
 

·︺¨﹇ ¾\﹐³﹁ «}1﹋
¿?0`1﹁ ®1﹎]﹊l±0\ ċ¿i]°¼﹞ ¶]﹊l±0\

®0a¼G ¶1﹍l±0\

http://courses.fouladi.ir/algorithm

Methods of Algorithm Design: State-Space Search
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E©1W ¾1t﹁ ¾³NFhO

STATE-SPACE SEARCH

•

•
•

•1½ ¶a﹎ č ·¨Æh﹞ ¾1½aÂ︽F﹞ aÃ\1﹆﹞Ě·©1>±\ ¾0cO0ę
1Ã č aÃ\1﹆﹞ ¯Â? ¾ ·x?0`Ě¾]±ba﹁ . `]C ¾ ·x?0` Ø﹐³¬︺﹞ęل ½1•
•aÂh﹞ č]°﹋ Á﹞ oZl﹞ 0`  ·©1>±\ ﹉Ã ċ0فa﹎ `\ aÂh﹞ a½Ċ
•﹏W ¶0` čÁÃ1¼± ¾ ¶a﹎ ·? ¯Ãb1︾2 ¾ ¶a﹎ b0 ~²am 1? 0فa﹎ `\ ¾aÂh﹞

1 2 3 n
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﹏W ¶0` ² E©1W ¾1t﹁ 0فa﹎

E©1W ¾1t﹁ 0فa﹎č

č﹏W ¶0`
¿Ã1¼± E©1W ·? ¯Ãb1︾2 E©1W b0 ¾aÂh﹞
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ra︻ kÃ1¬ÂC 1? E©1W ¾1t﹁ `\ ³NFhO . ²0ل

BREADTH-FIRST SEARCH
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kÃ1¬ÂC 1? E©1W ¾1t﹁ `\ ³NFhO ︻¬﹅ . ²0ل

DEPTH-FIRST SEARCH
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\a﹎ =﹆︻ ¾³NFhO

BACKTRACKING SEARCH

•
•
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\a﹎ =﹆︻ ¾³NFhO

  BACKTRACKING SEARCH: MAZE PROBLEM

³G`\³G aÂh﹞ ¾ ·¨Æh﹞

«Â?1Â? ·﹞0\0 À0a? a﹍Ã\ ¾ ·°Ãc﹎ ﹉Ã ·﹋ «Ã\a﹎ Á﹞ a? ÁÃ1O 1GĊ
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\a﹎ =﹆︻ ﹉Â°﹊G
]﹋ ·>m

BACKTRACKING-SEARCH(v)
foreach child u of v

if promising(u ) then

if solution(u) then

return u

else

BACKTRACKING-SEARCH(u)

\³m ¿﹞ ~²am ·lÃ` ¾ ¶a﹎ b0 «FÃ`³﹍©0 čv = root
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﹝1J﹞ č¾c﹞` ﹏﹀﹇ ¾ ·¨Æhل

2x

3x

1x

 ·? v³?a﹞ ¶]m oZl﹞ ¾1½ E[`\aÃb]°i` Á¬± <0³O ·﹋ ]°Fh½ ¿±0]±ba﹁]±³m Á¬± Ái`a? gC ċĉ
1 2 3x x x

Non-promising  ĖkZ?]Â﹞0aÂ︾ ¾1½ ¶a﹎
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. 1J﹞ č ¾ ·¨Æh﹞naÃb²ل

N-QUEENS PROBLEM
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. 1J﹞ č ¾ ·¨Æh﹞naÃb²ل

N-QUEENS PROBLEM

•
• «Â½\ Á﹞ E>h± axi ﹉Ã ·? 0` aÃb² a½ gCĚ aÃb² ¾ ¶`1¬m Ėaxi ¾ ¶`1¬mĊę

•

•
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³NFhO E[`\ č ¾ ·¨Æh﹞%aÃb² .

[< 1, 1 >, < 2, 1 >, < 3, 1 >, < 4, 1 >]

[< 1, 1 >, < 2, 1 >, < 3, 1 >, < 4, 2 >]

[< 1, 1 >, < 2, 1 >, < 3, 1 >, < 4, 3 >]

[< 1, 1 >, < 2, 1 >, < 3, 1 >, < 4, 4 >]

[< 1, 1 >, < 2, 1 >, < 3, 2 >, < 4, 1 >]
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¶]m fa½ ¾³NFhO E[`\ č ¾ ·¨Æh﹞%aÃb² .

