Informed Search Algorithms

Ways of Incorporating Knowledge and Constraints into Search Algorithms

ffl Problem Formulation

Choice of relevant states Choice of operators Definition of goal

ffl Heuristic Evaluation Function

f(s) gives a “value” for each state.

Cost-to-Go Functions

Common kind of evaluation function: f(s) = h(s) estimates the distance remaining to a goal state Example: h(s) = straight-line distance to goal

The Greedy Algorithm

Expand the node that has the smallest value for h(s)

The A^� Algorithm

f(s) = g(s) + h(s) total estimated cost of getting to the goal via s

Total Cost Contours

Assumption: h(s) is monotonically decreasing.

Optimality of A^�

If h(s) underestimates the true distance to the goal, then A^� will find the optimal solution. Proof: The cost contour that includes the optimal path will be expanded first.

Effective Branching Factor for Two Heuristics for 8 Puzzle

ffl h1: Number of tiles out-of-place.

ffl h2: Total manhattan distance for out-of-place tiles.

Inventing Good h Functions by Problem Relaxation

ffl 8-puzzle:

A tile can move from square A to square B if A is adjacent to B and B is blank.

ffl Remove blank requirement

A tile can move from square A to square B if A is adjacent to B (manhattan distance heuristic)

ffl Remove adjacency requirement

A tile can move from square A to square B if B is blank. (number of tiles out of place)

ffl Remove both requirements

A tile can move from square A to square B (number of tiles out of place)

Local Search

Procedure LocalSearch(problem, SelectionMethod, StoppingRule)

state = initial state
while true do
  children = Expand(state)
  if (StoppingRule(state, children)) return state
  state = SelectionMethod(state, children);

Hill-Climbing Algorithm

ffl SelectionMethod: Choose child with largest value of f(s). ffl StoppingRule: Stop if all children have f(s) ˇ f(state). (“local maximum”)

10

Gradient Ascent (or Descent)

Suppose the state space is continuous (and real-valued or vector-valued). Each state has infinitely many possible children!

If f(s) is differentiable, then we can compute the direction of “steepest ascent” and take a step in that direction.

Procedure GradientAscent(problem, f, f’, StepSize)

state = initial state
while |f’(state)| > 0 do
  state := state + StepSize * f’(state)

return state

Simulated Annealing

Escape Local Minima via Probabilistic Hill-Climbing