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Dynamic Fuzzy Cognitive Maps for the Supervision of 
Multiagent Systems 

Aguilar Jose 
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Abstract. In this work we propose a Dynamical Fuzzy Cognitive Map (DFCM) 
where its casual relationships are based on fuzzy rules, in a way that the structure 
of the map changes during the phase of execution (runtime). We propose the 
modification of the values of the relationships between the concepts through of 
fuzzy rules derived from the concept states that represent the system modeled by 
the map. Our DFCM is ideal to build supervision systems for multiagent systems 
(MAS), in order to study the behavior of the agents community when they fail, use 
a lot of resource, etc. In this paper, the DFCM is used to build a supervision sys-
tem for a faults management system based on multiagent systems. Very good re-
sults were obtained, demonstrating that the use of these maps as supervisor of 
multiagent systems is good and reliable.  

1   Introduction 

In [2, 4] Kosko introduces the Fuzzy Cognitive Maps (FCM) based on the Cogni-
tive Maps of Axelrod [1]. The Fuzzy Cognitive Maps are a tool of causal repre-
sentation, that are composed by concepts and causal relationships between the 
concepts, which use the theory of fuzzy logic to describe their structure and to 
infer answers of the map from input data. In this way, they represent the causal 
relationship between concepts and analyze inference patterns from a given input to 
the map. For the design of the structure of these maps, we can use the knowledge 
of the experts or the historical data of the phenomenon to model, being able to 
create models of complex systems for which an exact mathematical model is not 
possible. 

These maps have been used for the strategic planning and the analysis of the 
behavior of the automobile industrial market [4, 7]. Other authors have proposed 
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the use of the FCM to model supervision systems of complex control systems [8, 
11] or to control plants [8, 17]. The FCM have been used also to model the be-
havior of systems in several areas like in political sciences [3, 7, 9], in medical 
diagnostics [21, 28], failure modes effects analysis and detection [10], software 
development modeling project [14], for the analysis and decision making [13, 15, 
18], for the coordination of cooperative distributed agents [16], and many others. 
Other works have proposed learning approaches for FCM [19, 22], some of them 
based on the Hebb rule [20, 21, 26], Genetic Algorithms [23, 25], fuzzy rules 
[12], among others. Also, new FCM based in neural models have been proposed 
[5, 7]. 

An interesting domain of application of the FCM is in the area of supervision of 
MAS, that is, to study the behavior of a community of agents from initial hypothe-
sis. In this way, we can determine and predict the individual behaviors of the 
agents according to this hypothesis. That can be very important to improve the 
design of the MAS, feedback the MAS for its self-organization, etc. 

A first version of a dynamic approach of FCM, based on the random neural 
model, was introduced by Jose Aguilar in [6] (called DRFCM), to allow that the 
maps change their relationship during their runtime, of such form to be able to 
model systems of greater complexity than those than can model traditional FCMs. 
In that approach, random functions were used to provide the dynamic capacity 
within the maps, based on the random neural networks. In this work, we propose 
that the dynamics in the DFCM are giving by the modification of the values of the 
relationship between the different concepts that compose the map, through fuzzy 
sets derived from concept states of the system modeled by the map. This approach 
is ideal to build supervision systems for multiagent systems, in order to predict 
their behaviors when their agents fail, etc. We tested our approach in tasks of  
Supervision of Multiagent Systems for Faults Management. 

This work is organized as follows. In section 2 is presented our proposition of 
FCM (the DFCM). Section 3 presents the case of study, where a DFCM is used 
like supervisor of a Faults Management System based on agents. Finally, the  
conclusions a further works are presented. 

2   Dynamical Fuzzy Cognitive Maps 

DRFCM are FCM based on the Random Neural Model, where the causal relation-
ships are dynamics [6]. That is, the values of the arcs could be modified during the 
runtime of the FCM to adapt them to the new environment conditions. The quanti-
tative concepts allowed us develop a feedback mechanism that was included in the 
causal model to update the arcs. In this way, with the DRFCM we could consider 
on-line adaptive procedures of the model like real situations. For example, our 
DRFCM could structure virtual worlds that change with time. The DRFCM does 
not write down differential equations to change the virtual world. It maps input 
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states to limit-cycle equilibrium. A limit cycle repeats a sequence of events or a 
chain of actions and responses. Additionally, our DRFCM changed their fuzzy 
causal web during the runtime using neural learning laws. In this way, our model 
could learn new patterns and reinforce old ones. 

