 It provides high availability of data with no single point of failure. The data is not lost even 

in case entire data center goes down. Cassandra provides strong support for clusters covering 

multiple datacenters with asynchronous master less replication, permitting low latency 

operations for all clients. 

“Apache Cassandra database is the right alternate when users need scalability and high 

availability without compromising performance. Linear scalability and proven fault-

tolerance on hardware or cloud infrastructure make it the perfect platform for mission-

critical data. Cassandra's support for replicating across multiple datacenters is best-in-class, 
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providing lower latency for your users and the peace of mind of knowing that you can 

survive regional outages” [3]. 

 

Cassandra clusters contains several nodes and each node is having the same role as the other. 

In case any of the node fails, there is no fear of system failure, also the data is distributed 

across the clusters and each node contains different data. Each node has identical capabilities 

to service any requests. 

 

Figure 7.11 Start Apache Cassandra 

 

 Apache Cassandra can be started using the Cassandra.bat located at the bin folder of 

installation directory.  Cqlsh can be started using cqlsh.bat. cqlsh is used to create the 

keyspace and the tables within the keyspace.  
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Figure 7.12   Cqlsh shell 

The nodes can be monitored using ops center. 

The data stored in the keyspace can be viewed using the select query in cqlsh shell. Here the 

table flu is created under the dkeyspace containing the fields like vid, state, virus and year. 

 

Figure 7.13 Querying keyspace and table in Apache Cassandra 

 

7.5 Creation of Agent using D-Apriori algorithm using Cassandra 

To connect the jade agent with Cassandra, Datastax Cassandra ODBC Driver setup is carried 

out by creating a system DSN.  
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Figure 7.14   Creating DSN for Datastax Cassandra ODBC driver 

 

For creation of DSN, DSN name has to be specified, Host IP address, Port number and 

Keyspace which is created using Cassandra cqlsh, are specified. The authentication for the 

database username and password can be provided for the connection. 

 

  

 Figure 7.15:   Datastax Cassandra ODBC Driver DSN Setup 
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This DSN is used for connectivity with the jade agent for DApriori algorithm and 

DKeyspace, which is created with table flu. The code for connectivity is as under: 

Class.forName("sun.jdbc.odbc.JdbcOdbcDriver"); 

con = DriverManager.getConnection("jdbc:odbc:DApriori_DSN"); 

String query = "select vid,state,virus,year from DKeyspace.flu"; 

 

Figure 7.16:  Creating DApriori Cassandra Agent  

For creation of Agent using DApriori algorithm using cassandra as the database, the name 

of the agent,  the class file of DApriori_Cassandra algorithm is selected. The agent will be 

created under the main container.  The output of the DApriori algorithm will be generated 

as a file containing pairs of items and the support count above the minimum support count. 

 

7.6 Experimental setup Summary 

The chapter descibes the creation of Apriori and DApriori algorithms and its implementation 

on Jade Agent framework. The algorithms are also implemented for   csv files and Apache 

Cassandra distributed database. 
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CHAPTER VIII 
 

Comparative Analysis 

 

8.1 Introduction 

This chapter focusses on generation of results for the proposed algorithm and carrying out 

comparative analysis with the existing algorithm using different data sets, different support 

counts and number of values in the dataset.  

 

8.2 Configurations 

The results generated for Apriori, Improved Apriori and DApriori algorithms are carried 

out under the following configurations: 

Processor  : Intel ® Core (TM) I5 3210 M CPU @ 2.50 GHz.  

Installed Memory (RAM)    : 4 GB. 

System Type      : 64-bit Operating System, x64 based Processor. 

  

8.3 Assumptions 

During the research, it is assumed that the algorithm can be implemented for a single 

organization and also security aspects of mobile agent are not taken into considerations. It 

is also assumed that it can be used with incremental databases where accuracy is not a 

priority but response time and bandwidth usage are important. 
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8.4 Dataset Details and Comparative Results 

Dataset -1: Genome dataset  

This dataset has been created to distribute data generated for the NCBI Influenza Virus 

Sequence Database. The source of the dataset is ftp://ftp.ncbi.nih.gov/genomes 

/INFLUENZA/.   The NCBI Influenza Virus Sequence Database contains nucleotide 

sequences, protein sequences and their encoding regions of all influenza viruses in 

GenBank, including the complete genome sequences from the NIAID Influenza Genome 

Sequencing Project genomeset.dat - Table with supplementary genomeset data. The 

genomeset.dat contains information for sequences of viruses with a complete set of segments 

in full-length (or nearly full-length). Those of the same virus are grouped together and 

separated by an empty line from those of other viruses.  The genomeset.dat file is tab-

delimitated tables which have the following fields: GenBank accession number, Host 

Genome segment number or protein name Subtype, Country, Year/month/date, Sequence 

length, Virus name, Age, Gender. 

The Table 8.1, 8.2 and 8.3 and Figure 8.1, 8.2, 8.3 describes the comparison of Apriori and 

DApriori algorithms for one lakh, fifty thousand and twenty five thousand records of 

Genome dataset. The time in milliseconds is calculated for different support counts from 

1000 to 100 for both the algorithms for the first mining process. The Figure 8.1, 8.2, 8.3 

indicate that as the support count reduces the time taken by Apriori algorithm is more as 

compared to DApriori algorithm. 

