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ťóŚ§ ýŚÌê ýĄŻøťÆŻ ýŚûľøď

(backtracking) ćÂðÅŢ ľøď

üĺÀì ÀÞ¡õ c© 1 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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ÂþěøťÈû ýĆÜßÆõ

Ćî ťĺŘ 8 ŚŮ 1 ěŘ üţÈðýŚŻ öćÂîŘÀČŢ éÀû .i öĄţĺ ďć Âþěø ÂÎĺ = πi

∀i, j |πi − πj| 6= |i − j|

üĺÀì ÀÞ¡õ c© 2 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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ĆœŘďĄîďĄî Û§ùŘď

EightQueens()
1 for i1 ← 1 to 8
2 do for i2 ← 1 to 8
3 do for i3 ← 1 to 8
4 do . . .
5 for i8 ← 1 to 8
6 do try ← (i1, i2, . . . , i8)
7 if Solution (try)
8 then Print try

üĺÀì ÀÞ¡õ c© 3 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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ťóŚ§ ýŚÌê ÀČóĄŮ

Permutation(A, i)
. Initilization: A[i] = i, 1 ≤ i ≤ n
. assuming that A[1..i − 1] has been selected
. find all permutations of A[1..n]

1 n ← TT Length (A)
2 if i > n
3 then Print A[1..n]
4 else for j ← i to n
5 do Swap (A[i], A[j])
6 Permutation (A, i + 1)
7 Swap (A[i], A[j])

üĺÀì ÀÞ¡õ c© 4 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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1 2 3

12 13 21 23 31 32

123 132 213 231 312 321

üĺÀì ÀÞ¡õ c© 5 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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N-Queen(A, i)
. print the permutation that is feasible

1 n ← Length (A)
2 if i > n
3 then for i ← 1 to n
4 do for j ← i + 1 to n
5 do if |A[i] − A[j]| = |i − j|
6 then exit loop

7 Print A[1..n]
8 else for j ← i to n
9 do Swap (A[i], A[j])

10 N-Queen (A, i + 1)
11 Swap (A[i], A[j])

üĺÀì ÀÞ¡õ c© 6 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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Feasible(A, i)
. Assuming that A[1..i − 1] is feasible,
. it checks whether A[1..i] is feasible

1 if i > Length(A)
2 then return true

3 for j ← 1 to i − 1
4 do if |A[i] − A[j]| = |i − j|
5 then return false

6 return true

üĺÀì ÀÞ¡õ c© 7 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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N-Queen(A, i)
. print the permutation that is feasible

1 n ← Length (A)
2 if i > n
3 then Print A[1..n]
4 else for j ← i to n
5 do Swap (A[i], A[j])
6 if not Feasible(i)
7 then return

8 N-Queen (A, i + 1)
9 Swap (A[i], A[j])

üĺÀì ÀÞ¡õ c© 8 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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k-promising ďŘćÂŞ

N-Queens(k, col, diag45, diag135)
. try is k-promising array [1..k]
. col ← {try[i] : 1 ≤ i ≤ k}
. diag45 ← {try[i] − i + 1 : 1 ≤ i ≤ k}
. diag135 ← {try[i] + i − 1 : 1 ≤ i ≤ k}

1 if k = N {an N -promising verstor is a solution}
2 then Print try
3 else { find (k + 1)-promising extensioun}
4 for j ← 1 to N
5 do if j /∈ col and j − k /∈ diag45 and j + k /∈ diag135
6 then try[k + 1] ← j
7 N-Queens(k + 1, col + {j}, diag45 + {j − k}, diag135 +

{j + k})

üĺÀì ÀÞ¡õ c© 9 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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ĆŻĄŮ

ßČõŘ 4*546*044 ďć ŠŘĄŻ ßČóøŘ .ćďŘć ćĄŻø ťÈðýŚŻ 479*001*600 ,n = 12 ýŘÂŞ
ďć Ćî ćďŘć ùÂð 856*189 ćÂðÅŢ ľøď ďć ťóŚ§ ťąďć üóø .ÀþŊüõ ťĺćĆŞ ĆÖÜ§

.ÀþŊüõ ťĺćĆŞ ŠŘĄŻ Œþ ùÂð ßČõŘ 262

üĺÀì ÀÞ¡õ c© 10 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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íďd ďć ŚûďŘÀõ öćŘć ďŘÂì řČŮÂŮ

