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Case Study: 8-puzzle

• Actions: swap the empty position with any tile that is horizontally or vertically 
adjacent
• 1.8×10! possible states (configurations)
• Larger versions

• 15-puzzle: 1.0×10!" states
• 24-puzzle: 7.7×10#$ states
• 35-puzzle: 1.8×10$! states
• 48-puzzle: 3.0×10%# states

Start state Goal state



Defining a Classical Planning Problem

• States 𝒮
• Only keeps the details needed to solve the problem

• Actions 𝒜
• It is not always the case that every action can be taken in every state

• Start state 𝑠!
• Goal states 𝒢 ⊆ 𝒮
• Transition model
• 𝑠! = 𝐴(𝑠, 𝑎)

• Transition cost function 𝑐(𝑠, 𝑎, 𝑠′)
• Find a path from state 𝑠! to a state 𝑠" ∈ 𝒢
• A minimum cost path is also referred to as an optimal or shortest path
• There can be more than one optimal path



State Space Graph
• Vertices: States
• Directed Edges: Actions
• Each state appears only once
• Pathfinding algorithms can be seen as finding a path between nodes in a graph



Example: Traveling in Romania
• Travel from Arad to Bucharest
• States

• Cities
• Actions

• Go to an adjacent city
• Start state

• Arad
• Goal state(s)

• Bucharest
• Transition model

• Go to selected city
• Transition cost function

• Driving time



Search Algorithms

• Expand nodes according to some priority until a goal node is selected for 
expansion
• Use a priority queue to sort nodes according to priority
• This is referred to as OPEN or the “fringe”
• For some algorithms, it can be implemented as a simple FIFO or LIFO queue

• Some algorithms use a CLOSED set to remember the nodes that have been 
generated
• Sometimes referred to as “reached”
• Prevents redundant node expansions



Nodes

• Node: Bookkeeping data structure for search
• State
• Parent node
• Action

• Action that the parent took to generate this node
• Path cost

• Cost of path from the start node to current node

• There can be multiple nodes with the same state
• We will refer to a node with the start state as 𝑛! and with a goal state as 𝑛"
• A node is expanded when we use the transition function to generate all its 

children



Node Expansion

Arad

Sibiu Timisoara Zerind

• Apply every possible action to the state associated with the node
for each action 𝑎 for 𝑛. 𝑠

𝑠! = 𝐴 𝑛. 𝑠, 𝑎   // next state 
𝑔 = 𝑛. 𝑔 + 𝑐(𝑛. 𝑠, 𝑎, 𝑠′)  // path cost
𝑑 = 𝑛. 𝑑 + 1  //depth
𝑛" = 𝑁𝑜𝑑𝑒(𝑠!, 𝑛, 𝑎, 𝑔, 𝑑)  //new node



Search Tree
• Pathfinding algorithms can form a tree where states appear multiple times; 

representing different paths one can take to the same state
• Remember, every node except for the root node has exactly one parent

• Vertices: States
• Directed Edges: Actions

State space graph Search tree

Arad
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Arad OradeaLugojAradArad OradeaRim.Fagaras



Breadth First Search

Breadth-first search 
is a special case 
where we can do 
the goal test when 
nodes are generated 
instead of when 
they are selected for 
expansion



Breadth-First Search
• Prioritize the shallowest nodes
• For breadth-first search, we do not have to wait until the goal node is selected for 

expansion, we can terminate when the goal state is generated

Not yet generated In OPEN Expanded
Node to be 
expanded next


