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Abstract. This paper presents the implementation of a multi-agent system, 

hosted as an add-in on the Visual Studio .NET development environment, in-

tended to support C# source-code edition and quality maintenance, by means of 

metrics extraction and analysis. Each modeled agent is responsible for a source-

code quality attribute and interprets, from a unique point-of-view, the results 

obtained from metrics extraction, in order to offer a series of advices to the pro-

grammer. The agents themselves are able to solve eventual conflicts risen from 

the collective advices, so that their common goal (helping the C# programmer) 

is maximized. Besides negotiation, communication and coordination strategies 

used by the implemented system are also presented. 

Keywords: source-code metrics, quality attributes, C#, Visual Studio, multi-

agent 

1   Introduction 

Today’s software development industry is characterized by a high competitiveness 

level, continuous changes and new opportunities risen from globalization [1]. Soft-

ware quality is positioned in such scenario as a competitive differentiator, being fo-

cused on adapting the product under development and the development process itself 

to international standards and best practices, established by the development commu-

nity [2]. 

Although software quality spans multiple software engineering disciplines, such as 

project management, requirements and deployment, the implementation discipline is 

one of the most interesting targets of software quality. Many of the activities related to 

this discipline are routine and error-prone, and therefore can be inspected by software 

quality techniques and tools. Besides that, an application source-code is an artifact 

inherently related to many quality attributes, such as easiness of understanding and 

maintainability, for example. 



This paper presents a multi-agent based approach to improve overall software qual-

ity related to the implementation discipline. The proposal consists of a multi-agent 

system which analyses the source-code under development and offers, to program-

mers, recommendations contemplating different quality attributes. Such recommenda-

tions are built as an interpretation of the extraction results of well-known software 

development metrics from the source-code. 

The proposed first version of the system is targeted at offering advice on source-

code implemented in the C# programming language [3]. The system was implemented 

as an integrated development environment (IDE) add-in and embedded into Visual 

Studio .NET [4], in order to provide to C# programmers a better user experience 

(since it is not necessary to leave the development environment to use the system). 

The proposal of using intelligent agents to implement the system is justified by the 

fact that agents are appropriate to perform tasks in which there is no algorithmic solu-

tion, but knowledge about the domain exists. Differently from existing approaches, 

however, the system assigns to each agent the responsibility to interpret a specific 

quality attribute, and all agents are responsible for negotiating their interests if the 

recommendations conflict. The final intention is to provide to programmers a consis-

tent recommendation set, free of contradictions, and which most productively impacts 

in their work. 

The remaining of this paper is organized as follows. Section 2 presents some 

source-code metrics fundamentals. Section 3 introduces the concept of source-code 

quality attributes into the context of this work. Section 4 details the proposed ap-

proach by describing the system specification and its constituent agents, as well as 

their communication and negotiation approaches. Section 5 concludes about this work 

and presents some future directions. Appendix A, finally, provides additional informa-

tion on the system architecture. 

2   Source-code Metrics 

A well-known software development rule states that “it is only possible to improve 

what can be controlled, and is only possible to control what can be measured” [5]. In 

fact, the ability to investigate and track each property of software development arti-

facts, such as documents, models or source-code, can only be systematical and mean-

ingful if metrics associated to such artifacts are appropriately defined and used [6]. 

A metric, in short, corresponds to a measure related to an artifact property. Exam-

ples of source-code metrics are the number of lines of code and the percentage of 

commented methods (or functions). However, source-code metrics can be much more 

complex, such as the Maintainability Index metric [7], for example, created by the 

Software Engineering Institute (SEI) and presented in Figure 1. Such metric is defined 

by means of other metrics (aveV, aveLOC e perCM), which are beyond the scope of 

this paper. 

A metric presents a well-defined range of possible values. For example, the number 

of source lines of code metric has the set on non-negative integers as its domain, while 

for the percentage of commented methods the domain are the values between 0% and 



100%. The extraction result of a metric is only useful, however, if it is correctly inter-

preted. Many problems related to the source-code under development, such as “bad 

smells” [8], can be diagnosed and better solved through metrics extraction and inter-

pretation. 

 

 

Fig. 1. An example of a complex metric: SEI’s Maintainability Index 

3   Quality Attributes 

 

The extraction results of a given metric can be analyzed from different points-of-view. 

For example, an extraction result value of 100% for the metric percentage of com-

mented source lines of code may be interpreted as something positive considering the 

easiness of understating point-of-view, while being somewhat negative considering 

the easiness of development (having all source lines of code commented is much more 

bureaucratic than helpful to the programmer). 

The term “quality attribute” is used to express a point-of-view which can be used to 

interpret the extraction result of a given metric. Some examples of quality attributes 

are presented below: 

• Easiness of understanding; 

• Easiness of development; 

• Easiness of maintaining; 

• Easiness of reusing; 

• Easiness of testing; 

• Easiness of extending. 