 ·? ®]Âi` 1? «FÃ`³﹍©0 1N°Ã0 `\
Ei0 ¶]m ︿﹇³F﹞ <0³O ¯Â©²0Ċ
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 ¾ ·¨Æh﹞ `\ <0³O ·? ®]Âi` ﹏W0a﹞%aÃb² .
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¶]m fa½ ¾³NFhO E[`\ č ¾ ·¨Æh﹞%aÃb² .

 aÃb² ®³Fi۱

 aÃb² ®³Fi۲

 aÃb² ®³Fi۳

 aÃb² ®³Fi%
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 ¾ ·¨Æh﹞۸ aÃb² .
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 ¾ ·¨Æh﹞naÃb² . č0aO0 ®1﹞b

N-QUEENS PROBLEM

 1? Ei0 a?0a? 0aO0 ®1﹞b ¾1½ ¶a﹎ \0]︺G³NFhO E[`\ `\ ¶]m ¿i`a?

1

n

2n

3n

nn

�

2 3 1( ) 1 ( )n nT n n n n n O n +
≤ + + + + + ∈�
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 ¾ ·¨Æh﹞naÃb² . č0aO0 ®1﹞b

n-Queens Problem

N-QUEENS PROBLEM

 1? Ei0 a?0a? 0aO0 ®1﹞b ¾1½ ¶a﹎ \0]︺G³NFhO E[`\ `\ ¶]m ¿i`a?

1

n

( 1)n n −

( 1)( 2)n n n− −

!n

�

( ) 1 ( 1) ( 1)( 2) ! ( !)T n n n n n n n n O n≤ + + − + − − + + ∈�
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1½ ·︻³¬N﹞aÃb ︹¬O ﹏q1W ¾ ·¨Æh﹞

SUBSET SUM PROBLEM

a A∈

1J﹞čل

1 2 3 1 2 3

6

{ , , } , 2, 4, 5

3

W

S w w w w w w

n

=

= = = =

=

1 2{ , }A w w=
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1½ ·︻³¬N﹞aÃb ︹¬O ﹏q1W ¾ ·¨Æh﹞ č1لJ﹞

a A∈

1 2 3
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1½ ·︻³¬N﹞aÃb ︹¬O ﹏q1W ¾ ·¨Æh﹞ č1لJ﹞

1 2 3 1 2 3

6

{ , , } , 2, 4, 5

3

W

S w w w w w w

n

=

= = = =

=
a A∈

1 2{ , }A w w=
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1½ ·︻³¬N﹞aÃb ︹¬O ﹏q1W ¾ ·¨Æh﹞ č1لJ﹞

a A

A S

a W
∈

⊆

=

1 2 3 4

1 2 3 4

13

{ , , , }

( , , , ) (3, 4,5,6)

4

W

S w w w w

w w w w

n

=

=

=

=

ċ«Â°﹋ =Ga﹞ گ`c? ·? ﹉S³﹋ b0 0` 1½ ®b² ³NFhO b0 ﹏>﹇ a﹎0
 Uxi `\ ¶a﹎ ﹉Ã ®\³? kZ?]Â﹞0 vamič

1 2 4{ , , }A w w w=
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1½ ·︻³¬N﹞aÃb ︹¬O ﹏q1W ¾ ·¨Æh﹞ č0aO0 ®1﹞b

 1? Ei0 a?0a? 0aO0 ®1﹞b ¾1½ ¶a﹎ \0]︺G³NFhO E[`\ `\ ¶]m ¿i`a?

1

2

22

32

2n

�

2 3 1( ) 1 2 2 2 2 (2 )n nT n O +
≤ + + + + + ∈�
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﹝0a﹎ ¾cÂ﹞2 ﹌±` ¾ ·¨Æhف

GRAPH M-COLORING

Vertex Color

v1 color 1

v2 color 2

v3 color 3

v4 color 2
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®2 1? a}1°F﹞ Uxh﹞ 0فa﹎ ¾cÂ﹞2 ﹌±` 1? ·l﹆± ¾cÂ﹞2 ﹌±`
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﹝0a﹎ ¾cÂ﹞2 ﹌±` ¾ ·¨Æhف
﹝1Jل
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﹝0a﹎ ¾cÂ﹞2 ﹌±` ¾ ·¨Æhف
﹝1Jل
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0a﹎ ¾cÂ﹞2 ﹌±` ¾ ·¨Æh﹞ č0aO0 ®1﹞bف

 1? Ei0 a?0a? 0aO0 ®1﹞b ¾1½ ¶a﹎ \0]︺G³NFhO E[`\ `\ ¶]m ¿i`a?