 

       FIGURE 8.1: Comparison of Apriori and DApriori 

        Algorithms for 1 lakh records 
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TABLE 8.1:  Comparative Results of 

Apriori &  DApriori Algorithms  

1 lakh records  

 S. Count Apriori  D Apriori 

1000 25642 28849 

500 77956 30918 

250 196707 32010 

200 267628 31662 

150 341380 32042 

100 582196 33287 
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                   FIGURE 8.2: Comparison of Apriori and DApriori 

        Algorithms for 50,000 records 

 

 

                   FIGURE 8.3: Comparison of Apriori and DApriori 

        Algorithms for 25,000 records 

The following Table 8.4, 8.5 and 8.6 and Figure 8.4, 8.5, 8.6 describes the comparison of 

Apriori and DApriori algorithms for support counts: 500, 250 and 200. The time in 

milliseconds is calculated for different records: 100000 to 15000 for both algorithms for the 

first mining process. The Figure 8.4, 8.5, 8.6 indicates that as the number of records increase, 

the time taken to generate association rules by DApriori algorithm decrease as compared to 

Apriori algorithm. 
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TABLE 8.2:  Comparative Results of 

Apriori &  DApriori Algorithms  

50,000 records 

 S.count Apriori  D Apriori 

1000 2561 7915 

500 13871 7960 

250 31964 8380 

200 43322 8676 

      150 55955 9091 

 100 84517 9600 

TABLE 8.3:  Comparative Results of 

Apriori &  DApriori Algorithms  

25,000 records 

S. count Apriori  D Apriori 

1000 790 2558 

500 1076 2462 

250 2527 2504 

200 3632 2614 

150 7017 2704 

100 10550 2893 
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        FIGURE 8.4: Comparison of Apriori & DApriori algorithms 

                   for Support Count = 500 

 

 

 

        FIGURE 8.5: Comparison of Apriori & DApriori algorithms 

                   for Support Count = 250 

 

 

     FIGURE 8.6:  Comparison of Apriori & DApriori algorithms  

                 for Support Count = 200 
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TABLE 8.4    Comparison of 

Apriori & DApriori algorithms 

for  Support Count = 500 

  

  Records Apriori  D Apriori 

100000 77956 30918 

50,000 13871 8560 

25000 1076 2462 

15000 464 1371 

TABLE 8.5    Comparison of 

Apriori & DApriori algorithms 

for  Support Count = 250 

 

  Apriori  D Apriori 

100000 196707 32010 

50,000 31964 8980 

25000 2527 2504 

15000 517 1411 

TABLE 8.6    Comparison of 

Apriori & DApriori algorithms 

for  Support Count = 200 

 

 Apriori  D Apriori 

100000 267628 31662 

50,000 43322 9136 

25000 3632 2614 

15000 763 1466 
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Comparison of proposed algorithm D-Apriori with Improved Apriori (modified 

Apriori) algorithms proposed by other researchers. 

Mohammed Al-Maolegi and Bassam Arkok had proposed improved Apriori algorithm to 

increase efficiency of Apriori algorithm. [1]  

The following table describes comparative study of proposed DApriori algorithm and 

Improved Apriori algorithm of Mohammed Al-Maolegi and Bassam Arkok. 

 

 Table 8.7: Comparative Analysis of D-Apriori and Improved Apriori algorithms proposed  by 

 Mohammed Al-Maolegi and Bassam Arkok 

Algorithm D Apriori Algorithm Improved Apriori 

algorithm Proposed by 

Mohammed Al-Maolegi 

and Bassam Arkok 

Database Scanning Database scanning reduced 

as Transaction ids are stored 

Database scanning 

reduced as Transaction ids 

are stored 

Temporary Data store Only transaction ids are 

stored So less storage space 

is required. 

Only transaction ids are 

stored So less storage 

space is required 

Incremental 

Transactional database 

Most advisable when new 

transactions are added. It 

will scan only new 

transactions, when new 

transactions reach above 

threshold value 

No suggestions for 

incremental transactional 

database 

 

The comparisons of DApriori and Improved Apriori algorithm are carried out   for different 

number of transactions and support counts for Genome Dataset: 
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  Table 8.8: Comparative Results of Improved Apriori  

  and D-Apriori Algorithms for Support Count =500 

 

Number 
 of Records 

Improved Apriori 
(Time in ms) 

D-Apriori  
(Time in ms) 

40000 6612 6687 

80000 21626 5239 

120000 50993 6754 

160000 95505 6019 

200000 104951 4145 

240000 162838 4317 

 

 

FIGURE 8.7:  Comparison of D-Apriori & Improved Apriori algorithms for Support Count = 500 
 

 

The Table 8.8 describes the comparison of Apriori and DApriori   algorithms for 40000, 

80000, 120000, 160000,200000 and 240000 records, time taken in milliseconds, for both 

algorithms. As per the results described, the time taken by Improved Apriori algorithm is 

increasing, as number of records increases but the time remains steady for DApriori 

algorithm.  The DApriori algorithm scans only newly added records every time, as they are 

higher than threshold value. The above results have been generated for 500 support count.  

The   Table 8.9 and Figure 8.8 describes the results generated for 400 support count and 

number of records scanned are 40000, 80000,120000,160000,200000 and 240000. The table 

describes time taken by each algorithm in milliseconds. The time taken by DApriori 

0

20000

40000

60000

80000

100000

120000

140000

160000

180000

40000 80000 120000 160000 200000 240000

Ti
m

e 
in

 m
s.

Number of Records

Comparision of D-Apriori and Improved Apriori for support 
count = 500

Improved
Apriori

D Apriori



Comparative Analysis of proposed Model and existing Model 

 

93 
 

algorithm is lower as it will scan newly added transactions only, instead of the complete 

database. 

