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))(BFS((Breadth First Search) ))((( )
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)Branching Factor()b(

.

d: d:

1 + b + b2 + b3 + . . . + bd O (bd)
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)O(bd .
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b=101001000
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depth nodes Time Memory

0 1 1 ms 100 byte
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)Depth-first search( )Depth first search(
31



32

LL

220

19L19.

.

L<d
..

L>d.

:O(bL) :O(b )

 :O(bL)

33

.

.



34

35



36

37



38

:

..

.

.

39

d+1.

:
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)Hill li bi( )Hill climbing(

Simulated Annealing
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.
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f(n) = g(n) + h(n)

g(n) :n)UCS(
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f(n) :n
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A*h(n)

)Admissible(

h(n) h*(n)

h*(n)n h (n)n

0h(n)   

h(G)=0)G( h(G)=0)G(

0   h(n) h*(n)

h ( ) :hSLD(n)

.

)Monotonicity( )Monotonicity(
22

ff.

.

)Contour(. )(
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)Monotonicity( )Monotonicity(
23
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Gh* Gh*.

G2)SubOptimal(.
(G2)>h*g(G2)>h*

G2

n
G.



A*A
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f(G2) > f(n)A*G2

.

A*
26

A*.

.

A*)(

dO(bd))(

:|h *| ||

|h(n)-h*(n)|  O (log h*(n))
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f*f*

:

A*f(n)<f*.

A*»  «

)f(n)=f*(.

A*f(n) > f*. ( )

A*   .

)Optimally efficient( )Optimally efficient(.

.
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h1(n) =1

h2(n) =
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)Dominance( )Dominance(
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nh (n) > h (n) nh2(n) > h1(n)

h2h1 h2h1.

:
1224 1224

d 12 IDS 3 644 035 dd=12 IDS = 3,644,035 nodes
A*(h1) = 227 nodes 
A*(h2) = 73 nodes 

d=24 IDS = 54,000,000,000
A*(h1) = 39,135 nodes 
A*(h2) = 1,641 nodesA (h2) 1,641 nodes

)b*) (Effective Branching Factor( g

32

b*

A*N

db*.

N=1+ b*+( b*)2…+( b*)dN 1 b ( b ) … ( b )

A*d=525

b*=1 91b*=1.91.

b*

.
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SMA*Si lifi d M b d d A* )SMA*) (Simplified Memory bounded A*(
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IDA*f-cost.
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:
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IDA*
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F-limitnext-f



IDA*
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IDA*)Iterative Deepening   A*(

SMA*)Simplified Memory bounded A*(
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)Hill li bi( )Hill climbing(
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F-cost
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.
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.
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.
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)Optimally efficient(.
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10 10 8 16

20+5=25 20+0=20
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24+0=24
C D H I

8 8
10 10

20+5=25 20+0=20 24+0=24

E F J K

10 10

E F J K

24+0=24 24+5=2930+0=3030+5=25
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B A H

C

B A

Goal
state

Initial
state

Move
1

Move
2a

Move
2b

http://www.Nurani.Ir - Info@Nurani.Ir

:)Hill climbing( )g(

20

  :

 .

  .

8.

:

C,D,E,F,G,H+6

A B-2 A,B2

=+4

http://www.Nurani.Ir - Info@Nurani.Ir



:)Hill climbing( )g(

21

1+6

2a+4 2a+4

2b+4

+61M!
http://www.Nurani.Ir - Info@Nurani.Ir

+61Max! .

8:)Hill climbing( 8:)Hill climbing(

a) b)

h=

a (h=17

bh 1

22

b(h=1



Simulated AnnealingSimulated Annealing
23

.

) (
.

 :max)
(

.

maxmax
.

http://www.Nurani.Ir - Info@Nurani.Ir

)Local Beam Search( )Local Beam Search(
24

kk.

k.

.

k

.

http://www.Nurani.Ir - Info@Nurani.Ir



Artificial Intelligence

)CSP( )(

)CONSTRAINT SATISFACTION PROBLEM(

)CSP()Constraint Satisfaction Problem( )()(
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CSPV CSPVi

.
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.
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)general purpose (
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WA NT Q NSW V SA T :WA, NT, Q, NSW, V, SA, T

 :}{ =Di

 :

 :WA  NT(WA,NT) 

}) () ( }),),(,),(,(

),),(,),(,({
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.
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 .
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 :MinMax
Max
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)Zero-Sum (
:

F(n)>0n.

F(n)<0n.

F(n)=0n.

