Bolum 6: Dinamik Programlama

Algoritmalar
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Dinamik Programlama

» Bazen karmasik problemleri cozmek icin akilli yontemlere intiyac olur.
= Dinamik programlama bu akilli yontemlerden biridir.

= BUyUk problemleri kticuk, kolay ¢cozulebilir parcalara bolerek
» adim adim ¢6zmeyi saglar.
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Dinamik Programlama

= Karmasik problemleri kicuk, tekrarlayan alt problemlere bolerek ¢cozer.
= Bu yontem, alt problemleri ¢c6zerek olusturulan bir tablo kullanir.

= Ayni alt problem ile tekrar karsilasildiginda,
= tablodan bakilarak ¢6ztm bulunur,
* bdylece zaman kazanilir.

= Optimizasyon problemlerinde siklikla kullantlir.
= Every problem of dynamic programming can be solved by plain recursion.




Dinamik Programlama Uygulamalari

* En kisa yol bulma: GPS cihazlari, haritalar

* Dizi elemanlarinin bir siraya gore dizilmesi: Bilgisayar programlari

= RNA dizilerinin yapisal 6zelliklerinin belirlenmesi: Biyoinformatik

» Yapay zeka uygulamalari: Satranc¢ oynayan bilgisayarlar, makine ceuvirisi
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0/1 Knapsack

Weight/volume

Value of item
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Unbounded Knapsack

profit weight index 0 1 2 3 4 5 6 7 8
a n 4
15 1 0 0
50 3 1 0
\ J
r \( ")
60 4 2 0
\ \
90 5 3 0 @] [
L I 3 e B B
With "0' capacity, maximum profit we can have for every subarray is 0"
1of 24
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Unbounded Knapsack

profit weight index 0 1 2 3 4 9 6 7 8
15 1 0 OHES

50 3 1 0

60 4 2 0

90 5 3 0 |

Capacity = 1. Index = 0, Le., if we consider the sub-array till index '0', maximum profit will be '1'5, as we can fit the item with weight ‘1’ in the knapsack
20f 24
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Unbounded Knapsack

profit weight index 0 1 2 3 4 5 6 7 8
. s .
15 1 0 0|15 30
50 3 1 0
60 4 2 0
90 5 3 0

Capacity = 2, Index » 0, => profits{index] + dp{index](1], we are not considering dp[index-1)[{Capacity] as Index is not bigger than ‘0’
3of 24
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Unbounded Knapsack

N
profit weight index 0 1 2 3 4 5 6 7 8

r y a ( [ \( N s (
15 1 0 0 15|30 45
50 3 1 0
60 4 2 0

r 214 " (
90 5 3 0

Capacity = 3, Index = 0, => profits{index] + dp[index][1)
4 0f 24
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Unbounded Knapsack

ol K Wes @ L 2 8 4 B @ 0 B
s 1o [o]15]30]4s]e0]75]90]105]120]
I = e b el
60 4 2| 0

90 5 s |0

Capacity » 4.8, Index = 0, »» profits{index] + dp{index)(1]
Sof 24
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Unbounded Knapsack

profit  weight ndex ©0 1 2 3 4 5 6 7 8
5 1 o | 0|15]30]45]60|75]90]105]120|
o R e e e
o e

o s s | o

Capacity = 1, Index =1, since item at index '1' has weight '3', which is greater than the capacity '1', so we will take the dp[index-1][capacity]
6 of 24
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Unbounded Knapsack

1/20/2023

profit

15

50

60

90

weight index 0 1 2 3

15|30 45

60

Vies

90

105

120

15| 30

Capacity = 2, Index =1, since item at index '1' has weight "3', which is greater than the capacity ‘2', so we will take the dplindex- 1][capacity]
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Unbounded Knapsack

profit weight index 0 1 2 3 4 5 6 7 8

15 1 o | 0|15|30[45|60]|75]90/105]120

o 3 1 [ o]15]30]50

60 4 2 | 0 Il

90 5 3 | 0 [ 6'3 L
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Unbounded Knapsack

proft  weight index O 1 2 3 4 5 6 7 8
51 o | 0|15 30]45]60]|75| 90| 105|120
s 3 + |0 |15]30]50]6s5
o R
0 s s [0

