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Each agent a is characterized by the set of atomic actions that a is able to perform. Agents are ‘born’ with their basic intention, or a particular goal to be fulfilled is triggered by an agent’s external part of the system. It can be a message of another agent, or even a signal from the environment. Moreover, each agent is ‘born’ with its minimal ontology stored in its internal knowledge base. During their life cycle the agents gradually learn new facts and rules which are stored into their internal knowledge base. 

As soon as an agent obtains an immediate goal, a plan to fulfil the goal is generated (it can be generated by the agent or by the system). The plan is a sequence of sub-goals starting in agent’s actual state and aiming to achieve the desired finite state accordingly to the goal to be met.

It may happen that there is no way to continue according to the current plan. In such a situation the agent should be able to generate a backup plan. If no such a reserve plan is available, the agent is in a critical situation. Handling such critical states will be dealt with in the next subsection. The backup plan should yield fulfilling the general primary goal though its sub-goals may be different. For instance, an agent is not able to achieve the goal because some place is inaccessible due to the traffic jam. So the itinerary is modified at some levels of sub-goals to achieve the original goal.

In order to put our considerations on a more solid ground, we now define the most important notions involved in agents’ reasoning. 

Definitions:
Behaviour: external manifestation of agent’s actions.

Atomic action: An action that after being triggered by the brain can be executed without further brain intervening. 

Goal: A final state that an agent should achieve.

Plan: A structure of sub-goals leading from a current agent’s state to the desired state.

Sub-goal: An intermediary state the achievement of which is a necessary condition for fulfilling the primary goal. 

Actual sub-goal (intention): the next achievable sub-goal from the current state of an agent.

Immediate intention: A state that is achievable by a one-shot execution of one atomic action or by a one-shot execution of several parallel atomic actions (from the current state of an agent). 

4.1
The strategy of generating sub-goals 

Above we defined a plan as a structure of sub-goals; in other words, an agent should be able to create an itinerary of the way from an actual state to the desired one. Moreover, the strategy of making up an itinerary has to be dynamic. An intelligent agent must be able to change the plan and accommodate a new unexpected situation whenever needed. 

Here is a procedure how to dynamically change the plan and generate a new one whenever needed:  

1. When an agent obtains a goal, he decides whether it is possible to meet the goal with his current actual knowledge. If it is so, then the plan is ready to be executed. Thus the plan is a one-step sequence consisting of the current goal that is thus also a sub-goal and an intention of the agent. 

2. In case that the agent is not able to meet the current goal, a new sub-goal has to be generated. To this end the agent can ask the system for assigning a new sub-goal, or he can consult the other agents in order to enrich his knowledge so that a new sub-goal can be generated. 

3. If the new sub-goal is executable by the agent, then this sub-goal becomes his current intention and the process of generating the plan is temporarily over. After meeting the sub-goal the process is cyclically repeated beginning the step 1 till the final desired state is achieved. Otherwise the agent repeats the step 2. 
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Fig.  1: Diagram of a sub-goals generating.
In case of a failure to generate a new (sub-)goal, the whole plan fails. In such a situation the agent is in a local critical state. However, even then the agent has to be active and inform the system about the situation. 

4.2
The strategy of generating an immediate intention 

Now we are going to describe in more details the strategy of generating an immediate intention. We will also show what an agent has to test in order to be able to execute an atomic action. Last but not least we will define the notion of an obstacle. 
In the previous section dealing with the strategy of sub-goals generating we described the recursive generating actual sub-goal (that is an agent’s intention) in order to meet a given goal. The intention of agent is fulfilled by step-by-step execution of an atomic-actions sequence. An atomic action is triggered by the respective agent’s immediate intention. However, before the agent can execute an action, he has to check whether there is not any obstacle preventing the execution. The obstacle characterization depends on the respective MAS features. In our case study we considered the obstacles occurring in the traffic infrastructure (for instance another mobile agent or a pedestrian). 

Example: A default immediate intention of an agent is this: go on along the most right-hand lane in the travel direction and go as fast as the speed limit is. This immediate intention is a trigger for the action go ahead (with the respective velocity attribute). Before its execution the agent checks whether there is no obstacle (another vehicle, end of the lane, tree on the road, and so on) at the place which is reachable by the execution of the atomic action go ahead. If there is some obstacle the decision maker of immediate intention transforms current immediate intention into the intention go around the obstacle; this triggers the atomic action change lane left and repeat the obstacle checking. If there is again an obstacle then a new agent’s immediate intention will trigger the action speed down or stop
 and the agent is waiting till the situation changes. 

Immediate intention yields the reactive behaviour of the agent and his dynamic decision making. The change of an immediate intention does not influence the actual plan as a whole. 
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Fig. 2: The scheme of the algorithm of generating an immediate intention 

Conclusion 

The above described algorithm ensuring an intelligent behaviour of agents in their environment is currently implemented in the Prolog. The agent’s decision making is the outcome of the respective plan and of the actual state of his environment. The plan is a structure of sub-goals leading from a current agent’s state to the desired state. Sub-goal is generated on the base of a road plan and agent’s knowledge. A dynamic factor of decision-making is called the local intention and it is generated on the base of actual sub-goal and on the base of fact containing a visibility data. Each of the local intentions is linked with a set of atomic actions. If there is no obstacle obstructing a desired action, agent executes it. To the contrary agent has to change the local intention. 
� It depends on the character of the obstacle. If the obstacle is moving in agent’s travel direction, he preferentially regulates his velocity according to the obstacle speed.





