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path (N)
if Null (parent[N]) then
return [ ]
else
return (path(parent[N]) || state[N])
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oE—Eath(N)
if Null (parent[N]) then
return []
else
return (op-path (parent [N]) || operator[N])
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(Breadth-First-Search) anin? wio'n .3.1
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Breadth-first-search (problem)

OPEN < ( make—node (problem[init-state], NIL) )
while open # ( ) do
next-node <— pop (OPEN)
loop for s in expand(next-node[state])
new <— make—node (s, next—node)
if problem[goal-test] (s) then
return (path (new))
OPEN < OPEN || (new)
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Breadth—-first-search-G (problem)
OPEN < ( make—node (problem[init-state], NIL) )
CLOSE <— NIL
while open # ( ) do
next-node <— pop (OPEN)
CLOSE < CLOSE |J {next-node}
loop for s in expand(next-node[state])
if not (find-state (s, OPEN) or find-state(s, CLOSE)) then
new <— make—node (s, next-node)
if problem[goal-test] (s) then return(path (new))
OPEN < OPEN || (new)

find-state(state, node-list)
for each node in node-list
if node[state]=state then return TRUE
return FALSE

BFS onniaYx nianpn .3.1.3
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(Depth-First Search) jniv'’s wio'n .3.2
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DFS (state, goal-test)
if goal-test (state) then return ((state))
else
for ¢ in succ(state)
solution < DFS(c, goal-test)
if solution # FAIL then
return(state || solution)
return (FAIL)

DFS—search (problem)
DFS (problem[init-state], problem[goal-test])
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DFS-L (state, goal-test,depth)
if goal-test (state) then return ((state))
else
if depth=0 then return FAIL
for ¢ in succ(state)
solution < DFS(c, goal-test,depth-1)
if solution # FAIL then
return(state || solution)
return (FAIL)

DFS-L-search (problem)
DFS (problem[init-state], problem[goal-test], L)

backtracking wio'n .3.2.2

INIR 2PN, TAN J2 22NN MR ,NAIX 9D SW 0°1277 92 DX INDY 2IPna Pyt wIntno amT
.27 7277 DX 2O1N9A IR PPk
DTPN WK 7T WD WANW .02YNT 7T 2ONON 22NN 73 XY — 117272 9110017 1MIane

2173 07

niy? wis'n 7m ann% wio'n .3.2.3
KX RITW 21901 PRIV NP2AAT2 2190 IR IR1Y 71737 OV TAVD TWORD pRIve v e
SOMPUDIR IR

22797 P2°T WNT IR LN TER 507 R pRIv 19232 N R amah v e

(Iterative Deepening) n'natnh njznvn wio'n .3.3
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(Uniform Cost Search) T'nx 2'nn wio'n .3.4
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Uniform—-cost—-search (problem)

OPEN < ( make—node (problem[init-state], NIL, 0) )
CLOSE <— NIL
while open # ( ) do

next <— pop (OPEN)

CLOSE < CLOSE |J {next}
if problem[goal-test] (next) then
return (path (new))
loop for s in expand (next[state])
if not (find-state (s, CLOSE) then
new—-cost < next[g]+cost (next[state], s)
old-node <— find-state(s, OPEN)
if old—-node then
if old—-node[g] > new-cost then
old-node[g] < new-cost
old-node[parent] < next
; Insert an item into a sorted list according to field g
insert (old - node, OPEN - {old-node}, g)

else ; no node with same state in open

new <— make—-node (s, next, new-cost)
insert (new, OPEN, gq)

return (FAIL) ; OPEN is empty — no solution
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Greedy Best-First Search .4.2
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Best—-first (init)
OPEN < { node(init, h(init), NIL)} ; CLOSE < ({};
Loop while OPEN is not empty
N < POP (OPEN) ; CLOSE <« CLOSE U m{N};
Loop for s in SUCC(N.state)
If NOT (member-state(s, OPEN |J CLOSE) then
If GOAL(s) then return(s || trace(N))
OPEN <— Insert (node(s, h(s), N), OPEN, h)

SNOANTT 2317 377 init
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Xian .5.1
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hill-climbing .5.2

hill-climbing wio'n .5.2.1
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SAHC (state) ;Steepest ascent hill-climbing
current <— state
loop until resources exhausted
best-val < infinity; best-states < nil
loop for op in legal-operators (current)
new < op(current); new-val < h(new)
if goalp (new) then return (new)

if new-val < best-val then
best-val < new-val; best-states < {new}

else if new-val = best-val then

best-states < best-states LJ {new}
if best-val > h(current) then return (current)
current < select-random(best-states)

return (current)

