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Abstract: This paper discusses the development and practical implementation of the multi-agent approach to
support the process of requests execution in a customer relationship management distributed information
system, in order to save the working time of professionals through the transfer to multi-agent elements of
routine operations to search for information in databases. We give a customer relationship management
systems classification, define their functions and typical shortcomings of such systems main representatives.
We propose hybrid technology of how such systems combine multiagent approach with the technology of
customer relationship management. We consider the concept of a multi-agent in terms of their applicability to
the customer-oriented systems. We demonstrate the automated system agents’ behavior modeling process,
based on the developed client-oriented system for the tourist business. We present the contractor activity
analysis module prototype, which enables the analysis of the selected contractors’ activity for the specified
period.
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INTRODUCTION system in order to save the professionals working time

The modern dynamic business in a constantly
changing client field (the level of culture, fashion, tastes,
habits and national peculiarities) significantly changed
the  current  paradigm  of  interaction with the customer,
it  more  often  occurs  during  rising   uncertainty   [1].
The question arises of how a company can build an
effective strategy based on the client oriented business?
We can do it with the help of modern information
technologies, including multi-agent systems technologies.
Possible  gap between theory and the real benefits of
CRM can be overcome with the help of subsystems
intellectualization that are responsible for the effective
interaction with the consumer, training solutions in the
face of uncertainty and are specifically designed to meet
the specific needs of the company. It is a kind of hybrid
approach, the use of which may be appropriate and
justified.

This paper discusses the development and
implementation of multi-agent systems to support the
processes of query execution in a distributed  information

through the transferring to multi-agent system of routine
operations to search for information in databases.

MATERIALS AND METHODS

The object of study - Intelligent CRM-systems and
processes of designing such systems.

The subject of the study - the existing methods of
intelligent distributed systems of customer relationship
management.

We used mathematical methods of systems analysis
and artificial intelligence, database theory, the theory of
multi-agent systems (MAS).

General Information about the CRM-Systems: Customer
Relationship Management System, CRM-system - the
corporate information system, designed to improve
customer service by storing customer information and
history of relationships with customers, establish and
improve business processes on the basis of the stored
information and the subsequent evaluation of their
effectiveness. Its basic principles:
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Existence of a single repository, where at any time we assessment of the task ahead complexity. Most often, the
have access to all information about all interaction upper level of decision making is automated, not
with customers cases; automatic  and requires the experts’ participation, which
Multiple interaction channels synchronized suggests that the human factor is present.
management (that is, there are institutional
arrangements that regulate the system use and the The Essence of Hybrid Technology: To solve the problem
information in each company division; of increasing the interaction with customers efficiency at
Ongoing analysis of the collected information about tourist information systems, it is advisable to use the
customers and taking appropriate organizational multi-agent systems technology [2, 3]. This is due to the
decisions - for example, customers segmenting, based fact that multi-agent systems offer several advantages
on their importance to the company. over other methods of distributed computing (the load on

The Main Functions of CRM-Systems: and asynchronously and can adapt to their

Storing and use of the contact information, effective At first glance, customer relationship management
contacts planning in terms of their temporal, technical and multi-agent technologies are at opposite poles in their
and physical distribution for each system agent. complexity and focus on specific tasks. However, on
Storing and use of interaction history, extracting closer inspection, it can be said that in the future, these
knowledge about the preferences, interests, methodologies can complement each other.
intentions, the use of it in order to optimize synergies Both methodologies, based on appropriate
and enhance the level of cooperation (loyalty) technologies, are implementing an approach to building a
between the participating agents. business, not just contribute to the automation of certain
Providing effective means and mechanisms for processes. Multi-agent system ushered in the era of
monitoring and management, including automatic, network organizations (systems) with the collective
reacting agents in the system, the allocation of intelligent agents interaction, offering to replace the
resources, setting priorities and communication powerful centralized systems by fully decentralized, in
strategy. which the hierarchical structure gives way to an adaptive