In the DFCM we are going to use fuzzy sets adapted to the system modeled to 
obtain the dynamics of the causal relationship, unlike the proposition in [6], where 
a generic form of dynamics of the relationships was defined based on neural learn-
ing laws. With this approach we obtain a better adaptation of the FCM to the real 
system that it models.  

2.1   The Causal Relationships Defined as Fuzzy Rules 

The relationships are established using a series of fuzzy rules of the type “if the 
concept t is in Ct then the casual relationship with concept i is wti”, where Ct is one 
of the possible states of the concept t and wti will be the value of the casual rela-
tionships for this state. In this way, a set of rules defining the value of the relation-
ship is used to determine the relationship value between two concepts.  

To define the set of rules, we define a general procedure. For instance, we as-
sume that the state of the concepts in the modeled multiagent system can be lo-
cated in three zones, according to the following figure: 

 

Fig. 1 Identification zones of each concept’s state 

Using this figure, we can define the state of a concept like: 

• A concept has a high state (between 2/3 and 1) when it works correctly and 
contributes substantially with the functioning of the modeled system.    

• A concept has a medium state (between 1/3 and 2/3) when its functioning 
must be validated and its contributions to the systems’ functioning is not so 
substantial.   

• A concept has a low state (between 0 and 1/3) when it does not work and it 
does not contribute to the functioning of the system. 

 

The state can be defined as a fuzzy variable composed by three fuzzy sets: high, 
medium and low. Additionally, the possible types of relationships between con-
cepts can be defined like:  
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Table 1 Possible types of relationships between concepts 

Value Linguistic Variable  

1.00 Complete+ 

0.75 High+ 

0.50 Medium+ 

0.25 Low+ 

0.00 Null 

-0.25 Low- 

-0.50 Medium- 

-0.75 High- 

-1.00 Complete- 

 
Also, the type of relationships can be defined as a fuzzy variable composed by 

nine fuzzy sets: Complete+, High+, etc. Now, we can define the following set of 
generic fuzzy rules using the concept states and the possible types of relationships 
defined previously, to define the casual relationships between concepts: 

• If the preceding concept is High and the consequent one is also High then 
the relationship is Complete+(1.0). 

• If the preceding concept is High and the consequent one is Medium then 
the relationship is High+ (0.75). 

• If the preceding concept is High and the consequent one is Low then the 
relationship is Low+ (0.25). 

• If the preceding concept is Medium and the consequent one is High then 
the relationship is High+ (0.75). 

• If the preceding concept is Medium and the consequent one is Medium 
then the relationship is Medium- (-0.5). 

• If the preceding concept is Medium and the consequent one is Low then 
the relationship is High- (-0.75). 

• If the preceding concept is Low and the consequent one is High then the 
relationship is High- (-0.75). 

• If the preceding concept is Low and the consequent one is Medium then 
the relationship is Medium- (-0.5). 

• If the preceding concept is Low and the consequent one is Low then the 
relationship is Complete- (-1.0). 

 

The set of generic fuzzy rules follows an adaptation mechanism similar to the 
hebb learning rule. These rules would be used to determine all the relationships 
between the different concepts. Thus, every relationship would be determined 
under the same set of rules, but each one would have a weight defined by the ex-
perts that could vary from relationship to relationship. For example, if we take the 
relationship between Concept 1 and Concept 2, and we assume that Concept 2 has 
a High state and that Concept 1 has a Medium state, then the relationship resulting 
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from the rules would yield a high+ value (that is, 0.75, if we suppose that we use 
crisp variables). This value is multiplied by the weight of the relationship defined 
by the expert (in this example we assume that the weight of this relationship is 0.5, 
then the final value of the relationship would be 0.375 (see figure 2)).   

 

Fig. 2 Example to establish the relationships value between concepts 

We can establish equivalence among a concept state and an agent state. In our 
approach, each agent of a multiagent system is a concept, and the weight of the 
relationship is defined by the expert according to the relationship that it defines 
between the agents on the supervised multiagent system. 

