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problem solving: ruaat Cang Al (o Jal

1. initial state and goal state. 4l Aladl 5 el Al
2. problem state space. 5 Gisb oo led el Jslall K Caia s (ol Uil Jlae Ciia g
3. find the path between start state and goal state.

4. search about the solution between the start state and the goal state.

Problem state space:

1. knowledge base Uil jihiall Coa dll Zolae 8 andind Al Zalal) 2o gl
e find all parameter. &l juaiall sl
e State all the value of parameter. <l juidl ad aa
e State the initial state and goal state. 4ledll 5 4ylad) ddads ayaas
e Find all the rule of the problem. <&l Aalall ae) gl
e Find the tree of the solution. Jalb Zalall 5 =il
Ex(1):
Initial state Exj Eyj
4 gallon 3 gallon
You are given two jugs 4 gallon and 3 gallon neither has any measuring markers on it
there is pump that can be used to full the jugs with water. How can exactly gate 2

gallon in 4 gallon jug and n gallon in 3 gallon jug.

X
Goal state @

4 gallon 3 gallon
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Sol:

X, Y. <l jpiiall Laas

x=1,2,3,4 y=1,2,3. asll naa

initial state (0,0) goal state (2,n). 4l adass

the rule of the problem:
a. ifx<4then(4y) ify<3then(x3). sk
b. if x>0 then (0,y) if y >0 then (x,0). &
c. if x+y <=4 and y>0 then (x+y,0)

A W o

If x+y <=3 and x>0 then (0,x+y)
d. if x+y >4 and y>0 then (4,x+y-4)
If x+y >3 and x>0 then (x+y-3,3)
5. the tree of the problem:
5e JS 8 aid saal 5 dllanl @lla 55 knowledge base-)) dals Al Caia gl dglee ie rilaadl
initiald) Ala i 4l oVl dglie ¢ oS5 Al Yl Ll das sas 5 30 Al alagls 2 85 3

gl g
e
)

(4,0)

‘As\,(
L ‘/dl,o\*(“*:" 00 @3 B
(13) (0,0) ) g Jags

m
) (4,0)

4.0) 33) (0.0) (0.3)
0F @y @y @3 93 N

Jagd gl 4,3) (4,2) (3,0) (0,3

0,0 4,0 1,3 0.1
(0,0) SA@ ) (1,3) 0.2) (4,3) (0,2)

Jags Jags

(0,0) 41) (0,3) 1,00 43 @2 o0 (00

01 (40 @3 (23 T
Jogs degi o T Goal state
Goal state
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ex (2):
Initial state goal state
AlAlAal [BIBIB] [BIBIB[IAIA[A]
Sol:
1. parameter from x1,x2,x3,...,x7.
2. the value of the parameter x1,x2,x3,...,x7=1 or x=0.
3. initial state = AAA-BBB goal state= BBB-AAA.
4. the rules of problem:
a A Y= _ A
¥ B=B_

c. ABY¥Y=_ BA

d _*YAB= BA
5. the solution space is:
initial state AAA__BBB

a AA__ABBB
d AABA_ BB
b AABAB B
c AAB_BAB
c A__BABAB
a __ABABAB
d BA_ABAB
d BABA AB
d BABABA
a BABAB A
c BAB__BAA
c B BABAA
b BB__ABAA
d BBBA__AA
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a Goal state BBB__ AAA
Ex(4):-The tower of (Hanoi) problem:-

C
B
A
| I 1
Initial| C1 goal | C3
Bl B3
Al A3
- Al - sansall
(g JS (83aa) 5 A4S a da gl -]
DM\LB}E@.\AJEJ@\MUS@Y -2
-1 gl
state space -1
da e S8 a2
Legal move

1-move(C,I). 4-move(B,I) 7-move(A,l)
2-move(C,Il) 5-move(B,Il)  8-move(A,ll)
3-move(C,I11) 6-move(B, 1) 9-move(A,lll)

Tower of Hanoi problem

There are three tower (1,11,111) and 3 disk or ring of different size(A,B,C).The disk have hold
in theft center so that they can stacked on the towers .Initially the three disk in are one tower I,
the largest disk A is on the bottom, and the middle size disk B in the middle and the smallest
disk C is on the top .It is desired to transfer the three disk to tower 111 by moving disk one at a
time. Only the top disk on the tower can be moved ,but it can never be placed on top of
smaller disk .The initial and goal state configuration are shown above
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C1
3/ Bl
Al
C2
B1
_ Al \6
c c
, /| AL B3
e N 1| A1 .
B2 /
Al C1 C3
Sl B3 B3
gz C1 C1
A3 B2 B3
= Al Al
C1 5
: c B
6/ 3 B2 Al
C1 Al 2
B3 > c2
A3 C2 B2
3\ C3 B2 Al
B3 A3
A3 9
| c1 c2
goa B2 B2
6 A3 1 A3
c1 c1
B3 B2
A3 |3 A3 [ 5
C3
A3 B3
A3

goal c3 )3
B3
A3

goal
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Ex(4): The Farmer , Wolf, Goat and Cabbage Problem:-

A farmer wants to move himself , a wolf , a goat and some cabbage across a river.
Unfortunately his boat is soting , the farmer can take only one of his possession
across any trip

worse yet, an attended wolf will eat a goat, and and attended gaot will eat cabbage ,
so the farmer not leave the wolf alone with goat or the goat alone with the cabbage.
What he is to do?
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State(F,W,G.C)

State{w, W W W)

State(e, W, e W)