 

 

Table 8.9: Comparative Results of Improved Apriori and D-Apriori Algorithms for Support Count =400 

  

Number 
 of Records 

Improved Apriori  
( Time in ms) 

D-Apriori  
(Time in ms)  

40000 6741 6649 

80000 21181 5343 

120000 51365 6839 

160000 95829 7149 

200000 105759 4221 

240000 164507 4316 

   

 

FIGURE 8.8:  Comparison of D-Apriori & Improved Apriori algorithms for Support Count = 500 
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Table 8.10:  Comparative Results of Apriori, Improved Apriori and D-Apriori Algorithms for Support 

Count =500 

Number 
 of Records 

Apriori 
(Time in ms) 

Improved  Apriori 
( Time in ms) 

D Apriori  
( Time in ms) 

40000 4343 6612 6687 

80000 31792 21626 5239 

120000 107053 50993 6754 

160000 218996 95505 6019 

200000 504077 104951 4145 

 

 

FIGURE 8.9:  Comparison of D-Apriori, Improved Apriori and Apriori algorithms for  

                         Support Count = 500 
 

 

Table 8.10 describes the comparative analysis of Apriori, Improved Apriori and D Apriori 

algorithms, for 40000, 80000, 120000,160000 and 20000 records for support count 500. It 

describes time taken in milliseconds by each algorithm. The results describes that Improved 

Apriori algorithm perform better compared to Apriori algorithm. D-Apriori provides better 

performance compared to both algorithms for incremental database as depicted in Figure 8.9. 
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Dataset 2:  Crop Production Dataset.  

Crop statistics are recorded for various products, covering the following categories: Crops 

Primary, Fibre Crops, Primary, Cereals, Coarse Grain, Citrus Fruit, Fruit, Jute & Jute-like 

Fibres, Oilcakes Equivalent, Oil crops Primary, Pulses, Roots and Tubers, Tree nuts and 

Vegetables and Melons. Data are expressed in terms of area harvested, yield, production 

quantity and seed quantity. The objective is to comprehensively cover production of all 

primary crops for all countries and regions in the world, out of which a subset of dataset is 

used for comparative analysis. The source of the dataset is Food and Agriculture 

Organization of United States. http://www.fao.org/faostat/en/#data/QC 

 

The Table 8.11, 8.12 and 8.13 and Figure 8.10, 8.11, 8.12 describes the comparison of 

Apriori and DApriori algorithms for five hundred, four hundred and three hundred records. 

The time in milliseconds is calculated for different support counts: 9 to 4 for both the 

algorithms for the first mining process.  The Figure 8.10, 8.11 and 8.12 that as the support 

count reduces the time taken by Apriori algorithm is more as compared to DApriori 

algorithm. 

 

TABLE 8.11:  Comparative 

Results of Apriori &  DApriori 

Algorithms   

500 Records 

S.Count Apriori  DApriori 

9 105 98 

8 142 129 

7 203 158 

6 210 168 

5 950 406 

4 1121 369 

 

                        FIGURE 8.10: Comparison of Apriori and DApriori 

                   Algorithms for 500 records 
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                            FIGURE 8.11: Comparison of Apriori and DApriori 

                    Algorithms for 400 records 

 

TABLE 8.13:  Comparative 

Results of Apriori &  DApriori 

Algorithms   

300 Records 

S.count Apriori  D Apriori 

9 49 66 

8 62 80 

7 75 82 

6 81 77 

5 137 127 

4 146 132 

 

 

             FIGURE 8.12: Comparison of Apriori and DApriori  

            Algorithms for 300 records 

 

 

Dataset 3: Mobile-cellular telephone subscriptions per 100 inhabitants 

This dataset contains all Mobile-cellular telephone subscriptions around the world from 

1960 to 2014. The source of the dataset is World Telecommunication / ICT Indicators 

Database, International Telecommunications Union. https://ieee-dataport.org/  

 

The Table 8.14, 8.15 and 8.16 and Figure 8.13, 8.14, 8.15 describes the comparison of 
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0

100

200

300

400

500

9 8 7 6 5 4

T
im

e 
(m

s)

Support Count

Comparision of Apriori & DApriori algorithms 

for  400 records

Apriori D Apriori

TABLE 8.12:  Comparative 

Results of Apriori &  DApriori 

Algorithms   

400 Records 

S count Apriori  D Apriori 

9 59 76 

8 74 82 

7 127 120 

6 150 128 

5 450 226 

4 464 237 

0

50

100

150

200

9 8 7 6 5 4

Ti
m

e 
(m

s)

Support Count

Comparative Results of Apriori &  DApriori 

Algorithms  for 300 Records

Apriori D Apriori



Comparative Analysis of proposed Model and existing Model 

 

97 
 

milliseconds is calculated for different support counts: 200 to 25 for both the algorithms 

for the first mining process. The Figure 8.13, 8.14 and 8.15 indicates that as the support 

count reduces the time taken by Apriori algorithm is higher as compared to DApriori 

algorithm. 

 
 

TABLE 8.14:  Comparative 

Results of Apriori &  DApriori 

Algorithms   

 

8000 records 

S.count Apriori  D Apriori 

200 187 547 

150 7985 1515 

100 15188 1594 

50 20001 1704 

25 279214 25485 

 

 
 

FIGURE 8.13: Comparison of Apriori and DApriori

                Algorithms for 8000 records 

 

 
TABLE 8.15:  Comparative 

Results of Apriori &  DApriori 

Algorithms   

 

5000 records 

S count Apriori  D Apriori 

200 172 329 

150 188 328 

100 9703 1281 

50 11996 1296 

25 67178 8532 

 

 

 

FIGURE 8.14: Comparison of Apriori and DApriori

                Algorithms for 5000 records 
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TABLE 8.16:  Comparative 

Results of Apriori &  DApriori 

Algorithms   

 