L olt

Capacity = 4, Index =1, from the formula discussed above: max{ dpl0][4]. profit{l] + dpll])(1))
9of 24
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Unbounded Knapsack

profit  weight index ©O0 1 2 3 4 5 6 7 8
ts 1 o [ 0|15]30]45]60|75]90]105]120
s 3 + | o0]15]30]50|65]80| | I
o = | e it

o =

Capacity = 5, Index =1, from the formula discussed above: max( dp[0](5], profit[1] + dp[1](2] )
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Unbounded Knapsack

proft  weight index ©0 1 2 3 4 5 6 7 8
" 1 o | 0|15|30]45]60]75| 90 |105]120
o 3 : | o|15]|30]50[65]80]100

60 4 2 0 | |

90 5 3 | 0 |

Capacity = 6, Index =1, from the formula discussed above: max{ dp[0)[6). profit{1] + dp[1]{3])
110f 24
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Unbounded Knapsack

profit weight index 0 1 2 3 4 5 6 7 8 | g _|
= 1 o | 0|15]|30[45]60|75] 90 105|120
§i 3 :+ [ o0]15]30]50]65|80]100]115
- e |t ] foinie,

90 5 3 | 0 |

Capacity = 7, Index =1, from the formula discussed above: max( dp[0][7], profit[1] + dp[1][4] )
12 of 24
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Unbounded Knapsack

Wik wilh BB ® L B 5 & B & F @
s 1 o |0]15)30]45]60]75] 90 |105]12¢4
% 3 + [o]15]30]50]65]80]100]115]130
o e | i i il B
90 5 3 | 0

Capacity = 8, Index =1, from the formula discussed above: max( dp[0)[B). profit[1] + dp[1]){5] )
130f 24
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Unbounded Knapsack

1/20/2023

profit

15

50

60

90

weight index 0 1 2 3

15( 30 45

60

75

90

105

120

[15] 30] 50

65

80

100

115

13

Capacity = 1-3, Index =2, since item at index ‘2" has weight '4’, which is greater than the capacity, so we will take the dplindex-1][capacity]

Sercan KULCU, Tum haklari sakhdir.
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Unbounded Knapsack

profit weight index 0 1 2 3 4 5
l'15]30] 456075 90 [105]120
l'15] 30| 50| 65]80/100]115]130

15 1 0

50 3 1

0
0

o 2 | 0|15]30] 50|65 |
0

&||(
o e
90 5 3
Capacity = 4, Index =2, from the formula discussed above: max( dp[1]{4], profit[2] + dp[2](0] )
15 of 24
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Unbounded Knapsack

profit weight index 0 1 2 3 4 5 6 7 8

15 1 0

15] 30( 45( 60|75/ 90 [ 105120

0

56 3 . | o]15]30]s0]65]80/100]115]130
0
0

L

r—

60 4 2 15| 30| 50 65|80
90 5 3
@)
Capacity = 5, Index =2, from the formula discussed above: max( dp[1)(5]). profit{2] + dp{2](1))
16 of 24
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Unbounded Knapsack

profit  weight index 0 1 2 3 4 5 6 7 8
W o | 0|15|30]45]60|75| 90 |105]120
0 3 + | 0| 15[30]50|65]80|100[115]130
o 4 : | 0| 15] 30506580100
90 5 3 | 0

R S R R N e T (@)
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Unbounded Knapsack

profit weight index 0 1 2 3 4 5 6 7 8
TR o | 0|15]30[45]60|75] 90 105|120
© 3 t | 0| 15[30]50|65]80|100]115]130]
o 4 : | 0|15|30]50|65|80|100[115] |
- = J | | |

