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Abstract 

 
Multi-agent Recommender System exploits a 

collection of interacting agents jointly executing the 

recommendation generation process. Each agent 

processes part of the recommendation and/or the 

interaction, and the established cooperation among 

them (e.g., exchanging information) helps in building 

the final recommendation. Recommender system 

facilitates electronic commerce   by helping users to 

find appropriate products from catalogs. Agent and 

Multi-agent systems have become a powerful and 

prevalent methodology for investigating and develop 

in complex systems. The recommender system is 

composed of a collection of agents operating 

together to recommend products to users .The system 

proposes  a  multi-agent   based   recommender 

system for recommending medicinal drugs in 

pharmacy. The system can generate the suitable 

medicinal drugs by calculating similarity of items’ 

rating and prediction rating for the user. The system 

can determine what kind of medicinal drug that the 

customer really wants to buy. 

 

1. Introduction 
 

Nowadays, recommending products is a very 

important application area of the computer-based 

system. Computer-based systems are increasingly 

used to improve the quality of economic services. 

Recommender systems were introduced as a 

computer-based intelligent technique to deal with the 

problem of information and product overload. 

Recommender system can be utilized to efficiently 

provide personalized services in most e-business 

domains, benefiting both the customer and the 

merchant. Recommender system will benefit the 

customer by making suggestions on items and at the 

same time, the business will be benefited by the 

increase of sales. Agent technology has been known 

to be a reliable tool to find solutions to these 

problems in different scenarios like medicine [4], [9], 

information retrieval[7], and education. Multiple 

software agents that communicate and cooperate 

with each other can solve complex problems and 

implement complex system. Multi-agent System 

(MAS) architecture offer services in various 

domains, helping different users to manage their 

interesting information.  

The  recommendation system uses agent-based 

decision making for recommending medicinal drugs , 

provides the best recommendation and gives a 

suitable medicinal drug according to his/her 

preferences 

   

2. Related Work 
 

 Multi-agent Recommender System exploit a 

collection of interacting agents jointly executing the 

recommendation generation process. Each agent may 

process part of the recommendation and/or the 

interaction, and the established cooperation among 

them (e.g., exchanging information) helps in building 

the final recommendation. Recommender Systems 

(RSs) have been proposed to deal with the 

information overload problems and more in general 

to support the information selection and decision 

making processes in eCommerce Web sites. Some 

RSs exploit multi-agent technologies to make a better 

use of preexisting knowledge; they build more 

accurate domain and user models, requiring less 

training data. For instance, agents exploit deep 

knowledge about the customer profile to determine 

solutions that suit the wishes and needs of a 

customer. They are able to aggregate information 

stored in different repositories and better match the 

recommendations with the user’s needs. More in 

general, multi-agent approaches have been applied to 

retrieve, filter and use information relevant to the 

recommendations [7].  

Some authors suggest using collaborative filtering 

and ratings. Ratings could be directly obtained by 

considering citations as ratings or implicitly 

generated by monitoring reader's actions such as 

book marking or downloading a paper [1]. 

Collaborative filtering approaches are often classified 

as memory-based or model-based. In the memory-

based approach, all rating examples are stored as-is 

into memory. In the predictions phase, similar users 

or items are sorted based on the memorized ratings. 

Based on the rating of these similar users or items, a 

recommendation for the test user can be generated. In 

the model-based approach, training examples are 
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used to generate a model that is able to predict the 

ratings for items that a test user has not rated before. 

A knowledge-based approach can adjust its 

recommendations quickly as a user's interests change 

because its recommendations are independent of the 

user's preferences in the past [8]. There is evidence 

from several research studies, that agents represent 

one of the most suitable technologies which can be 

used to meet the performance needs for travel 

recommender system. 

   

3. Agent and Multi-Agent System 

 
3.1. Agents 

 
In the recent years, agent technology has found 

many interesting applications in e-commerce, 

decision support systems and internet applications. 