State(w,woew)
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Control or search strategy:
g ) A e (i el 3ok A ki il g Caagd) ) J saa sl Aaial) cullu) oo
1. backward chaining (goal driven)
goal — data (bl ey Cargl) (g fan)
2. forward chaining (data driven)
data — goal
3. hybrid (1&2) &bl s Hi55 cang saclll 3aati SV sl sy plall () aes
aal g g
* (.),(A)=(and)
* (5),(A)=(or)
*Baal g3 e (e ) Be e IS) I ST Jem Y (Opre Jlae) (pre g 8B S (B
Ex(1):
suppose we have the following rules & facts, prove a:
aagll s A5aall g 2o ) il a5 jealic G slhe] caag ) gm gl Jal

rulesa:- b, ¢ fact: u
b:- k; n v always true
c:-Vv,u m
n:-m,u
k:- b; n

1) backward chaining:

a T—a

/O\C _ 3

N T e TN Y
t/;&\ N, o WT;O\ Tt

b

T—

=il ek O s
OS5 e e SIS B il
a5 e e Gl
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2) forward chaining: (:tedl JUall ()

fact: u, v, m
stepl: use u step2: use v fact: u
a-b,c a--b, c %
b:-k;n b:-k;n m
c:-V n:-m C
n:- m k:i-b;n
k:-b;n
step3: use m fact: u step4: use C
a-b,c % a-b
b:- k; n m b:-k; n
k:i-b:n C ki-b:n

n
step5: use n fact: u step6: use b
a-b % [1]

m

C

n

b

k
- alstrue
3) hybrid: (Gball JGall i)
fact: u, v, m
stepl: use u,v,m step2: use u,v,m,c,n step3: use u,v,m,c,n,b,k
a--b,c a--b,c []

12
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b:- k; n s aistrue

k:-b; n

fact: u, v, m, c, n

Ex(2):

suppose you have the following rules & facts, prove goal:
facts: factl, fact2
rules:

goal:- goall; goal2
goall:-a, b
goal2:- c(x)
a:---d

b:-e

c(2):--e

d:- factl, fact2

e:- factl, fact3

sol:

1) backward chaining:

goal{
F goall goal2 T
F r / ‘ c(>|o T
F —~(d) fe N T
faCtl faCt2 {fadtl fact3) o) T
T . T= peeee- -
T=d=T=~(d)=>~(T)=F / factl fact2
- —(d)=F T . F=oF=F=e=—(c)=(F)=T
QY qulall i - ~(e)=T
F.2=F oY dleall
. Goal is true

13
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2) forward chaining:

fact: factl, fact2 oadde X rddaadla
stepl: use factl step2: use fact2 step3: use d
goal:- goall; goal2 goal:- goall; goal2 goal:- goall; goal2
goall:-a, b goall:-a, b goall:-a, b
goal2:- c(x) goal2:- c(x) goal2:- c(x)
a--d a--d ai- - d LS i b 3 shas g
b:-e b:-e b:-e
c(2):--e c(2):--e c(2):--e
d:- fact2  factleed~s Lass e:- fact3 e:- fact3
e:- fact3 fact: factl, fact2, d
il e aaind 5 AT 5 shady a8 1A 5 g i Al A 5 gladl) 8
Step4: use negation step5: use c(2) step6: use goal2
goal:- goall; goal2 goal:- goall; goal2 goall:-a, b
goall:-a, b goall:-a, b goal2:- c(x)
goal2:- c(x) goal2:- c(x) a:--d
a:---d a:--d b:-e
b:-e b:-e e:- fact3
e:- fact3 e:- fact3 .. Goal is true

fact: factl, fact2, d, c(2) fact: factl,fact2,d,c(2),goal2
ASa raai g 33aT () T= ¢(2):- —e «ddad Y (3 F= =d Al 5 5haall 4 *
(T) Leiiad e ae b e o (5 5a3 LY aclill s2a adad Y goal2:- ¢(X) duelad) 3 shadll Ja *

14
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3) hybrid

fact: factl, fact2

stepl: use factl,fact? step2: use factl,fact2.d step3: use negation

goal:- goall; goal2 goal:- goall; goal2 goal:- goall; goal2

goall:-a, b goall:-a, b goall:-a, b

goal2:- c(x) goal2:- c(x) goal2:- c(x)

a---d a:--d a:---d

b:-e b:-e b:-e

c(2):--e c(2):--e e:- factl, fact3

e:- factl, fact3 e:- factl, fact3

ZF"::‘ ngi T:).L-xij\ 538 C"LG?S
T.F=F ¥ el s ¥y T.T=T oY o) cadas Y15 ghadll 8 %

Step4: use factl,fact2,d,c(2) step5: use factl,fact2,d,c(2),goal2
goal:- goall; goal2 goall:-a, b

goall:-a, b goal2:- c(x)

goal2:- ¢(x) <eaai Y (S5 s a--d

a:---d b:-e

b:-e e:- factl, fact3

e:- factl, fact3 . Goal is true

fact: factl, fact2, d, c(2)

15



Artificial Intelligence College of Education for
Pure Science/ Ibn Al-Haitham

M.SC. Nadia Mohammed Computer Science Dept.
2022-2021 3 Class
search in Al:

search: study the methods (ways) of searching with the knowledge base and
comparison between them how to reach the goal with less time and cost.

:*AE‘JSUL_\B}&\_\L_Q.‘\@M?@_}\(—.\Q_\:\JMJMbAAM\EJQE@M \QJHM\JJ
1)Blind search: <Y &a

1. breadth first search:

procedure breadth first search;
begin
open := [start];
closed :=[];
while open =[] do
begin
remove leftmost state from open, call it X;
If X is a goal then return (success)
else begin
generate children of X ;
put X on close;
eliminate children of X on open or close;
put remaining children on right end of open
end;
return(failure)

end.

16
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Ex(1):-see the tree and find the goal by the breadth first search?
(Y Caadl A3y 5k of breadth A1 sl 38yl o) Caagll Aa

PO

é@\@

goal
CulS 13) Y ol Caagd) cilS 1) saie J5l (andis close (S5 open JsY) oal s e s i -ridasle

dalee (5SS 5 open A Aald ) saaaldl déal) Ll Cadai open ) AdlE (e 3aEall Cadas Y ol Cangll

. open J) Al dles A ALy

Path===S —*A—>B —*C —>D —*E—>F—*>H—G

CLOSE 1 4@ (4e 3a 9 Sl

Open Close
Y e —
AB S
BCD
CDEF

DEF

FHG

HG

A
B
C
EF D
E
F
H

17



Artificial Intelligence College of Education for
Pure Science/ Ibn Al-Haitham
M.SC. Nadia Mohammed Computer Science Dept.
2022-2021 3 Class

(G) IS THE GOAL
Jevel by level ¢S5 &l adee ¥ backtracking 3 as s ¥ dae )l sall oda & -7 ddaaDla

2-Depth first search:

procedure depth first search;
begin
open := [start];
closed :=[];
while open =[] do
begin
remove leftmost state from open, call it X;
If X is a goal then return (success)
else begin
generate children of X ;
put X on close;
eliminate children of X on open or close;
put remaining children on left end of open
end,
return(failure)
end.
EX(1):-see the tree and find the goal by the depth first search?
(sl Canl) 43y 5k ol depth ) casd) 45yl 5l Caagd) ala

