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• PickUp children and Delivery children

3. A* Algorithm

• Definition of heuristic function
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State Definition
Vehicle’s current
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Carried Tasks
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which city?

Carried task?

How much
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Available tasks



State Definition: Previous Actions/Costs
Vehicle’s previous

actions/cost

Actions to reach
this situation

Costs to reach
this situation

• Keep record of agent’s action to reach to this node,
including its costs to this state.
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Breadth First Search Algorithm
Think why there we use a HashMap<State, Double>



Breadth First Search Algorithm

If the state is update (either
added first time or updated
due to the minimum cost

changes), update itself
and its children.

• If this is the first time to be visited: put it in history.
• If this node’s cost is smaller than before, replace the with the original state.



Generate Its Children Node(State)

1.generateDeliveryChildren():deliver one of its carried tasks.

• Firstly, the agent should firstly move to the delivery city of the task.

• Then deliver the task and update its capability.

• Get the cost of children state node.
2.generatePickUpChildren():pick up one of available tasks.

• Firstly, the agent should move to the city of the task.

• Then pick up the task and update its capability.

• Get the cost of children state node.



Generate Its Children Node(State)



Delivery Children State: deliver one of its carried tasks

The new state is:

1. Current location is the task’s delivery city.

2. Remove the delivered task from the carried tasks.

3. Update the Vehicle’s capacity.



Delivery Children State: deliver one of its carried tasks

1. Move to the delivery city.

2. Deliver the task.

3. Compute the
cost (distance) of
this new state.



Pickup Children State: PickUp One of Available Tasks

The new state is:
1. Current location is the task’s pickup city.
2. Add the pickup task to the carried tasks.
3. Remove the pickup task from the available tasks.
4. Update the Vehicle’s capacity.



Pickup Children State: PickUp one of Available Tasks

1. Move to the
pickup city.

2. Pickup the task.

3. Compute the
cost(distance) of this
new state.
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A* Algorithm

In PriorityQueue, elements are retrieved in sorted order.



A* Algorithm
Always pop out the state with the least cost.

But how to estimate the cost of State?



A* Algorithm: Cost Function Estimation

But how to get heuristic value of state.

𝑓 𝑛 = 𝑔 𝑛 + ℎ 𝑛 ,

There are many possible ways as long as the heuristic

value is theunderestimate of the true value.



A* Algorithm: Cost Function Estimation
1. Get all the cities that the agents have to visit.

2. Get all the cities that the agents already visited.

3. Two loops to iterate through all visited ones.
a. For a ToVisitCity, we suppose that we could always locate in this city’s nearest visited

neighbors.

b. Get this minimum value

c. Add this ToVisitCity from ToVisitCity set to the VisitedCity set.

This is an obvious underestimate as we can’t always ensure that
we can reach to the ToVisitCity from its nearest neighbor. In other

words, the current city is not always the nearest neighbor.



A* Algorithm: Cost Function Estimation
• Build the citiesToVisit and 

citiesVisited set.

• The final state is that
the citiesToVisit
set is empty.

How to estimate the
heuristic value?



A* Algorithm: Cost Function Estimation

Iterate two loops to obtain
the shortest way to reach

to certain city.



Thanks!