Thus, this approach implies that any interaction with to down - negotiating, solid plan - flexible arrangements.
the client on any channel, complete information about all The result of this concept applying - an increased
the relationships with clients is available to company staff management efficiency in the face of uncertainty, the
and the decision is made on its basis, of which, in turn, is successful problems solution, the terms of which are not
also preserved and is available in all subsequent fully specified in advance and which may change during
interactions. the course of the task. CRM also offers a flexible approach

The Disadvantages of a Typical Crm Systems Class client preferences are not revealed until the end of the
Include the Following: product and the user base is constantly changing in many

Lack of flexibility when working with new or atypical diverse methodologies, based on the general user needs,
cases of requests. the best way and in the shortest possible time.
System interaction difficulties, installed in different Talking about the full integration of CRM
regions or in different enterprises. methodology and multi-agent approach is not entirely

The main problem of designing CRM-systems lies in use and talk about the methodologies integration and
providing adequate complexity of the system with respect capabilities that complement each other and allow us to
to the tasks that will need to be addressed. Typically, determine the intellectual CRM. CRM implementation
such a problem can be solved creating a multi-level methodology, based on multi-agent approach is as
decision-making system, involving a preliminary follows:

the network, the calculations are performed independently

implementation, including equipment failures, etc.) [4].

organization, rigid bureaucratic management from the top

to the construction of the company's business, when

ways. These circumstances allow you to combine two

correct, but you can combine the positive effects of their
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Designing agents to automate and improve the
process of Customer Support (Support) under the
concept of CRM;
Coordination of work units with multi-agent system;
The knowledge and skills accumulation of sales staff
in the respective agents knowledge bases;
Situations and customer behavior simulation,
forecasting with the help of agents;
Monitoring of external information by search agent;
Client software equipment management.
Multi-agent CRM-systems architecture and gather
information agents collective.

As a result of the study we started developing an Fig. 1: Classification of CRM-Systems
intelligent system, using multi-agent technology. The
system architecture is shown in Figure 1:

For today, software products are developed that are
essential for developing an integrated automated system.
The first complex system is designed to implement the
interaction of all the tourism industry information space.
It is cross-platform application, the client part of which
can run on both operating systems of personal
computers, mobile operating systems and on the basis of
ATMs and payment terminals services.

The second complex system is developed on 1C
Enterprise 8.2 and automates the management of business
processes in the tourism industry enterprise. It is certified
according to "1C-Compatible". Fig. 1: System Architecture

The developed software system is characterized by
the following features [5]: Multi-agent system of the travel company automation

has the following types of agents (Figure 2):
Run-time agents and domain objects management;

Scalability; Collectors (AgentSite1 - AgentSiteN) - collector
Customized objects display; agents that tuned to specific sites of travel agencies;
Smart search; ControlAgent - summarizes the data, collected by the
Easy reporting system; collector agents, sets the general methods and data
Flexible configuration of access rights; for all collectors;
Interaction with other systems; Interface Agent (UserAgent) - organizes the
Intelligent alerts system; interaction of user data.
Visualization of the interactions between objects;
The possibility of expanding the functionality by Agent - a substance that can accept information from
connecting additional libraries. the environment and to respond to external disturbances

Under the proposed architecture, the algorithm of with a higher level agent or several agents below.
collection, analysis and recommendations for the user will Resource information is announced, both up and down,
be based on multi-agent approach. that is going search for a specific resource or a faster. In

The general scheme of developing automated system the services of neighboring agents, which the agent
agents. processes  in  the  search  process,   depending   on    the

[6, 7]. Each agent has information and may communicate

the agent configuration file contained information about
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Table 1: The main functions of the system agents:

Agent Function

Interface Agent 1. Agent register the user in a database;
2. Receives a request from a user to search in the database,
but also assists in the request formation;
3.Establishes a connection with ControlAgent and passes
the request.

Control Agent 1. Receives a search request from InterfaceAgent;
2. Communicates with the database and sends back 
requests;
3. Initiates the AgentSite launch to search for the required
information at remote sites, if the database did not match;
4. Forms a common response to the request.