1000 records 

S count Apriori  

D 

Apriori 

100 78 94 

50 78 94 

25 453 296 

10 5766 797 

5 8297 922 
  

FIGURE 8.15: Comparison of Apriori and DApriori

                Algorithms for 1000 records 

 
 

8.5 Comparative Analysis of proposed Model and existing Model 

The comparative analysis is carried out for Apriori and DApriori algorithms using the 

various datasets with different records and support counts.  Comparative analysis by 

percentage as per reference table 8.2 is as under: 

 

TABLE  8.17: Comparative Analysis 

by Percentage 

 

Apriori DApriori Percentage % 

13871 7960 43 

31964 8380 74 

43322 8676 80 

55955 9091 84 

84517 9600 89 

 Average 74% 

 

The DApriori algorithm’s performance is on average 74% better as compared to Apriori 

algorithm. 

The following result scenario describes the outputs generated and the time taken by Apriori 

and DApriori algorithms during the first mining process and second mining process. The 

same scenario can be extended for further mining processes. 

The results are generated for flu dataset with 1000 records and minimum support count = 

100. 
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During the first mining process, Apriori Algorithm generated the output as shown in Fig 

8.16 and the time taken for the same is 270 ms. 

 

FIGURE 8.16 Output of Apriori Algorithm- First Mining 

During the first mining process, DApriori Algorithm generated the output as shown in Fig 

8.17 and the time taken for the same is 245 ms. 

 

FIGURE 8.17 Output of DApriori Algorithm – First Mining 

During the first mining process, 500 records are added to existing dataset and Apriori 

Algorithm generated the output as shown in Fig 8.18 and the time taken for the same is 476 

ms. For the second mining process, DApriori Algorithm required 133 ms. 
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TABLE  8.18: Comparative Analysis of 

Apriori and DApriori 

 

 Apriori DApriori 

First Miinng 270 245 

Second Mining 476 133 

 

8.6 Conclusion  

Information of an organization is located at diverse locations and for quick decision making 

at different management levels, they require data with less processing time and least 

bandwidth, also the resources are distributed, thus Distributed Data Mining is identified as 

an effective data management technique. This research proposes an algorithm, suitable for 

DDM and has been implemented on agent with use of jade framework, which reduces the 

processing time, database scanning and number of records for scanning, resulting in a 

minimum required compact database for mining. This research concludes by generation of 

an association rule mining algorithm and its results comparison with existing algorithm. The 

results of DApriori are better as compared to Apriori algorithm as described in this chapter. 

 

8.7 Future Enhancement  

In this research DApriori association rule mining algorithm has been developed and 

implemented on JADE agent. This research does not take security aspect of agent in 

consideration which can be enhanced. The same algorithm can be implemented on other 

agent frameworks and results can be analysed. Also it can be used with different other 

datasets or live data streaming. 

 



101 
 

[1] Mohammed Al-Maolegi and B. Arkok, “An improved Apriori Algorithm for Association 

Rules”, IJNL C February 2014 

 



BIBLIOGRAPHY 

 

[1] P. Maes (editor). “Designing Autonomous Agents: Theory and Practice from Biology to 

Engineering and back”. MIT Press 

[2] Jeffery A.hoffer, Mery Prescott and Heikki Topi, “Modern Database Management System” 

12th edition, Chapter 13 Distributed Database, Prentice Hall publication  

[3] Elmasri Ramez, Shamkant B. Navathe, Fundamental of Database Systems: for VTU”, page 

880, Pearson Publication, Fifth edition 

[4] Jaiwei Han, Micheline Kamber, Jian Pei, “Data Mining Concepts and Techniques”, 

Elsevier, Third Edition, Page 21: chapter 1.4 What kind of Patterns can be mined?, Second 

Edition.-2006 

[5]  Giovanni Caire (TILAB, formerly CSELT) Jade Tutorial, Jade Programming for 

Beginners, 2009 

[6]  Jacques Ferber. “Reactive Distributed Artificial Intelligence: Principles and Applications”. 

In G.M.P. O’Hare, and N.R. Jennings (editors), Foundations of Distributed Artificial 

Intelligence, John Wiley & Sons, Inc., 1996, pp. 287-317. 

 



Annexure I 

i 
 

 

 

ANNEXURE – I 
 

Extended literature survey of Algorithms proposed to improve efficiency of Apriori 

algorithm 

 

 Background  

J.Han and M.Kamber has proposed Apriori algorithm. They had suggested different 

ways to improve Apriori algorithm. 

1. Number of transactions in the database can be reduced to improve Apriori algorithm. 

2. Reducing the scan of database to improve Apriori algorithm. 

3. Apriori can be improved by cut off the large candidates which cause high IO cost. 

According to this different options, myriad algorithms has been proposed by different 

researchers to improve Apriori algorithm. 

 

1) An improved Apriori algorithm for association rules, by Mohammed Al-

Maolegi, Bassam Arkok, International Journal on Natural Language Computing 

(IJNLC) vol. 3, No.1, February 2014 

 

       Apriori algorithm is most popular association rule mining algorithm which is used to 

discovering the knowledge. The proposed Improved Apriori algorithm overcome the 

limitations of existing Apriori algorithm. This algorithm reduce the scanning time by 

scanning selected transaction ids instead of scanning the complete database. 

  

Steps of Improved Apriori algorithm 

 

Step-1 In this step the complete database is scanned and for all items support count is 

generated and transaction ids are identified for each data item. 

 

Step-2  in the prone step the  data items  having less support count than the  minimum 

support are removed. 