Agents have proven particularly useful in business 

scenarios, handling workflows, managing user 

profiles for personalization. An agent can be a 

person, a machine, a piece of software, or a variety of 

other things [3]. The basic functionality of an agent 

can be summarized as follows: 

1. An agent may receive input from outside world 

such as data from sensors messages from other 

agents. 

2. After evaluating the input data or incoming 

messages, an agent may take a decision, by perhaps 

invoking an inference engine. 

3. An agent may decide to send messages to other 

agents. 

4. An agent may need to invoke existing legacy 

application. The received message and/or some other 

data may be used as an input to these applications. 

As the executed application may return results and 

these results may be inspected to influence the future 

behaviors of the agents. 

Basically, software agents are design patterns for 

Software. Tools, languages, and environments can be 

specifically developed to support the agent-based 

pattern. However, the agent design pattern can also 

be implemented using object-oriented tools, 

languages, and environments or any other tool, 

language, and environment that is capable of 

supporting software entities that are autonomous, 

interactive, and adaptive. 

The fundamental characteristics of agents [6] can 

be sketched as follows: 

Agents are autonomous. Agents process their work 

independently and proactively without the need for 

human management. 

Agents are learning. Agents are able to learn as they 

react or interact with their environment and other 

agents. 

Agents are interactional. Agents are able to 

communicate with one another, negotiating on 

certain issues. 

 3.2. Multi-Agent 

 
In artificial intelligence field, agent-based 

systems technology has been hailed as a new 

paradigm for conceptualizing, designing, and 

implementing software systems. Agents are 

sophisticated computer programs that act 

autonomously on behalf of their users, across open 

and distributed environments, to solve a growing 

number of complex problems. Increasingly, however, 

applications require multiple agents that can work 

together. Recently, distributed Artificial Intelligence 

techniques have been evolved towards Multi-Agent 

systems (MAS) where each agent is an intelligent 

system that solves a specific problem. All the agents 

work together, communicate, collaborate and 

negotiate among them, to achieve common goals. An 

agent is a computer system that is situated in some 

environment and that is capable of autonomous 

actions in this environment in order to meet it design 

objectives. Multi-Agent system (MAS) is a 

distributed artificial intelligent agent system. MAS is 

a system in which intelligent autonomous agent share 

a common environment and interact with one and 

other (negotiation, coordination, sharing knowledge 

between agents). MAS is widely used in various 

applications. A Multi-Agent system (MAS) is a 

loosely coupled network of software agents that 

interact to solve problems that are beyond the 

individual capacities or knowledge of each problem 

solver. 

Multi-Agent Systems, or MAS, are composed of a 

number of autonomous software entities called 

agents. In theory, MAS are usually characterized in 

terms of internal behaviors and external interaction 

between agents. MAS represent a powerful model to 

solve distributed computation problems, including 

being able to adapt their operation in open and 

dynamic environments in which the content is 

continuously changing. MAS are able to utilize other 

agents for cooperative distributed problem solving. 

Agents can cooperate by using an Agent 

Communication Language (ACL) to support the 

sharing of a rich agreed understanding concerning 

the semantics of the message content. 

  

4. Recommender Systems 
 

The Recommender Systems are active 

information filtering systems that attempt to present 

to the user information items that the user is 

interested in. The purpose of the recommender 

system is to help users to deal with information 

overload and provide personalized recommendation, 

content and service to user. Recommender systems 

are widely used in variety of domains ranging from 

recommending music, movies, television programs, 

restaurants, new articles and items for sales. The 

recommender system add information item to the 
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information flowing towards the users .The two type 

of recommender are rating-based recommender and 

preference-based recommender [5].Recommender 

Systems were introduced as a computer-based 

intelligent technique to deal with the problem of 

information overload. They can be utilized to 

efficiently provide personalized services in most E-

commerce domains, benefiting both the customer and 

merchant. They are also known as “Recommender 

System”. Recommender System can personalize and 

customize the Web environment towards the user’s 

preference. They can actively recommended items 

based on user’s interests. Recommender Systems 

enhance e-commerce sales. The advantages of 

Recommender Systems are to convert browser to 

buyers, to increase cross-sell (suggest additional 

products to buy), and to build loyalty. The more the 

customer uses the recommender system, the more 

loyal he is to the site Recommender system can 

generally be categorized in six major types. They are 

  

