


 𝑆 = (𝑠0, 𝑠1, … , 𝑠 𝑆 −1) 𝑇 = (𝑡0, 𝑡1, … , 𝑡 𝑇 −1)

𝑆  𝑇 

𝑆 =

𝑇 =

 𝑋 𝑋  



 𝑆 = (𝑠0, 𝑠1, … , 𝑠 𝑆 −1) 𝑇 = (𝑡0, 𝑡1, … , 𝑡 𝑇 −1)

𝑆  𝑇 

𝑆 =

𝑇 =

✓

 𝑋 𝑋  



 𝑆 = (𝑠0, 𝑠1, … , 𝑠 𝑆 −1) 𝑇 = (𝑡0, 𝑡1, … , 𝑡 𝑇 −1)

𝑆  𝑇 

𝑆 =

𝑇 =

✓

 𝑋 𝑋  



 𝑆, 𝑇  𝑍 = 𝑧0 𝑧1 … 𝑧 𝑍 −1 𝑆, 𝑇 

 𝐴 = 𝑎0, 𝑎1, … , 𝑎 𝑍 −1 , 𝐵 = 𝑏0, 𝑏1, … , 𝑏 𝑍 −1 𝑘 ∈ ℕ0

𝑆 𝑎𝑖 = 𝑇 𝑏𝑖 = 𝑍 𝑖  (0 ≤ 𝑖 ≤ 𝑍 − 1)

𝑘 𝑆 𝑎𝑖 , 𝑇 𝑏𝑖  

𝑆 = 𝑍 = 𝐴 = 4, 5

𝑇 = 𝐵 = 0, 9 𝑘 = 1



 𝑆, 𝑇  𝑍 = 𝑧0 𝑧1 … 𝑧 𝑍 −1 𝑆, 𝑇 

 𝐴 = 𝑎0, 𝑎1, … , 𝑎 𝑍 −1 , 𝐵 = 𝑏0, 𝑏1, … , 𝑏 𝑍 −1 𝑘 ∈ ℕ0

𝑆 𝑎𝑖 = 𝑇 𝑏𝑖 = 𝑍 𝑖  (0 ≤ 𝑖 ≤ 𝑍 − 1)

𝑘 𝑆 𝑎𝑖 , 𝑇 𝑏𝑖  

𝑆 = 𝑍 = 𝐴 = 4, 5

𝑇 = 𝐵 = 0, 9 𝑘 = 1
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 𝑆, 𝑇  𝑍 = 𝑧0 𝑧1 … 𝑧 𝑍 −1 𝑆, 𝑇 

 𝐴 = 𝑎0, 𝑎1, … , 𝑎 𝑍 −1 , 𝐵 = 𝑏0, 𝑏1, … , 𝑏 𝑍 −1 𝑘 ∈ ℕ0

𝑆 𝑎𝑖 = 𝑇 𝑏𝑖 = 𝑍 𝑖  (0 ≤ 𝑖 ≤ 𝑍 − 1)

𝑘 𝑆 𝑎𝑖 , 𝑇 𝑏𝑖  

𝑆 = 𝑍 = 𝐴 = 4, 5

𝑇 = 𝐵 = 0, 9 𝑘 = 1

4

0



 𝑆, 𝑇  𝑍 = 𝑧0 𝑧1 … 𝑧 𝑍 −1 𝑆, 𝑇 

 𝐴 = 𝑎0, 𝑎1, … , 𝑎 𝑍 −1 , 𝐵 = 𝑏0, 𝑏1, … , 𝑏 𝑍 −1 𝑘 ∈ ℕ0

𝑆 𝑎𝑖 = 𝑇 𝑏𝑖 = 𝑍 𝑖  (0 ≤ 𝑖 ≤ 𝑍 − 1)

