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function TREE-SEARCH(problem , fringe) return a solution or failure

fringe <— INSERT(MAKE-NODE(INITIAL-STATE| problem)), fringe)
loop do
if EMPTY ?(fringe) then return failure
node <~ REMOVE-FIRST(fringe)
if GOAL-TEST| problem| applied to STATE[ node] succeeds
then return SOLUTION(node)
fringe <— INSERT-ALL(EXPAND(node, problem), fringe)
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S 320 25
m [dictionary] A rule of thumb, simplification, or
educated guess that reduces or limits the search for

solutions 1 domains that are difficult and poorly
understood.”
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Formally:

1. A(n) <= h*(n) where h*(n)1s the true cost from n
2. h(n) >= 0so h(G)=0tor any goal G.
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(2} The initial states . _

36E=04366

f(Arad) = c(??,Arad)+h(Arad)=0+366=366
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After expanding Arad P o

> Sbis > ‘ Cimizoar T

303=140+253 H47=118+329

f(Sibiu)=c(Arad,Sibiu)+h(Sibiu)=140+253=393
f(Timisoara)=c(Arad, Timisoara)+h(Timisoara)=118+329=447
f(Zerind)=c(Arad,Zerind)+h(Zerind)=75+374=449



ic) After expanding Sibiv ,—‘-"Emd—--}

< Bbiu D
— el

447=118+320

.. Arad-—‘.‘m - .- rade.:l . ’.@ _

646=080+366 415=230+176 671=2014380 413=220+103

f(Arad)=c(Sibiu,Arad)+h(Arad)=280+366=646
f(Fagaras)=c(Sibiu,Fagaras)+h(Fagaras)=239+179=415
f(Oradea)=c(Sibiu,Oradea)+h(Oradea)=291+380=671

f(Rimnicu Vilcea)=c(Sibiu,Rimnicu Vilcea)+h(Rimnicu Vilcea)=220+192=413

448=T5+374



i) After expanding Rimnicu Vilcea & Amd

D
— : 447=118+320 4409=T54374

646:2-93+366 415:239+1Tl5 67 1= 291+38CI

526—366+1 &0 4'1 T=317+100 553-300#’ 23

f(Craiova)=c(Rimnicu Vilcea, Craiova)+h(Craiova)=360+160=526
f(Pitesti)=c(Rimnicu Vilcea, Pitest1)+h(Pitest1)=317+100=417
f(Sibiu)=c(Rimnicu Vilcea,Sibiu)+h(Sibiu)=300+253=553



(e) After expanding Fagaraz C@
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447=1184329
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646=280+366 671=201+4380

591=338+4253 450=450+0 526=366+160 417=317+100 553=300+4253

f(Sibiu)=c(Fagaras, Sibiu)+h(Sibiu)=338+253=591
f(Bucharest)=c(Fagaras,Bucharest)+h(Bucharest)=450+0=450
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(£) After expanding Pitesti ¢ Aad D
<
447=118+329 449=754374

646.280+356 671 2014380 )
- - -
501=338+253 450=45040 526=366+160 - .. 553=3004253

D T D

418=41840 615=455+160 601-414+193

f(Bucharest)=c(Pitesti,Bucharest)+h(Bucharest)=418+0=418
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Suppose suboptimal goal G2 in the queue.
Let n be an unexpanded node on a shortest to optimal goal G.

f(G2) =g(G2) since h(G2 )=0
> 9(G) since G2 1s suboptimal
>=f(n) since h 1s admissible

Since 1(G2) > f(n), A* will never select G2 for expansion
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m A heuristic 1s consistent 1f
h(n)<c(n,a,n')+ h(n")
m [f h 1S consistent, we have

£(n') = g(n') + h(n') oo
=g(n)+c(n,a,n")+ h(n')

> o(n)+ h(n)

> £(n) \@

h(n')
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— A expands all nodes with 7(n)< C*
— A’ expands some nodes with 7(n)=C*

— A* expands no nodes with 7(n)>C*
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Recursive best-first search

function RECURSIVE-BEST-FIRST-SEARCH(prob/em) return a solution or failure
return REBS(problem MAKE-NODE(INITIAL-STATE| problem]),)

function REBS( problem, node, {_limif) return a solution or failure and a new 7-cost limit

if GOAL-TEST|problem|(STATE[node]) then return node

successors «<— EXPAND(node, problem)

if successors is empty then return failure, oo

for each sin successors do
1] « max(g(s)+ h(s), | nodel)

repeat
best <— the lowest f~value node in successors
if 1| best] > £ limitthen return failure, /| best]
alternative <— the second lowest ~value among successors
result, f|best] < RBFES (problem, best, min(£_limit, alternative))
if result# failure then return result
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ib) After nowinding back to Sibiv
and expanding Fagaras
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ic) After switching back to Rimnicu Vilcea
and expanding Pitesti
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h,(s)=3+1+24+2+2+3+3+2=18

Blg gl B o5 e g,k — soges — 88l dlold ggome /15 ¢

hy(s)=2+1+1+1+2+2+2+2=13
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Search Cost

Effective Branching Factor

d IDS A'(hy) A"(hs) IDS A(hy) A*(hy)
2 10 6 6 2.45 1.79 1.79
+ 112 13 12 2.87 |.48 1.45
6 680 20 I8 213 1.34 1.30
8 | 6384 39 25 2.80 1.33 1.24
10 47127 95 39 279 1.38 .22
12 || 3644035 227 73 2.78 1.42 .24
14 - 539 1S - 1.44 1.23
16 = 1301 211 - 1.45 | 1.25
18 —~ 3056 363 - 1.46 1.26
20 | - 7276 676 - 1.47 1:27
22 | - 18094 1219 — 1.48 1.28
24 B 39135 1641 - [.48 1.26
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