(1) Content-based filtering 

(2) Demographic filtering  

(3) Collaborative filtering 

(4) Knowledge-based Method  

(5) Utility-based Method 

 

(6) Hybrid Method 

 

4.1.1. Collaborative-filtering 

 

The Collaborative Filtering method categorizes 

items based on the user’s preference (rating) of the 

item instead of the items descriptions. The more 

users’ ratings the system gets, the more accurate 

recommendations the system can give. The main idea 

of collaborative filtering approach is that comparing 

users’ rating of item it is possible to recommend to 

the user previously unseen items.  

 

4.1.2. Demographic-Filtering approach 

 

It aims to categorize the user based on 

demographic classes. This method is not so popular 

itself. Demographic data includes age, gender, area 

code, education, employment, etc. 

 

4.1.3. Content -Based Method 

 

The content-based approach to recommendation 

has its roots in information retrieval and information 

filtering research. Content based recommendation 

systems recommend an item to a specific user based 

upon the description of the item and the profile of the 

item and the profile of the user’s interest. Content 

based recommendation system analyzes item 

description to identify items that are of particular 

interest to the user. The content based approach is 

confined to the contingency of customer interests. 

 

4.1.4. Utility-Based Method 

 

Utility-based recommenders make suggestions 

based on a computation of the utility of each object 

for the user. The users have to construct a complete 

reference function, and must therefore weight the 

significant of each possible feature. 

 

4.1.5. Knowledge-based Method 

 

Knowledge-base recommender system uses 

knowledge about users and items to generate 

recommendations by reasoning about which items 

meet the user requirements. It works by gathering the 

users' requirements on a particular product, and 

consulting its knowledge base to find the items that 

best meet the users' requirements. 

 

4.1.6 Hybrid recommendation method 

 

Several recommendation systems use a hybrid 

approach. Hybrid recommendation method is the 

combination of two recommendation methods. The 

proposed system uses the hybrid recommendation 

method that combines collaborative-filtering 

approach and knowledge-based approach. The hybrid 

method can provide more accurate recommendations 

than pure approaches. The collaborative-filtering 

approach based on rating. Knowledge-based 

approach based on user requirement so the system 

request user information and preferences to get 

recommendation. The system chooses the drugs on 

high rating and user preferences [7]. 

 

5. Overview of the System 
 

There are three kinds of software agents used in 

the system; namely 

1. Customer Agent (CA), 

2. Pharmacist Agent (PA) and 

3. Recommender Agent (RA). 

 

5.1Customer Agent (CA) 
 

Customer Agent (CA) accepts the user’s 

preferences such as hundreds type of   diseases 

(Hypertension, Malaria,…), forms of drug (syrup, 

tablet, capsule, injection,….) and prices (less than 

1000, greater than 1000). The CA sends them to 

Pharmacist agent (PA) for extracting possible data 

from many medicinal drugs at the database. 
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5.2 Pharmacist Agent (PA) 
                                   

Pharmacist Agent applies Knowledge-based 

recommender system and can extract the drugs 

according to the user’s preferences and send them to 

the Customer Agent. Pharmacist Agent can insert, 

update, and delete medicinal drugs. Pharmacist 

Agent supports the other agent in the system, so that 

they can perform effectively their activities. 

