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- Heuristic search techniques

Heuristic search: A heuristic is a method that might not always find the
best solution but is guaranteed to find a good solution in reasonable time.
Heuristic search is useful in solving though problems which could not be
solved any other way and where solutions take an infinite time or very
long time to compute.

Heuristic is the information about the likelihood that a specific node is a
better choice to try next rater than another one. Most often heuristic
search method are based on maximizing or minimizing some aspect of
the problem.

The heuristic function (evaluation function) is a function that evaluates
individual problem states and determine how desirable they are. The

desirability is usually represented as numbers.

Heuristic search methods

- Generate and test:

This method is basically a depth first search. This is so because

complete solution must be created before testing is done. A heuristic is

needed so that the search is improved. It can operate by generating

solution randomly, but then there is no guarantee that solution will

ever be found.

The algorithm for generate and test is as follows:

1. Generate a possible solution which can either be a point in the
problem space or a path from the initial state.

2. Test to see if this possible solution is a real solution by comparing
the state reached with the set of goal state.

3. ifitis areal solution, return. Otherwise repeat from 1.
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- Hill climbing search

It is used to help the generator decide which direction to move in the
search space. Hill climbing actually a combination of generate and test +
direction to move.

The algorithm for hill climbing is as follows:

1.

2.

3.

evaluate the initial state, if it is goal state quit otherwise make
current state as initial state.

select a new operator that could be applied to this state and
generate a new state.

evaluate the new state

if this new state is closer to the goal state, than current state make
the new state as the current state

if it is not better ignore this state and proceed with the current state
if the current state is goal state or no new operators are available,
quit.

Otherwise repeat from 2.

- Hill climbing search algorithm

Begin
Cs=

start, open=[start], stop= false.

Path=[start]
While (not stop) do

Begin
If(Cs= goal) then return (path)
Empty open;
Generate all children of Cs and put them in open;
If (open[]) then stop=true
Else
Begin
X=Cs;
For each state Y in open do
Begin
Compute the heuristic value of Y, h(Y);
If(Y is better than X) then X=Y
End
If (X is better than Cs) then CS=X, add CS to path
Else stop
End
Return (fail)

End

End.
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Ex: find the goal (G) with a minimum cost by using the Hill climbing

search method to the following tree:
50

35 40 55 60 70 18 15
5
Goal

# |Cs Open Path
0o A [Al [Al
1 |C [B,C,D] [A,C] X=A 50
X=B 35
X=C 30 4 s
AN [H,1,J] [A,CJ] X=C
X=H 28
X=l 25
X=J 20
3 |R [Q.R] [A,CJ.R] X=J
X=Q 18
X=R 15
4 |G [G] [ACJRG] |X=R
X=G isthe goal

State space : all node of tree
Search space: A,B,C,D,H,I,J,Q,R, G
Solutionpath:A — C —J] — R — G

- Problems with hill climbing:

1. Local maxima: is a state that is better than all its neighbors but it's not
better than some other states far away.

2. Plateau: is a flat area of the search space, in which all neighboring
states have the same value.

3. Ridges: is an area of the search space that is higher than surrounding
areas, but that cannot be traversed by single move in any one direction
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- To solving problems for hill climbing search
These problems could be solved using methods:
1. backtracking to some earlier node and try going in a
different direction.
aglusaic Ml el (e s ) S local maxima J S ia Jal
aaliie laladl 8 Gl A glaag
2. making big jumps in some direction to try get new section of
the search
& (L st (Al O sadl) (any Jalais 61) 338 Jass plateau ASie sl
Sl (8 ans Jlse e J el lalasy) (aey 44D gl 3 )8 Jae
3. Apply two or more rules before doing the test.
oo Canall Llee ¢ yal (8 (¢ 6il8 a K3 Gkt Jglas ridged) A Jal
Jall

34



bl 51 2 S gl Al
Qaial) o gle and/cladaly )1 9 o guiladl o gle 44l
Skl £1s3)

- Best-first search method:

By adding backtracking to hill climbing the result that method called
Best first search. Given a path in a rooted graph a node is said to be an
ancestor(predecessor) of all nodes positioned after it is the sequence and
descendent(successors) of all nodes positioned before it is sequence. An
Immediate ancestor to be a node is a parent. An immediate successors of
a node are referred to as children, sibling or offspring.

Best first search is a way of combining the advantages of both depth first
and breadth first search into a single method. At each step of the best first
search process we select the most promising of the nodes we have
generated so for. This is done by applying an appropriate heuristic

function to each of them.

- Best-first search method:

1. Use two ordered lists open and close

2. start with the initial node n0 and put it on the ordered list open

3. create a list close. This is initially an empty list.

4. if open is empty exit with failure.

5. select first node on open. Remove it from open and put it on close. Call
this node n.

6. if n is the goal node exit. The solution is obtained by tracing a path
backward a long the arcs in the tree from n0O to n.

7. expand node n. this will generate successors. Let the set of successors
generated be m. create arcs from n to each member of m.

8. reorder the list open according to the heuristic and go back to step 4.

