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Outline By
* Best-first search
* A" search
* Heuristics

* Local search algorithms
* Hill-climbing search
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intellicence comes from heuristics that help find promising states fast.
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Best-first search o
 |dea: use an evaluation function f{n)for each node

e estimate of "desirability"

- Expand most desirable unexpanded node
9

* Implementation:

Order the nodes in frontier in decreasing order of desirability

* Special cases:
* greedy best-first search
* A’ search
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Romania with step costs in km

LR A LT T

Straight-line distance

o Buchamst
Arad 155
Bucharest 0
75 Crawova L&D
Dobreta 140
Arad 3 Eforie 161
Fagaras 178
e Ciurgiu 77
[] ¥aslul Hirsova 151
Iasi 225
Rimnicu Vikea Lugoj 244
Mehadia 141
Meamt 134
Orades 180
Pitesthi 1
J Hirsova Rimnku Vikea o3
Sibiu 153
Timisoara 329
Urziceni B0
Eforie  Vashi 199
Zerind 174
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Greedy best-first seargts

* Evaluation function
* f{n) = h(n)(heuristic)
» = estimate of cost from nto goa/

* e.g., h (n)=straight-line distance from nto Bucharest

* Greedy best-first search expands the node that appears
to be closest to goal
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Greedy best-first sear&ts example
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Greedy best-first seardts example
-

/
“

http://aispace.org/search/
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Properties of greedy E&st-first search

* Complete? No — can get stuck in loops,

* e.g. as Oradea as goal
* lasi 2 Neamt = lasi 2 Neamt 2>

* Time? O(b™), but a good heuristic can give dramatic
iImprovement

* Space? O(b")-- keeps all nodes in memory
* Optimal? No
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A" search e
* Idea: avoid expanding paths that are already expensive.
* \ery important!

 Evaluation function f(n) = g(n) + h(n)
g(n) = cost so far to reach n
h(n) = estimated cost from 77 to goal

* f(n)= estimated total cost of path through 2 to goal
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J66=0+366

Straight-line distance

© Buchamst
Arad
Bucharest
Craiova
Dobreta
Eforie
Fagaras
Giurgiu
Hirsova

)

4]
L&
41
Lol
176

151
el
244
241
14

10
193
153
a1
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imisoara

H47=118+329

i Bucharst
Arad
Bucharest
Craiova
Dobrets
Eforie
Fagaras
CGiurgiu
Hirsova

Iasi

Pitesti

Sibiu
Timisoara
Urziceni
Vashn
Zerind

Rimnicu Vikea

Straight—line distance

3
0
1&0
242
1al
176
T
151
15
i
241
1

100
193
153
£

192
374
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A" search example

11/12/2025

G46=280+366 415=239+176 671=281+380 413=220+193

=] Oracdea
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imisoara

H47=118+329

Straight—line distance

o Buchamst
Arad
Bucharest
Cralova
Dobreta
Eforie
Fsgaras
Giurgiu
Hirsovs

Iasi

Pitesti

Rimnicu Vikes
Sibin
Timisoara
Urziceni

Vaslhn

Terind

156
0
&0
11
lal
176
L
151
125
1
241
M

10
193
153
329

199
174
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A" search example &

11/12/2025

< Amd

K “Z?r»

T H47=118+329

G46=280+366 415=235+176 &71=281+380

525=366+180 417=317+100 553=300+253

Straight-line distance

o Buchamst
Arad
Bucharest
Cralova
Dobrets
Eforie
Fagaras
Giurgiu
Hirsova

Ia=

Pitesti

Rimnicu Vikea
Sibin
Timizoara
Urekceni
Vashn

Ferind

565
4]
Lo
1
L&l
17a
T
151
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1
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193
153
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.

- 3’ e HT7=118+329 449=T5+374

,

G46=2080+365 ,’ \"\._‘ 671= EE1+EEE|

591—33-E+253 11~5E|=11~ECI+[| G26=366+180 417=317+100 553=300+253

Straight—line distance

o Buchamst

Arsd W6

Bucharest a

Craiova L&0

Dobreta a4

Eforie lal

Fagaras L7&

Giurgiu 7

Hirsova 151

Ia=i 216

Lugoj 244

Mehadia 241

Meamt 2134

Orades 180

Pitesti 1

Rimnicu Vikea o3
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A" search example &

@af;;
_-'x 447=118+329 4H48=T5+374

ﬁ

E#-E_EHEHEEE o ‘Hx E?1 EE1+EEU

TS @

591=338+253 450=450+0 EEE—EEE+1EEI __..-" T 55:3_3m+25:a

11-1-E|=11-1 840 B15=455+160 &07=414+193
http://aispace.orqg/search/

» We stop when the node with the lowest f-value is a goal state.
* Is this guaranteed to find the shortest path?
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greedy e

LICTUERE N ot

8-Puzzle
f(N) = h(N) = number of misplaced numbered tiles

] ] u
1 T EEE
3 3 4
T
m
u
=.l L 2
4 .- N 2 1 mE
Start 3 3 . 0
] u 4 Goal
e e
u
5 4

The white tile is the empty tile
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LICTUERE N ot

8-Puzzle

f(N) = g(N) + h(N)

with h(N) = number of misplaced numbered tiles

]
| ] >
] ]
B | 3+3
145 2+3
| ]
LT
3+4 - |
[
I-I =I- =I- 5+2
O+4 - - 342 441 e
Start 143 2+3 . 20
N 3+4 Goal
T F ]
| ]
1+5 2+4
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Properties of A* o

* Complete? Yes (unless there are infinitely many nodes
with f £7G))

* Time? Exponential

* Space? Keeps all nodes in memory

* Optimal? Yes
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* Heuristic functions estimate costs of shortest paths

* Good heuristics can dramatically reduce search cost

* Greedy best-first search expands lowest h
* incomplete and not always optimal

* Ax search expands lowest g + h
e complete and optimal
* also optimally efficient (up to tie-breaks)

e Admissible heuristics can be derived from exact solution of
relaxed problems
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* Admissible heuristics
e Consistent heuristics (monotonicity)
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Admissible heuristics

* A heuristic Afn)is admissible if for every node n,
h(n) < h”(n), where hA”(n)is the true cost to reach the goal state from n.