üĺÀì ÀÞ¡õ c© 11 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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(Turnpike Reconstruction) ýÀĂŞÂÞî ýùćŚŻ ýěŚĺěŚŞ

ýĆÞû öŘĄŮüõ O(n2) ŚŞ .ÀœŘùÀł ùćŘć x1 = 0 Ćî Śû x ďĄ¡õ ýøďÂŞ pn ŚŮ p1 ýĆÎÖœ n
.ćÂî ŘÀČŢ Řď ĆÜňŚê n(n − 1)/2

ťĺćĆŞ Řď ŕŚÖœ öŘĄŮüõ ŚþŊ ,ÀĂłŚŞ ùÀł ùćŘć ĆÜňŚê n(n − 1)/2 ÛõŚł D ýĆäĄÞźõ ÂðŘ
?ćďøŊ

ĆÜßÆõ ßþŘ ŚþŊ ø ćďŘć ćĄŻø ýŘĆÜÞŻÀĂİ Û§ùŘď ĆÜßÆõ ßþŘ ýŘÂŞ ŚþŊ Ćî ťÆČœ É£Èõ
.ťĺŘ ôŚÞŮ-üŢöŘ

üĺÀì ÀÞ¡õ c© 12 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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ñŚůõ

D = {1,2,2,2,3,3,3,4,5,5,5,6,7,8,10}

n = 6ÅŢ

üĺÀì ÀÞ¡õ c© 13 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć



ŚûÝţþďĄÚóŘ ÛČÜ¡Ů ø ü§ŘÂÏ'

&

$

%

x1 = 0 x6 = 10

D = {1,2,2,2,3,3,3,4,5,5,5,6,7,8}

.x6 ø x1 ŠŚ£ţœŘ ěŘ ÅŢ

üĺÀì ÀÞ¡õ c© 14 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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x1 = 0 x6 = 10

D = {1,2,2,3,3,3,4,5,5,5,6,7}

x5 = 8

.x5 ø x6 ,x1 ŠŚ£ţœŘ ěŘ ÅŢ

üĺÀì ÀÞ¡õ c© 15 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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x1 = 0 x6 = 10

D = {1,2,2,3,3,4,5,5,6}

x5 = 8x2 = 3

.x2 ø x5 ,x6 ,x1 ŠŚ£ţœŘ ěŘ ÅŢ

üĺÀì ÀÞ¡õ c© 16 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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x1 = 0 x6 = 10

D = {1,2,3,5,5}

x5 = 8x2 = 3

x4 = 6

.x4 ø x2 ,x5 ,x6 ,x1 ŠŚ£ţœŘ ěŘ ÅŢ

üĺÀì ÀÞ¡õ c© 17 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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x1 = 0 x6 = 10

D = {}

x5 = 8x2 = 3

x4 = 6

x3 = 5

.x3 ø x4 ,x2 ,x5 ,x6 ,x1 ŠŚ£ţœŘ ěŘ ÅŢ

üĺÀì ÀÞ¡õ c© 18 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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x1 = 0, x5 = 10

x5 = 8

x4 = 7 x2 = 3

x3 = 6 x2 = 4 x3 = 4 x4 = 6

x3 = 5

ťóŚ§ ťąďć

üĺÀì ÀÞ¡õ c© 19 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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ĆŻĄŮ

ÀČóĄŮ ýŘÂŞ ,ÀœÂČðüõ ďŘÂì üĺďÂŞ ćďĄõ ŒİĄî ĆŞ ïďÃŞ ěŘ D ćŘÀäŘ Ćî ßþŘ ĆŞ ĆŻĄŮ ŚŞ
ø xn − xi = y Śþ xi − x1 = y Ćî ÝČĂî ŠŚ£ţœŘ Řď xi ýĆÎÖœ ÀþŚŞ ,y ∈ D ćÀä ßþÂŮïďÃŞ

.ćĄł üĺďÂŞ ÂÚþć ŕŚÖœ ŚŞ ťÆČœ ôěĎ
Ćî ćĄłüõ y ěŘ ÂŮÇČŞ xn Śþ x1 ŚŮ xi ĆÜňŚê ,ćĄł ÀČóĄŮ y ýĆÜňŚê ýÂÚþć ýĆÎÖœ ŚŞ ÂðŘ