)
@/ )
®/ \@
?«

18 —
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CulS 1) Y ol Caagl) cilS 1) saie J5l (andis close (S5 open JsY) odl s e s i -ridas b
dalee (5S35 open ) AE ) saoadl asal) oLl Candai open -l Aaild (he 328al) Cadas Y ol Cangll

. open PN AT < sy

path===S —A—>C —»D —>B —E—>H—G

CLOSE ) 4l (e a5 &l

Open Close
S e —
AB S
CDB
DB
B

EF
HGF
GF

I m| W™ O O >

(G) IS THE GOAL
initial & A Al Al e o8 Cangd) OIS 1Y Caagll adsa e aaing 38yl (gl il -; ddaadle
Gl a5 dyladl ks e ey Caagll OIS 135 breadth first search &Y sl JUias state
3l e aqiat s depth first search (2 sexd!

19
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The advantages of depth first search:-

1. D.F.S. requires less memory since only the nodes on the current path are
stored. This contrasts with B.F.S. where all of the tree that has so far been
generated must be stored.

2. D.F.S. may find a solution without examining much of the search space at all.
This contrasts with B.F.S. in which all parts of the tree must be examined to
level N before any nodes on level(n+1) can be examined this particularly
significant if many acceptable solution exist, D.F.S. can stop when one of them

is found.
—1ga sandl Canl 43 Hla ) e

o sy aild p.fs. qe 4 jlie die y sl a8 )k A Sl o380 48 JB e S ) zUisy d fs. L1
ALalS 30 gall 5 pandll o 54

Caa g Dfs, e EaL ail) sl e SN ) (g dall asg o Sadd) e dfs. 2
Ll a8 gy (.5, o) sl N+ ediadl 1) 1 3aiad) (e Mol dinian 3 el o) jal JS () 5S5 0f

REELVA[JRENS
The advantages of B.F.S:-

1. B.F.S. will not get trapped exploring a blind only .this contrasts with D.F.S.
,which may follow a single, unfruitful path for every long time. this is a
particular problem in D.F.S. if there are loops unless special care is expanded
to test for such a situation.

2. if there is a solution , then B.F.S. is guaranteed to find it, further more if there
are multiple solutions, then a minimal solution (minimum number steps ) will
be found ,this is guarantied by the fact that longer path are never explored until

shorter ones have already been examined.
- B.F.S. 81 &yl i) g8

e s uag b e dFS. e AL e Y Giadl Banas ol 338k e @B Y DS, L1
DLEAY) B wi ) (5255 A gmd 5 Aliny 221 ol L il llin culS 13) 5 Al a5 il
Jstall (A Jga

Jsla @llia S8 el e 815 ¢ dall aai o) W ey a5 BLF.S. 03 da b S 2
G jlse b ABsall aay o 138 Waaad (8 g (Gl shaddl (230 J81) Jlad) J8) 3 Baamta
Mise B it CailS 5 yuaill @l jlusall IS Ll (oS5 o1 J shal

20
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2. Heuristic searching: (sl cusall) 4,had¥) i Gl
a) Hill-climbing:

ol dgall e s Y LAY (b Jadd Lede Calias Ll VI depth) 44 jlal Lelad dgiliia 43, hall 034
g oAl Gl b 80 Uil 5 el e e ¢ 8 8 Jsaall die s dad eV el Ca il s il
depth-l 4lie s Al Ly ging Al 8all aren (e olgi¥) (pal

Aoy 531 ae V) il Blaiio (e Sl ) 5 il Cndl Jlane (3 lao 1 58 (5 58 i *
il Ay e A3l A0 et g Al ) ) g sl A8y yla LAl sae bt Sl e glaall (g de gane
(heuristic function)

Hill Climbing Algorithm
Begin

Cs=start state;
Open=[start];
Stop=false;

Path=[start];

While (not stop) do

{

if (cs=goal) then

return (path);

generate all children of cs and put it into open
if (open=[]) then
stop=true

else

{

X:=CS;

for each state in open do
{

compute the heuristic value of y (h(y));
it y is better than x then
X=y

}

if X is better than cs then
CS=X

else

stop =true;

}

}

return failure;

21
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Pou
V 1
state | Open | close
A A []
C [CB] [A]
H [HGB] | [CA]
J [JIGB] | [HCA]
F [FIGB] | [JHCA]
I [IGB] |[FJHCA]
G [GB] [IFJHCA]
B [B] [GIFJHCA]
D [DE] [BGIFJHCA]
E [E] [DBGIFJHCA]
F [F] [EDBGIFJHCA]
stop |[] [FEDBGIFJHCA]

22
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Disadvantage of hill climbing:

1. local maximum: is a state that is better that all it’s neighbors but is not better
that some of her status further way. JiS) ¢ sSow Gaall (3 4148 (o sl ) s
Baclal) gLl ane e )zl () s Bac ) Linil 131 olina (sf L) (4

a & b oo Wl
Jadl Slloaall 3gh o

Jadl 13 3actel) o
LY el C oY

2. flate area : is a flate area of search space in which a whole set of neighboring
states have the same value. ¢S5 S 5 siwall (A J s ) vie 38 Hlal) s3a b olina (g
Ao JBY) 58 La sy e lW) I (gl aal s (6 gl 338 Jans Aall 020 (Jio 88 4 slusia al8 Y

° Ul s () sS
/\

3. ridage: is a special kind of local maximum it’s an area of the search space that
is higher than surrounding area. 4eg S| ¢L¥l) dals Ala 4 53 3y alkai )V Lalizs
(ctLJY\ )

o
/\

23
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there are some ways of dealing with these problem:

1. backtracking to earlier node and try going in a different direction. <¥! ) as »
V) A 8 LS Y1 Jal) ) e sl s (el
2. make a big jump in some direction to try to get a new direction of the search.
Jall (A J a5l 5 388 Janid agasen dadll A o sludia WY1 IS
3. apply tow or more rules before going to test. A&lull 5 il ) saaa sacld Cancal
Aals 43y Hha (gL a3V L3y
b) Least cost:
hill-climbing?) sSe 45y 5k
-adas M
o atl) ) el o2a iy Ay g Chagll (I Y g e jlusall AAS apaaty AN Clies 48 k) s2a A o1 *
gl Ayl axe die 5 Y o) Chagll S 1l Lgiand g aie Jgl sl @lld 5 Lacliat opendl 4d sias
gl Alag) sl bae Lal saall aY gY) e 48 shinall pualic iy o5 2 gY) A4lS Cuuas
b
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Open
S(0)
B(1) A(4) 1 A5 J8 Lgials ¥ Yl B LS