Capacity = 7, Index =2, from the formula discussed above: max( dp[1](7]. profit(2] + dp[2](3] )
18 of 24
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Unbounded Knapsack

profit  weight index 0 1 2 3 4 5 6 7 8 o)
" 1 o | 0|15|30[45]60|75| 90 |105|120
o 3 + | 0| 15[30] 50| 65|80 100[115]130

o 4 . | 0| 15]30|50]65]|80]100] 115|130
90 5 3 | 0 i

Capacity = 8, Index =2, from the formula discussed above: max( dp|1)[8], profit{2] + dp|2][4] )
19 of 24
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Unbounded Knapsack

profit weight index 0 1 2 3 = 5 6 7 8

15 1 0

0| 15]30]45]60|75] 90 |105]1207"
o 3 + | o|15|30]50]65]80]100]115]130

0

0

L J\ JL JU JU J\ JL JU JU )

60 4 2

15(130(5065|80|100[115(130

90 5 3

15(30( 50| 65

- N\

Capacity = 1.4, Index =3, since item at index '3’ has weight 'S', which is greater than the capacity, so we will take the dpfindex- 1]{capacity]
20 0f 24
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Unbounded Knapsack

o Wi e 8 1 2 B & E B 7 8
PR o |0 15]30]45|60] 75| 90 105|120

o 3 t | 0]15]30|50]65]80|100/115]13¢
o 4 . | 0| 15]30|50]65]80]100 115|130
o 8 s |0 |15]30]50|65[ 90| |

apacity = 5, index =3, from the formula discussed above: max( dp|[2)(5]. profit{3] + dp[3][0) )
210f 24
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Unbounded Knapsack

ol wilE e & 4L B 5 & E £ © 8
' . o | 0|15]30] 45| 60|75 90 105|120
0 3 + | 0 15[30]50] 65|80 100[115]130
o 4 . | 015[30|50]65]80|100|115]13Ce]
w s | 0] 15]30]s50]65]90]105]

Capacity = 6, Index =3, from the formula discussed above: max( dp[2][6], profit[3] + dpi3](1])
22 of 24
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Unbounded Knapsack

ol ik Wb © L & 8 % 3 £ §@ @
ls 1 o | 0|15]30]45]60| 75| 90| 105|120
0 3 + | 0]15]30]50|65[80]100]115]130
o : | 0| 15]30]50]|65]80|100[115]130
o s 3 [0]15]30]50]65]90]105]120] (e

Capacity = 7, Index =3, from the formula discussed above: max( dp[2]{7]. profit[3] + dp[3][2] )
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Unbounded Knapsack

profit weight index 0 i 2 3 4 5 6 7 8

" 1 o | 0|15]30]45|60| 75| 90 |105]120

o 3 + | 0]15]30|50]65]80|100|115]130

o 4 > | 0| 15]30]50]|65]80[100]115]130

o s s | 0| 15]30]50|65]90]105]120]140
Capacity = 8, Index =3, from the formula discussed above: max( dp[2)(8], profit(3] + dp(3](3] ) ‘E [
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Subset Sum

10| 0| 5| 8| 6| 2| 4 sum =15

10| 0| 5| 8| 6| 2| 4 5+8+2=15

v v v

———————————————————
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Fibonacci

n=5
/
n=4 n=3
rd VAN
n=3 n=2 n=2 n=1
VAN VAN VAN
n=2 n=1 n=1 n=0 n=1 n=0
VAN
n=1 n=0
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Fibonacci
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Fibonacci

n=5
/
n=4 n=3
< "\ VAN
n=3 n=2 n=2 n=1
VAN VAN VAN
n=2 n=1 n=1 n=0 n=1 n=0
VAN
n=1 n=0

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 74




Fibonacci
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1/20/2023 Sercan KULCU, Tum haklari sakhdir. 87




Fibonacci

n=5
/
n=4 n=3
Fall N VAN
n=3 n=2 n=2 n=1
VAN VAN VAN
n=2 n=1 n=1 n=0 n=1 n=0
VAN
n=1 n=0

1/20/2023 Sercan KULCU, Tum haklari sakhdir. 88




Fibonacci

n=5
/
n=4 n=3
Fall N VAN
n=3 n=2 n=2 n=1
VAN VAN VAN
n=2 n=1 n=1 n=0 n=1 n=0
VAN
n=1 n=0