2.2   General Algorithm of a DFCM 

The design of a DFCM is very similar to the design of a DRFCM, which means 
we need to define the concepts (in or case, the agents) and the initial causal rela-
tionships among them. In our case, the initial causal relationships are defined ac-
cording to the relationships of the agents on the agents’ community. Once the 
DFCM has been designed, the execution algorithm is: 

1. Define the Initial agent states [ ]0
n

0
1

0
0

0 C,...,C,C=C  

2. While the system does not converge  

a. Calculate the values of the causal relationship using the procedure de-
fined in the previous section. 

b. Calculate the current states using ( )∑=
=

−n

0i

1t
iij

t
j C·wC , where n is the num-

ber of agents. 

2.3   Relationships Initial Weight Definition 

The initial weights can be defined according to the next procedures: 

• Each expert defines its FCM. For the allocation of the weights (opinion of the 
experts) is used a scale from the 0 to the 1, where 0 represents that the ante-
cedent concept (agent) has not influences over the consequent concept 
(agent), and a weight of 1 indicates that the consequent concept is sensible to 
the changes of the antecedent concept.  
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• We determine a global FCM. For the final calculation of the weight of the 
concept (global FCM) we can use two formulas:  

{ }e
ji

e

G
ji EmaxE = ,  ∀ e=1, NE (number of experts) (1) 

or 

NE/EbE
NE

1e

e
jie

G
ji ∑=

=
  (2) 

Where Eji
e is the opinion of the expert e about the causal relationship among 

agents Cj and Ci, and be is the expert’s opinion credibility weight.  

3   DFCM Like Supervisor of Multiagent Systems 

In this section we test the utilization of the DFCM to supervise a reference frame-
work based on MAS to model the Industrial Automation. 

3.1   The IDCSA Reference Framework 

In this work we study the reference framework “Intelligent Distributed Control 
system based on Agents” (IDCSA) proposed in [24] to model industrial automa-
tion systems. The IDCSA is a multiagent platform designed specifically for  
control systems (see figure 3). 

The IDCSA proposes the next set of agents, which represent the present  
elements in a loop of control process, with the intention to establish a generic 
mechanism for the handling of the activities related to the control process:  

• Observer Agent: this agent will have the mission of gathering the data coming 
from the repositories of data that can give information about the state of the 
processes. Also, it can pre-process and/or validate the data, calculate averages 
and estimations, etc.    

• Controller Agent: this agent receives the state information emitted by the Ob-
server agent and compares the current conditions of the process with the condi-
tions wished for the same on. In the case where the current conditions are 
moved away from a certain band of tolerance, it executes control structures, 
what can be orders of activation of alarms, orders for execution of applications 
of diagnostic, etc.   

• Actuator agent: depending on the decisions taken by the controller agent, 
active alarms and makes them visible for each actor involved with the resolu-
tion of the problem (SCADA operators, engineers of optimization, mainte-
nance engineers, etc.), produces changes in the SCADA (for example, it 
changes the set point), etc.   

• Coordinator agent: it supervises the operation of the control system and it 
modifies it if is necessary, changes established values for conditions of nor-
mal operation (for example, value nominal for process variables), executes 
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tests that allow to identify and to locate faults, emits the requirements of  
services to the specialized agents, etc.    

• Specialized agents: inside the detection process and diagnostic of faults, 
maybe is necessary to carry out activities of data mining, mathematical and 
statistical calculations, predictions, etc. These activities are carried out by 
specialized agents, each one of them with a specific task to carry out. 

 

Fig. 3 IDCSA Model 

3.1.1   IDCSA and the DFCM 

In this work we study the behavior of the agents within IDCSA; for that, we de-
velop a supervisor system based on DFCM. In this way, we can study the relation-
ship between the agents that compose IDCSA by means of the DFCM. In this 
case, each agent of IDCSA will be a concept (see figure 4). 

 

 

Fig. 4 Example of the DFCM for IDCSA 

To test the performance of the DFCM, in the next part we are going to use the 
modeled of a faults management system developed in [28] using IDCSA.  



314 A. Jose
 

3.2   Fault Management System (FMS) 

The FMS proposed in [27] is composed by two subsystems: the first subsystem 
accomplishes Monitoring and Fault Analysis Tasks (MFAT); the second subsys-
tem accomplishes the Maintenance Management Tasks (MMT). The FMS and the 
Engineering Management define together the productivity indexes, the human and 
financial resources, the components stock, among other things. On the other hand, 
the FMS also interacts with the Fault Tolerant Controlled Process, it being the 
final receiver of fault detection-diagnosis-decision tasks (see figure 5). 