E(3) A(4) F(4)

A(4) F(4) G1(6) H(7)

A0l Adass (e Jlsall 6B ) pan (30 G1(6) Aed el
oy LLal) A Y goas

F(4) C(5) G1(6) D(6) H(7)

C(5) G2(5) G1(6) D(6) 1(6) H(7)

sLi) Ll Ll Y C(5)) i

G2(5) G1(6) D(6) 1(6) H(7)

G2 st 5 aagll U Uilia g 43y (o gill oy Ala ) 020 3
ol i gil) o ALl ol gladl) Al b sl
Il Ol Y gl e Ll gial G

c) Best —first search:

Al JBY1 sSG LeWle 5 cara b (385 (K1 depth & breadth-! (s s Jal oo 48 Hhall o2a
Sy g dad JBY) Coen MM oS3 ) n i il aglini opend) ) sl Jass Laxie daaSle

Al JBY) s opend! (2 25 50 Le e | gl cpdll e LYY sl i @ 685 Al elly Jlaay)

Function best-first search
Begin
Open=[start];
closed :=[];
while open <> [] do

begin

remove leftmost state from open, call it X;

if X = goal then return the path from start to X

else begin

generate children of X ;
for each chilled of X do
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case
the chilled is not open or close
begin
assign the chilled a heuristic value
add the chilled to open

end;
the chilled is already on open
if chilled was reached by shorter path then
given the state on open the shorter path
the chilled is already on close
if the chilled was reached by the shorter path then
begin

remove the state from close;

add the chilled to open
end;

end case;
put X on close;
re order on state open by heuristic value
end;
return(failure)
end;
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POV
e

@/j’@z 1

goal goal

(1) Jéa

Open

S(0)

B(1) A(4)
E(2) F(3) A(4)
G1(3) F(3) A(4) H(4) First goal
F(3) A(4) H(4)
G2(1) 1(2) A(4) H(4) second goal

d) A_ Algorithm
best-first search & heuristic search

EX:

g(n)=actual distance from n to the start state.alxll e 3 ghdll aa

g(n)=start state.dlall s e sazm (g3 22all 54 Lo olina

h(n)=number of tiles out of palce. g s JS (& 4lSa & Gl 2B V) (e B2a) 5 (51 olina
f(n)=g(n)+h(n)

VAN LSS s Vs caayY § 1l ilaa e
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Start state (a)
g(n)=0 2 |81 3| f(a)=g(n)+h(n)=0+4=4
h(a)=4 1164
f(a)=4 7 5
b/ lC \ d
g(n)=1 8|3 gn)=1128|3 gin=1 2|8
h(b)=5 6|4 h(c)=3 |1 4 h(d)=5 1|6
f(b)=6 715 f(c)=4 |7]6|5 f(d)=6 | 7|5
/
g(n)=2 813 g(n)=2 | 2 3 gn)=2 2|8
h(e)=3 114 h(f)=3 |1 |8 |4 h(g)=4 |1|4
f(e)=5 6|5 f(Hh=5 |7]/6|5 f(g)=6 |76
h v \ | \4 'I \k
g(n)=3 83| g(nN=31(2|8|3]| g(n)=3 23] g(n)=3 3
h(h)=3 114 h@)=4 |7|1]4]| h(j)=2 84| h(k)=4 8
f(h)=6 65| f(i)=7 65| f(j)=5 65| f(k)=7 6
| v
g(n)=4 2|3
h(h)=1 8|4
f(1)=5 6|5
PN

m/ \n
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Implementing Heuristic Evaluation Function:-

oo Cimll s 25 5 e Cadlddee 8 5100 (Best — First — Search) Jo=s¥) oo Cmdl 305l 5 10 i e
eyl s dudginl a5 ) K ol s (node J) 4K ) salgia¥! ol ¥ juid 13 olla Cromy, g 81 Ay lass

s e s ) Cmall elims ap il GllS e dpoglldllall s, 0

Allall syl el 3215 (Heuristic function) galeial of j8) alasiuy sile i Al oia Cinl

e AV AE Oles o osl e 5 8 Ol 8l i) il @l g Al e Cus dglall Al e 5 s

g(n):- Measures the actual length of path from any state (n) to the start state.

goal

g(n)=5
h(m)=0
f(m)=5

College of Education for

Pure Science/ Ibn Al-Haitham

Computer Science Dept.
3 Class

g(n)=5
h(n)=2
f(n)=7

H(n):- 15 a heunistic estimate of the distance from state n to the goal.

a3 a3 ) 2l e (V) sl s LS Heuristic Function - Best-First 4 )l 55 2a3idi laic o
A- Algorithm

A Algorithm

Trace of A- Algorithm (Search

Connect(a,b,3)
Connect(a,c,4)
Connect(a,d,2)
Connect(b,e,7)
Connect(b,f,7)
Connect(c,g,3).
Connect(c,h,2).
Connect(d,l1,4)
Connect(d,j,3).
Connect(f,k,3).
Connect(h,k,1).
Connect(l,k,2).

29

1

2

3

7

8

4

lias s 3, 35 L pp ke 5050 5)

Alp A de (el Jlea Giln) o sl gt

- Bl = b 1 = - : 5]
-4l A2yl L Heuristic Function (585 s

Fn= g(n) + h(n)
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The tree after evaluation function calculation is :
Connect(a,b,13) Connect(a,c,7) Connect(a,d,8) Connect(b,e,23)

Connect(b,f,13) Connect(c,g,14). Connect(c,h,7). Connect(d,I,8)

Connect(d,j,13). Connect(f, k). Connect(h, k). Connect(l, k).