* An admissible heuristic never overestimates the cost to reach the goal, i.e., it is
optimistic.

* h( n)<=c(c,g)

* Example: A, ,(n) (never overestimates the actual road distance)
* Negative Example: Fly heuristic: if wall is dark, then distance from exit is large.

. If A(n)is admissible, A" using TREE-SEARCH is optimal
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Consistent heuristics s

* A heuristic is consistent if for every node n, every successor n'of ngenerated by
any action g,

h(n) < c(n,a,n’) + h(n’)

* Intuition: can’t do worse than going through n’.

* If his consistent, we have
f(n') =g(n') + h(n') =g(n) + c(n,a,n') + h(n')
2 g(n) + h(n) =f(n)

i.e., ffn)is non-decreasing along any path.

Theorem: If Afn)is consistent, A *using GRAPH-SEARCH is optimal
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A” expands nodes in order of increasing fvalue

http://aispace.org/search/

Gradually adds " #~contours" of nodes

Contour /7has all nodes with 7=f, where f. <7,
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Admissible heuristics sian
E.g., for the 8-puzzle:

* h,(n)=number of misplaced tiles
,(n) = total Manhattan distance
(i.e., no. of squares from desired location of each tile)

7 2 4 1
> 6 3 ||| 4
— 8 3 1 6 7
+ hy(S) =2
° hz_(i):_? Start State Goal State
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Admissible heuristics sian
E.g., for the 8-puzzle:

* h,(n)=number of misplaced tiles
* h,(n)=total Manhattan distance
(i.e., no. of squares from desired location of each tile)

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

Start State Goal State
°h
°h

(S)=78
(S) =7 3+1+2+2424+3+3+2 =18
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1+5
11
|| ||
1+3 2+3 -.= 510
3+4
HEE | ]
[ | [
1+5 2+4

F(n)=g(n)+h(n)
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Relaxed problems &

* A problem with fewer restrictions on the actions is called a relaxed problem

* The cost of an optimal solution to a relaxed problem is an admissible heuristic for
the original problem

* If the rules of the 8-puzzle are relaxed so that a tile can move anywhere, then A,(n)
gives the shortest solution

* If the rules are relaxed so that a tile can move to any adjacent square, then A,(n)
gives the shortest solution
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Hill-climbing search &

* "Like climbing Everest in thick fog with amnesia"

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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Hill-climbing search

* Problem: depending on initial state, can get stuck in
local maxima
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global maxirmim
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local maximmm

coment

state
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Hill climbing algorithrii
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OPEN- CLOSED List Example

Using open and closed list Determine the optimum path and the
best approach.

* DFS.
* BFS.
 Algorithm A*

h=4
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OPEN- CLOSED List Example- Solution

CLOSED (VISITSD) <& OPEN CLOSED (VISITSD)

[] 1 [A] (]

[A] 2 [B]; [A]

[ B, Al 3 [CD,E]; [ B, A]

[C, B, Al 4 [D,E RG] [C, B, A]

[F, C, B, A] 5  [E FRGHI; [D, C, B, Al

[G,F, C, B, Al 6 [FGH,IJK]; [E, D, C, B, A]

[D,G, F, C, B, Al 7 [GH,IJK]; [F,E D,C,B,A]

[H,D,G, F, C, B, Al 8  [H1JK] [G,FED,C,B,A]

[M, H, D,G, F, C, B, A] 9  [LLKM]; [H,G,FED,C,B,A]
10 [), K MJ; [I,H,G,FED,C,B,A]
11 [K, M]; [J, LH,G,FED,CB,A]

12 ; M, K, J,ILH, G, FED,C B, Al
(L 2ana a pa 2 https://manarg.!:du.sy/ TAYR-Yeye | cs“'&m‘yt J&Lﬂgj Aaleq ]


https://manara.edu.sy/

Py

- TR |

OPEN- CLOSED List Example- Solution

S OPEN CLOSED (VISITSD)
RO [A:0:6] ]
B:1:5] A:0:6]

D:3:3, C4:3, E5:3] [ B:1:5, A:0:6]
H:4:2, C4:3, E5:3] | D:3:3, B1:5, A:0:6]

'M:5:0, C4:3, E5:3]  [H:4:2, D3:3, B1:5, A:0:6] @ h=5
(C4:3, E5:3] [ M:5:0, H:4:2, D3:3, B1:5, A:0:6] > h=3
(D 5
h 4
h=0
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Hill climbing o o)
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[A 100]

[D 30, B32, €33] [A 100]

[G 25, H-32) [A 100, D 30] @
[F 15, kK-20] [A 100, D 30, G 25]

[J8,110] [A 100, D 30, G 25, F15]

stop [A 100, D 30, G 25, F15, J 8] @

Pathis A 100, D 30, G 25, F 15, J8
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Apply search algorithms:
A*
Greedy search
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