 

 

Fig. 5 The FMS 

The MFAT subsystem is concerned with the following tasks: 

• Detection: this task permits the identification of an invalid state in the proc-
ess. A fault presence is stated from the behavior of significant variables; as a 
consequence, based on this behavior, the systems may be fault-free, in abrupt 
failure or incipient fault. The detection task needs detection models and the 
information from the process. 

• Isolation: this task estimates the place where is occurring the faulty item. 
• Diagnosis: This task determines the failure mode related with the fault detec-

tion, their causes and consequences. The diagnostic task needs diagnosis 
models and the information from detection and isolation tasks. 

 

The MMT subsystem is related with the following tasks: 

• Prediction: this task tries to estimate when an incipient fault goes to a func-
tional failure. This task needs predictive models, and the information from 
fault detection and diagnosis tasks may be used in order to build these models. 

• Planning: this task provides a preventive maintenance plan proposing the 
maintenance tasks that avoid the occurrence of a functional failure. It must 
also propose a contingency plan in case of abrupt failure, in order to avoid  
fatal consequences on the process. 
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• Maintenance Action: is concerned to set up and running the maintenance tasks 
according to the maintenance plan. These tasks are on-condition (detection-
isolation-diagnosis) and on-time tasks. Maintenance actions are also related to 
set up and running contingency plans in case of abrupt or unexpected failures. 

3.2.1   MAS-Based Reference Model for FMS 

The FMS as MAS should consider the following items: 

• Information exchange between the levels of the industrial processes. 
• Monitoring and analysis of variables from the lower levels of the industrial 

processes (Local Control). 
• Fault detection, isolation and diagnosis mechanisms and reasoning mecha-

nisms supporting the decision-making process in the preventive maintenance. 
• Distributed processing: the FMS activities as fault detection/isolation and estima-

tion of working index should be embedded into a distributed computational model.  
 

Consequently, the FMS works like a system where their modules interact of coopera-
tive form, of way to reach the objective of the process. The FMS provides the follow-
ing functionalities: Monitoring, faults management system, Detection, Isolation and 
Analysis of failures, Predictions of failure occurrence, Scheduling of preventive 
maintenance tasks, Set up and Running of preventive plans and corrective actions.  

These functionalities can be embedded into the agents defined in the generic 
conceptual framework IDCSA [24], which has been adapted to the fault manage-
ment problem. In this sense, this problem is defined like a generic problem of 
feedback control system. In this way, using the framework IDCSA eight agents 
are defined: Detector Agent (specialized agent), Finder Agent (specialized agent), 
Diagnostician Agent (specialized agent), Predictor Agent (specialized agent),  
Coordinator Agent, Controller Agent, Actuator Agent, and Observer Agent. 

The Detector agent identifies if a component is under the presence of an incipi-
ent fault. The Finder agent looks up for the exact site where the fault is happens in 
the system, if it is not determined by the Detector agent. The Diagnostician agent 
determines the way of fault, its causes and their consequences. The Predictor agent 
prevents that an incipient fault becomes in a total functional fault in the system.  

The Coordinator agent gathers the information about the process’ items from 
the specialized agents and, based on this information, it schedules the maintenance 
tasks. The timeline should be defined according to the item’s reliability and the 
failure effects. These aspects can suggest a decision-making process: take a cor-
rective action or redefine the preventive maintenance plan; the last is also done if a 
maintenance task is not performed. This timeline can include a long time horizon 
(Long Term (LT) Plan) and not take into account the human resources and inven-
tory on hand. In this sense, the Controller agent takes the preliminary plan pro-
vided by the Coordinator agent and it proposes a short time horizon plan (Short 
Term (ST) Plan) satisfying the human resources, inventory on hand and critical 
claims. That permits to give a daily or weekly plan for easy tracking. On-condition 
maintenance tasks are notified to the Coordinator agent; On-time and corrective 
maintenance tasks are notified to the Actuator agent. The Observer agent gathers 
the information about the process control in order to determine if a functional  
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failure occurs; it also notices about the maintenance state and correlates it with the 
process state. Maintenance state is related with the foreseen maintenance tasks 
performance and process state is related with the operational function. 