— A—-
B 13 c7 D8
E23 Fl3 HT G 13 /\
I8 J14
E K K
Open Close
[A] []
[C7 DS B13] [A]
[H7 DS B13 G13] [CT A]
[K DS B13 G13] [H7 C7 A]
[KH7 C7 A]

The pathis : A-C7-H7- K
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A*-Algorithm
Start state (a)
g(n)=0 2|83 f(a)=g(n)+h(n)=0+4=4
h(a)=4 1164
f(a)=4 7 5
b/ lC \ d
g(n)=1 8|3 gin=11281|3 gin)=1 2|8
h(b)=5 6|4 h(c)=3 |1 4 h(d)=5 |16
f(b)=6 7|5 f(c)=4 |7]6|5 f(d)=6 | 7|5
/
g(n)=2 83 g(n)=2 |2 3 gn)=2 128
h(e)=3 114 h(f)=3 |1 |8 |4 h(g)=4 |14
f(e)=6 6|5 f(H)=6 |7|6|5 f(g)=7 |76
h ] N | NP Tk
g(n)=3 8(3|g(n=3(2|8|3]| g(n)=3 23] g(n)=3 3
h(h)=3 14| h(i)=4 |7|1|4| h(j)=2 84| h(k)=4 8
f(h)=9 6|5 f(i)=10 6|5 f(j)=8 6|5 | f(k)=10 6
|
| v
g(n)=4 23
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h()=1 8|4
f()=11|7|6|5
m / \ n

gin)=511/23 gin)=5 123
goal 8 4 h(n=2 | 7|8 |4
716|5 f(n)=17 6|5

F*(node)=h*(node)+g*(node)+g*(node to the start)

F*(a)=4+0+0=4
F*(b)=5+1+0=6
F*(c)=3+1+0=4
F*(d)=5+1+0=6
F*(e)=3+2+1=6
F*(f)=3+2+1=6
F*(g)=4+2+1=7
F*(h)=3+3+2+1=9
F*(i)=4+3+2+1=10
F*()=2+3+2+1=8
F*(k)=4+3+2+1=10
F*(1)=1+4+3+2+1=11
F*(m)=0+5+4+3+2+1=15
F*(n)=2+5+4+3+2+1=17
Best first search

Open

A e
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C4B6D6 A
E6F6G7 C
F6 E
J8 K10 F
L11 J
MOF17 THIS IS GOAL
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Production system E LY Aalai]
Each production system consist of three elements
1- PRODUCTION RULRES IF------ THEN

2- WORKING MEMORY (WM)
It is the the place where the system work carnet description of problem .

3- CONTROL STRATEGY OR RECOGNIZE ACT CYCLE
38 gie e Akl J5l 0 5S8 ()f (Saa ¢ B3 g se pualic COL (5SS Gl oy dall (& —iidaadle
Jadlead) J8 Lalag) caad

EXAMPLE 1:-
Build construct production system for sorting string composed of a,b,c.
Rules
1- ba---—--- —ab
2- ca----—-—>ac
3- cb--—--—>bc
W.M
cbaca

Control strategy

Cycle the rules in order until no more matched

Iteration W.M conflict set firing
0 cbaca 1,2,3 1
1 cabca 2 2
2 acbac 1,3 1
3 acabc 2 2
4 aacbc 3 3
5 aabcc halt
EXAMPLE 2:-
Build construct production system for sorting string composed of a,r,w.
Rules
1- ra---—--- ar
2- wa-—--—-—2aw
3- Wr-—-2rw
W.M
rawaa

Control strategy
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Cycle the rules in order until no more matched

Iteration W.M conflict set firing
0 rawaa 1,2 1

1 arwaa 2 2

2 arawa 1,2 1

3 aarwa 2 2

4 aaraw 1 1

5 aaarw halt

Example 3-Knight-tour(u«_4 4S 5a)

1- if1then 8
2- if1then6
3- if2then9
4- if 2then7
5- if 3then 8
6- if 3then4
7- if4then9
8- if4then3
9- if6thenl
10- if6then 7
11-If 7 then 6
12- If 7 then 2
13- If 8 then 3
14- If 8 then 1
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15- If 9 then 2
16- If 9 then 4
W.M
Start 1 Goal 2
Control Strategy
Cycle the rule in order without looping.

Iteration W.M conflict set firing
0 1 1,2 1

1 8 13,14 13
2 3 5,6 6
3 4 7,8 7
4 9 15,16 15
5 2 goal
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Knowledge Representation: -4 sall Jsia
1- Mathematical logic:-
a-prepositional logic.
b-predicate logic.
2- Rule.
3- Semantic network& conceptual graph.
4- Frame
1- Mathematical logic:- <=t 1 shidll
a-prepositional logic. s 4ssa oS5 38 a3 jle Ui 5 ) jlall Jae i Blee o

el oda Uad ol Leia Aaitiieal) &l jliall daia e lalaie) 2akl&

Ex:-
- the sky is cloudy.(sc)
- Itis wet air.(wa)
- Itis raining day.(rd)
Sc Wa SCM"WA(RD)
T T T
F F F
T F F
F T F
Aa il it J 8Y) Asa s g 28Mall dah dal)

b-Predicate logic:-
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Aalll dygad A) jualy (e pale Chiay ) (g paie G le A Jiay 45380 A0S (e jany Ladl sa
logic predicate ) (pmpbll 42lll) L plall dleal) (e

predicate
verb Adjective Noun
U= YEION P

sl 8 Gl Judus

predicated) oS Jadll 25131 @

predicated) A oSS ddall Gaag g dadll ;a Wl A @

predicate) s auw¥l G sSu au¥l aa gy ddall Vg Jadll a g al 13 @
Jalaill (S 4880 dpdim s 48 e pdalia () dpmplall 42l Caia ) g gad) JSLEGD ) 48 jrall Jiias *
o Lalatinl Y ol haiall G Jogic A1 s ) by N il Ga sk e Ly sula Lgxs
. predicate logic ) s& £\S3 & gay

Well formed formula (WFF) lexe Jalati 8 g Al g 30 45 g2l A lua A liaal) daall &

Ex(1): Marcus was man.

A/WFF\‘
Man (Marcus). Atomic WFF compound
5anllalls e
A/WI\
4.8 383 Quantifier Logical ks
\v4 V A — -
for all there exist or and not imnlies

Ex(2): Marcus was a Pompeian.
Pompeian(Marcus).
Ex(3): Caesar was a ruler.

Ruler(Caesar).
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Ex(4): Marcus tried to assassinate Caesar.

Assassinate(Marcus, Caesar).
Ex(5): Marcus was born in 40 A.D.
Born(Marcus, 40).

