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Example : Traveling Salesperson Problem( Jsaiall &Ll dls) : suppose a
salesperson has five cities to visit and then must return home. The goal of
the problem is to find the shortest path for the salesperson to travel,
visiting each city, and then returning to the starting city.

The nodes of the graph below represent cities, and each are is labeled

with a weight indicating the cost of traveling that arc.
st Cra (A) L) (1 3sas a8 aal) puen 8 Joating (A) daall lay Joatall a5L)
Pl Joatiall willl jlese sl sla) o8 el 038 (e Ciagl) L4l 8 aall )<

Jduial (24) ¢l (N-1)! : A <YLY 2

N number of cities

13



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

300
Ee

375

Aw
Path: Path: Path:
ABCDEA ABCEDA ABDCEA
Cost: Cost: Cost:
375 425 475

Search of the traveling salesperson problem. Each arc is marked with the

total weight of all paths from the start node (A) to its endpoint.

The path [A,D,C,B,E,A], with associated cost of 450 miles, is an example
of a possible circuit. The goal description requires a complete circuit with
minimum cost.

The Pathis:A—B—C—D—E—A

Where the minimum cost(goal) = 375

Example: Water Jug Problem: Suppose you have two jugs(3 liters) and (4
liters), the goal is to fill one of them in (2 liters) without using any extra
equipment. Translate the solution as tree.

el aasiad g llaall o a0 4) 5aVls (LA 3) Laaaal daws gaelil Wad of iyl
e dall anys ol Joa cdpilial cilgal aladiul G (A1 2) daw (Ao Jguand) ()4l

4-liter \ 3-liter /
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L el (< (L 3) e oY1 S -]

4) $LY1 Jalay (LA 3) (o deanid (30 4) 2LV (LA 3) ) lging Jay agii —2
(8

(0 3) £l 2 Le Al 8pe gt =3

CJalSIL (0 ) LY S —4

(A 3) W) A (A 2) (Lo Jgeanl) dnul) =5
State space :

1- start state — (X)}Y) —» (0,0)
2- X=0 Y=3 > (0,3)
3- X=3 Y=0 > (3,0
4- X=3 Y=3 > (3.3)
5- X=4 Y=2 > (412)
(0,0) \
/ 1 /(O I
(0,0 .3) (1,3) 0.0 43) (3,0)
(3.3)
(4.2)
0.2)
Goal
— (2,0)/

The search algorithm is admissible (Jsi«) if the guaranteed to find

minimal path goal.

ol (Dlas) oyl el alag) AS) (<0 cutean 13 Algaa yiiad Giad) da) s
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Example : Coins Problem (&) leall) : head(h) and tail (t)
OV a5l 08 Cdlae DG Ligal S ]
S As ) AN Al 5 leall il o stladll

Initial state : hhh
Goal state : ttt

;é}l\um‘éﬁi\_)m%mw)ﬁ\uﬁJH‘j -
(Nodes) J DIS3 Jsaa¥ -

Rules :
1- hAB —» tAB Lasd o) dlaall 8
2- AhB ——» AtB Jadd 3l Alaall 18

3- ABh — ABt Laa 20 ALenl) 8

A
o)
N
/_.‘5__\ ’/1/, C E/\\\\_\ V__‘[—l__\
(_ thh >/ i/;th\ \_ hht )
s RPN
. 2 X ./l"/'/ 3/’/| -
E’/"““\ .—-'}/S:_"-'\I: _,;\i—- —CJ :
£ e (" Nt (" .
(tth J ( tht htt )
. "-.._h__\ \\__-r'/\' ——\ s’

DRI S - B
\\-\v/ \ /‘— Bl
.\\E/ «— (oal
The figure above is the state space for Coins Problem, where the initial

state(hhh) and the goal state (ttt).

EX: Give the state space to sliding-tile puzzle consists of two black tile,

two white tile and an empty space in the configuration shown below:

B/ B|VIWW WW v B |B

Initial state Goal state

16
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Rules: 1-B,V— V,B
2- VW— W,V
3_B,W,v_>le!B
4"V,B,W_> W1Biv
1 BBViWW )

B Vv B|W|W BIB|W V|W
4 3
B/WB V| W B/ VIW B |W
2 1
B/WB W|V BIW/ B |W
3 4
B WV B B/ Vv B |W
3 4
VI W|B B B/ W B |V
2 1
Wi VI B|W|B W/ B W V|B
4 3
W W B|V|B W VI W B |B
1 2
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Search Algorithms

- Formal search properties

- Blind search:
1. take solution some or all
2. stop with comparison

3. get solution from all available

Heuristic search:
take only best solution

stop only when get solution near optimal

w p o=

good solution
- Optimization search:
1. generate best solution

2. stop when get solution

3. optimal solution

/,[ Systematic Search ]

Heuristic Search ]

[ Search

1- Depth-First Search

Starting at the root, the algorithm proceeds to the depth of the tree first
passing through all the levels and reaching the last level as defined in
the problem. The nodes to the left of the tree are visited first, and

when there are no more nodes to the left or the defined depth has been
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reached, the search starts to visit the nodes on the right and so on until

the goal is found or the tree is finished.