.ťÆČœ ßØÞõ ßþŘ

üĺÀì ÀÞ¡õ c© 20 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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Turnpike(D,n)
1 x1 ← 0
2 xn ← Deletemax(D)
3 xn−1 ← Deletemax(D)
4 if xn − xn−1 ∈ D
5 then Delete(xn − xn−1, D)
6 return Place(D, 2, n − 2, n)
7 return false

üĺÀì ÀÞ¡õ c© 21 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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Place(D, left, right, n)
1 if D is empty
2 then return true

3 dmax ← Findmax(D)
. check if xright = dmax is feasible

4 if (∀ 1 ≤ j < left and right < j ≤ n, |xj − dmax| ∈ D)
5 then xright ← dmax
6 for 1 ≤ j < left and right < j ≤ n
7 do Delete(|xj − dmax|, D)
8 found ← Place(D, left, right − 1, n)
9 if notfound {backtrack}

10 then for 1 ≤ j < left and right < j ≤ n
11 do Insert(|xj − dmax|, D)
12 if notfound
13 then try similarly to place xleft ← xn − dmax
14 return found

üĺÀì ÀÞ¡õ c© 22 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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.ťĺŘ Skiena, Smith, and Lemke, 1990 ěŘ ÝţþďĄÚóŘ ßþŘ

üĺÀì ÀÞ¡õ c© 23 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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ÛČÜ¡Ů

,ÝČĂîüõ ýěŚĺùćŚČŢ (ùŚČĺ-ÃõÂì ťąďć) ùěŚŞ ťąďć ŰďĄňĆŞ Řď D

ćĄłüõ ôŚźœŘ O(lg n) ďć ÂČą Śþ ťÆû D ďć ùěŚŞ Œþ ĆîßþŘ üĺďÂŞ
.ćŘć ôŚźœŘ O(n2 lg n) ďć Řď ÝţþďĄÚóŘ ßþŘ öŘĄŮüõ ÀţÖČœ ëŚÔŮŘ ćÂðÅŢ ÂðŘ

öŚõě O(2nn lg n) ÝţþďĄÚóŘ ťóŚ§ ßþÂŮÀŞ ďć ÅŢ ,ťĺŘ 2n ŚûćÂðÅŢ ćŘÀãŮ ÂůîŘÀ§
.ćĄłüõ ŚäćŘ ťóŚ§ ßþŘ ýŘÂŞ üóŚůõ ø .ćÂČðüõ

ćÂðÅŢ Œþ ÂůîŘÀ§ ćŚþě ñŚÞţ§Ř ŚŞ ,ÀĂłŚŞ ĆţłŘć ťąŘĄœŒþ âþěĄŮ ø ĳČ¡ň ćŘÀäŘ ÂðŘ
.ÝþďŘć

?ĆÜßÆõ ýÀãŞøć ťóŚ§

üĺÀì ÀÞ¡õ c© 24 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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ýěŚŞ ťąďć

A ýěŚŞ ťóŚ§

) / U j

À N s

ßîýěŚŞ

B ßîýěŚŞ

ßîýěŚŞA

...................................

.............

.......................

üĺÀì ÀÞ¡õ c© 25 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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X-O ýěŚŞ ďć ýěŚŞ ťąďć

üĺÀì ÀÞ¡õ c© 26 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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9
?

X

z

1

-1 1

0

+
j

?

0

? ?

+
j

O

X

X

X X X

X

0

X

X

X

X X

X

X

X

X X

X

X

X X

X

X

XX

X XXX

X X

X X

XX

X

X

X X

X

X X X X

X

O

O

O

OO O O

O

O O

O

O O

O

O

O O

O

O O
0

O

O

O

O O

OO

O

O O

OO

OO

OO

O

OO

0

1

1
-1

MAX

MIN

MAX

MIN

üĺÀì ÀÞ¡õ c© 27 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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ýěŚŞ ťąďć ýěŚĺùćŚČŢ

Search(B,mode)
. B is is a board and mode is either max or min
. It returns a real value for maximum score

1 if B is a leaf
2 then return Payoff(B)
3 else if mode = Max
4 then value ← −1
5 else value ← +1
6 for each child C of board B
7 do if mode = max
8 then value ← max(value, Search(C,min)
9 else value ← min(value, Search(C,max)

10 return value

üĺÀì ÀÞ¡õ c© 28 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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ĄźţÆŻ ýŚÌê öćÂî ćøÀ¡õ

(pruning) öćÂî ğÂû (1

(Branch & Bound) À§ ø ŠŚãÈœŘ (2

üĺÀì ÀÞ¡õ c© 29 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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öćÂî ğÂû

S1

S11 S12

S121
9 +

.............

