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function GENERAL-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 the goal state then return the corresponding solution
else expand the node and add the resulting node to the search tree

end
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function RECURSIVE-BEST-FIRST-SEARCH(problem) return a solution or failure
return RFBS(problem,MAKE-NODE(INITIAL-STATE[problem]),)

function RFBS( problem, node, f_limif) return a solution or failure and a new f-cost limit
if GOAL-TEST[problem](STATE[node]) then return node
successors «— EXPAND(node, problem)
if successors is empty then return failure, ®
for each s in successors do
f [s] <— max(g(s) + h(s), f [node])
repeat
best < the lowest f-value node in successors
if f [best] > f_limit then return failure, f [besf]
alternative <— the second lowest f-value among successors
result, f [best] <— RBFS(problem, best, min(f_limit, alternative))

if result # failure then return result
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d IDS A*(h) A*(h) IDS A*(h) | A*(hy)
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4 112 13 12 2.87 1.48 1.45
6 680 20 18 2.73 1.34 1.30
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16 - 1,301 211 - 1.45 1.25
18 - 3,056 363 - 1.46 1.26
20 - 7,276 679 - 147 1.27
22 - 18,094 1,219 - 1.48 1.28
24 - 39,135 1,641 - 1.48 1.26
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function HILL-CLIMBING( problem) returns a state that is a local maximum
inputs: problem, a problem
local variables: current, a node
neighbor, a node

current +— MAKE- NODE(INITIAL-STATE[problem])

loop do
neighbor < a highest-valued successor of current
if VALUE[neighbor] < VALUE[current] then return STATE[current]
current +— neighbor
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function SIMULATED-ANNEALING( problem, schedule) returns a solution state
inputs: problem, a problem
schedule, a mapping from time to “temperature’
local variables: current, a node
next, a node
T, a “temperature” controlling prob. of downward steps

current < MAKE-NODE(INITIAL-STATE[problem])
for t+ 1to oo do
T+ schedule[i]
if 7= 0 then return current
nezt+— a randomly selected successor of current
AE+ VALUE[neat] - VALUE[current]
if AE > 0 then current < next

else current + neat only with probability e® £/T
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function GENETIC-ALGORITHM( population, FITNESS-FN) returns an individual
input: population, a set of individuals
FITNESS-FN, a function that measures the fitness of an individual

repeat
new_population «— empty set
loop for i from 1 to SIZE(popuIcﬁon) do

RANDOM SELECTION(popuIahon, FITNESS_FN)
“— RANDOM SELECTION(popuIahon FITNESS_F|

child < REPRODUCE(x,y)
if (small random probability) then child « MUTATE(child )
add child to new_population
population ¢ new_population
until some individual is fit enough or enough time has elapsed
return the best individual in population, according to FITNESS-FN
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Online DFS-Agent

function ONLINE-DFS-AGENT(s’) returns an action

input: s’, a percept identifying current state

static: result, a table indexed by action and state, initially empty

unexplored, a table that lists for each visited state, the action not yet tried
unbacktracked, a table that lists for each visited state, the backtrack not yet tried

s5,a, the previous state and action, initially null

if GOAL-TEST(s’) then return stop

if &' is @ new state then unexplored[s'] <~ ACTIONS(s')

if s is not null then do

result{a,s] < s

add s to the front of unbackedtracked[s’]

if unexplored([s’] is empty then

if unbacktracked[s'] is empty then return stop

else a < an action b such that result[b, s’J=POP(unbacktracked[s’])
else a < POP(unexplored[s'])

s< ¢

return g
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GOAL-TEST((1, 1))?
— Snot= Gthus false
(1,1) a new state?
— True
— ACTION((1,1)) > UX[(1,1)]
« {RIGHT,UP}

sis null?
— True (initially)
UX[(1,1)] empty?
— False
POP(UX[(1,1)]) > a
— a=UP
s=(1,1)
Return a

$°=(1,2)

Jtws online (S0 (S §Tm>

GOAL-TEST((1,2))?
— S not=G thus false
(1,2) a new state?

— True,
UX[(1,2)]={RIGHT,UP,LEFT}

sis null?
— false (s =(1,1))
— result [RIGHT, (1,1)] <- (1, 2)
- UB[(L,2)] =4{(1,1)}
UX[(1, 2)] empty?
— False
a=LEFT, s=(1, 2)
return a

Jis

S°=(1,1)

online _iee 9w

GOAL-TEST((1,1))?
— S not = G thus false
(1,1) a new state?
— false
sis null?
— false (s=(2, 1))
— result [DOWN, (2, 1)] <- (1,1)
- UB[(1,D] = {(2,1)}
UX[(1,1)] empty?
— False
a=RIGHT, s=(1,1)
return a

Jtws online (S0 (S §T >

S°=(1,1)

GOAL-TEST((1, 1))?
— Snot=G thus false
(1, 1) a new state?
— false
sis null?
— false (s=(1,2))
— result [LEFT, (1,2)] <- (1, 1)
- UB[(I, DI={(1,2), 2, D}
UX[(1, 1)] empty?
— True
— UBJ(1, 1)] empty? False
a= bfor binresult [, (1,1)] = (1, 2)
— b=RIGHT
a=RIGHT, s=(1,1) ...
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Rigsacas

Learning real-time A*

function LRTA*-COST (5, , s’,H) return an cost estimate
if ' is undefined the return h(s)

else return c(s, a, s') + His']

function LRTA*-AGENT (s') return an action
input: s', a percept identifying current state
static: result, a table indexed by action and state, initially empty
H, a table of cost estimates indexed by state, initially empty

5,0, the previous state and action, initially null

if GOAL-TEST (s') then return stop
if s’ is a new state (not in H) then H[s'] <— h(s’)
unless s is null

resultfa,s] « '

H[s] < MIN LRTA*.COST (s, b, result [b, ], H)

b e ACTIONS (s)

a < an action b in ACTIONS (s') that minimizes LRTA*-COST (s, b, result [b, s'], H)
s s

return o