1

m

2m

3m

nm

�

2 3 1( , ) 1 ( )n nT n m m m m m O m +
≤ + + + + + ∈�
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 ¿FlC ·©³﹋ ¾ ·¨Æh﹞0/1

0/1- KNAPSACK

•
•

\a﹎ =﹆︻ «FÃ`³﹍©0 ¾ ·F﹁1ÃaÂÂ︽G b0 ¶\1﹀Fi0 1? ﹏W ¶0`č
 ]°±1﹞ aÂ︽F﹞ ﹉Ãbest \`0\ Á﹞ ·﹍± \³[ `\ 0` ¶a﹎ ®2 1G ·°Ãc½ ︹?1G `0]﹆﹞ ¯ÃaF¼?Ċ

قطعه وزن ارزش

i wi p i

1 2 40$

2 5 30$

3 10 50$

4 5 10$
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 ¿FlC ·©³﹋ ¾ ·¨Æh﹞0/1

0/1- Knapsack
\a﹎ =﹆︻ j²`č

«ÃaÂ﹎ Á﹞ a|± `\ ·¨Wa﹞ a½ `\ ®b² ·? jb`0 E>h± ¿©²c± =ÂGaG ·? 0` D1︺x﹇Ċ
«Â°﹋ Á﹞ Ái`a? 0` ·︺x﹇ ﹉Ã ċE[`\ Uxi a½ `\Ċ

«Ã`0\ Á﹞a? 0` D1︺x﹇ ċ·±1pÃaW j²` ·?č
• ·? 0` ®2 jb`0  «ÂÃ0c﹁0 Á﹞Ě﹏﹋ E︺﹀°﹞ę
• ·? 0` ®2 ®b²  «ÂÃ0c﹁0 Á﹞Ě﹏﹋ ®b²ę

 ċ«Ã`0\a? 0` ®2 a﹎0 ·﹋ «Âia? ¾0 ·︺x﹇ ·? 1G \³mĊ

1

1

k

jj i
total weight weight w

−

= +
= +

1

1
( ) k

k

k p

jj i w
bound profit p W total weight

−

= +
= + + − ×

1 1

i i

j jj j
weight w profit p

= =
= =

 b0 ﹏q1W ¾ ¶a¼?k-1 
EhZ± ¾ ·︺x﹇

 ¾0a? \³O³﹞ EÂ﹁a}
 ¾ ·︺x﹇kª0

®b² ]W0² jb`0
 ¾ ·︺x﹇ ¾0a?kª0

bound  ĖE︺﹀°﹞ ®0a﹋

 `0]﹆﹞ ¶a﹎ ﹉Ã `\ a﹎0 EhÂ± kZ?]Â﹞0 ¶a﹎ ®2 ċ\³? aF¬﹋ ¶a﹎ ®2 1G E︺﹀°﹞ ¯ÃaFlÂ? b0Ċ



31الگورىتم ها تـحلىلطراحی و 

E
d
it
io
n

rd
3

| 
2
0
2
5
  

S
p
ri
n
g
 

P
re
p
a
re
d
 b
y
 K
a
z
im

 F
o
u
la
d
i  
| 
  

 ¿FlC ·©³﹋ ¾ ·¨Æh﹞0/1

قطعه وزن ارزش نسبت

i wi p i p i / wi

1 2 40$ 20$

2 5 30$ 6$

3 10 50$ 5$

4 5 10$ 2$

16, 4W n= =

﹏﹋ E︺﹀°﹞
﹏﹋ ®b²

E︺﹀°﹞ ®0a﹋
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 ¿FlC ·©³﹋ ¾ ·¨Æh﹞0/1 č0aO0 ®1﹞b

 1? Ei0 a?0a? 0aO0 ®1﹞b ¾1½ ¶a﹎ \0]︺G³NFhO E[`\ `\ ¶]m ¿i`a?

1

2

22

32

2n

�

2 3 1( ) 1 2 2 2 2 (2 )n nT n O +
≤ + + + + + ∈�
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︹Oa﹞

R.E. Neapolitan,

Foundations of Algorithms,

5th Edition, Jones and Bartlett Publishers, 2015.

Chapter 5