1/20/2023 Sercan KULCU, Tum haklari sakhdir. 89




Fibonacci

n=5
/
n=4 n=3
< "\ VAN
n=3 n=2 n=2 n=1
VAN VAN VAN
n=2 n=1 n=1 n=0 n=1 n=0
VAN
n=1 n=0

1/20/2023 Sercan KULCU, Tum haklari sakhdir. 90




Fibonacci

n=5
/
n=4 n=3
rd VAN
n=3 n=2 n=2 n=1
VAN VAN VAN
n=2 n=1 n=1 n=0 n=1 n=0
VAN
n=1 n=0

1/20/2023 Sercan KULCU, Tum haklari sakhdir. 91




Fibonacci

n=5
/
n=4 n=3
rd VAN
n=3 n=2 n=2 n=1
VAN VAN VAN
n=2 n=1 n=1 n=0 n=1 n=0
VAN
n=1 n=0

1/20/2023 Sercan KULCU, Tum haklari sakhdir. 92




Fibonacci

n=5
/
n=4 n=3
rd /N
n=3 n=2 n=2 n=1
VAN VAN VAN
n=2 n=1 n=1 n=0 n=1 n=0
VAN
n=1 n=0

1/20/2023 Sercan KULCU, Tum haklari sakhdir. 03




Fibonacci

n=5
/
n=4 n=3
e LN
n=3 n=2 n=2 n=1
VAN VAN VAN
n=2 n=1 n=1 n=0 n=1 n=0
VAR
n=1 n=0

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 94




Fibonacci

n=5
/
n=4 n=3
rd /N
n=3 n=2 n=2 n=1
VAN VAN VAN
n=2 n=1 n=1 n=0 n=1 n=0
VAN
n=1 n=0

1/20/2023 Sercan KULCU, Tum haklari sakhdir. o5




Fibonacci

n=5
/
n=4 n=3
rd /N
n=3 n=2 n=2 n=1
VAN VAN VAN
n=2 n=1 n=1 n=0 n=1 n=0
VAN
n=1 n=0

1/20/2023 Sercan KULCU, Tum haklari sakhdir. 06




Fibonacci

n=5
/
n=4 n=3
rd /N
n=3 n=2 n=2 n=1
VAN VAN VAN
n=2 n=1 n=1 n=0 n=1 n=0
VAN
n=1 n=0

1/20/2023 Sercan KULCU, Tum haklari sakhdir. 97




Fibonacci

n=5
/
n=4 n=3
rd VAN
n=3 n=2 n=2 n=1
VAN VAN VAN
n=2 n=1 n=1 n=0 n=1 n=0
VAN
n=1 n=0

1/20/2023 Sercan KULCU, Tum haklari sakhdir. 08




Fibonacci

n=5
/
n=4 n=3
rd VAN
n=3 n=2 n=2 n=1
VAN VAN VAN
n=2 n=1 n=1 n=0 n=1 n=0
VAN
n=1 n=0

1/20/2023 Sercan KULCU, Tum haklari sakhdir. Q9




Fibonacci

n=5
/
n=4 n=3
e VAN
n=3 n=2 n=2 n=1
VAN VAN VAN
n=2 n=1 n=1 n=0 n=1 n=0
VAR
n=1 n=0

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 100




Fibonacci

n=5
/
n=4 n=3
rd VAN
n=3 n=2 n=2 n=1
VAN VAN VAN
n=2 n=1 n=1 n=0 n=1 n=0
VAN
n=1 n=0

