
Continuous Space & Nondeterministic 

Actions

Outline

I. Local search in continuous spaces 

II. Search with non-deterministic actions

* Figures are from the textbook site (or by the instructor) unless the source is specifically cited.

http://aima.cs.berkeley.edu/
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Line Search

1. Start at an initial state 𝒙 = 𝒙0.

3. 𝒙 ← new stopping point. 

2. Move along −∇𝑓(𝒙) until 𝑓 no longer decreases. 

4. Go back to step 2 ...

Steepest descent

(along −∇𝑓)

(level curve)

𝑓 𝑥, 𝑦 = 𝑐4

𝑓 𝑥, 𝑦 = 𝑐3

𝑓 𝑥, 𝑦 = 𝑐2

𝑓 𝑥, 𝑦 = 𝑐1

𝑐1 > 𝑐2 > 𝑐3> 𝑐4

𝒙0

−∇𝑓(𝒙0)
𝒙1
−∇𝑓(𝒙1)
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Solve 

𝑓 𝑥 = 0

with the iteration formula 

𝑥 ← 𝑥 −
𝑓(𝑥)

𝑓′(𝑥)

To maximize/minimize 𝑓(𝒙), find 𝒙 at which ∇𝑓 𝒙 = 𝟎. 

Iteration formula:

𝒙 ← 𝒙 − 𝐻𝑓
−1(𝒙) ∇𝑓(𝒙) 𝑇

Hessian of 𝑓: matrix 
𝜕2𝑓

𝜕𝑥𝑖𝜕𝑥𝑗

// one variable
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https://faculty.sites.iastate.edu/jia/files/inline-files/nonlinear-program.pdf

 Constrained nonlinear optimization (Lagrange multipliers):

https://faculty.sites.iastate.edu/jia/files/inline-files/lagrange-multiplier.pdf

 Linear programming (i.e., linear optimization under linear constraints)

https://faculty.sites.iastate.edu/jia/files/inline-files/linear-program.pdf

https://faculty.sites.iastate.edu/jia/files/inline-files/simplex.pdf
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II. Nondeterministic Actions

• The agent may not know the current state in a partially observable

environment.

• The agent may not know the next state after taking an action in a 

nondeterministic environment.

A belief state is a set of physical states believed to be possible by 

the agent. 

To specify what to do depending on what percepts

the agent receives while executing the plan. 

Problem solution: a conditional plan.
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Fully observable, deterministic, and completely known

Solution: Suck, Right, Suck

8 possible states
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Erratic Vacuum World

Suck: 

• Applied to a dirty square

 clean the square

 sometimes clean up dirt 

in an adjacent square

• Applied to a clean square

 sometimes deposit dirt 

on the carpet

RESULTS(1, Suck) = {5, 7}

Either state 5 or 7 after applied to state 1:

RESULTS(8, Suck) = {6, 8}
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Still Solvable? 

[Suck, if State = 5 then

[Right, Suck] else []]

No single sequence of actions solves

the problem. 

Solution still exists as a conditional

plan (suppose at State 1): 

Solution is a tree – of a 

different character!

Suck:
• Applied to a dirty square

 clean the square

 sometimes clean up dirt 

in an adjacent square
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the agent chooses an action.

AND-node (non-deterministic):  the environment “chooses” to have an 

outcome for each action.

e.g., Left, Right, or Suck

e.g., Suck in state 1 results in the belief state {5, 7}.

OR- and AND-nodes alternate in the tree.
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DFS Implementation of AND-OR Tree Search

Solution plan

// ignore a solution with a cycle. such a solution would

// imply the existence of a non-cyclic solution

// which can

// be found. 
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Cyclic Plan for a Solution

What if an action fails and the state is not changed? 

Slippery vacuum world.

Cyclic solution

do

Suck; 

if State = 5 then Right

State 1 −−→ {1, 2}
Right

State 5 −−→ {5, 6}
Right

The goal will be reached provided that each outcome of a 

nondeterministic action eventually occurs.


