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Problem-Solving Agents

Four Steps of Problem-Solving Process

 - Goal formulation

 - Problem formulation

 - Search for the Solution

 - Execute the Solution
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Problem-Solving Agents

Problem Formulation - Search Problem

 - set of states, or state space

 > initial state, goal state, …

 - set of actions

 - transition model for state space graph

 - action cost function, f(s, a, s’)

Solution 

 - a path from the initial state to goal state

 - optimal solution: optimal path
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Example Problems

Water measurement problem

• Using three jugs of 3 liters, 5 liters, and 9 liters, how can we measure exactly 7 liters of water?

• State: Water amounts in the 3 jugs respectively: a, b, c (a ≤ 3, b ≤ 5, c ≤ 9), where the triple 
(a, b, c) represents the problem state

• Initial State: (0, 0, 0) // all three jugs are empty

• Goal State: (-, -, 7) // the third jug contains 7 liters

• State Transitions: From state (a,b,c) to state (x,y,z) through operations such as emptying a jug, 
or pouring from one jug to another until the source jug is empty or the destination jug is full

• Cost: Each state transition has cost 1
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Example Problems

Water measurement problem

• State space
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Example Problems

Water measurement problem

• Solution with cost = 5
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Example Problems

8-Puzzle Problem

  

Initial State Goal State
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Example Problems

8-Puzzle Problem

State space of the problem 

• Each node is a state

• Each edge corresponds to a state 
transition
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Method

• Is to find a path from the Initial state to a goal state in the state space

- Solution: set of transformations associated with the found path. 

• The search strategies differ by the order of development of the nodes to be traversed (how to 
choose a next state of to be traversed)

• Information used to find a path:

- Past: estimate the path cost from the root to the currently traversed node

- Future: estimate the path cost from the currently traversed node to the destination
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Search Algorithms



Method
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Search Algorithms



Method
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Search Algorithms
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Search Algorithms

Select & Expand Strategy

 - select among green nodes

 - and then expand (lavender nodes)
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Search Algorithms

Select & Expand Strategy
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Search Algorithms

Performance Measurement
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Uninformed Search Strategies

Breadth-first search (BFS)

A variation:

 - uniform-cost search

 - 
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Uninformed Search Strategies

Breadth-first search

 

- “OPEN” Pending State Set: Queue 
- The state that is generated first is approve first 
- Approve all nodes at the same depth before approve nodes at the next depth
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Goal 
state
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Uninformed Search Strategies
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- “OPEN” Pending State Set: Queue 
- The state that is generated first is approve first 
- Approve all nodes at the same depth before approve nodes at the next depth

route: A-
>C->G->I
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Uninformed Search Strategies

Breadth-first search

 

Exercise: Find the path and sequence of vertices 
- Initial state: 1 
- Goal state: 12
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Uninformed Search Strategies

Depth-first search (DFS)

 

• The set of states waiting to be 
explored “OPEN”: Stack.

• The deepest state (the one most 
recently added to Open) is expanded 
first.

• Expand all descendant nodes before 
moving up to explore other nodes at 
the same depth if a solution has not 
been found.

• Example: route from A-> M: A-C-F-M
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Uninformed Search Strategies

Depth-first search

 

Exercise: Find the path and sequence of vertices 
- Initial state: 1 
- Goal state: 12
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Uninformed Search Strategies
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Uninformed Search Strategies

Depth-first search

 

Limitation: The search space can have infinite 
depth or iterative states.

Depth-Limited search: Search (depth-first) only 
within a certain depth limit. Nodes at deeper depths 
are not considered.

Iterative deepening search: Is a limited depth first 
search with increasing depth limits from 0 to a max 
level.
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Uninformed Search Strategies

Performance Analysis fort Uninformed Searches

 

• Completeness: is the ability to always find a solution if it exists. 
• Depth: not found if the state space is iterated or has infinite depth 
• Limited depth: not found if the solution is deeper than the limit 
• Iterative: not found if the solution is deeper than the maximum search 

depth
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Thank you!
You're now ready to explore the exciting world of AI!
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