Since some quality attributes can be affected positively by a metric extraction result 

at the same time other quality attributes are affected negatively, the need for more 

refined techniques to allow simultaneous analysis of a given metric extraction result is 

justified. The proposed system, described in the next section, accomplishes this task 

by using a multi-agent approach to contemplate multiple quality attributes. 

4   The Proposed System 

This section describes the implemented system, named “Visual Studio .NET Metrics 

Experts”. Its complete documentation, installer and source code can be found in [9]. 



4.1   System Specification 

In order to enrich the user experience and provide a more intuitive integration with the 

implementation discipline, the system was conceived as a plug-in for the Visual Studio 

.NET IDE [4], as presented in Figure 2. Therefore, programmers do not need to leave 

the development environment to have multi-agent support for the C# source-code 

under development. 

Three main features (use cases) were identified for the system: 

• Ask for agent recommendation about a single quality attribute. In such a 

case, there is no negotiation between the system agents, but each other 

agent (related to other quality attribute) provides feedback on the recom-

mendations of the inquired agent. A user interface screenshot for this fea-

ture is presented in Figure 3. 

• Ask for multiple agent recommendation about two or more quality attrib-

utes. In such a case, agents need to negotiate if the recommendations con-

flict. The same query interface of the first feature is used for this feature 

(Figure 2). The user only needs to check the agents she is interested in in-

quiring. 

• View detailed agent negotiation. In this case, users can see details about 

how the agents reached a consensus and the messages exchanged among 

them. Such messages are compliant to the FIPA-ACL agent message ex-

changing standard [10]. A user interface screenshot for this feature is pre-

sented in Figure 4. 

 

 

Fig. 2. Metrics Experts integrated with the Visual Studio .NET IDE 

4.2   System Agents 

Three agents were modeled and implemented in the proposed system. Their descrip-

tions follow below: 



• Easiness of understanding agent: considering metrics extraction results 

and other agents’ recommendations, this agent provides recommendations 

targeted at making the application source-code more understandable; 

• Easiness of developing agent: considering metrics extraction results and 

other agents’ recommendations, this agent provides recommendations to 

reduce the required effort to implement the application; 

• Easiness of testing agent: considering metrics extraction results and other 

agents’ recommendations, this agent provides recommendations to reduce 

the efforts required to test the application. 
 

 

Fig. 3. Main agent query interface 

 

Fig. 4. Agent discussion board, presenting messages compliant to the FIPA-ACL standard. 

As it can be noticed, the first version of the proposed system use agents that cover 

only three of many possible quality attributes. As Brosseau points out [11], however, 



there are many attributes that are at odds with one another, and this research focused 

on the advice of “prioritizing the attributes for your specific project”. Therefore, the 

proposed system agents and quality attributes were chosen since the authors believe 

that they are useful to illustrate a discussion in where different attributes are impacted, 

in distinct ways, by metrics extraction results. 

During the system development, the option to implement the metrics extraction 

module also as an agent has arisen. However, such an option was discarded, since 

metrics extraction is actually a series of algorithms, which despite of being complex, 

do not justify the need for an intelligent agent. 

Besides the three agents above presented, the system required the need for an addi-

tional agent: an intermediator agent. Such an agent is responsible for coordinating the 

communication among the other agents. For example, it is up to him to define when a 

negotiation is complete. Besides that, since each other agent uses the intermediator as 

the primary communication interface with other agents, the system became more ex-

tensible to support the addition of new agents in the future. Appendix A provides 

more information on the system architecture. 

4.3   System Metrics 

The Visual Studio .NET Metrics Experts system contemplates five source-code met-

rics. It is worth noticing that, in its first version, the system is focused on source-code 

created with the C# object-oriented programming language [3], which belongs to the 

.NET Platform [12]. Therefore, the metrics are compliant to this language and its 

platform. They are enumerated below: 

• Average method size, in numbers of lines of code; 

• Comment percentage (by class, by public methods and by all methods); 

• Number of generated .NET assemblies, which can be executables or dy-

namic link libraries (dlls); 

• Amount of test code (which represents the number of test methods as well 

as test statements, such as the ones which use the assert keyword); 

• Efferent coupling of a class (i.e., the number of classes upon which a 

given class depends) [13]; 

Some of such metrics were chosen because, besides popular and useful to deter-

mine a good object-oriented design, are easier to implement than other complex met-

rics, and can be even extracted from available metrics extraction tools. On the other 

hand, the number of generated .NET assemblies metric, although not being usual, is 

relevant to check attributes regarding application distribution and maintenance in the 

.NET Platform. 

The way each metric affects the quality attributes (agents) are presented in Table 1. 

