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the initial state,

possible actions,

how to find out which actions are applicable,

how to apply the transition model,

how to identify a goal state.

Notion  blind search or uninformed search

Observation  search algorithms can only

determine the order in which states are generated
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Breadth-First Search

Idea  Expand shallowest node in frontier first.

Breadth-First Search

function Breadth-First-Search(problem) returns solution or failure
node = problem.initial-state
if problem.is-goal(node.state) then return node.state
frontier = queue with node as only element
explored = ()
Repeat
If Empty?(frontier) then return failure
node = Remove(frontier)
insert(node, explored)
for each action in problem.actions(node.state) do
child = problem.transition-model(node.state, action)
if problem.is-goal(child.state) then return child.state
if child ¢ explored und child ¢ frontier
then insert(child, frontier) 50
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Is the algorithm guaranteed to find a solution if one exists?
e Optimality
Is the algorithm guaranteed to find a solution with minimal
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Measuring with respect to what?
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depth  nodes time memory
2 110 .000011s  107KB
4 11110 .0011s 10.6MB

6 106 1.1s 1GB
8 108 2min  103GB
10 100 3h 10TB

12 102 13 days 1PB
14 10 3.5 years 99PB
Observations

e memory more critical than time
e only problems with solutions at small depth feasible
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Uniform-Cost Search

Consider  breadth-first search for problem with uniform costs

Observation  breadth-first search optimal
since it always expands shallowest node first

Can we have optimal performance for arbitrary cost functions?

Yes if we take cost into account in deciding about ordering
~~ order in queue according to cost (~-priority queue)
and be careful when re-discovering nodes
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Uniform-Cost Search

function Uniform-Cost-Search(problem) returns solution or failure
node = problem.initial-state
if problem.is-goal(node.state) then return node.state
frontier = priority queue with node as only element
explored = ()
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Uniform-Cost Search

function Uniform-Cost-Search(problem) returns solution or failure

node = problem.initial-state
if problem.is-goal(node.state) then return node.state
frontier = priority queue with node as only element
explored = ()
Repeat

If Empty?(frontier) then return failure

node = Remove(frontier)

insert(node, explored)

for each action in problem.actions(node.state) do

child = problem.transition-model(node.state, action)
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Uniform-Cost Search

function Uniform-Cost-Search(problem) returns solution or failure
node = problem.initial-state
if problem.is-goal(node.state) then return node.state
frontier = priority queue with node as only element
explored = ()
Repeat
If Empty?(frontier) then return failure
node = Remove(frontier)
insert(node, explored)
for each action in problem.actions(node.state) do
child = problem.transition-model(node.state, action)
if problem.is-goal(child.state) then return child.state
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Uniform-Cost Search

function Uniform-Cost-Search(problem) returns solution or failure
node = problem.initial-state
if problem.is-goal(node.state) then return node.state
frontier = priority queue with node as only element

explored = ()
Repeat
If Empty?(frontier) then return failure
node = Remove(frontier)
insert(node, explored)
for each action in problem.actions(node.state) do
child = problem.transition-model(node.state, action)
if problem.is-goal(child.state) then return child.state
if child ¢ explored und child ¢ frontier
then insert(child, frontier) (updating cost if necessary)
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Depth-First Search

Idea  Expand deepest node in frontier first.

Depth-First Search

function Depth-First-Search(problem) returns solution or failure
node = problem.initial-state
if problem.is-goal(node.state) then return node.state
frontier = stack with node as only element
explored = ()
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Depth-First Search

function Depth-First-Search(problem) returns solution or failure
node = problem.initial-state
if problem.is-goal(node.state) then return node.state
frontier = stack with node as only element
explored = ()
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If Empty?(frontier) then return failure
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Depth-First Search

function Depth-First-Search(problem) returns solution or failure
node = problem.initial-state
if problem.is-goal(node.state) then return node.state
frontier = stack with node as only element
explored = ()
Repeat
If Empty?(frontier) then return failure
node = Pop(frontier)
insert(node, explored)
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Depth-First Search

function Depth-First-Search(problem) returns solution or failure

node = problem.initial-state
if problem.is-goal(node.state) then return node.state
frontier = stack with node as only element
explored = ()
Repeat

If Empty?(frontier) then return failure

node = Pop(frontier)

insert(node, explored)

for each action in problem.actions(node.state) do

child = problem.transition-model(node.state, action)

57



Depth-First Search
@00

Depth-First Search

Idea  Expand deepest node in frontier first.

