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Recap: 
Non-Observable vs 

Partially Observable



Forms of Solutions 

• Deterministic, non-observable (No sensor)

• “Conformant planning”: solution is a plan, but often no solutions exist

???

Right, Right, Right, Right, Suck, Left, Suck, Left, Suck, Left, Suck, Left, Suck 

Exactly 4 rights, because it knows actions are deterministic



Forms of Solutions 

• Partially observable

• Sensors report noisy, incomplete information about the current state

• Solution is a finite state machine

right wall left suck

???



Forms of Solutions 

• State:

L1 L2 L3 L4



Recap: General Form of 
Search Problems



Search Problem Defined Over an Implicit Graph

• A search problem is defined by

• 𝑆 set of possible states 

• Defined, but not enumerated a priori

• 𝑠0 ∈ 𝑆 start state (~vertex)

• 𝐴 set of actions

• 𝑁: 𝑆 → 𝑆 successor function

• 𝑇: 𝑆 × 𝐴 → 𝑆 deterministic transition function

• 𝑁 𝑠 = {𝑠′: ∃𝑎 𝑇 𝑠, 𝑎 = 𝑠′}

• 𝐺: 𝑆 → {𝑇𝑟𝑢𝑒, 𝐹𝑎𝑙𝑠𝑒} goal test

• 𝐶: 𝑆 × 𝐴 × 𝑆 → ℝ+ path cost

A solution to a search problem is a sequence of actions leading from 𝑠𝑜 to a state 
satisfying the goal test



Role of Abstraction in Modeling Search Problems

• Search problem formulations are models

• Most models are abstractions

• Driving from one city to another involves 

• Traffic, one-way streets, fuel considerations, rest 
stops, …

• Abstract state = set of real states

• Abstract action = set of procedures

Abstraction is a common and important 
aspect of modeling

Abstract problem should be easier than the real problem!



Role of Abstraction in Modeling Search Problems

• For the abstract solution to be 
usable we need:

• ∀s, a, s′such that 𝑇(𝑠, 𝑎) = 𝑠’
• Every real state in 𝑠 gets to some real state in 
𝑠’ by following a procedure defined by 𝑎

• “Downward refinability”

• There should be a way to go from all 
real locations “in Arad” to some real 
location ”in Zerind”

Abstract problem should be easier than the real problem!



Solving Search Problems



Evaluating Search Algorithms

• Properties of algorithms for computing 
paths (agent programs):

• Completeness

• The algorithm will find a solution if there 
exists one

• Soundness

• If the algorithm returns a solution, it will be a 
valid path in the graph

• Space complexity

• Time complexity

• Optimality

• Algorithm returns solutions of minimal cost



Search Algorithms: Fundamentals

• A search tree is used to evaluate possible courses of 
action in an offline simulation

• Use the successor function to incrementally explore 
neighbors of explored states

➢ “Expand” states

• Node in the search tree vs state

• A state is a configuration of the agent, environment

• A node is a data structure used in the search-tree

• State, parent, children, depth, incurred path cost 𝑔(𝑥)

• Multiple nodes may include the same state (not desirable)

• Each node corresponds to a partial plan

• The root node includes the start state



General Notions of Search

• Fringe: partial plans under consideration

• Exploration strategy: which node from the fringe should be expanded

• Node expansion: generation of successors for a fringe node

Partial search tree
Nodes vs states

??

????



General Tree Search

• Fringe: partial plans under consideration (set of leaf nodes)

• Exploration strategy: which node from the fringe should be expanded

• Node expansion: generation of successors for a node Influences 
implementation 

of 



Problem with Tree Search

Doesn’t detect repeated states



Problem with Tree Search

Doesn’t detect repeated states



Problem with Tree Search

Doesn’t detect repeated states



Easy Fix: Maintain a Closed List



Uniformed Search

• Uninformed, or undirected search algorithms operate without any 
consideration of how far a state is from a goal

• Good for situations where distance to a goal cannot be estimated

• Examples:

• Depth first search

• Breadth first search

• Iterative deepening search

• Uniform cost search

• https://movingai.com/SAS/



Informed Search



Informed Search

• Can we use goal-cost estimates?

• This cost estimate is known as a heuristic function

• Cost estimates amount to measuring the desirability of a state

• Informed search algorithms use the heuristic to guide node expansion

• Fringe is implemented as a priority queue

• Key for the queue is computed using the heuristic function



Heuristic: Example



Greedy Best First Search

• Implement TreeSearch with following expansion strategy:

• Expand the node with the least ℎ value

appears to be the closest to the goal

Will this be an optimal algorithm?











Greedy Best First Search Properties

• Complete in finite graphs with closed list

• Time

• Space 

• Optimal? 



Greedy Best First Search Properties

• Complete in finite graphs with closed list

• Time 𝑂 𝑏𝑚

• Space 𝑂 𝑏𝑚

• Optimal? No

What if the heuristic is not very good?



Greedy Search: Negative Result

• In the worst case, greedy search can expand all other nodes in the 
graph (even those that are arbitrarily further than the goal) before 
reaching the goal
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Greedy Search: Negative Result

• In the worst case, greedy search can expand all other nodes in the 
graph (even those that are arbitrarily further than the goal) before 
reaching the goal

h = 5

h = 0

1

1

1

1

1

17 million edges of cost 1, each node with h=1

h = 1

h = 1

h = 1

h = 1

Oops!
• Algorithm could be made less gullible 

• Pay attention to the cost incurred
∼ gambler’s ruin

• Our stated requirements for a heuristic function 
were too loose (anything goes? really?)



A* Search

• A* directly addresses those limitations

• 𝑔(𝑛) = cost required to get to the node from 
the start

• ℎ(𝑛) = estimated cost to the goal from n 
(heuristic, as before)

• 𝑓(𝑛) = 𝑔(𝑛) + ℎ(𝑛)

• Expansion strategy: 

• expand the node with the least 𝑓 value

h = 5 1 1

h = 1 𝑓 = 2
𝑓 = 6
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A* Search

• A* directly addresses those limitations

• 𝑔(𝑛) = cost required to get to the node from 
the start

• ℎ(𝑛) = estimated cost to the goal from n 
(heuristic, as before)

• 𝑓(𝑛) = 𝑔(𝑛) + ℎ(𝑛)

• Expansion strategy: 

• expand the node with the least 𝑓 value
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1Not immune to bad ℎ
But won’t get fooled forever

𝑓 = 6
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