Such relation can be positive (+), negative (-) or indifferent (0), as the extraction result 

of a given metric increases. As it can be observed from the table, each agent has dif-

ferent interpretations and conflicts of interest happen.  



Table 1. Relation between system metrics and the modeled agents 

 Comments % Average 

method 

size 

Number of .NET 

assemblies 

Amount of 

test code 

Efferent 

coupling 

Easiness of 

understanding 
+ - + - - 

Easiness of 

developing 
- 0 - - - 

Easiness of 

testing 
0 + - + - 

 

Unless an agent is indifferent to a metric, it contains satisfaction levels regarding 

the obtained metric extraction result. For each metric and for each agent, the satisfac-

tion level is defined according to the possible ranges of the extraction result. For ex-

ample, the satisfaction level for the easiness of understating agent, considering the 

average method size metric, is presented in Table 2. 

Table 2. Example of how an extraction result is interpreted by an agent 

Average method size extraction result Easiness of understanding agent satisfaction 

r < 5 Very satisfied 

5 < r <= 15 Satisfied 

15 < r <= 50 Unsatisfied 

r > 50 Very unsatisfied 

 

Values and ranges presented in Table 1 and Table 2 are an estimate based on inter-

pretation of already existent tools [14] and empirically obtained based on authors' 

experiences. 

4.4   Agent Happiness Indicator 

To report its final satisfaction, an agent not only considers metrics extraction re-

sults, but takes the recommendations of other agents into account as well. The “indi-

vidual happiness level” of an agent, therefore, is defined as the sum of its satisfactions 

in response to the recommendation set that is being currently presented to the pro-

grammer, according to the Table 3. Therefore, the lower the happiness level of a given 

agent, the lower its satisfaction regarding the currently recommendation set, and vice-

versa. 

The concept of a “global happiness” is also explored by the system. In its first ver-

sion, it was defined as the average of all individual agent happiness, due to simplicity 

constraints. However, other approaches could have been used, such as defining the 

global happiness by means of how balanced are all individual agent happiness, or 

establishing a weight to each attribute based on quality requirements of the system 

being developed. 

 



Table 3. Satisfaction values are summed up to compose the final agent’s happiness level 

Satisfaction level Contribution to Happiness Level 

Very satisfied +2 

Satisfied +1 

Indifferent 0 

Unsatisfied -1 

Very unsatisfied -2 

4.5   Agent Communication 

The communication among agents was based on the FIPA-ACL standard [10]. Each 

message exchanged by agents, therefore, complies with the following structure: 

• Performative: indicates the message purpose. The following FIPA-ACL 

performative values were used: Request, Propagate, Inform, Propose, Ac-

cept-Propose e Reject-Propose. 

• Sender: indicates who sent the message. The possible values are the sys-

tem agents. 

• Receiver: indicates who will receive the message. The possible values are 

the system agents. 

• Content: the message contents. It can be another message, if the performa-

tive is Propagate, or contain more specific information, such as a recom-

mendation set, a negotiation proposal, a recommendation feedback or an 

agent happiness level. 

If the programmer requests the opinion of a single agent, no negotiation happens 

and the messages interchanged by the agents follow the flow described below: 

• The intermediator agent is alerted that the programmer wants the system 

to analyze the source-code according to a specific quality attribute, say X. 

• The intermediator agent sends a message, containing a Request performa-

tive, inquiring the agent related to the X quality attribute about its opinion; 

• The X agent answers the intermediator agent with a message containing a 

Propagate performative. The content of this message is another message, 

containing the Request performative, which asks the feedback of the other 

agents about the recommendations provided by the X agent. 

• The intermediator agent forwards the inner message (feedback request) to 

the other agents; 

• The other agents tell their satisfaction levels to the intermediator, by send-

ing messages containing the Inform performative. 

• Once the intermediator agent has the X agent recommendations and the 

feedback of all other agents, it builds a final report which will be pre-

sented to the programmer. 



4.6   Agent Negotiation 

Agent negotiation and messages containing Propose, Accept-Propose and Reject-

Propose performatives happen only when the user requests the system to analyze the 

source-code considering more than one quality attribute. Actually, the negotiation 

occurs in two stages. In the first one, the intermediator agent builds a table with all 

recommendations of all agents, besides the feedback of all agents regarding each one 

of the table recommendations. Next, if two recommendations are contradictory, the 

intermediator agent removes from the table the recommendation which more nega-

tively impacts in the global happiness. 

Once the recommendation table is built and free of contradictions, the negotiation 

enters in its second stage: an agent is chosen to give its counter-proposals and the 

other agents analyze it. This cycle repeats until stop criteria is reached. 

The above description for the second negotiation stage contains many issues which 

can be more concretely instantiated: 

• What is a counter-proposal? A recommendation change? A recommenda-

tion removal? The complete substitution of a recommendation by 

other(s)? 