In figure 6 we observe the FMS based on the IDCSA framework (the special-
ized and the Coordinator agent in the Supervisor level; and the Controller, Ob-
server and Actuator agents in the Process level). In addition, the FMS interacts 
with the IDCSA of the control process through the Middleware [27]. 

 

Fig. 6 MAS for the FMS 

3.2.2   DFCM for the FMS 

We assume that each concept of the map will represent an agent in particular, for 
that reason we need to define the relationship between the agents of the FMS: 

• Detector Agent: it work with the coordinator agent informing if the system is 
in an incipient fault, this task is carried out monitoring variables of the sys-
tem. A bad detection can cause false alarms and to cause that false plans of 
maintenance are realized, this entails to a bad operation of the coordinator 
agent. A good detection can even specify the location of the fault saving 
therefore the work of the finder agent. The causal relationships that affect to 
the Detector agent are from the observer agent, which indicates the state of 
the different variables, and from the process and the middleware.  

• Finder Agent: Once a fault is detected and its detection does not indicate its 
location, this agent must locate the place where the fault is happens. If it indi-
cates a false location can produce the accomplishment of unnecessary tasks, 
and an excellent detection can facilitate the work of the coordinator agent. This 
agent is affected by the Coordinator and Detector agents and the Middleware.  

• Diagnostician Agent: this agent determines the type of fault and communi-
cates it to the coordinator agent. A bad diagnostic can entail to plans of main-
tenance of low quality, the coordinator can generate maintenance plans  
erroneous if this agent does not determine the type of fault well. This agent is 
affected by the controller and coordinator agents and the Middleware. 
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• Predictor Agent: this agent avoids that an incipient fault becomes in a total 
fault of the system. It has a relationship with the Coordinator agent to indicate 
it if the fault possibly entails to a total collapse of the system. This agent is af-
fected by the Coordinator, the Observer and the diagnostician agents, and the 
Middleware and the process.  

• Coordinator Agent: it collects the information of the specialized agents to 
carry out the plans of maintenance. A bad coordination can waste resources 
and a total collapse of the system. On the other hand, a good coordinator can 
try to detect the bad operation of some of the specialized agents and to try to 
resolve that situation. This agent is affected by the specialized and the  
Observer Agents, and the Middleware. 

• Controller Agent: it defines the plan of preventive maintenance to be applied. 
This agent has relationship with the actuator agent, which executes the main-
tenance plan, and it is affected by the Coordinator and the observer agents, 
and the Middleware.  

• Actuator Agent: this agent executes the maintenance plan and it has relation-
ship with the process. This agent is affected by the Controller and the  
observer agents, and the process.  

• Observer Agent: it observes the system and monitors the execution of the main-
tenance plans, for that reason is affected by the actuator agent and the process.  

• Middleware: the data of this concept in the map is obtained by the Observer 
agent, which is the unique one that affects it.  

• Process: it establishes that so good is the communication of the agents with 
the process and it is affected by the actuator agent. 

 

The resulting cognitive map is shown in figure 7.  

 
Fig. 7 The DFCM for the FMS 
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In our case of study, an agent is in high state when it fulfills all its functions 
correctly, it can use new mechanisms of inference successfully, and it does not 
occupy the resources in an excessive form; in addition, the conclusions and deci-
sions taken by the agent are considered correct in all cases. One agent is in me-
dium state when it fulfills its functions but it is not able to use new mechanisms of 
inference; in addition, the conclusions and decisions taken by the agent must be 
validated. Finally, an agent is in low state when it is not able to use new mecha-
nisms of inference, it excessively occupies the resources of the system, and the 
conclusions obtained by the agent are considered erroneous and false.  

The set of generic fuzzy rules are used to calculate all the relationships between 
the different concepts (agents) of the DFCM for the FMS. Previously, we have 
defined the relationship weights according to the experts. We have consulted sev-
eral experts to define these weights and used the equation 2 to calculate the global 
FCM, for be=1. The global FCM is shown in table 2. 