Step-3 To identify the pair of two items, Instead of searching the complete database, 

transaction ids of one of the item from two having minimum support count will be 

scanned. 
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Step -4 In the prone step the data having less support count are removed. 

 

Step-5  The process is repeated until pair of item sets can be generated for multiple items 

for given support count and finally rules are generated. 

  

Conclusion 

 

This algorithm is proposed to reduce the time consumed in transaction scanning for 

candidate item sets by reducing the number of transactions to be scanned.  

 

Limitation of algorithm 

 

The limitation of this algorithm is, when new transactions are added to the original 

database, the database must be scanned completely, and the same process must be 

repeated for all the existing and new added transactions. 

 

2) Mobile computing and Agent Comparison of proposed DApriori algorithm and 

Improved algorithm proposed by Shuhani Nagpal, International journal of 

Engineering Research and Applications(IJERA) ISSN: 2248-9622 www.ijera.com 

Vol. 2, Issue 3, May-Jun 2012, pp.2569-2572 

 

This algorithm is proposed by Shuhani Nagpal’, in this algorithm encoding and decoding 

mechanism. For encoding she has used logarithmic method and she had said that from 

different experiments, most efficient method is the logarithmic decoding method that can 

speed up all the required processes.   

Shuhani Nagpal had written about her Apriori algorithm that it is used on the database 

that has transactions and its purpose is to find associations between different sets of data 

and it is sometimes referred as ‘Market Basket Analysis’ sometimes, that is used to 

analyse customer buying pattern.  

In the proposed method the researcher had said that they have proposed a technique, she 

said ,  “we can scan the database only once and will work on the tables which are created 

by the user only at the time of analysis so this will reduce the execution speed because 

by this we need not scan the whole database again and again as we can work on the 
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subsets made i.e. by making the temporary table in between such that to do the work in 

half way around such as to reduce the execution time of the required algorithm. 

Secondly, by using the logarithmic technique of decoding the algorithm such that to 

reduce the complexity of the algorithm and by truncating the value at the integer part 

only and leaving the float part of the algorithm. The main objective focuses on designing 

a single algorithm in which we can have both efficiency and can have less storage space. 

So that we can work in an efficient environment which is suitable to each person for 

working and it may be the most effective way to find the frequent itemsets. “According 

the researcher this execution time is reduced and the cost is also less. 

Steps of proposed algorithm 

The proposed algorithm is working in different steps:  

According the step-1 of the algorithm, From Lk-1, candidate set Ck—1 is generated. 

First time itself, all possible set of items are generated from join steps. All candidate 

subsets from the candidate itemsets in Ck is generated. The value is stored in the log 

form such that the result is in the float value. Form generated candidate set. 

 

In step-2 take the value from the temporary table and move to the new iteration. 

In step-3 scan the transaction database to identify the support for each candidate item set 

in Ck. 

In step-4 Save the frequent itemsets in Lk. 

 

The first pass of the algorithm simply uses the function get L1 to count item occurrences 

to determine the frequent 1- itemsets. A subsequent pass, for example pass k, consists of 

two phases:  

 

First the frequent itemsets Lk-1 found in the (k-1) th pass are used to generate the 

candidate itemset Ck with function getCk. Where in getCk function, join step is 

generated and prone step is generated. 

In next phase data matrix is scanned and support of candidates in Ck is counted.  

Conclusion: 

In this research, encoding and decoding mechanism is used to speed up all required 

processes. Then pruning optimization and transaction reduction strategy is used. It 

reduce the execution time of an algorithm.  
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Limitations of algorithm 

There are many limitations of proposed algorithm. The limitations are as follows: 

 1. Needs several iterations of the data  

2. Uses a uniform minimum support threshold  

3.  Difficulties to find rarely occurring events  

4. Alternative methods (other than Apriori) can address this by using a non-uniform 

 minimum support threshold  

5. Some competing alternative approaches focus on partition and sampling 

 

 

3) Improved Apriori Algorithm Based on bottom up approach using Probability 

and Matrix proposed by Sunil Kumar S, Shyam Karanth S, Akshay K C, Ananth 

Prabhu, Bharathraj Kumar M, IJCSI International Journal of Computer Science 

Issues, Vol. 9, Issue 2, No 3, March 2012  

 

This algorithm proposed to mine frequent items from large database, which reduced 

database scans. In the proposed algorithm bottom approach is using probability and 

Matrix used to identify the frequent itemset.  

Steps of proposed algorithm 

This algorithm works in two phases. In the first phase probability matrix is generated 

and in second phase bottom up approach is used to mine frequent item set. 

Phase 1  

Matrix M1, is generated where, columns represents items and row represents 

transactions. In the each cell if selected item is present in the transaction then its value 

will be 1 otherwise 0. 

From matrix M1, M2 matrix is generated. Where each entry value is replaced by the 

probability of occurrence of corresponding item to the total number of transactions. Two 

more columns are added in matrix to store total probability and count of elements in each 

row respectively. 

From matrix M2, sorted probability matrix M3 is generated, as per the descending order 

of total probability. 

 Phase 2 

Matrix M4 is generated, where non-zero values are replaced by Value 1, in matrix M3. 
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In next step, first transaction from M4 is selected and it compared with next transaction 

for probability and support count and if first transaction’s values are higher then, Bitwise 

AND operation is performed and if result is same as first transaction then support count 

of first transaction itemset is increased by 1. This process is performed repeatedly until 

the it satisfies the condition of First transaction total probability and count is less than or 

equal to next transaction and identify the total support count if it is greater than the 

required support count extract the item set of that transaction and all its subset and move 

it to frequent item set. The same process will be repeated for remaining transaction until 

it finds unseen transaction in the given data set.  