Depth-First Search

function Depth-First-Search(problem) returns solution or failure
node = problem.initial-state
if problem.is-goal(node.state) then return node.state
frontier = stack with node as only element
explored = ()
Repeat
If Empty?(frontier) then return failure
node = Pop(frontier)
insert(node, explored)
for each action in problem.actions(node.state) do
child = problem.transition-model(node.state, action)
if problem.is-goal(child.state) then return child.state
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Depth-First Search

Idea  Expand deepest node in frontier first.

Depth-First Search

function Depth-First-Search(problem) returns solution or failure
node = problem.initial-state
if problem.is-goal(node.state) then return node.state
frontier = stack with node as only element
explored = ()
Repeat
If Empty?(frontier) then return failure
node = Pop(frontier)
insert(node, explored)
for each action in problem.actions(node.state) do
child = problem.transition-model(node.state, action)
if problem.is-goal(child.state) then return child.state
if child ¢ explored und child ¢ frontier
then Push(child frontier) 57
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function Depth-Limitied-Search(problem, limit) returns solution or failure/cutoff
return Recursive-DLS(make-node(problem.initial-state), problem, limit)

function Recursive-DLS(node, problem, limit) returns solution or failure/cutoff
if problem.is-goal(node.state) then return node.state
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function Depth-Limitied-Search(problem, limit) returns solution or failure/cutoff
return Recursive-DLS(make-node(problem.initial-state), problem, limit)
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Depth-Limited Search

function Depth-Limitied-Search(problem, limit) returns solution or failure/cutoff
return Recursive-DLS(make-node(problem.initial-state), problem, limit)

function Recursive-DLS(node, problem, limit) returns solution or failure/cutoff
if problem.is-goal(node.state) then return node.state
else if limit=0 then return cutoff
else
cutoff-occured = false
foreach action in problem.actions(node.state) do
child = problem.transition-model(node.state, action)
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function Depth-Limitied-Search(problem, limit) returns solution or failure/cutoff
return Recursive-DLS(make-node(problem.initial-state), problem, limit)

function Recursive-DLS(node, problem, limit) returns solution or failure/cutoff
if problem.is-goal(node.state) then return node.state
else if limit=0 then return cutoff
else
cutoff-occured = false
foreach action in problem.actions(node.state) do
child = problem.transition-model(node.state, action)
result = Recursive-DLS(child, problem, limit — 1)
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Depth-Limited Search

function Depth-Limitied-Search(problem, limit) returns solution or failure/cutoff
return Recursive-DLS(make-node(problem.initial-state), problem, limit)

function Recursive-DLS(node, problem, limit) returns solution or failure/cutoff
if problem.is-goal(node.state) then return node.state
else if limit=0 then return cutoff
else
cutoff-occured = false
foreach action in problem.actions(node.state) do
child = problem.transition-model(node.state, action)
result = Recursive-DLS(child, problem, limit — 1)
if result=cutoff then cutoff-occured=true
else if result # failure then return result
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Depth-Limited Search

function Depth-Limitied-Search(problem, limit) returns solution or failure/cutoff
return Recursive-DLS(make-node(problem.initial-state), problem, limit)

function Recursive-DLS(node, problem, limit) returns solution or failure/cutoff
if problem.is-goal(node.state) then return node.state
else if limit=0 then return cutoff
else
cutoff-occured = false
foreach action in problem.actions(node.state) do
child = problem.transition-model(node.state, action)
result = Recursive-DLS(child, problem, limit — 1)
if result=cutoff then cutoff-occured=true
else if result # failure then return result
if cutoff-occured then return cutoff else return failure
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Iterative Deepening Depth-First Search

Idea  apply Depth-Limited Search with minimal feasible depth limit
increasing the limit as needed

Iterative Deepening Depth-First Search

function Iterative-Deepening-Search(problem)
returns solution or failure/cutoff
depth =0
Repeat
result = Depth-Limited-Search(problem, depth)
if result # cutoff then return result
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Iterative Deepening Depth-First Search

Idea  apply Depth-Limited Search with minimal feasible depth limit
increasing the limit as needed

Iterative Deepening Depth-First Search

function Iterative-Deepening-Search(problem)
returns solution or failure/cutoff
depth =0
Repeat
result = Depth-Limited-Search(problem, depth)
if result # cutoff then return result
depth = depth + 1
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