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 101







Longest Increasing Subsequence

0,8, 4,612, 2,10,6, 14,1, 9, 5, 13, 3,11, 7, 15

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 103



Longest Increasing Subsequence

0,8, 4,12, 2,10,6,14,1,9, 5, 13, 3,11, 7, 15

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 104



Longest Increasing Subsequence

0,8, 4,12, 2,10,6, 14,1, 9, 5, 13, 3,11, 7, 15

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 105



Longest Increasing Subsequence

0,8, 4,612, 2,10,6, 14,1, 9, 5, 13, 3,11, 7, 15

0, 8

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 106



Longest Increasing Subsequence

0,8, 4,12, 2,10,6, 14,1, 9, 5, 13, 3,11, 7, 15

0, 8

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 107



Longest Increasing Subsequence

0,8, 4,12, 2,10,6, 14,1, 9, 5, 13, 3,11, 7, 15

0
0,4

—6—8— Inactive

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 108




Longest Increasing Subsequence

0,8, 4,12, 2,10,6, 14,1, 9, 5, 13, 3,11, 7, 15

0, 4

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 109



Longest Increasing Subsequence

0,8, 4, 12,2,10,6, 14,1, 9, 5, 13, 3,11, 7, 15

0, 4

0, 4,12

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 110



Longest Increasing Subsequence

0,8, 4,12, 2,10,6, 14,1, 9, 5, 13, 3, 11, 7, 15

0, 4

0,4, 12

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 111




Longest Increasing Subsequence

0,8, 4, 12,2,10,6, 14,1, 9, 5, 13, 3, 11, 7, 15

0
8
-0—4— |nactive

0, 4, 12

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 112




Longest Increasing Subsequence

0,8, 4,12, 2,10,6, 14,1, 9, 5, 13, 3,11, 7, 15

0, 2
0, 4, 12

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 113



Longest Increasing Subsequence

0,8, 4,12, 2,10,6, 14,1, 9, 5, 13, 3,11, 7, 15

0
0, 2

0.2, 10

H—4—12- |nactive

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 114




Longest Increasing Subsequence

0,8, 4,12, 2,10,6, 14,1, 9, 5, 13, 3,11, 7, 15

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 115



Longest Increasing Subsequence

0,8, 4,12, 2,10,6, 14,1, 9, 5, 13, 3,11, 7, 15

0

0,2

0,2,6

H—2—3+6- Inactive

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 116




Longest Increasing Subsequence

0,8, 4,12, 2,10,6, 14,1, 9, 5, 13, 3,11, 7, 15

0, 2
0,2,6

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 117



Longest Increasing Subsequence

0,8, 4,612, 2,10,6, 14,1, 9, 5, 13, 3,11, 7, 15

0, 2
0,2,6
0, 2,6, 14

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 118




Longest Increasing Subsequence

0,8, 4,12, 2,10,6, 14,1, 9, 5, 13, 3,11, 7, 15

0, 2
0,2,6
0, 2,6, 14

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 119




Longest Increasing Subsequence

0,8, 4, 12,2,10,6, 14,1, 9, 5, 13, 3,11, 7, 15

0
0,1

-0—2— |nactive
0:: 2.6
0, 2,06, 14

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 120




Longest Increasing Subsequence

0,8, 4,12, 2,10,6, 14,1, 9, 5, 13, 3,11, 7, 15

0, 1
0,.2,6
0, 2,6, 14

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 121




Longest Increasing Subsequence

0,8, 4,612, 2,10,6, 14,1, 9, 5, 13, 3, 11, 7, 15

0
0, 1

0, 2,6
0.2.6,.9
Beo—3-4— |Nnactive

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 122




Longest Increasing Subsequence

0,8, 4,12, 2,10,6, 14,1, 9, 5, 13, 3,11, 7, 15

0, 1
0,2,6
Qi 2:'6; 9

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 123



Longest Increasing Subsequence

0,8, 4,12, 2,10,6, 14,1, 9, 5, 13, 3,11, 7, 15

0

0,1

0,.2,5

B—2—-6— Inactive

0,2,6,9

124

1/20/2023 Sercan KULCU, Tum haklari sakhdir.




