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Abstract - This paper analyzes the role of intelligent agents in collaborative systems and their use in the banking information systems. The Collaborative Multicash Servicedesk application is presented, seen as an intelligent banking system and being optimized for mobile access. A real data analysis is performed in order to determine which are the most frequently requests of the bank customers and how these problems can be minimized. Some further research perspectives are indicated in order to analyze how intelligent are the collaborative banking systems.
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I. INTRODUCTION
The collaborative systems are an important research subject of the knowledge based society, and a great part of the human activities are involved in this problem. Every human activity is better realized if the people work together in order to achieve a common goal. Collaborative systems are widely used today in various activity fields, like: banking, medicine, military and aviation. Their complexity is high and the development involves numerous resources and costs.

The research question of the paper is to analyze how intelligent are the collaborative banking systems. The main objective of the paper is the presentation of the Collaborative Multicash Servicedesk application and its GUI design.
The research problem is motivated with the references to the literature, where in [1] the architecture for intelligent collaborative systems based on multi-agent is presented. In [2] an application of multi-agent in intelligent manufacturing system is described.

In section 2 we present a background regarding the agents in collaborative systems. Section 3 analyze the collaborative banking systems and shows the general architecture of a collaborative banking environment. In section 4 we describe the Collaborative Multicash Servicedesk application, seen as an intelligent banking system. Section 5 performs a real data analysis from the application database. The paper ends with the conclusions and section 6 indicates some further research perspectives.
II. BACKGROUND – AGENTS IN COLLABORATIVE SYSTEMS
A collaborative system has many agents that work together dynamically. The agents of a collaborative system represent any entity interacting or exchanging data in the system, be they people or software applications. Every agent’s roles can be seen as a group of processes that an agent can execute. A process is one of the ways to use the collaborative system. The whole set of available processes define what the collaborative system is used for and demand a specific configuration [3].

The architecture of intelligent collaborative systems is based on multi-agent technology, which has recently become one of the promising technologies used in various complex applications [1].

Multi-agent technology is considered as an efficient approach for developing intelligent systems and optimizing process plans in a collaborative environment. A multi-agent based system is an environment in which various intelligent agents work together to perform process planning in an autonomous and collaborative manner [2].

TABLE 1. GENERAL CLASSIFICATION OF AGENTS [2]
	AGENT

	behavior
	mobility
	functionality

	deliberative agent
	reactive agent
	stationary agent
	mobile agent
	information agent
	interface agent


There are many types of agents classified by criteria like behavior, mobility or functionality. A general taxonomy of agents is presented in Table 1.

Collaborative multi-agent systems are described in [4], in terms of technologies activation, concepts, methods and instruments. Fundamentals of collaboration are necessary when defining the new societies of any kind, human or artificial. Multi-agent systems represent a new paradigm for modeling the social realities and for acquiring software development. Collaboration is best learned when it is based on simple rules, leaving the agents to fulfill their interests within their societies. The design and development of agent systems should be adopted, while the object-oriented methodologies have to be engaged so that software projects become executable in the software industry.

Business m-application development is similar to the development of personal computer applications, but there are also differences that influence the way the project is managed. Depending on the application type, m-applications development projects include not only the mobile device software, but also the other components of the system (application server, database, content management etc.). 

With respect to data processing, m-applications can be divided into standalone applications and distributed applications. 

Standalone mobile applications are designed to perform specific tasks without the need of a network connection. Mostly mobile applications made for PDAs are such examples of stand-alone applications.

Every operating system (Windows Mobile, Symbian) exposes specific APIs with varying degrees of complexity and architectures which are more or less well documented. In order to increase the development productivity, higher level classes libraries were developed on top of system’s APIs. Usually, every library comes with a specific run-time environment.

Distributed m-applications instead need a network connection in order to operate. This type of applications may rely upon a permanent or a temporary connection. WAP (Wireless Access Protocol) based applications for mobile phones that connect to a server via Internet are an example of distributed applications [5]. The most used distributed applications, which include collaborative systems, are mobile Web-based.

III. COLLABORATIVE BANKING SYSTEMS
Collaborative systems are efficient and achieve results accurately and completely if they work the way they are designed to.

A banking information system is designed to automate as much of a set of bank's current operations and provide strategic, tactical and operational information necessary in the decision-making process.