Stochastic hill-climbing wio'n .5.2.2
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Stochastic-hill-climbing(state)
current < state; current-val < h(state)
loop until resources exhausted

improving-moves <— {}
loop for op in legal-operators (current)

new < op(current); new-val < h(new)
if goalp (new) then return (new)
improvement <— current-val - new-val

if improvement > 0 then

improving-moves = improving-moves U {(op , improvement) }

if improving-moves={} then return (current)

current <—
Select randomly from improving-moves with probability

proportional to improvement
current-val = h(current)
return (current)
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First-choise hill-climbing .5.2.3
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First—-choice-stochastic-hill-climbing (state)
current <— state
loop until resources exhausted
improved <— false
loop for op in random—mix (legal-operators (current))
until improved

new <— op(current)
if goalp (new) then return (new)
if h(new) < h(current) then
improved <— true; current < new
if not improved then return(current)
return (current)

Simulated-annealing .5.3
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Random-restart hill climbing .5.3.1
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A*bnnnax .5.4
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ASTAR (state)
OPEN < (node(state, NIL, 0, h(state), h(state)))
While OPEN # ( )
; Take the next node to process, mark it is closed.
next <— pop (OPEN)
push (next, CLOSE)

If we reached the target, print the way to it and
; finish. We knows that it is the shortest way we can find.
if goalp (next.state) then return(trace(next))

4

; For each son s of the selected node
for s in succ(next.state)

; Calculate the cost of s
new—-cost < next.g+cost (next.state, s)

Check if we already found it earlier,
; and also we didn't pass it yet (Not in close 1list)
old-node < find-state(s, OPEN)

4

if old-node # {} then

OK, we found it earlier. Let check if we found
; better path to that node. If yes, we need to reenter
; it to the open list, according to its new cost
if old-node.g > new-cost then
old—node.g < new-cost; old—-node.f < old-node.gt+old—-node.
old-node.parent < next; delete(old—-node, OPEN);
; Reinsert old node according to new f
insert (old—-node, OPEN, f)
end

4

If the node is already in the closed list, and also

we find better cost for it, we should take it

; back to the OPEN list

else old-node < find-state(s, CLOSE)

if old—-node # {} then

if old—node.g > new—-cost then
old-node.g < new-cost; old-node.f < old-node.g+old-node.
old-node.parent < next; delete(old-node, CLOSE);
insert (old—-node, OPEN, f)

end

4

4

; If we are here, it means that we just reached that node
; in the first time. insert it to the OPEN list as new node
else
insert (node (s, next, new-cost, h(s), h(s)+new-cost), OPEN, f£f)
end;
end;
return FAIL
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A* 19 ni'‘maio nnpn .5.4.2
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Iterative-deepening A* on"a''x .5.4.7

J9W PO DT RIT AR HW 1 nInnonn TR
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DFS-C (state, g, path)

f < gt+h(state)
if £ > max-f then new—-max-f < min(new-max-f, f)
else

if goalp (state) return(path)

else

for ¢ in succ(state)
DFS-C(c, g+cost (state,c), path state)

IDA* (state)
max—-f < h(state)
new-max—f < infinity
loop while resources are available
solution <~ DFS-C(state, 0, ())
if solution <> () then return (solution)
max-f < new-max-f

D ITWION 5.5

1WA WHMY 1071 19K D2Pn2 .02 NPXPNDY NOIDITT RPN DR RINAY 1001 77112y N1Ya [we
JI21NT 2871 PPI7 D107 28RN 991077 28T 102 AN 2N (2°2pna D
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n'7nwn .6

Xian .6.1
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Perfect Information Games .6.2

.Two-player, sum-zero, perfect information games-2°X1p1 7pn7 MY M2 2PpRvn
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MINIMAX .6.4
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Minimax (board, depth, type)
; If we reached the depth limit, use the heuristic function
; to rank the board.
if depth=0 then
return (evaluate (board))
else

; If it is our turn now, make the choice that will
; give us the maximum result
if type=max then
cur-max < -infinity
loop for b in succ(board)
b-val < minimax (b, depth-1, min)
cur—-max <— max(b-val, cur-max)
end loop
return cur-max

; If it is the enemy turn, choose the best board for him.
else (type=min)
cur-min < infinity
loop for b in succ(board)
b-val < minimax(b, depth-1, max)
cur-min < min(b-val, cur—-min)
end loop
return cur—-min
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(a-B pruning) - nita .6.4.3
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Minimax—-ab (board, depth, type, alpha, beta)
if depth=0 then return(evaluate (board))
else

if type=max then
cur-max < -infinity
loop for b in succ (board)
b-val < minimax-ab (b,depth-1,min, alpha, beta)
cur-max <— max(b-val, cur-max)
alpha < max(cur-max, alpha)
if cur-max > beta then finish loop
end loop
return cur-max
else (type=min)
cur-min < infinity
loop for b in succ(board)
b-val < minimax-ab (b, depth-1,max, alpha, beta)
cur-min < min(b-val, cur—-min)
beta < min(cur—-min, beta)
if cur-min < alpha then finish loop
end loop
return cur—-min
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(The Horizon Effect) poixn vjpox .6.4.5
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