Longest Increasing Subsequence
0,84, 12, 2,10,6, 14,1, 9,5, 13, 3,11, 7, 15

0,1
0,2,5

0, 2,6, 9

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 125




Longest Increasing Subsequence

0,8, 4,12, 2,10,6, 14,1, 9, 5, 13, 3,11, 7, 15

0
0,1

0,2,5
0, 2, 6; 9
0, 2,:6,9, 13

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 126




Longest Increasing Subsequence

0,8, 4,12, 2,10,6, 14,1, 9, 5, 13, 3,11, 7, 15

0
0,1

0,2,5
0, 2,6, 9
0, 2,:6,9, 13

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 127




Longest Increasing Subsequence

0,8, 4,612, 2,10,6, 14,1, 9, 5, 13, 3, 11, 7, 15

0

0,1

0,1, 3

25— Inactive

0,2,6,9
0:2:0;9; 13

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 128




Longest Increasing Subsequence

0,8, 4,12, 2,10,6, 14,1, 9, 5, 13, 3,11, 7, 15

0

0, 1

0,1, 3
0,2,6,9

0; 4:6,9; 13

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 129




Longest Increasing Subsequence

0,8, 4,612, 2,10,6, 14,1, 9, 5, 13, 3,11, 7, 15

0
0, 1
0,1, 3

0.2,6; 9
0,2,6,9, 11
e | NG CLIVE

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 130




Longest Increasing Subsequence

0,8, 4,12, 2,10,6, 14,1, 9, 5, 13, 3,11, 7, 15

0
0, 1
0,1, 3

0, 2;,0; 9
0,2,6,9, 11

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 131




Longest Increasing Subsequence

0,8, 4,12, 2,10,6,14,1,9, 5, 13, 3,11, 7, 15

0

0,1

0,1, 3

0. L 3 7
B—2—6+—9— |nactive

0; 2:6; 9; 11

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 132




Longest Increasing Subsequence

0,8, 4,12, 2,10,6,14,1,9, 5, 13, 3,11, 7, 15

0, 1
0,1, 3
0. 1 3; 7

0. 2,606,911

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 133




Longest Increasing Subsequence

0,8, 4,12, 2,10,6,14,1,9, 5, 13, 3,11, 7, 15

0

0, 1

0,1, 3

O, 1 3; 7
0.2,6,9, 1]

O 2:79; 9; A1, 19

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 134




Longest Increasing Subsequence

0,8, 4,612, 2,10,6, 14,1, 9,5, 13, 3,11, 7, 15

0

0,1

0,1, 3

Oy 1, 35 7
0.2,6,9, 1]

0;2,0; 9 1L 15

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 135




Longest Increasing Subsequence

0,8, 4,612, 2,10,6, 14,1, 9,5, 13, 3,11, 7, 15

0

0,1

0, 1,3

0;: 1,3, 7
0,2,6,9, 11

D 2: 08,911, 15 Longest Increasing subseq

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 136







Longest Common Substring

o

N
olof|lof|o|o

@

-1

i0, 30-5 and i:0-4, 0 => dp[i][j] = 0, as we don't have any common substring when one of the string is of zero length

1/20/2023 Sercan KULCU, Tiim haklari saklidir. 138




Longest Common Substring

o
N
O © | O o | O

k1, k1 => dplil[j] = 0, as s1[i] I= s2[j]

1/20/2023 Sercan KULCU, Tiim haklari saklidir. 139




Longest Common Substring

a b d C a
0 1 2 3 4 5
T T — @[
o |lOfO(O|fO}]JO]|O
c 1 0 0 0
b 2 0
d 3 0
a 4 0
£1, 2 => dp[i][j] = 0, as s1{i] I= s2(]]
30f16

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 140




Longest Common Substring

a b d c a P,
@)1
0 1 2 3 4 5
o1 0fO0jO(OY|O0OY|O
- < F <+ 2 >
c 1 10fO0}OY|O
\ ) \
b 2 0
. + TL
d 3 0
a 4 0
k1, §3 => dp[i](j] = 0, as s1[i] = s2(j)
PIr

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 141




Longest Common Substring

a b d c a
0 1 2 3 4 5
o | O O(OY(O|O]|]O
c 1 FO 0 OO0k
b 2 0
.
d 3 0
a 4 0
L ] 1@.[
EL 4 > dplij] = 1 + dpli-1){}-1). as s1[i] == s2(j)
S of