 

Conclusion 

The algorithm reduce scanning of database, as matrix is generated and compared with 

total frequency count. 

 

Limitations of algorithm 

The major limitation of proposed algorithms are described below: 

1. Matrices are generated and total support count is identified, but the process is 

complex as number of matrices are generated. 

2. This algorithm may not produce effective results if higher variations are there in 

individual transactions. 

 

 

 

 

4) International Journal of Computer and Communication Engineering, Vol. 2, 

No. 1, January 2013 “Research of an Improved Apriori Algorithm in Data Mining 

Association Rules” Jiao Yabing. 

 

• Apriori algorithm is the classic algorithm of association rules, which enumerate all 

of the frequent item sets. When this algorithm encountered dense data due to the large 

number of long patterns emerge, this algorithm's performance declined dramatically.  

• In order to find more valuable rules, this research proposes an improved algorithm 

of association rules 

• This study introduced an algorithm that decrease the number of candidate items in 

the candidate item set Ck. 
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• The optimized algorithm is that, before the candidate item sets Ck come out, further 

prune Lk-1, count the times of all items occurred in Lk-1, delete item sets with this 

number less than k-1 in Lk-1. In this way, the number of connecting items sets will 

decrease, so that the number of candidate items will decline. 

 

Steps of Improved Apriori Algorithm  

According to the properties of frequent item sets, this algorithm declines the number of 

candidate item sets further. In other words, prune Lk-1 before Ck occur using Lk-1. This 

algorithm can also be described as following: Count the number of the times of items 

occur in Lk-1 (this process can be done while scan data D);  

Delete item sets with this number less than k-1 in Lk-1 to get Lk-1. To distinguish, this 

process is called Prune 1 in this study, which is the prune before candidate item sets 

occur; the process in Apriori algorithm is called Prune 2, which is the prune after 

candidate item sets occur. Thus, to find out the k candidate item sets, the following 

algorithm can be taken: 

Prune l(Lk-1), that is executing Prune 1 to Lk-1; Use Lk-1 to connect with its elements 

and get the k candidate item sets Ck ; Prune 2(Ck), that is executing Prune 2 to and finally 

get the k items candidate set which should calculate its support level (the superset of k 

items frequent set) 

 

The process of the algorithm finding out the frequent item sets, the minimum support 

level is 2. 

Table 1: Candidate Item Sets C1 Frequent Item Sets L1 

 

TID Item List 

T1 A,B,D 

T2 A,B,C,D 

T3 A,B,D,E 

T4 B,E,F 

T5 A,B,D,F 

T6 A,C,D,E 
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Table 2: Candidate Item Set C2 

 

  

 

   

 

 

 

 

 

 

 

 

Table 3: L2 After Pruning 

 

Item Set  Support 

Level 

Item Set Support 

Level 

A,B 4 B,D 4 

A,C 2 B,E 2 

A,D 5 C,D 2 

A,E 2 D,E 2 

 

Table 4 : C3 Candidate Itemset 

 

Item Set  Support 

Level 

Item Set Support 

Level 

A,B,C 1 A,C,E 1 

A,B,E 4 A,D,E 2 

A,D,E 1 B,D,E 1 

A,C,D 2 C,D,E 1 

 

TABLE 5: After Complete Pruning 

 

Item Set  Support 

Level 

A 5 

B 5 

C 2 

D 5 

E 3 

F 2 

 

Limitation of algorithm 

Although this process can decline the number of candidate item sets in Ck and reduce 

time cost of data mining, the price of it is pruning frequent item set, which could cost 

certain time.  

Item Set  Support 

Level 

Item Set Support 

Level 

A,B 4 B,F 2 

A,C 2 C,D 2 

A,D 5 C,E 1 

A,E 2 C,F 0 

A,F 1 D,E 2 

B,C 1 D,F 1 

B,D 4 E,F 1 

B,E 2   
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5) International Journal of Scientific and Research Publications, Volume 3, Issue 

1, January 2013 1 ISSN 2250-3153 www.ijsrp.org Improving Efficiency of Apriori 

Algorithm Using Transaction Reduction Jaishree Singh, Hari Ram , Dr. J.S. Sodhi 

Explanation of the Algorithm 

• Proposed an optimized method for Apriori algorithm which reduces the size of the  

     database. 

• It reduces the scanning time by cutting down unnecessary transaction records  

• It reduces the redundant generation of sub-items during pruning the candidate 

 itemsets, which can form directly the set of frequent itemsets and eliminate candidate 

 having a subset that is not frequent. 

• It introduced an attribute Size_Of_Transaction (SOT) , containing number of items  

     in individual transaction in database 

 

Step 1: Calculate SOT( Size of Transactions) for each transaction by counting the items 

in the transaction 

 

TID Items 

T1 I1,I3,I7 

T2 I2,I3,I7 

 T3 I1,I2,I3 

T4 I2,I3 

T5 I2,I3,I4,I5 

T6 I2,I3 

T7 I1,I2,I3,I4,I6 

T8 I2,I3,I4,I6 

T9 I1 

T10 I1,I3 

  

 

Step 2:  Each itemset is a member of candidate item set C1 and algorithm calculates the 

frequency of each itemset by scanning all the transactions. 

Itemset Support 

Count 

I1 5 

I2 7 

I3 9 

I4 3 

I5 1 

I6 2 

I7 2 

 

 

TID Items SOT 

T1 I1,I3,I7 3 

T2 I2,I3,I7 3 

T3 I1,I2,I3 3 

T4 I2,I3 2 

T5 I2,I3,I4,I5 4 

T6 I2,I3 2 

T7 I1,I2,I3,I4,I6 5 

T8 I2,I3,I4,I6 4 

T9 I1 1 

T10 I1,I3 2 
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Step 3: Since support count is 3, I5 I6 and I7 would be removed.  