F(n)>>0 

F(n)<<0 

12

Tic-Tac-Toe

f(n)=[Number of 3-lengths open for me]

– [Number of 3-lengths open for you]

:

 . . . .
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f(n)=[Number of 3-lengths open for me]

– [Number of 3-lengths open for you]

MiniMax
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Max Min
Max.
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[- ,3]

[- ,+ ]
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[- ,3]

[- ,+ ]
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[3,+ ]

[3,3]

 :-

26
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[- ,2]

[3,+ ]

[3,3]

Max
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[- ,2]

[3,14]

[3,3] [- ,14]

,
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 :-

[ ,2]

[3,5]

[3,3] [- ,5]
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[2,2][ ,2]

[3,3]

[3,3]
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 :-

[2,2][- ,2]

[3,3]

[3,3]
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)Formal(.

)Inference Engine (
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TELL :

ASK :
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WUMPUS

:

1000 +1000-

1-10-

:

WUMPUS

WUMPUS

:

:
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WUMPUS

: ,

:

:

: ,WUMPUS

:

:WUMPUS
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WUMPUS

 =A

 =B

 =G

 =OK

 =P

 =S

 =V

Wumpus =W

8

WUMPUS

 =A

 =B

 =G

 =OK

 =P

 =S

 =V

Wumpus =W
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WUMPUS

 =A

 =B

 =G

 =OK

 =P

 =S

 =V

Wumpus =W
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WUMPUS

 =A

 =B

 =G

 =OK

 =P

 =S

 =V

Wumpus =W
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WUMPUS

 =A

 =B

 =G

 =OK

 =P

 =S

 =V

Wumpus =W
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WUMPUS

 =A

 =B

 =G

 =OK

 =P

 =S

 =V

Wumpus =W
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WUMPUS

 =A

 =B

 =G

 =OK

 =P

 =S

 =V

Wumpus =W
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WUMPUS

 =A

 =B

 =G

 =OK

 =P

 =S

 =V

Wumpus =W
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))(Syntax :(.

)Semantic( :

X+2 >= yx2+y

X+2 >= yx=7 y =1

X+2 >= yx=0 y =6
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a  b

ab

ab

ab

ab

ba

 :x+y=44=x+y
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Wumpus
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Wumpus

KB

=

Wumpus

+

22

Wumpus

KB = wumpus +

1 = "[1,2] ", KB 1



23

Wumpus

KB = wumpus +

24

Wumpus

KB = wumpus +

2 = "[2,2] ", KB 2



)Inference(
25

)Syntax(
26

.

P1, P2  ....

TrueFalse

.
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P Q P P ^ Q P Q P=>Q P Q

F F T F F T T

F T T F T T F

T F F F T F F

T T F T T T T
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 و استنتاج آن منطق مرتبه اول-هشتم و فصل هفتم
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)declarative (

4



5

6
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//

//

// )Temporal 

Logic(

[0,1]
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: .:

 . :)LeftLeg(

 :x , y , a ,b
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= :

 :,

8
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)Atomic Sentence( )Atomic Sentence(
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S, S1 S2, S1 S2, S1 S2, S1 S2

:Brother(LeftLeg(Richard),John)

Brother(Richard,John) Brother(John,Richard)

King(Richard) King(John)

King(Richard) King(John)
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”“

 ”...“

14

< > < >

x PPP

x

 :x King(x) Person(x)
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< > < >

x PPP

x

:

16
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x yy xx yy x yyyy

x yy x

x y Loves(x y)x y Loves(x,y)

y x Loves(x,y)

18

” “”

“

Lik ( I C )Lik ( I C ) x Likes(x , IceCream)x Likes(x , IceCream)

x P   x P

x Px P x Px P

x P x P

x P x P
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 =

: :

x,y Brother(x,Richard) ^ Brother(y,Richard) ^ (x=y)

20

TELL

TELL (KB , King(John))

TELL (KB , x King(x) => Person(x))

ASKASK

ASK (KB , Person(John))( ( ))

ASK(KB , x Person(x)) 
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1.Marcus was a man.

1.Man(Marcus)( )

2.Marcus was a Pompeian.

2 pompeian (Marc s)2.pompeian (Marcus)

3.All Pompeian were Romans

3. x ;Pompeian (x) Romans(n)

4 caesar was a ruler4.caesar was a ruler.

4.ruler (Caesar)
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5 All R i h l l C h d hi5.All Romans were either loyal to Caesar or hated him

5. x; Roman (x)       loyal to (x ,Caesar ) hate (x , Caesar )

6.Every one is loyal to someone.

6. x y loyal to (x,y)

7.People only try to assassinate ruler’s they are not loyal to.

7. x y person(x) ruler(y) trytoassassinate (x, y)y p ( ) (y) y ( , y)

~loyal to (x,y)

8.Marcus tried to assassinate Caesar8.Marcus tried to assassinate Caesar

8.trytoassassinate ( Marcus , Caesar)
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