Root node Level 0
a Level 1
e e Level 2

Advantages:
1- it is guaranteed to find a solution if one exists
Disadvantages:

19

1- it waists considerable time in exploring long paths that don't lead to
a solution.
2- It waists a lot of time in backtracking

e Depth first search (DFS)method
Step 1: from a list consisting of the root node.
Step2: until the path is empty or the goal is found, determine if the
first element in the list is a goal.
a. Ifitisagoal, then exit with solution.
b. Otherwise, remove it from the list and add its children to
front of the list.
Step3: if a goal is found then declare success, otherwise declare
failure.

e Depth first search(DFS) algorithm

Initialize :open =[start state], close =[];

While open<>[] do

Remove the first state from left of open, call it x.

If x is the goal then return (path)

Generate all children of x

Put x in close

Remove from open any children of x already in open.
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Discard any child of x already in close
Add the remaining children of x to the left of open

Return(fail) % no states left
End

Ex: find the goal (G) using depth first search algorithm to the

following tree
Start state=A
Goal state= G

©

Goal
Iteration | open Close
0 [(A,0)] [
1 [(B,A).(FA)(CA),DA)] [(A,0)]
2 [(E,B),(F,A).(C,A),(D,A)] [(B,A),(A0)]
3 [(H,E).(LE), (F,A),(C,A),(D.A)] | [(E,B), (B,A),(A0)]
4 [(1,E),(F,A),(C,A).(DA)] [(H.,E), (E,B), (B,A),(A0)]
5 [(F,A).(C,A),(DA)] [(1,E), (H,E), (E,B), (B,A),(A0)]
6 [(J,F).(G,F),(C,A).(D.A)] [(F.A), (LE), (HE), (E,B), (B,A),(A0)]
7 [(G,F), (C,A),(D.A)] [(.F), (F.A).(LE), (HE), (E,B),B,A),(A0)]
8 G is Goal [(G,F), (J,F), (F,A),(l,E), (H,E), (E,B),

(B.A).(A0)]

State space: all the nodes of Tree
Search space: A,B,E,H,I,F, J, G
Solution path: A—> F—> G

One of the most important blind search methods is the depth search
method, and in this algorithm two groups are used, namely the (open,
close) and in both, elements are added and removed from the left
side.(Last In First Out) , the element finally entering comes out first, and

20
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the idea of the algorithm is directed towards one path until it reaches
deeper and starts from the left and then the right

H
B E I I J
F F F F F G G
C C C C C C C
A D D D D D D D
GOAL

Ex: find the goal (H) using depth first algorithm to the following tree:

(2

/
O

®§
N
OIOXCY ©

Goal
(open, close) 344 yla -y )

iteration | open close
0 [A] []
1 [B,C] [A]
2 [D,E,C] [B,A]
3 [H,E,C] [D,B,A]
4 [E,C] [H,D,B,A]

State space: all the nodes of tree
Search space: A, B,D, H
Solution path: A—> B—— D —» H
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EX: find the goal (15) using depth first search algorithm to the following

©
OB OIRC
N
ONORRORO
S ESH® o

open, close I G s Jal) -1

pdl ) slan 2
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iteration | open Close

0 [1] []

1 [2,8,11] [1]

2 [3,5,8,11] [1,2]

3 [4,5,8,11] [1,2,3]

4 [5,8,11] [1,2,3,4]

5 [6,7,8,11] [1,2,3,4,5]

6 [7,8,11] [1,2,3,4,5,6]

7 [8,11] [1,2,3,4,5,6,7]

8 [9,11] [1,2,3,4,5,6,7,8]

9 [10,11] [1,2,3,4,5,6,7,8,9]

10 [11] [1,2,3,4,5,6,7,8,9,10]

11 [12,14] [1,2,3,45,6,7,8,9,10,11]

12 [13,14] [1,2,3,45,6,7,8,9,10,11,12]
13 [14] [1,2,3,45,6,7,8,9,10,11,12,13]
14 [15]isagoal |[1,2,3,4,5,6,7,8,9,10,11,12,13,14]

matrix 4 gtaall 48y yay Jall -2

[1]

[2,8,11]

[3,5.8,11]

[4,5,8,11]

[5,8,11]

[6,7,8,11]
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[7,8,11]

[8,11]

[9,11]

[10,11]

[11]

[12,14]

[13,14]

[14]

[15] is a goal

SLikaY) s SYY)

Ex: use depth first search algorithm to finding the minimum cost for
reaching the goal (E) to the following tree:

7
O

4 2 3

2
iteration | Open Close
0 [A] []
1 [B,C] [A]
2 [D,K,C] [B,A]
3 [E,K,C] [D,B,A]
4 [K,C] [E,D,B,A]
5 [C] [K,E,D,B,A]
6 [F.E] [C,K,E,D,B,A]
7 [L,E] [F, C,K,E,D,B,A]
8 [E] [L, F, CKED,BA]
9 [ [E, L, F, CKED,BA]

State space : all nodes of the tree
Search space: A,B,D,E,K,C,F,L,E
Solution path: A — B—>D —>E & A — C—E
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Cost of solution paths : pathone (A—-B—-D - E) = 3+4+1=8
Pathtwo:(A-C—-E)=5+6=11

A< JBY) g J5Y) jlasall 130
H.W

5/ 8

O



