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function SIMPLE-PROBLEM-SOLVING-AGENT( percept) returns an action
static: seq, an action sequence, initially empty
state, some description of the current world state
goal, a goal, initially null
problem, a problem formulation

state «+— UPDATE-STATE( state, percept)

if seq is empty then do
goal +— FORMULATE-GOAL(state)
problem < FORMULATE- PROBLEM(state, goal)
seq «— SEARCH( problem)

action < FIRST(seq)

seq+ REST(seq)

return action
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7 2 4 1
5 6 3 4
8 3 1 6 7

Start State Goal State
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actions?
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path cost?
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Start State Goal State

states? 24 LD IZFT

actions? 7o 0% EA L TIZi%E)

goal test? = I—JLDIKEE (A BN TLD)
path cost? ElfE&H71-Y1

[Note: optimal solution of n-Puzzle family is NP-hard]
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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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function TREE-SEARCH( problem, fringe) returns a solution, or failure
fringe +— INSERT(MAKE-NODE(INITIAL-STATE[problem]), fringe)
loop do
if fringe is empty then return failure
node <+ REMOVE-FRONT( fringe)
if GOAL-TEST[problem|(STATE[node]) then return SOLUTION(node)
fringe +— INSERT ALL(EXPAND(node, problem), fringe)

function EXPAND( node, problem) returns a set of nodes

successors<— the empty set

for each action, result in SUCCESSOR-F'N[problem|(STATE[node]) do
$+—a new NODE
PARENT-NODE[s] +— node; ACTION[s] «— action, STATE[s| < result
PATH-COST[$] ¢~ PATH-COST[node] + STEP-COST(nRode, action, s)
DepTH[S] + DEPTH[ROdE] + 1
add s to successors

return successors
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Complete? Yes (bhAERAD)

Time? 1+b+b2+b3+... +b? + b(bd-1) = O(bd*1)

Space? O(b") (ZETH/—FZFAEID)

Optimal? Yes (RTv 7 &f=Ycost =1 71iH)
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function DEPTH- LIMITED-SEARCH( problem, limit) returns soln/fail /cutoff
RECURSIVE-DLS(MAKE-NODE(INITIAL-STATE[problem]), problem, limit)

function RECURSIVE- DLS(node, problem, limit) returns soln/fail/cutoff
cutoff-occurred? + false
if GOAL-TEST[problem|(STATE[node|) then return SOLUTION(node)
else if DEPTH[node] = limit then return cutoff
else for each successor in EXPAND(node, problem) do
result < RECURSIVE- DLS(successor, problem, limit)
if result = cutoff then cutoff-occurred? « true
else if result + failure then return result
if cutoff-occurred? then return cutoff else return failure
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function ITERATIVE-DEEPENING-SEARCH( problem) returns a solution, or fail-
ure
inputs: problem, a problem

for depth+ 0 to oo do
result < DEPTH-LIMITED- SEARCH( problem, depth)
if result +# cutoff then return result
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Nps = (d+1)b% + d b + (d-1)b”? + ... + 3b%42 +2bd-1 + 1bd
e Forb=10,d =5,
— Npg=1+10+ 100 + 1,000 + 10,000 + 100,000 = 111,111
— Njps = 6 + 50 + 400 + 3,000 + 20,000 + 100,000 = 123,456

e Overhead = (123,456 - 111,111)/111,111 =11%
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e Complete? Yes

e Time? (d+1)b° +d b" + (d-1)b? + ... + b9 =
O(b?)

e Space”? O(bd)

e Optimal? Yes, AT Y7 AR5
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Criterion Breadth-  Uniform-  Depth-  Depth- lterative
First Cost First Limited  Deepening
Complete? Yes Yes No No Yes
Time Oy O@®lcy O™ O(b) O(b%)
Space O™l o€y O(bm) O(bl) O(bd)
Optimal? Yes Yes No No Yes
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function GRAPH-SEARCH( problem, fringe) returns a solution, or failure

closed < an empty set
fringe < INSERT(MAKE-NODE(INITIAL-STATE[problem]), fringe)
loop do
if fringe is empty then return failure
node +— REMOVE- FRONT( fringe)
if GOAL-TEST[problem|(STATE[node]) then return SOLUTION(node)
if STATE[node] is not in closed then
add STATE[node| to closed
fringe «+— INSERTALL(EXPAND(node, problem), fringe)
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