...........

!ÀœĄłüõ ğÂû

15

≤ 15
20

MAX

MIN

MAX

üĺÀì ÀÞ¡õ c© 30 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć



ŚûÝţþďĄÚóŘ ÛČÜ¡Ů ø ü§ŘÂÏ'

&

$

%

.ÀœĄłüõ ğÂû öŊ öŘÀœěÂê ýĆČÖŞ ø ććÂðüõÉ£Èõ S21 öćĄŞ ÂČŹŚŮüŞ S121 öćÂîěŚŞ ŚŞ

üĺÀì ÀÞ¡õ c© 31 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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12

≤ 2 ≤ 4

2 3

¼

¼

3 456 8

2

≤ 8 → ≤ 5

8 5 4

≥ 2 → ≥ 5

MIX

MAX

MAX ≥ 6

α–β pruningŒþ ěŘ ýŘĆœĄÞœ

üĺÀì ÀÞ¡õ c© 32 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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(Branch & Bound) À§ ø ŠŚãÈœŘ

(Travelling Salesman Problem) ćÂðùďøć ýùÀĂłøÂê

.ťĺŘ ùÀł ùćŘć Âúł øć Âû ßČŞ ŚûöŊ ñĄÏ ø ýŚûùŘď ø ŚûÂúł ÀČĂî ŋÂê
ďĄśä ďŚŞŒþ ÍÖê ŚûÂúł ýĆČÜî ěŘ Ćî ,ťĺŘ ßØÞõ öěø ÛìŘÀ§ ŚŞ ýďøć öćÂî ŘÀČŢ éÀû

.ÀĂî
!ôŚÞŮ-üŢöŘ ýĆÜßÆõ Œþ

üĺÀì ÀÞ¡õ c© 33 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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a b

c

d

e

3

3

4 4

2
5

6

6

7

8

.ćÂðùďøć ýùÀĂłøÂê ýĆÜßÆõ ďć ŚûÂúł ÂČÆõ

üĺÀì ÀÞ¡õ c© 34 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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"ćĄŻĄõ ýŚûñŚþ’ ěŘ ,öěø ßþÂţÞî Ś Ş ñŚ þ øć ğŘbď Âû ýŘÂ Ş ťóŚ§ Âû ďć :À§ ßČČã Ů
ěŘ ÂŮÝî öŊ öěø Ćî ćĄłüÞœ ŘÀČŢ üœĄţÜČÞû ÂČÆõ žČû Ćî ťĺŘüúþÀŞ .ÝČĂîüõ ŠŚ£ţœŘ
ť óŚ§ Âû üÜ¡õ ŰŚäĚÏŘ öŚÞû À§ ßþŘ .ÀłŚ Ş Ś ûñŚ þ ß þŘ ýŚûöěø áĄÞźõ ÓÊœ
Âþě ÕþÂÏ ĆŞ À§ ,ťĺŘ ùÀÈœ éÁ§ üóŚ þ žČû Ćî üţ óŚ§ ďć Ěf ůõ .ćĄłüõ ŠĄÆ¡õ

:ćĄłüõ ĆśĺŚ¡õ
a : 2+ 3
b : 3+ 3
c : 4+ 4
d : 2+ 5
e : 3+ 6
35÷ 2 = 17.5

ćÀä Śûöěø öĄİ) ÝþďŘÀœ 18 ěŘ ÂŮÝî âìŘø ďć ø 17*5 ěŘ ÂţÞî öěø ŚŞ ýÂČÆõ žČû ŘÁó
(.ÀĂţÆû ĳČ¡ň

üĺÀì ÀÞ¡õ c© 35 ÂŮĄČşõŚî üĺÀĂúõ ýùÀØÈœŘć
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