Itemset Support 

Count 

I1 5 

I2 7 

I3 9 

I4 3 

 

Step 4:  Now the number of elements K =2 so remove all transactions whose SOT = 1 

and the elements whose support count is less than the min support ie.. I5, I6, I7 and 

calculate the SOT for every transactions. 

TID Items SOT Removed 

T1 I1,I3 2 I7 

T2 I2,I3 2 I7 

T3 I1,I2,I3 3  

T4 I2,I3 2  

T5 I2,I3,I4 3 I5 

T6 I2,I3 2  

T7 I1,I2,I3,I4 4 I6 

T8 I2,I3,I4 3 I6 

T9 I1 1 Removed 

T10 I1,I3 2  

 

Step 5: The pair of two itemsets from the remaining items and transactions. The itemsets 

are removed whose support count is less than minimum support count 

Item set  Support 

Count 

 

I1, I2 2 Removed 

I1,I3 4  

I1,I4 1 Removed 

I2,I3 7  

I2,I4 3  

I3,I4 3  

  

Step 6: Now the 3 pair itemsets to be formed so the transactions with SOT < 3 are 

removed and no individual elements can be removed 

TID Items SOT 

T3 I1,I2,I3 3 

T5 I2,I3,I4 3 

T7 I1,I2,I3,I4 4 

T8 I2,I3,I4 3 
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Step 7: Calculation of support count of three pairs by removing I1, I2 and I1, I4 pairs 

Item set  Support 

Count 

 

I2, I3, I4 3  

 

The improved algorithm proposed in this paper optimizes the algorithm of reducing the 

size of the candidate set of k-itemsets, Ck, but also reduce the I / O spending by reducing 

transaction records in the database.  

The performance is optimized so that we can mine association information from massive 

data faster and better. 

Limitation of algorithm 

Although this improved algorithm has optimized and efficient but it has overhead to 

manage the new database after every generation of Lk. So, there should be some 

approach which has very less number of scans of database. Another solution might be 

division of large database. 
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ANNEXURE – II 
 

Comparison of proposed algorithm-D Apriori with modified Apriori algorithms 

proposed by other researchers. 

  

1) An improved Apriori algorithm for association rules, by Mohammed Al-

Maolegi, Bassam Arkok, International Journal on Natural Language Computing 

(IJNLC) vol. 3, No.1, February 2014 

 

   TABLE 1:  Comparative table of DApriori & Improved Apriori Algorithm 

Algorithm D Apriori Algorithm Improved Apriori 

algorithm Proposed by 

Mohammed Al-Maolegi 

and Bassam Arkok 

Database Scanning Database scanning reduced 

as Transaction ids are 

stored 

Database scanning 

reduced as Transaction 

ids are stored 

Temporary Data store Only transaction ids are 

stored So less storage 

space is required. 

Only transaction ids are 

stored So less storage 

space is required 

Incremental 

Transactional database 

Most advisable when new 

transactions are added. It 

will scan only new 

transactions, when new 

transactions reach above 

threshold value 

No suggestions for 

incremental transactional 

database 
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Comparison of DApriori and Improved Apriori (proposed by Mohammed Al-

Maolegi and Bassam Arkok ). 

The comparison of DApriori and Improved Apriori algorithm is described for different 

number of transactions and support counts: 

Table 2: Comparative Results of Improved Apriori and D-Apriori Algorithms for 

Support Count =500 

Number 
 of Records 

Improved Apriori 
(Time in ms) 

D-Apriori  
(Time in ms) 

40000 6612 6687 

80000 21626 5239 

120000 50993 6754 

160000 95505 6019 

200000 104951 4145 

240000 162838 4317 

 

 

FIGURE 1: Comparison of DApriori and  Improved Apriori Algorithms for support count 500 

 

The table 1 describes the comparison of Apriori and DApriori   algorithms for 

40,000, 80,000, 1,20,000, 1,60,000,200,000 and 2,40,000 records, time taken in 

milliseconds, for both algorithms. As per the results described, the time taken by 

improved Apriori algorithm is increasing, as number of records increases but the time 

remains steady for DApriori algorithm.  The DApriori algorithm scans only newly added 

records every time, as they are higher than threshold value. The above results has been 

generated for 500 support count.  
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The following table and chart describes the results generated for 400 support count 

and number of records scanned are 40,000, 80,000,1,20,000,1,60,000,2,00000 and 

2,40,000. The table describes time taken by each algorithm in milliseconds. The time 

taken by DApriori algorithm is lower as it will scan newly added transactions only, 

instead of the complete database. 

Table 3: Comparative Results of Improved Apriori and D-Apriori Algorithms for 

Support Count =400 

 Number 

 of Records 

Improved 

Apriori  

( Time in ms) 

D-Apriori  

(Time in ms)  

40000 6741 6649 

80000 21181 5343 

120000 51365 6839 

160000 95829 7149 

200000 105759 4221 

240000 164507 4316 

   

 

 FIGURE 2: Comparison of DApriori and Improved Apriori algorithms for support count 400 

Table: 4 Comparative Results of Apriori, Improved Apriori and D-Apriori 

Algorithms for Support Count =500 

Number 

 of Records 

Apriori 

(Time in ms) 

Improved  Apriori 

( Time in ms) 

D Apriori  

( Time in ms) 

40000 4343 6612 6687 

80000 31792 21626 5239 

120000 107053 50993 6754 

160000 218996 95505 6019 

200000 504077 104951 4145 
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FIGURE 3: Comparison of Apriori, Improved Apriori and DApriori Algorithms for 500 support 

count 

Table: 3 describes the comparative analysis of Apriori, Improved Apriori and D Apriori 

algorithms, for 40000, 80000, 120000,160000 and 20000 records for support count 500. 

