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Material

« Chapter 4 Section 1 -3

- Exclude memory-bounded heuristic
search |




Outline
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- Best-first search

- Greedy best-first search
- A’ search

» Heuristics :
- Local search algorithms

» Hill-climbing search

- Simulated annealing search
* Local beam search :
« Genetic algorithms




Review: Tree search
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» A search strategy is defined by picking
the order of node expansion

function TREE-SEARCH( problem, strategy) returns a solution, or failure *
initialize the search tree using the initial state of problem
loop do
if there are no candidates for expansion then return failure
choose a leaf node for expansion according to strategy
if the node contains a goal state then return the corresponding solution
else expand the node and add the resulting nodes to the search tree *
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Best-first search

- ldea: use an evaluation function f(n) for each node
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— estimate of "desirability"
- Expand most desirable unexpanded node

« Implementation:

:
|
Order the nodes in fringe in decreasing order of {

desirability

- Special cases:

— greedy best-first search

— A’ search
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Romania with step costs In
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Straight-line distance

© Bucharest

Arad W6
Bucharest 0
Cralova 160
Dobreta 2142
Eforie 161
Fagaras 176
Giurgiu 77
Hirsova 151
Iasi 226
Lugoj 244
Mehadia 241
Neamt 2134
Oradea 20
Pifesti 10
Rimnicu Vikkea |03
Sibiu 253
Timisoara 329
Urziceni 20
Vaslui 199
Zerind 174
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Greedy best-first search

- Evaluation function f(n) = h(n) (heuristic)

» = estimate of cost from nto goal
* e.g., hg p(n) = straight-line distance

» Greedy best-first search expands the
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from n to Bucharest

node that appears to be closest to goal

o




Greedy best-first search
example
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Greedy best-first search
example
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Greedy best-first search
example
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Greedy best-first search
example
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Properties of greedy best-
first search

t . — - N —

- Complete? No — can get stuck in loops,
e.g., lasi > Neamt - lasi 2> Neamt =

- Time? O(b™), but a good heuristic can
give dramatic improvement |

« Space? O(b™) -- keeps all nodes in
memory

» Optimal? No




A’ search

» |dea: avoid expanding paths that are
already expensive

- Evaluation function f(n) = g(n) + h(n)
* g(n) = cost so far to reach n
* h(n) = estimated cost from n to goal

- f(n) = estimated total cost of path
through n to goal
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A" search example 3




A" search example

a=p

e

447=118+329 449=75+374

646=280+366 415=239+176 671=291+380 413=220+193
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A" search example
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447=118+329

646=280+366 415=239+176 671=291+380

526=366+160 417=317+100 553=300+253
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A’ search example

a=p

—

447=118+329

q‘“sia‘i'u;i'

646=280+366 611 2314380
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591=338+253 450=450+0 526=366+160 417=317+100 553=300+253

i AT e -

g,




A" search example
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- 447=118+329 449=75+374
646.230+366 611 291+380
591=338+4253 450=450+40 526-366+160

~._553=300+253

418=418+0 615=455+160 607=414+193
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