In a collaborative banking system agents are working concurrently, the system resources being accessed in the same moment by many users. The concurrent access is one of the quality characteristics specific to the collaborative banking systems. In a bank with five hundred branches, there are at least five thousands computers that are using the same applications and are accessing the same databases in the same time. If we take into consideration the existence of electronic payments services, then the information system must face a big number of requests. This is possible due to the parallel processing and the separation of requests on different communication channels. 
We envisage an information system with agents that manage every request to the system resources, giving it priority or putting it in a queue. In Figure 1 the operations made in a bank information system with agents are presented.
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Fig. 1. Simplified operations in a bank information system

Collaborative banking systems differ one from another by complexity of their applications. In a bank, all the information systems are collaborative systems, because they require the cooperation, communication and coordination [6] of many software applications in order to achieve a common goal. This common objective can be represented by the successful processing of a payment order or by the interest calculation of a term deposit. 

A collaborative banking system has associated a business or cybernetic model in order to describe the flows of activities. Choosing a business model requires to be real, relevant and robust, but mostly verifiable.
Collaboration means working together in a particular project. The definition of collaboration is quite extensive. Collaboration in the banking field means the integration of various technologies into a single application that makes sharing and managing information.

Figure 2 presents a collaborative banking environment and its components.
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Fig. 2. Example of collaborative banking environment [7]
In the example from Figure 2, we present the general architecture of a collaborative banking environment. The external users can access the bank accounts through an internet banking server, which is connected with the core banking system. The messages from the internet banking server will be received by the core banking only if they pass two security levels. If a message does not have the correct credentials and certificates, then it will be considered a fraud tentative and it will not be received by the core banking. The internal users can access the core banking without using the internet banking server, but they must pass also through the security levels. Other components of the collaborative banking environment are the transaction processing server and the electronic payments server.

The security is the main quality characteristic of a collaborative banking system. In order to ensure a high security level inside the information system, the banks have engaged real hackers to test and discover the vulnerabilities of every new application which will be launched in production. The banking applications are exposed to many attacks and it is less expensive to pay hackers to discover the vulnerabilities than to launch in real environment an application that is not tested enough. The loss for the bank will be bigger.

IV. AN INTELLIGENT BANKING SYSTEM REPRESENTED BY CMS APPLICATION
In a bank that offers helpdesk services for the Multicash system, a collaborative information system was implemented, represented by the Collaborative Multicash Servicedesk – CMS application, in order to determine the categories of incidents with the great number of requests.

The goal of the Collaborative Multicash Servicedesk application is to store and process the customers’ requests, solved by the Multicash helpdesk analysts within a commercial bank in Romania.

The customer can access the application from a desktop computer or using a mobile device.

In the Collaborative Multicash Servicedesk application only authorized users have access based on a user name and password. The application was tested against SQL injections attacks and the passwords are encrypted.
The application administrator is dealing with the access rights of each user, adding and deleting some users according with the bank security rules.

The CMS application involves three categories of users: customer, bank analyst and administrator. Each user has a different interface depending on its category. The customers have the possibility to post a problem, to view an existing solution from the knowledge database and to view the status of their posted problems. The bank analyst can take a problem posted by a customer and solve it. The administrator has the possibility to generate reports regarding the status of problems solved by each bank analyst [8].
The application provides a search option of a request in the database and the export of requests table in Microsoft Excel.

The Collaborative Multicash Servicedesk application offers an auto-complete facility for customer name and user name.

The details of coding implementation of the auto-complete option for customer name are presented below:

string connString = "Provider=Microsoft.Jet.OLEDB.4.0; Data Source =" + Request.PhysicalApplicationPath + "\\baza.mdb";

int i, countCustomers;

OleDbConnection objConnection = new OleDbConnection(connString);

objConnection.Open();

string strSqlCustomers = "select Customer from Customers";

OleDbCommand objCommandCustomers = new OleDbCommand(strSqlCustomers, objConnection);

OleDbDataAdapter adapCustomers = new OleDbDataAdapter(objCommandCustomers);

DataSet dsCustomers = new DataSet();

adapCustomers.Fill(dsCustomers);

countCustomers = dsCustomers.Tables[0].Rows.Count;

string[] nameCustomers = new string[countCustomers];

for (i = 0; i < nameCustomers.Length; i++)

nameCustomers[i] = "'" + dsCustomers.Tables[0].Rows[i][0].ToString() +"'";

string arrNameCustomers = "nameCustomers";

arrValueCustomers = String.Join(",", nameCustomers);
By entering a word or few characters from the customer name, the system automatically search through the clients database the name appropriate to the string entered. The search is realized in a table with 6.000 customers with the help of JavaScript and C# functions. We have tested that the auto-complete works in real time with huge number of customers.