 

5.3 Recommender Agent (RA) 
 
Recommender Agent (RA) can recommend the 

medicinal drugs for the user using Collaborative 

Filtering (CF) Method. Pharmacist Agent (PA) 

shows all possible medicinal drugs to the user and 

then the user have to click “get recommendation” 

button, the RA calculates similarity for all possible 

medicinal drug with other items' rating. RA chooses 

the same similarity users and calculates predicted 

rating for all possible medicinal drugs according to 

CF Method. Recommender Agent (RA) sorts all 

prediction rating of all possible medicinal drugs and 

shows the sorted list of prediction rating for items. 

 

 
    

 

 

 

5.4 Implementation of the system 

 
The overview of the system is as shown in Figure 

2.In this system, user first checks member or not. If 

member, the user will logs in by name and password, 

and then access the system services. If user is not 

member, will do registration and fill information to 

access the system. Then, user has to provide his or 

her preferences to the customer agent through user 

interface in order to get the recommendation item. 

The pharmacist agent filters items according to user 

preferences by using knowledge-based recommender 

system. And then recommender agent recommend 

items by using collaborative filtering.  

 

 

 
 

 
 
 
 
Figure2. Process flow Diagram of the System 
 

One critical step in the item-based collaborative 

filtering algorithm is to compute the similarity 

between items and then to select the most similar 

items. The basic idea in similarity computation 

between two items i and j is to first isolate the user 

who have rated both of these items and then to apply 

a similarity computation technique to determine the 

similarity Si, j. The similarity between items i and j is 

given by  

 

    

Sim (i,j)= 

                  

 Here u is the average of the u-th user’s ratings 

 

 

 

 

 

 

 

 

Table 1.User rating for each item 
 

 
 

J1 J2 J3 J4 J5 

Su 
Su 

1 4 2 5 4 

Hla 
Mu 

4 2 5 2 - 

Zaw 4 3 - 3 3 

Kyaw 2 4 3 ? 2 

 

Database 

 

Accept User Preferences   
 

Information filter and  
Recommends using Knowledge- 
Based Recommendation Method  

Recommender 
Agent (RA) 

Pharmacist 
Agent (PA) 

  Customer 
Agent (CA)    

 

Recommendation using  
Collaborative-Filtering Method 

End 
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Table1 shows user rating for each item and User 

first make to find the average user rating ( uR ) .And 

then finds the similarity of all items by applying 

Adjusted Cosine Similarity method. For example,   

 

 

 

 

 

 

 

 

 

 

 

 

 
Table2.Similarity Table of items 

 

 

 

According to the Table2, J4 similar to J2 (0.92) 

and J5 (0.98).And then compute the prediction rate. 

 

5.5 Prediction Computation 
 

The most important step in a collaborative 

filtering is to generate the output interface in terms of 

prediction. After isolate the set of most similar items 

based on the similarity measures, the next step is to 

look into the target user ratings and use a technique 

to obtain prediction. The following equation 

(Weighted Sum) is used to compute the prediction on 

an item i for a user u by computing the sum of the 

ratings given by the user on the items similar to i 

.Each ratings is weighted by the corresponding 

similarity s i,j between items i and j [2]. 

Using the notion can denote the prediction P(u,i) 

as                                           

  

 
 

 

 

Table3.Result of Prediction Rate 
 

 J1 J2 J3 J4 J5 

Su 
Su 

1 4 2 5 4 

Hla 
Mu 

4 2 5 2 - 

Zaw 4 3 - 3 3 

Kyaw 2 4 3 3 2 

 

According to the result of prediction rate, the 

system recommends medicinal drugs for the user to 

choose. 

 

6. Conclusion 
 

Recommender Systems have emerged as 

powerful tools for helping users find and evaluate 

items of interests. Agents have particular useful in 

business scenarios, handling workflows, and 

managing user profiles for personalization. The 

system presents the recommender system using 

multi-agent technology to operate recommendation 

process. The system plays three agents which apply 

hybrid recommendation method and can recommend 

thousands of medicinal drugs. The system can be 

able to help the customer to get the drugs within 

short time and decide which drugs the customer 

should choose. 
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