Table 2 Weights of the casual relationships for the DFCM of the FMS  
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Coordin. A. - 0.31 0.27 0.38 0.2 0.28 - - - - 

Diagn. A. 0.13 - 0.17 - - - - - - - 

Predictor A 0.13 - - - - - - - - - 

Finder A.  0.13 0.19 - - - - - - - - 

Detector A. 0.13 - - 0.14 - - - - - - 

Controller  - 0.12 - - - - 0.60 - - - 

Actuator A. - - - - - - - 0.23 - 1.0 

Observer A 0.10 - 0.10 - 0.3 0.35 0.20 - 1.0 - 

Middleware 0.34 0.38 0.34 0.47 0.3 0.35 - - - - 

Process - - 0.10 - 0.2 - 0.20 0.77 - - 

3.3   Results Analysis 

We have tested the map for different inputs. Particularly, we have observed that 
there is a large sensitivity of the complete system to the changes in the Middleware, 
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which is the most influential concept of the system. If this concept has a low value 
the concepts of the rest of the system will be 0 (zero) (see figure 8).  

 

Fig. 8 Evolution of the agents with a Middleware with value of 0.3 

We can see that the first concepts that begin to decay are the specialized 
agents, the coordinator and the controller agents, to a very fast rate. In iteration 
1 is observed that the actuator agent begins to very quickly decay due to the fall 
of the controller agent, and finally, from iteration 2 the observer agent begins to 
fail, which entails to a total fall of the system. That is due because the agents 
use the Middleware to collect data to carry out their tasks. In this way, this 
concept (the middleware) must be in a good state to avoid situations like the 
predicted in figure 8. When the middleware works badly, the rest of the com-
munity of agents begins to handle erroneous information, entailing to a total 
fault of the system.  

Another very important agent in the system is the coordinator agent. In a state 
of a coordinator agent where it does not work well, the system tends to fall in a 
bad operation (see the figure 9). 
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Fig. 9 Evolution of the DFCM for the FMS with a bad coordinator agent 

As it is possible to observe in this figure, the specialized agents and the control-
ler agent are themselves affected by the bad operation of the coordinator agent. 
That is due because these agents use the information of the coordinator agent to 
carry out their tasks, if the coordinator does not obtain good results and excessively 
occupies the resources of the system, the specialized agents are affected.  

Another interesting test is when the specialized agents were near the threshold 
between a high and medium state. In this case, we can observe that these agents 
significantly diminish the operation of all the system (see figure 10). 

In the figure 10 we can see that the specialized agents very quickly diminish the 
behavior of the coordinator agent. Once the coordinator agent does not work abso-
lutely well, the controller agent diminishes the quality of its work since the main-
tenance plans are generated by the coordinator agent. This type of fault allows that 
the system continues in operation, but the adjustment must be made in some future 
time.  

Another case of test is when we have a bad actuator agent (see figure 11). A 
bad actuator agent makes fall the process, falling therefore the quality of the be-
havior of the observer agent. Once the observer stops working well, the Middle-
ware begins to obtain erroneous data, and as we already saw previously, once this 
concept begins to fall, the rest of the system fall quickly. 
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Fig. 10 Evolution of the concepts of the DFCM with specialized agents of medium quality  

 
Fig. 11 Evolution of the DFCM with a bad Actuator agent 
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Fig. 12 Evolution of the agents with a bad finder agent 

The last test is shown in figure 12, where we can observe that from a state 
where the finder agent does not work absolutely well, its fault is propagated 
slowly to the community of agents. Particularly, the diagnoses generated by the 
diagnostician agent and the plans of maintenance of the Coordinator Agent try to 
adjust to this situation, before to start to work bad. This type of problem does not 
entail to a total fault of the system immediately, but in a very near future time. 

4   Conclusions 

The cognitive maps have demonstrated to be a modeled tool of effective, even 
more their extensions. The utilization of the DFCM like a supervisor system of 
MAS demonstrates to be a good tool due to that the behavior of a community of 
agents can be studied. Specifically, we can study as the bad or good operation of 
an agent in particular can affect the rest of the community of agents, allowing so 
make decisions based on the predictions from the map.  

Only a previous work has been developed to study MAS using FCM [29], spe-
cifically the casual relationship among the agents. In our approach we can model 
that, additionally we can analyze the behavior of the MAS, predict the behavior of 
the agents, etc. New extensions to our approach to define different forms of casual 
relationships can be done. For example, we can define casual relationships like 
mathematical equations.  Other possibility is to define each concept like fuzzy 
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variables, and then the casual relationships are defined like fuzzy relationships 
among fuzzy variables. Next works will study these approaches. 
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