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 142




Longest Common Substring

o
N
o | O o Q| ©

i1, S => dpli][j] = 0, as s1[i] = s2{j)

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 143




Longest Common Substring

o
N
QIOIO ] OFe

2, k1 »> dpfilli] = O, as s1(i] = s2[j)

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 144




Longest Common Substring

N \ N ~
AN J J\
N N 2

o
N
o o o o o

(2, k2=> dpfi){J] = 1 + dp[i-1][}-1]. as s1{i] == s2(]]

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 145




Longest Common Substring

a b d e a
0 1 2 3 4 5
e S (][
o | O0OfOY(O|O}]O]|O
c 1 1 o0ffOojoOoOY1(O
b 2 10O 1/1001| 0
d 3 0
a 4 0
£2,5:3-5 => dp(i][})] = 0, as s1{i} = s2[j)
9of 16

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 146




Longest Common Substring

a b d C a .
@
0 1 2 3 4 5
ol O O(O|fO]]O]| O
\. }r A: > - :k :
C 1 0 0 0 0 1 0
b 210 01/0]0]0
| }:
d 3 (1010
: 1;
a 4 0
k3, j:1 => dpli]{j] = 0, as s1[i] I= s2[j)
Tallt

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 147




Longest Common Substring

O || O O
Ol = | ©
O || O O

oz O | S| (e | (o)
Oll=||l O] ©O

o
N
@ e || = QIO

k3, k2=> dp[i][j] = 0, as s1[i] I= s2[j]

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 148




Longest Common Substring

o | O

—
-
O | O ©

o

D 218 N 7 Ve
J J J U J\

\

~ Ve N© N

J VAR J\

= 2 ~

~ ~
J

o
N
Ol O | O o | O

£3, j3=> dp(i]{}] = 1 + dp[i-1](j-1). as s1{i] == s2[j]
120f 16

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 149




Longest Common Substring

a b d C a
0 1 2 3 4 5
o lofofofofo]o
c 1]ofojofof1]o
» 2(ofof1]ofo]o0 olt
« slofofof2][o]o0
B |

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 150




Longest Common Substring

a b d C a
0 1 2 3 4 5
o {O|O|fOY|OY|O¢(aO
& - - = = 245]
c 1 (O O0O|O)NOY| 1O a
b 2 (O0ffOY(1foOo(oO¢(oO
d 3100101201010
a 4 0 1
4, 1=> dp(i]()) = 1 + dp[i-1]{j-1), as s1[i] == s2[j]
14 0f 16

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 151




Longest Common Substring

a b d C a
0 1 2 3 4 5
' - - = - - ' @
o O O O Ol Ol O
c 1 | Q210 IOt 0
b 2 SOOI O )
d 3 1 OO O1210100
a ¢ 0| T O IO -0
i:4, ):2-4=> dpli){J] = 0, as s1[i] I= s2{j}
150of 16

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 152




Longest Common Substring

a b d C a
Al
0 1 2 3 4 5
r "\ \( Y Y 1{
o |0 O¢( O L0 0|0
- - > i[ - <
c 1 10O} OO 11O
- - \( 2 7 - A ¢ <
b 2 (0O OoOf1(O0|fO}|O
L ) ) ) J JL
d 3101002101 O0
a 4 1O 1]O|OY|O]| 1
L4, ;S=> dp(i](j] = 1 + dp[i-1][J-1], as s1[i) == s2[j]
el

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 153







Longest Common Subsequence

(@]
—

~ N 218 2 18 atls
\ J\ J\ J\ JL
r Y g \(

0, JO-5 and 1:0-4, 10 => dplil[j] = 0, as we don't have any common subsequence when one of the string is of zero length

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 155




Longest Common Subsequence

a b d c a
0 1 2 3 4 5
o [ofofofofolo
T !
b 2:0‘: + o
d 3:O<
a 470f |

L1, k1 => dplill] = max(de(i-1)0). delillj-1]). as s1[i] I= s2[j]

