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Best-first Search  Jsl Juadly

function best_first_search;

begin
open = [Start]; % initialize
closed =[]:
while open = [ ] do % states remain
begin
remove the lefimost state from open, call it X;
if X = goal then return the path from Startto X
else begin
generate children of X;
for each child of X do
case
the child is not on open or closed:
begin
assign the child a heuristic value;
add the child to open
end;
the child is already on open:
if the child was reached by a shorter path
then give the state on open the shorter path
the child is already on closed:
if the child was reached by a shorter path then
begin
remove the state from closed:
add the child to open
end:
end; % case
put X cn closed;
re-order states on open by heuristic merit {best leftmaost)
end;
return FAIL % open is empty

end.



best-first search(Greedy)
(phall) Js) Juadly Gl

il Gad) Gbad o L) Gl el jiud A o
f(n) = h(n) A&l &8sy 53 &yl 45) Greedy search gdadl ) G ol o LiSay

h(n) 2e)scllua JS Gedy s l Cay g

e gl Sllisall HLaAY llwall JS yuo Aamy) 328e (e B

CLaSiuY ) daliadl L () €5 Caag) (pa L8 S Ll san Al 32l
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Greedy search

f(n)=h(n)
queue EE)| Bucharest 0

Rimniciu V. 193
Sibiu 253
Timisoara 329
Arad 366
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Oradea 380
Goal !'!!

253 0



best-first search(Greedy)
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Example: traveler problem with straight-line
distance information
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best-first search(Greedy)
(phall) Js) Juadly Gl

- e

open = [AS5]; closed =[]

evaluate A5; open = [B4,C4,D6]; closed = [A5]

evaluate B4; open = [C4,E5,F5,D6]; closed = [B4,A5]

evaluate C4; open = [H3,G4,E5,F5,D6]; closed = [C4,B4,A5]
evaluate H3; open = [02,P3,G4,E5,F5,D6]; closed = [H3,C4,B4,A5]
evaluate 02; open = [P3,G4,E5,F5,D6]; closed = [02,H3,C4,B4,A5]

evaluate P3; the solution is found!
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best-first search(Greedy)
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| path | cost | h

(s) 0 |10
path | cost

(a,s) | 2 |2
(bys) | 5 |3




best-first search(Greedy)
(&dall) Js) Juadly Sanll

path cost | h
(c,a,s) | 4 |1
(b, s) 5 |3
(d,a,s) | 6 |4
path cost | h
(b, s) 5 |3
(d, a,s) 6 |4
(d,c,a,s) 7 |4




best-first search(Greedy)
(phall) Js) Juadly Gl

path cost | h ;I\ >
Q: <g1~b1~5> 10 0 d 4:m 2:m
| (das) | 6 |4 VA
(d,c,a,s) 7 4 ;‘[\
start —r@ ° ‘r@

* Greedy search is not complete and not optimal, but is often fast and efficient,
depending on the heuristic function h
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OPEN = {InitialState}; CLOSE = nil; SUCCESS = False
While OPEN != {} And SUCCESS=False do
Begin

u = Get_First Node From OPEN(OPEN)

OPEN = Queune(OPEN)

If GoalState (u) Then SUCCESS=True

A* Search Algorithm

Else
Begin
Add(u, CLOSE)
For each v in Children(u) do
Begin
If v Not in OPEN and v not in CLOSE Then
Add (v, OPEN)
Father(v)=n
Sort(OPEN) % f ASC then g DECS
FElse If v in OPEN and g(v)=g(u)+lk(u,v) Then
g(v)=g(u)+k(u.v)
f(v)=g(v)+h(v)
Father(v)=u
FElse If v in CLOSE and g(v)=g(u)+k(u,v) Then
g(v)=g(u)+k(u,v)
fi(v)=g(v)+h(v)
Father(v)=u
End
End
End
If OPEN={} Then FAIL
Else

GenerateSolutionPath(u)
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9+3=12
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Values of f{n) for each state, 6 4 6
where:
f(n) = g(n) + h(n),
g(n) = actual distance from n
to the start state, and 1123
hin) = number of tiles out of place. 3 .E
7165
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open = [a4];
closed =[]

open = [c4, b6, d6];
closed = [a4]

open = [e5, 5, b6, d6, g6];
closed = [a4, c4]

open = [f5, h6, b6, d6, g6, 17];
closed = [a4, c4, e5]

open = [ j5, h6, b6, d6, g6, k7, I7];
closed = [a4, c4, e5, 5]

open = [I5, h6, b6, d6, g6, k7, I7];
closed = [a4, c4, e5, 15, |5]

open = [m5, h6, b6, d6, g6, n7, k7, I17];
closed = [a4, c4, e5, 15, |5, 15]

success, m = goal!



properties of A* search

* Completeness: yes
e Optimality: vyes (with admissible heuristic)
* Time complexity:

- order roughly the number of nodes with f(n)
smaller than the cost of optimal path g~.

* Memory (space) complexity:

- same as time complexity (all nodes in the
memory)
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Initialise open and closed lists
Make the start vertex current
Calculate heuristic distance of start vertex to destination (h)
Calculate f value for start vertex (f = g + h, where g = 0)
WHILE current vertex is not the destination
FOR each vertex adjacent to current
IF vertex not in closed list and not in open list THEN
Add vertex to open list
Calculate distance from start (g)
Calculate heuristic distance to destination (h)
Calculate f value (f = g + h)
IF new f value < existing f value or there is no existing f value THEN
Update f value
Set parent to be the current vertex
END IF
END IF
NEXT adjacent vertex
Add current vertex to closed list
Remove vertex with lowest f value from open list and make it current
END WHILE
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Example
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Depth-
limited search 4

A--->T-=->LU--->ME--->DU--->S--->RV--->PIT--->BU



Summary / Example

* Depth-Limited Search, | =4

Cradea
u Meatmt
1 N .
151 - .
7 ¢~ Zetind M lasi
datimal, 140 Sibiu 52
gy Fagaras Vasiui
118 , =0 =
a0 . .
Timisoara Fimnicu
=t = N VIEea ™ a9 14
111 Lugaj . .
o -Had g Pitesti
14| =N a5 35 Hirsova
==>pMehadia _
7= | 17g 10 Urziceni
Doteatgd o0 = "Bucharest
= Craiova a0 .
A Eidrgiu Eforie
ECE457 Applied Artificial
R. Khoury Intelligence
Page 112 (2007)



Iterative
Example Beening

@@ f)
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A--->T--->S--->Z

®)
C
:

A--->T--->LU--->ME--->S--->RV--->CA--->PI|T--->Fa--->
Bu



Summary / Example

* lterative Deepening Search
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ECE457 Applied Artificial
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Example

BFS

A--->T--->S--->Z--->LU--->RV--->Fa--->Or--->Me--->Ca
--->Pit--->Bu



Summary / Example

* Breadth-First Search
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Page 116 (2007)



DFS

A--->T--->Lu--->Me--->Du--->Ca--->Rv--->Pit--->Bu




Summary / Example

e Depth-First Search

Oradead

= asiu

Hirsowva

LItZiceni
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ECE457 Applied Artificial
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Page 118 (2007)
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