42
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EX(6):4S jall Jasll 485l
If it is raining then it is not sunny. aueda e Ll Hlaat Culs 1)
It is raining it is sunny
Raining(x) sunny(x) sl s x
Raining(x) —— sunny(x).
Ex(7): there is a person who wrote computer chess. s sxe sSI) daal (S (g3 add ax g
bl
3x: write(x, computer-chess). (=35l g x
Or
3x: person(x) — write(x, computer-chess). siall ca ja3 & Lia
Ex(8): all elephants are of color gray. <aba sl Al aan
vx: elephants(x) —color(x, gray). eba aidx 1
Ex(9): all pompeians were Romans.
Vvx: Pompeian (X) — Roman(x).
Ex(10): all Romans were either loyal to Caesar or hated him.
Vvx: Roman(x) — loaylto(x, Caesar) v hate(x, Caesar).
Ex(11): everyone is loyal to someone.
vx: 3y: loyalto(x, y).
Ex(12): people only try to assassinate rulers they are not loyal to.
VvX: Vy: person(x) A ruler(y) A tryassassinate(x, y) —— loyalto(x, y).
Or
vX: Vy: people(x) A ruler(y) A — loyalto(x, y)— assassinate(x, y).
Ex(13): all men are people.
Vvx: man(x) — people(x).
lATE 5 M F) L) W ey sially dualal) A8l (o yed () cang W A ABDe (idasOl

Al prial) 53 Cha gl sy juin S g il i (e Alaall adi 8 il pusiall (g JS IS 13
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2-Rule:-

o) sy saclall dua g (U ¢ dallgsaclall Gl sa Ja¥) e dadl G e e 05STE e (A
Loyl o cilesiall e (5 gind saclill sem Wl ¢ giiad 5 ) L3l o staall duca il e sacll)
| — then ): o ele 3ol Gl (S S A il il il Lgiin a5l

Body Head
*oafl then
* then ....... If......
Head Body
— _/
V
Rule
Ex:- brother(X,Y) if father(Z,X),father(Z,Y),male(X)
saclall Ll paclal) aca
N _
—
Rule

3- Semantic network
e Dl s 5l il (Se S gt Lad 3830l il (Object) e slaall (e 3503
object I o Le Jay 3 ) culEdlal)
-is-a eSS (A e (e
-has-a s A juS (e

-part-of

-belong-to

-:semantic network Jazi 13l e
(Ame Glaslaa e s (@ilas) UL ]
AN Baaall 5_SIAN aas & AN G pal 2
il & laisl 3
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ex(1):-
: « 152
animat [* human
Has-a Has-a
Has-a as-a
\ 4
hand leg body head

iS-a oS A e e -
Human is a animate
has-a ssea ) S e -
Human has a head
Ex(2):-Computer has a many part like a CPU and the computer divided into two kind
one is the mainframe and the second is the personal computer. Mainframe has a line
printer as a device with al a large sheet but the personal computer has the laser

printer and for the example “PIII” and “PIV” and IBM as a example to the

mainframe.
Hasa
Computer N CPU
Is a Is a
Hasa L 4 Hasa
Laser ) PC Mainframe .| Lime
printer printer
Isa Isa Isa
Y h
PIV PII IBEM

45



Artificial Intelligence College of Education for
Pure Science/ Ibn Al-Haitham
M.SC. Nadia Mohammed Computer Science Dept.
2022-2021 3 Class

Ex(3):- use semantic nets to represent these information.
Consider the following information:-

1-airplane is an aircraft

2-jet single engine and twin engine are classified as airplane.
3-jet has jet engine and wings

4-single engine and twin engine have propellers.

5- jet engine is fast.
6-VL3600 is jet airplane.

An airplane |__1s2 | aircraft
ISa is a is a
Single engine jet Twin engine
has a / ha?/ NS \h""sk a
propellers Jet engine winges propellers
:/ IS
Y
fast VL3600

Ex(4): ali’s chair is green but ban’s chair is white, a chair is furniture.

furniture
A
Isa
chair
owner own‘e/ olor olor
ban ali white green
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furniture

A

IS a

chair

is/’ Na

obj#2 obj#1

color owner
owner color

white ban green ali

Representing events in semantic net:

Ex(1): ali gives ban a book about history

Ban
give > book subject > history
Ali
Ex(2): Bill give the book to Marry. Bill sold the book to Marry.
Bill
ag?g}//ﬂk\\\ggent
ev#2 ev#l
pe object -ive receiver ype
object
sold book Marry give
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Ex(3): the blue team beats the red team 3-2 in a football match the red team beats the
green team 95-10 on a basketball game.

Football game

A

Isa
ev#l
result second Weam
team__v
3-2 B A
colq/ WStteam &?Ior
red evi#2 blue
second W rm
C 95-10 Basketball game
color

Y

green
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Concept of graph:

Basic definitions of graph theory:
Al 3dads
root

ni

The level without parent

The level without child

nk

ol ddhaay \ /ST
M S eaf A

Graph: is a set of nodes connected by arrows if there is a direction it is called directed
graph.

Root: is a node without parent.

Leaf: is a node without chilled.

Tree: is a graph without cycle each node connected to other nodes by unique path.
Path: is an ordered set of sequence of nodes (ni......... nn) where ni is a parent at

ni+1 and path have length n

graph (st 43¥
Tree g e 43

O 1A aatie Jalada O
EN S =
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Semantic Graph & Conceptual graph:-
ex1:- it is brown coat.
coat | color .| Brown
Ex2:- Ali drink a water.
agent object
Person:”ali” o | Verb:’drink” J | “water”
Ex2:- He drink a water.
agent object
Person:X o | Verb:”drink” . »| water”
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3) Frame:

Frame-list( node-name, parent, [child]).
Slot-list(node-name, parent).

Example:
Internal A Dizk controller
p Stmuctore
.| momnitor
compute#‘ " Mother board
.| kevboard N -
o *| WNo. of function key

¥

ports

eripherals
PErip * printer

™~

speed

monse

plotters

Frame —list{ computer, .[Internal structure, momtor, keyboard . plotters]).
Frame-list(Internal structure, computer, [disk controller, mother board]).
Frame- list(printer, penipheral. [speed. ports]).

Slot-list(motherboard. Internal structure).