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 156




Longest Common Subsequence

a b d c a
n 4 by ) - A [~
v 1 p A - ) “ - J

r 218
\ J\

o
N
OO |lO|| O] O

kL, k2 => dpfi(i) = maxidp(i-1](i]. dp[il(j-1]). as s1(] I= s2[j)

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 157




Longest Common Subsequence

a b d C a
0 1 2 3 4 5 m—
gt
o 10O OO0 O|O
c 11010 O0¢{O
b 2 | 0
d 3 0
a 4 0
i1, j:3 => dpfi)(j] = max(dp[i-1)(j). dp(i)[i-1]), as s1[i] I= s2[j]
40f 16

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 158




Longest Common Subsequence

o
N
o o o o o
, : , : 4 :

i1, j:4 => dp[i](j] = 1 + dp[i-1][}-1]. as s1[i] == s2[j] PR |

1@‘5.[

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 159




Longest Common Subsequence

o
N
O © | © o | O

1, 15 => dpli][J] » max(dp(i-1)()). dpli()-1)), as s1[i) I= s2[j]

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 160




Longest Common Subsequence

o
N
OO |O|] O | O

L
~ N\
d 3 (@]t
.
a 4 |
i2, 1 => dpfi]{J] = max(dp(i-1](j]. dp(i){j-1]). as s1{i] I= s2[j]
7 of 16

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 161




Longest Common Subsequence

a b d c a
0 1 2 3 4 5
o loflofofofo]o
c 1]/oflofofol1]1
» 2[00l 1 Laik
d 3 | 0 |
a 4 r 0 |

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 162




Longest Common Subsequence

a b d C a

0 1 2 3 4 5

o | O(O|O]OYNO|O

\ JL JL I :L JL Lg‘?l

c 1 (OO O(OY| 1] 1

b 2 oo 1y|1y)1(1
d 3 0
a 4 0

2, j:3-5 => dp(i]li] = max{dp[i-1]{j). dplil[)-1]). as s1[]) = s2(j}
9 16

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 163




Longest Common Subsequence

a b d ¢ -
o 1 2 3 4 5 (@]
o [ofofo|ofo]o
b 2 [0 O | 1 | 1 | 1 | 1 |
a3 | 0 | 0 | [ |
a 4 0
£31, 1 => dpfll] = maxidpli-11(). dpfl(i-11), as s1f] t= s2(1) i

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 164




Longest Common Subsequence

o
o
Q
0
Q
@

O | ©
-
b

N \ 4 N
JL J\ J\ JL J
([ 2 ([

J J AN FAN

\( D

o
N
o o o o o

13, §:2 => dp[il{j] = max(dp[i-1]()], dpil[j-1)), as s1[i] I= s2[j] —

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 165




Longest Common Subsequence

o | O

(o [ | <o T | o T | B o

o
N
OO || O| O O

13, p3=> dpli}{j] = 1 + dp[i-1){J-1). as s1[i] == s2[j)
12 0f 16

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 166




Longest Common Subsequence

Ol O || O| ©
= || = || O | O

o
N
Q9D IS || S D

3, ):4-5 => dp[i][j] = max(dp[i-1]J]. dpli](J- 1)), as s1[i] = s2(j)
130f 16

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 167




Longest Common Subsequence

a b d c a
0 1 2 3 4 5
o loflofloflo|olo
c 1(oflofofof1]1]
o 200fofl11]1]1 el
« sloflof1l2]2]2
a 4 ' 0 | i f | Ik ‘
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Longest Common Subsequence
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—
—

4, j:2-4 => dpli)lj] = max(dpfi-1](j). dplil(j-1]). as s1[i] != s2[j)
15 of 16
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Longest Common Subsequence

a b d ¢ a
0 1 2 3 & 3 E

o [oflofofofolo

B e e e e e e
o 2 fofof1fa]1]1
¢« s(olol1l212]2

a 4r07111”21'2”31

b4, 5> dpll(] = 1 + Gpli-110-1]. s s3] == 520 i
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