- Best-first search algorithm
Begin
Input the start node S and the set G of goal node
Open[s], closed=[];
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Pred[s]=0; found=false;
Cs=S;
While (open<>[]) & (found = false) do
Begin
L= the set of nodes on open for which F has the best value;
If (L is singleton) then X= that element
Else
If there are any goal nodes in L
Then X= one of them
Else
X= the first element of L
Remove X from open and put it on closed
If (X is a goal node) then found=true
Else Begin
Generate the set successors of children of X for each child
Y do
If(Y is not already in open or closed) then
Begin
Compute h[Y], pre[Y]=X
Insert Y in open;
End
End
If found= false then output "frailer"
Else trace the path using pred pointers
End
End

Ex: find the goal (K) by using the Best-first search method to the
following graph

40
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S Open Close
[A []
[B,C,D] [A]
[E,F,C,D] [B,A]

[GH,EFD] |[C,BA]
[JK,G,IEFD] | [HCBA]
The goal stop

ghlwiNF|o|#
ANAIT|O@PB> O

Solution path A — C —+ H — K

Ex: find the goal (G) by using the Best first search method to the
following tree:

5
# Cs | Open close Path
0 A | [A] 1 A
1 C [B,C,D] [A] A-C
2 J [B,D,H,1,J] [C,A] A-C—
3 R [B,D,H,1,Q,R] [J,C,A] A-C-J-R
4 G [B,D,H,1,Q,G] [RJ,CA] A-C-J-R-G

Solution path A — C —J —&» R —G
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Ex: find the goal (Z) by using the best first search method, where (A) the

initial state.
21813 2|3
A= 1164 7= 1184
7 5 716(5
21813
Level O 1162
7 5
21813 21813 21813
1 4 1164 1164
71615 715 715
Rv 7l 5l lﬁ
21813 2 3 2183 21813
1164 184 14 114
7 5 7161(5 71615 71615
4 6 5 6\ 4
2 3 213|123 2183|218 21813 8131283
1 4 8141184 |1|4|5|(114/3]| |1 411211141 4
7 5 6|5(|7|6(5||7|6 716/511716!5|1716|5| 7|65

- A star search (A* search)
Minimizing the total estimated solution cost. (A star search)
Azl sall oda S 5 (A star search) 4s ks alaaiuly A0S0 daeasl) Jal) 4818 s
QK L) g Jsladl Jucad) e Eaal)
- by this method the informed(heuristic) search strategy which uses
problem- specific knowledge can find solutions more efficiently.
- It evaluates nodes by the following relation:
F(n)=g(n)+h(n)
Where
g(n): the cost to reach the node.
h(n) : the cost to get from the node to the goal.
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f(n) : estimated cost of the cheapest solution through n.

- A star search (A* search) algorithm:
Begin
Input the start node S and the set G of goal nodes
Open|s]; closed = [];
GJs]=0; pred[s]=NULL; found = false;

F[s]= h(s);
While (open<>[]) & (found = false) do
{

L= the set of nodes on open for which F has the best value;
If (L is singleton) then X= that element
Else
If there are any goal nodes in L
Then X= one of them
Else
X= the first element of L
Remove X from open and put it on closed
If (X is a goal node) then found=true
Else Begin
Generate the set successors of X for each Y in successors do
If(Y is not already on open or closed) then
Begin
G[Y]=G[X]+cost(X,Y)
F[Y]= G[Y]+h(Y)
Pred[Y]=X
Insert Y | open;
End
Else
Begin  Z=pred[Y]
Temp= F[Y]-G[Z]-cost(Z,Y)+G[X]+cost(X,Y)
If(temp < F[Y]) then
Begin
G[Y]= G[X]+cost(X<Y)
F[Y}=temp;
Pred[Y]= X;
If(Y in closed) then insert Y on open and remove
Y from closed
End
End
End
End;
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If found= false then output "goal not found"
Else trace the pointers in pred fields from X
Back to S to get the path from S to the Goal state

End.

Ex: consider the graph bellow, starting with the node (A) to find the goal

node (K) with the minimum cost by using

the A* search algorithm.

State |# | Open Close Node | Pred
0 |A40 [

A40 |1 |[B28,C30,D34] [A40] A 0
B28 |2 |[C30,D34,E73,F86] [B28,A40] B A
C30 |3 |[D34,E73,F86,G30,H43,135] |[C30,B28,A40] C A
G30 (4 |[D34,E73,F86,H37,135] [G30,C30,B28,A40] G C

H ¢ G
D34 |5 |[E73,F86,H37,132] [D34,G30,C30,B28,A40] D g

I D
132 |6 |[E73,F86,H37] [132,034,G30,C30,B28,A40] I D
H37 |7 |[E73,F86,J46,K31] [H37, 132,D034,G30,C30,B28,A40] | H G
K31 |8 | Goal found K H

State space : all the nodes of the graph
Search space: A,B,C,G,D, I, H, K
Solution pathA — C —+ G — H — K
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HA42 suaal) dadll ¥ &llh g daadll (H37) s38all cada oy ol (6) 3shaall & -

- Properties of heuristic function

1. Admissibility: A heuristic function is admissible if it finds the
shortest path to a goal state.

Note: all A* algorithms are admissible.

2. monotoncity : A heuristic function is monotonic if the first visit to
any intermediate node gives the shortest path to that node.

Note: each monotoncity function is admissible but not the complement

because it choose the shortest path.

3. informedness : A heuristic function is hl is said to be more
informed than a heuristic function h2 if h1(n)>= h2(n) for all nodes
n. if h1 is more informed than h2 then the subsequence searched by
h1 will be less than that searched by h2.

admissible Lixi Caagll 3 sk juall a3 Al dlal) -]

Juani gl node sk sl caagll 3l el aa ) dpedil) Aal) 22
. node dl8aal 5305 Gyl el e

o A h2 cwnode 8 L5 35l QS I h2 e dsa ) &5 hl -3
AaSa )
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