It describes time taken in milliseconds by each algorithm. The results describes that 

Improved Apriori algorithm perform better compared to Apriori algorithm. D-Apriori 

provides better performance compared to both algorithms for incremental database. 

 

The Dataset details on which the results are described are mentioned below: 

 Influenza Virus Database 

 Source :  ftp://ftp.ncbi.nih.gov/genomes/INFLUENZA/  

This directory has been created to distribute data generated for the NCBI Influenza Virus 

Sequence Database.  

The NCBI Influenza Virus Sequence Database contains nucleotide sequences, protein 

sequences and their encoding  regions of all influenza viruses in GenBank, including 

the complete genome sequences from the NIAID Influenza Genome Sequencing 

Project.  

genomeset.dat - Table with supplementary genomeset data  
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The genomeset.dat file is tab-delimitated tables which have the following fields: 

GenBank accession number Host Genome segment number or protein name Subtype 

Country Year/month/date Sequence length Virus name Age Gender  

Configurations: 

The results generated for Improved Apriori and DApriori algorithms are carried out 

under the following configurations: 

Processor                           : Intel® Core (TM) i5 -3210 M CPU @2.50 GHz. 

Installed Memory (RAM) : 4.00 GB 

System Type                      : 64-bit Operating System, x64- based processor. 

 

2) Mobile computing and Agent Comparison of proposed DApriori algorithm and 

Improved algorithm proposed by Shuhani Nagpal, International journal of 

Engineering Research and Applications(IJERA) ISSN: 2248-9622 www.ijera.com 

Vol. 2, Issue 3, May-Jun 2012, pp.2569-2572 

 

           TABLE 5:  Comparative table of DApriori &  Improved Apriori Algorithm  

Algorithm D Apriori Algorithm Improved algorithm 

proposed by Shuhani 

Nagpal 

Database scanning Database scanning reduced 

as transaction Ids are stored 

Multiple time database 

scanned to generate pair of 

itemsets and candidate sets 

Encoding and 

Decoding 

Not required Logarithm encoding is 

performed to store float 

value 

Temporary Data store  Only transaction ids are 

stored so less storage space 

is required 

Higher storage space is 

required to store the 

itemsets and candidate sets 

in temporary tables. 

Incremental 

transactional database 

Most advisable when new 

transactions are added. It 

will scan only new 

transactions, when new 

transactions reach above 

threshold value  

No suggestions for 

incremental transactional 

database 
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3) Improved Apriori Algorithm Based on bottom up approach using Probability 

and Matrix proposed by Sunil Kumar S, Shyam Karanth S, Akshay K C, Ananth 

Prabhu, Bharathraj Kumar M, IJCSI International Journal of Computer Science 

Issues, Vol. 9, Issue 2, No 3, March 2012  

 

               TABLE 6:  Comparative table of DApriori &  Improved Apriori Algorithm 

Algorithm D Apriori Algorithm Improved algorithm 

proposed by Sunil 

Kumar and team 

Database Scanning Database scanning reduced 

as Transaction ids are 

stored 

Database scanning 

reduced as matrix is 

generated. 

Temporary Data store Only transaction ids are 

stored so less storage space 

is required. 

Higher storage space is 

required, as four types of 

matrices are generated. 

Incremental 

Transactional database 

Most advisable when new 

transactions are added. It 

will scan only new 

transactions, when new 

transactions reach above 

threshold value 

No suggestions for 

incremental transactional 

database 

 

 

4) International Journal of Computer and Communication Engineering, Vol. 2, 

No. 1, January 2013 “Research of an Improved Apriori Algorithm in Data Mining 

Association Rules” Jiao Yabing. 

     TABLE 7:  Comparative table of DApriori &  Improved Apriori Algorithm 

Algorithm D Apriori Algorithm Improved algorithm 

proposed by Jiao 

Yabing 

Database Scanning Database scanning reduced 

as Transaction ids are 

stored 

Database scanning 

reduced as pruning step 

is performed before join 
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step but scanning is 

required to  generate 

candidate sets. 

Temporary Data store Only transaction ids are 

stored So less storage space 

is required. 

No extra space compare 

to Apriori is required to 

store data temporary, but  

Incremental 

Transactional database 

Most advisable when new 

transactions are added. It 

will scan only new 

transactions, when new 

transactions reach above 

threshold value 

No suggestions for 

incremental transactional 

database 

 

5) International Journal of Scientific and Research Publications, Volume 3, Issue 

1, January 2013 1 ISSN 2250-3153 www.ijsrp.org Improving Efficiency of Apriori 

Algorithm Using Transaction Reduction Jaishree Singh, Hari Ram , Dr. J.S. Sodhi 

      TABLE 8:  Comparative table of DApriori &  Improved Apriori Algorithm 

Algorithm D Apriori Algorithm Improved algorithm 

proposed by Jaishree 

Singh, Hari 

Ram,Dr.J.S.Sodhi 

Database Scanning Database scanning reduced 

as Transaction ids are 

stored 

Database scanning 

reduced as SOT( Size of 

Transaction) is used.  

Temporary Data store Only transaction ids are 

stored  So less storage 

space is required. 

Temporary data store is 

required to store SOT.  

Incremental 

Transactional database 

Most advisable when new 

transactions are added. It 

will scan only new 

transactions, when new 

transactions reach above 

threshold value 

No suggestions for 

incremental transactional 

database 
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