• What is the analysis of a counter-proposal? A binary accept/reject re-

sponse? Or can it include a counter-counter-proposal? 

• When should the negotiation end, i.e., how to define stop criteria? One op-

tion is to wait until all agents are satisfied, but this may be impossible in 

some cases. Other option is to establish a time limit for the negotiation, or 

a maximum number of negotiation turns. Finally, the negotiation could 

stop when there are no suggestions remaining to be explored by the 

agents. 

In the Visual Studio .NET Metrics Experts system, the following negotiation ap-

proach was chosen: 

• The only counter-proposal type allowed is the removal of a suggestion; 

• The agent with the lower individual happiness is the one chosen to create 

counter-proposals; 

• Another agent only accepts a counter-proposal if it improves the global 

happiness; 

• If a counter-proposal is accepted, a new negotiation turn starts; 

• The negotiation ends when all counter-proposals suggested in a turn are 

rejected. 

Since for each negotiation session the global happiness has a maximum possible 

value, and also due to the fact that the negotiation keeps advancing only if the new 

global happiness value is grater than the previous one, the negotiation is granted to not 

loop forever. 

It is a clear fact, however, that more complex negotiation approaches could be 

used. It was concluded, on the other hand, that the implementation of such approaches 

constitutes a considerable challenge, since the application domain (metrics analysis) 

has many peculiarities and involves many architectural issues. For example, agents 

should be more tolerant to efferent coupling if the analyzed class is implementing a 



Façade design pattern [15], but less tolerant if the class actually represents business 

entity objects. 

5   Conclusions 

This paper presented how multi-agents can be used to provide more guidance to pro-

grammers regarding the quality of the source-code under development. The proposed 

approach was illustrated with the C# programming language and hosted on the Visual 

Studio .NET integrated development environment. 

The first version of the implemented application, presented in this paper, is part of 

an academic research and is not ready yet to be fully explored by Visual Studio users, 

although it seemed to be useful as a recommendation system in some scenarios where 

it was tested. It is recognized, therefore, that many enhancements could be done if a 

deeper analysis of the relations between source-code metrics and quality attributes is 

carried out. In the same way, improvements may arise from studies identifying how 

the interpretation of metric extraction results is affected by architectural issues of the 

source-code. 

Since some core values and ranges used as input to system agents (Tables 1, 2 and 

3), as well as the “global agent happiness”, were obtained as estimates from current 

metrics extraction tools and empirically based on authors' experiences, it is recognized 

that a study to confirm and/or adjust such values and ranges are an important future 

work that should be performed. The global happiness deserves special attention since 

it has a fundamental role on agent negotiation. 

The incorporation of other metrics and quality attributes to the system could also be 

explored in order to identify new conflict possibilities and, therefore, make the system 

even more valuable. A more ambitious proposal consists of turning the implemented 

system into a framework, which would allow end users to add new metrics and quality 

attributes. All of the above proposed future work also needs to be carried out in paral-

lel with user acceptance tests, in order to continuously check the system efficiency in 

helping developers. 

By adding a higher abstraction layer to current metrics analysis techniques and us-

ing multi-agent negotiation towards source-code maintenance, the proposed approach 

indicates that Artificial Intelligence can be used in many new interesting ways to aid 

Software Engineering. It is expected that this cooperation helps development proc-

esses to become more productive, accurate and less error-prone. 
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Appendix A: System Architecture 

The proposed system was implemented in modular components as shown in the UML 

Packages Diagram presented in Figure 5. The next subsections present Class Dia-

grams corresponding to each package. 

 

 
Fig. 5. Packages diagram 

A.1   Init Package 

This package is responsible for loading and initializing the system in the Visual Studio 

.NET development environment. Its Class Diagram is presented in Figure 6. 



 
Fig. 6. Init package Class Diagram 

A.2   GUI Package 

This package is responsible for defining the system’s graphical user interface. Its 

Class Diagram is presented in Figure 7. 

 
Fig. 7. GUI package Class Diagram 

A.3   Business Layer Package 

This package contains the business rules of the system, such as calling each agent for 

advice. Features as exposed by means of a Façade class, which allows the GUI to 

access them. A Class Diagram for this package is presented in Figure 8. 

 

 
Fig. 8. Business Layer package Class Diagram 



A.4   Metrics Package 

This package is responsible for extracting metrics from the source-code under devel-

opment. Its Class Diagram is presented in Figure 9. 

 

 
Fig. 9. Metrics package Class Diagram 

A.5   Agents Package 

This package gathers the classes corresponding to the system agents and messages 

interchanged between them. Its Class Diagram is presented in Figure 10 and Figure 

11. 

 



 
Fig. 10. Agents package Class Diagram (part 1) 

 



 
Fig. 11. Agents package Class Diagram (part 2) 

 

 

 

 

 

 