The intelligent collaborative system represented by the CMS application offers an auto-complete facility in order to help the analyst to correctly fill and find the name of customers and users which called the technical support.

The CMS application is a collaborative system because involve the simultaneously work of many analysts, which have the possibility to see and find who spoke with a particular customer, which problem had the customer and how it was solved. Being a multi-user application, CMS is collaborative by its goal, meaning the recording and processing of customer requests in a period of time.  

In Figure 3 is presented the manner in which an analyst fills the user name, meaning the person that called the helpdesk assistance. The database of users contains 12000 records. The system will search the user name in this database, showing all the records which accomplish the criteria. 
The CMS application is designed as an intelligent collaborative system, bringing together information from dispersed databases and automatically supporting communication and cooperation. Communication is very important in multi-agent systems because it enables agents to exchange information between them and coordinate their activities. In order to achieve communication, coordination and cooperation in a multi-agent system, a medium of communication is necessary, containing a channel and a common protocol [3].

The CMS application is an intelligent auto-adaptive system. When the number of monthly requests recorded on the Other requests category is greater than 100, then the application automatically analyze the description of each request in order to recommit some of them from Other requests category in the existing categories or to create new categories. In the application database is permanently kept the number of requests registered on each category at a time moment.
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Fig. 3. Auto-complete facility for user name

Being a servicedesk application, CMS automatically send emails to the users involved. When a customer registers a new request, he will receive a confirmation email that provides him the details of the problem, including the request number necessary for further identification. If the request is taken by an analyst in order to be solved, then the customer is informed by another email. Finally, when the problem is solved, the customer receives an email which contains the solution and the name of the analyst that solved the request. If the customer is satisfied with the solution received, he has the possibility to enter in the application and provide a feedback and a score to the analyst giving the solution. According to the sum of these scores received by the analysts, the application automatically realize a classification of the best analysts. 
Figure 4 presents the applications pages accessed using a mobile device.
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Fig. 4. Login and Customer pages in CMS applications

The content is optimized for mobile access. The provided content is based on XHTML Mobile Profile (XHTML-MP) and Wireless CSS (WCSS).

V. REAL DATA ANALYSIS FROM CMS DATABASE
The CMS application is used effectively within Raiffeisen Bank, in its database is being introduced over two thousands requests per month. Having the database of all customer requests, the analysis of the types of problems faced by Multicash service users is realized and are determined the strategies to address each customer, according to the history of problems he encountered.
Graphical representation of the number of requests by category, recorded in the period April 15 to May 15, 2010, is given in Figure 5.
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Fig. 5. The number of requests by category

Analyzing the data from Figure 5, results that most requests were registered on Check payments status category, because the Multicash service allows viewing information on the settlement payments status and accounting balances updated every hour. Customers need the confirmation of certain payment processing at a certain time and they call the Helpdesk department to get these confirmations.
According to the graphic representation in Figure 5, the first three categories with the biggest number of requests are Checking payments status, Other requests and Confirm account balance. The difference between the number of requests registered on these categories and the number of requests from other categories is significant. To reduce the number of requests in these categories should be:

· improved the Multicash service, in order to allow real time view of operations performed;

· reviewed the requests recorded in the category Other requests for their reclassification in existing categories or in order to create new categories of problems;

· updated accounts balances in real time.

The bank management check this situation monthly in order to see which are the most frequently problems of the customers and how these problems can be minimized. Also, this report is used by the IT department for establish further improvements of the Multicash software.
VI. CONCLUSIONS
The collaborative applications concur decisively to the creation of new knowledge, the on-line conversations helping to refine this knowledge and thus generating pieces of knowledge relevant for the organization [10]. The CMS application, being used effectively within a commercial bank, contributes to determine the strategies for addressing each customer, according to the history of problems he encountered.

Collaborative systems are designed to process the information they receive, turning them into outputs with value for system components. In a collaborative system enter raw and unprocessed data, following the system to synthesize these data and transform them into meaningful data, with a certain importance [11]. The role of intelligent agents in a collaborative system is decisive and their contribution increases the cooperation and communication levels.

The bank’s information system is very complex and very clever, because it must manage customer accounts and money. The bank existence to the market is limited in functionality and maintainability of its information system. The security level of the banking information system must be very high and any new application must be tested very hard before to be launched in production.

Further research perspectives regarding how intelligent are the collaborative banking systems concerns the integration of CMS application with the core banking system of Raiffeisen Bank and the development of an auto-adaptive banking information system.
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