Slot-list{mouse, peripheral).
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Clauses form:

Ex(1): all Romans who known Marcus either hate Caesar or think that anyone hates
anyone is crazy

Vv (X): [Romans(X) A known (X, Marcus)] — [hate(X, Caesar) v VY: (3Z: hates (Y,
Z) — thinkcrazy(X, Y))]

algorithm convert to clauses form:

1) eliminate — using the fact that (a—b) is equivalentto —awv b
g Lgad o jlie Jygas
pedl U il 5 lal) i
(v )or A pendl J -
(g LS I gl 22y (Al o jlendl
Ex(1):-V(X): — [Romans A known (X, Marcus)] v [hate(X, Caesar) v VY: = (3Z:
hates (Y, Z) v thinkcrazy(X, Y))]
Ex2:- [(a(X) v b(Y) — c(X,Y)]
— (@(X) v b(Y) v c(X)Y)
2) reduce the scope of each — to a single term using:

il dxllaa
and A v A Jsai v oor 4l ud e Jaa il all
vor G Addsiand Add (e d Je a1 all -

- (=P)=p

—(@aanb)=—av-b

—(@avb=—-an-b

[V X: p(X)]=3 X: = p(X)

[-3 X:p(X)]= V X: = p(X)

V(X): [- Romans(X) v — known (X, Marcus)] v [hate(X, Caesar) v VY: VZ: —
hates (Y, Z) v thinkcrazy(X, Y))]
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3) standardized variables so that each quantifier binds a unique variable.
il (Vo) mal sal ialine i she g le geadl Hma ¥ Al v Gilas je o e &lia ¢ 5S5 Ladie
oAV e jlaall oyt o 1A (5 jlaell jaiiall
Ex-VX (a(X) v b(Y)) vvX a(X)
-vX (@(X) v b(Y)) vWwZ a(Z)
Ex: V X:p(X) vV X:q(X) >V X:p(X) vVY:q()
55kl 3] ling o 43 JUiall e dans (gl (g 2 ol
4) eliminate existential quantifier for examples:
bl g (5 el dgall ) jeal sall gren a3
Ex-VX(a(X) Ab(Y)) v 3Y a(Y) v VZ a(2)
-VX3Y (a(X) Ab(Y)) v a(Y) vWZ a(2)
v X 3Y father(Y, X) —» V X father(sun(X), X)
5shall s3gd Zling Al ¥ Jid) e doass gl 5 a3 Al
5) move all quantifiers to the left of the formula without changing their relative order
Alaall dglay 855 ) s for all dss Al dlaad) (8 A1 il S a5 g
ex-VX(a(X) Ab(Y)) v IY a(Y) v VZ a(2)
-VX3Y vz (a(X) Ab(Y)) v a(Y) v a(2)
V(X): VY: VZ: [~ Romans(X) v — known (X, Marcus)] v [hate(X, Caesar) v —
hates (Y, Z) v thinkcrazy(X, Y))]
6)a) drop 3 from the sentence
il 1 e i gl Qg 86 S 8 Leaa dadi pall uaiall &) )1 A Cop J A ) ie e AN )
ald 0 g gl arially
ex-VX3Y vz (a(X) Ab(Y)) v a(Y) v a(2)
-VX VZ (a(X) Ab(f(X))) v a(f(X)) v a(2)
X AV Y ge cas Jhdl s 3 o
VX 225 JY Jé 4V Y=f(X)

Ex-¥X VZ3Y (a(X,Y,2))
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-VX VZ (a(X,f(X,2),2))

[ Romans(X) v — known (X, Marcus)] v [hate(X, Caesar) v — hates (Y, Z) v
thinkcrazy(X, Y))]
6)b) drop v from the sentence
ex-VX VZ (a(X) Ab(Y)) v a(Y) v a(2)
- (a(X) Ab(f(X))) v a(f(X)) v a(Z)
7) use distributive lows
(@nb)vc—(cva)a(cvhb) (avb)ac—o(cra)v(cab)
5shall 03¢ Fling Al Y JE) e Joass ol (5 i
8) create a separate clauses corresponding to each conjunct
san e sasly JS A o Ada gyl alalial) Joad
Ex:-(a(X) v a(K) va(Z) v b(S)) A(b(K) va(K) v a(Z) v b(S)
a) (a(X) va(K) va(Z) v b(S))
b) (b(K) va(K) v a(Z) v b(S)
5shall s3gd Zling Al ¥ Jad) e Joass gl 5 ai
9) standardization the variables
a) (a(x) va(k) va(z) v b(s))
b) (b(t) v a(t) v a(n) v b(g))
o LS JE Y3 5Ll
Al sV s shaall 8 andiie Al 5 jlall 8 e
Al 3 jlead) L Lewads I 0Y) 3 jladl 8 ) yuriiall aladiad g Y
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Ex(2):

V X [p(X) = [V Y [p(Y) = p(fFOX, YNI A=V Y [a(X, Y) = p(WM)]]]
DVYX[=pX)VIVY [=p(Y) v pfX, YNI A= VY [=a(X, Y) v p(Y)I]
2) VX [=pX) vIVY [=p(Y) v p(FX, YDIAZY [ [=a(X, Y) v p(WM]I]]
VX [=p(X) v VY [=p(Y) v p(FO YNI AT Y [A(X, Y) A= p(W)]]]
3) VX [=p(X) v VY [=p(Y) v p(f(X, Y)I A3 W [a(X, W) A = p(W)]]]
HV X[=pX) v [V Y [=pY) v pFOX, Y)T A [aCX, 9(X)) A = p(a(X)]1]
5) VX VY [ p(X) v [[= p(Y) v p(f(X, Y))] A [a(X, 9(X)) A = p(a(X))11]
6) [[= p(X) v = p(Y) v p(FCX, Y))I A [= p(X) v [A(X, 9(X)) A = p(g(X))]]]
[[= p(X) v = p(Y) v p(f(X, Y))] A [ p(X) v a(X, g(X)) A [= p(X) v =
p(a(xX))1]
7) [[= p(X) v = p(Y) v p(FCX, Y))] A [= p(X) v a(X, 9(X)) A [= p(X) v = p(g(X))]]]
8) = p(X) v = p(Y) v p(f(X, Y))
— p(X) v a(X, g(X))
— p(X) v = p(9(X))
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resolution:

1. resolution techniques

2. resolution strategies
1) resolution technigues (resolution by refutation):-

resolution proves a goal by negation the statement to be proved and adding it to the set
of clauses to be true.