Agent Site 1. Collects information on remote sites in response to a
request, received from ControlAgent;
2. Recode information from remote sites;
3. Writes the resulting data to the output stream 
(file, socket).
Consider the agent behaviour in more detail by the 
example of the collector agent.

source. Information is updated with the announcement of
the relevant agent. With changes in the resource, agent
sends its announcement to the neighboring agents and if
the information is exhausted and the agent is not found,
the task is sent to the agent level above [8]. Agent has 2
levels:

Communication - allows communication with other
agents);
Coordination - makes the planning process, that is,
calculates the task duration time and the actual
sending of the task for execution.

In the developed IS, multi-agent approach is
implemented as follows:

A small control module is called, which sends
requests to the agents for information collection; 
Agents, configured on the remote server, receives a
request, it is determined whether they can do it, with
the possibility of the query data, they collect from
their respective remote sites and send the result to
managing agent;
managing agent enters the data into the database [9].

Collector Agent Behavior Model: Search and collection of
information from the Internet is a task, most often
implemented by intelligent agents. Feature of the collect
information agents - a long time work and tuning to a
specific resource. Such agents are working on the
principle of dynamic systems.

Fig. 3: Agent use-case diagram

Fig. 4: Agent architecture

Dynamic systems are software solutions that can
keep a permanent job with the data in the background and
perform a variety of tasks without user intervention. The
implementation of these systems is due to the above-
described multi-agent technologies.

We distinguish the basic requirements for the agent
being developed:

The client-server architecture;
Integration with controlling agent;
Storing information about tours in the invariant data
structure.

Agent functionality, described by use-case diagram,
is  shown  in  Fig.  3. Agent architecture is shown in
Figure 4.

The agent uses two servers: for placing its own
kernel and tours database, which is filled in the agent
work process.
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Here is a Typical Scenario, the Verbal System Algorthm:

Tour operator resource analysis subsystem
establishes a connection with the resource, initializes
the original data, locate needed information.
Formation and sending a request to the tour vendor
server;
Request processing by content management system;
Analysis subsystem initiates the processing of the
query results that come from the server in the form of
page layout and analyzed in the corresponding sub-
system;
The results of the query are converted into a data
structure that is temporarily stored in RAM;
DB filling subsystem forms requests to the database
server, using data from the structure. The relevance
of the data is checked, if necessary, the old Fig. 5: Module, analyzing the contractor activity, main
information is removed from the database. screen form 

The most convenient way to implement a object
model page parser is the realization of the object-oriented
design pattern - "Visitor." For each object, we create a
visitor that is passed to circumvent the process.

The agent uses two servers: for placing its own
kernel and tours database, which is filled in the agent
work process. 

Here Is a Typical Scenario, the Verbal System Algorthm:
Fig. 6: Contractor "Elephant" financial charts

Tour operator resource analysis subsystem
establishes a connection with the resource, initializes J Soup HTML parser for Java. Used only to connect
the original data, locate needed information. to the server and obtain the page object model;
Formation and sending a request to the tour vendor
server; The most convenient way to implement a object model
Request processing by content management system; page parser is the realization of the object-oriented design
Analysis subsystem initiates the processing of the pattern - "Visitor." For each object, we create a visitor that
query results that come from the server in the form of is passed to circumvent the process.
page layout and analyzed in the corresponding sub- Direct object model content circumvent, is
system; implemented by virtue of its structure in the form of a
The results of the query are converted into a data recursive algorithm.
structure that is temporarily stored in RAM;
DB filling subsystem forms requests to the database Contractor Activity Analysis Module: Existing methods
server, using data from the structure. The relevance for analyzing the contractors’ activity:
of the data is checked, if necessary, the old
information is removed from the database. ABC-analysis method, allows classifying the

As a Tool of Agent Implementation We Used: XYZ-analysis allows making a classification of

Jade library for building multi-agent systems in the accuracy of predicting changes in their requirements
language of Java [10]; for a specific time cycle.

company resources, according to their importance.

resources, depending on their use nature and
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