Then uses resolution role of inference to show that this leads to a contradiction.

Once the theorem prove shows that the negation of the goal is inconsistent with the
given set of axioms, it follows that the original goal must be true.

However if no contradiction (null statement) can be derived and no new clauses can be

generated then we stop and goal is false.

Language — predicate logic (WFF) M CFF — resolution

e Jrani A g usaa g8 goal -l o) slina (Blalally (:dli e Jeass goal ) i Leaie —:ddaadl
Uas sagoal Al o) olima il

Negation goal = Bhidl (=85 Strue

Negation goal = Bhial (=8l 2 50 Y Sfalse

Ex(1):
1) “fido 1s a dog, all dogs are animals, all animals will die” using resolution tp prove
(fido will die).
WFF:
1. dog(fido) fact
2. V X (dog(X) — animals(X)) rule
3. VY (animals(Y) — die(Y)) rule
4. — die(fido)? fact i 3 sma (43S J) ) Laila
CFF: 8o ) il 5 Lella e e Gilaal) Ui
1. dog(fido)

56



Artificial Intelligence College of Education for
Pure Science/ Ibn Al-Haitham
M.SC. Nadia Mohammed Computer Science Dept.
2022-2021 3 Class

2. — dog(X) v animals(X)

3. —animals(Y) v die(Y)

4. — die (fido)?
S Asaall o) e (g 5a330c8 5l e CFF (8 Gani s CFF) (8 39 gall Jlpaadl (ge Jall o rddaadle
O S ain 138a 5 (unification dass s sh) <l psaiall o e Jsanll dtlaally lasiy J)5ull A

i . Ae jlaald ) Jas
— die (fido) —animals(Y) v die(Y)
Y=fido
— animals(fido) — dog(X) v animals(X)

— dog(fido) dog(fido)
[]

.. yes, fido will be die

e JaAals ) Jsaa gl are Al b Ae s Al L)) Jsam sl Al 3 Ll anty Y (55 —cddaa e
N0 LY (i
iy i Jaa¥) (8 Sladia¥] o Jlpad) G135 83 (8 sanse (50 Jlastiaa) sl ) goall Ladla —:ddas e
e Ty (4]
Ex:- prove the fido will not die
— — die (fido) — die(fido)
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Ex(2):

Consider we want to prove a form of the following send by using resolution:
1. anything anyone play and isn’t hunt by a game
2. yosif play football and isn’t hunt by
3. tennisis a game
4. swimming is a game
5. zeki play all game
goal: what is zeki play? Play(zeki, X)
WEFF:
1. Vv X:V Y:play(X, Y) A = hunt(X, Y) — game(Y)
2. play (yosif, football) A — hunt(yosif, football)
3. game(tennis)
4. game(swimming)
5. V X: game(X) — play(zeki, X)
CFF:
— play(X, Y) v hunt(X, Y) v game(Y)
play (yosif, football)
— hunt(yosif, football)
game(tennis)
game(swimming)

— game(X) v play(zeki, X)

N o g bk~ w Dd e

— play(zeki, X)
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— play(zeki, X) — game(X) v play(zeki, X)

\/

game(tennis)  game(swimming) —game(X) —play(X, Y) v hunt(X, Y) v game(Y)

NS

tennis swimming
— hunt(yosif, football) — play(X, Y) v hunt(X, Y)
— play(X, Y) play (yosif, football)
Goal:
Play(zeki, tennis) nil football

Play(zeki, swimming)
Play(zeki, football)
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2) resolution strategies: (backword and forword control)

example:
1. anything anyone eats and not killed by is a food.
2. saad eat chicken and still a live.
3. apple is a food.
4. meat is a food.
5. raad like all food.
Answer the question (what like raad) by using the resolution strategies?
Solution:
1. convert to predicate logic:
e V X:VY:eat(X,Y) A= Kkilled(X, Y) — food(Y).
e eat(saad, chicken) A live(saad, chicken).
o food(apple).
o food(meat).
o V X: food(X) — like(raad, X).
2. by using backword chaining:
like(raad, X)

food

3 \
eat(X, Y) A — kilTed(X, Y) X=apple X= meat
2

Y= chicken

* then raad like chicken

apple
meat
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OR by using forword chaining:
Facts:
eat(saad, chicken)
live(saad, chicken)
food(apple)
food(meat)
rules:
R1=V X: V Y:eat(X, Y) A — killed(X, Y) — food(Y).
R2=V X: food(X) — like(raad, X)
R3= — killed(X, Y) — live(X, Y)

no facts rule find

1 eat(saad, chicken) R1 R4: — killed(X, Y) — food(Y)
2 live(saad, chicken) R3 | New fact: — killed(saad, chicken)
3 | — killed(saad, chicken) | R4 food(chicken)

4 food(chicken) R2 like(raad, chicken)

5 food(apple) R2 like(raad, apple)

6 food(meat) R2 like(raad, meat)

* then raad like chiken

apple
meat

irall s Ol 050 e L) 322 (51 55 ) rules A Qs ddlal (Sadll (e
As example
— killed(X, Y) — live(X, Y)
killed(X, Y) —>— live(X, Y)
— killed(X, Y) — — live(X, Y)
live(X, Y)—— killed(X, Y)
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—live(X, Y)—killed(X, Y)
—live(X, Y)——killed(X, Y)

(Expert Systems) 3 =il kil
_g(ﬁ\«._mbj‘elc&J)étgjéiajjdg)gﬁaﬁggﬂ\gct\kmy‘;Sﬂ\&})ﬁ&}ﬂhi cBJ..gil\e.L':ﬂ\
¢ ( Expert Systems ) 3 sl sl & Lad
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ASlaall e 506 :Inference Engine (IE) JYais) & jae -2
_:\é‘)a.;d\ BJ.C\A ‘; 34'.2..'4.0 QLILA}SM ‘_')A \;_J_.\ ,’ ﬂwReasoning

eLL;.ﬂ\ & Jelall 4ulia Q\Jdi__a e;&.ﬁ.ml\ el u_d\ Glel a2 50 (user interface ) eqs_h.d\ igal -3
Al gy shatl) s e JOA

L

User interface

A 4

Inference Engine

A 4

Knowledge Base

Components of Expert systems
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