𝑘 𝑆 𝑎𝑖 , 𝑇 𝑏𝑖  

𝑆 = 𝑍 = 𝐴 = 4, 5

𝑇 = 𝐵 = 0, 9 𝑘 = 1

4

0 = 4



 𝑆, 𝑇  𝑍 = 𝑧0 𝑧1 … 𝑧 𝑍 −1 𝑆, 𝑇 

 𝐴 = 𝑎0, 𝑎1, … , 𝑎 𝑍 −1 , 𝐵 = 𝑏0, 𝑏1, … , 𝑏 𝑍 −1 𝑘 ∈ ℕ0

𝑆 𝑎𝑖 = 𝑇 𝑏𝑖 = 𝑍 𝑖  (0 ≤ 𝑖 ≤ 𝑍 − 1)

𝑘 𝑆 𝑎𝑖 , 𝑇 𝑏𝑖  

𝑆 = 𝑍 = 𝐴 = 4, 5

𝑇 = 𝐵 = 0, 9 𝑘 = 1

5

9



 𝑆, 𝑇  𝑍 = 𝑧0 𝑧1 … 𝑧 𝑍 −1 𝑆, 𝑇 

 𝐴 = 𝑎0, 𝑎1, … , 𝑎 𝑍 −1 , 𝐵 = 𝑏0, 𝑏1, … , 𝑏 𝑍 −1 𝑘 ∈ ℕ0

𝑆 𝑎𝑖 = 𝑇 𝑏𝑖 = 𝑍 𝑖  (0 ≤ 𝑖 ≤ 𝑍 − 1)

𝑘 𝑆 𝑎𝑖 , 𝑇 𝑏𝑖  

𝑆 = 𝑍 = 𝐴 = 4, 5

𝑇 = 𝐵 = 0, 9 𝑘 = 1

5

9= 5



 𝑆, 𝑇  𝑍 = 𝑧0 𝑧1 … 𝑧 𝑍 −1 𝑆, 𝑇 

 𝐴 = 𝑎0, 𝑎1, … , 𝑎 𝑍 −1 , 𝐵 = 𝑏0, 𝑏1, … , 𝑏 𝑍 −1 𝑘 ∈ ℕ0

𝑆 𝑎𝑖 = 𝑇 𝑏𝑖 = 𝑍 𝑖  (0 ≤ 𝑖 ≤ 𝑍 − 1)

𝑘 𝑆 𝑎𝑖 , 𝑇 𝑏𝑖  

𝑆 = 𝑍 = 𝐴 = 4, 5

𝑇 = 𝐵 = 0, 9 𝑘 = 1

5

9= 5

 = 5 



 𝑆, 𝑇  𝑍 = 𝑧0 𝑧1 … 𝑧 𝑍 −1 𝑆, 𝑇 

 𝐴 = 𝑎0, 𝑎1, … , 𝑎 𝑍 −1 , 𝐵 = 𝑏0, 𝑏1, … , 𝑏 𝑍 −1 𝑘 ∈ ℕ0

𝑆 𝑎𝑖 = 𝑇 𝑏𝑖 = 𝑍 𝑖  (0 ≤ 𝑖 ≤ 𝑍 − 1)

𝑘 𝑆 𝑎𝑖 , 𝑇 𝑏𝑖  

 𝑂 𝑆 𝑇 𝑍  



𝑆 = 𝑇 = 

2  𝑆, 𝑇 𝑂 𝑆 𝑇



𝑆 = 𝑇 = 

2  𝑆, 𝑇 𝑂 𝑆 𝑇

𝑆  2 
𝑇  4 

𝑆  0 
𝑇  1 



𝑆 = 𝑇 = 

2  𝑆, 𝑇 𝑂 𝑆 𝑇



𝑆 = 𝑇 = 

2  𝑆, 𝑇 𝑂 𝑆 𝑇



𝑆 = 𝑇 = 

2  𝑆, 𝑇 𝑂 𝑆 𝑇



𝑆 = 𝑇 = 

2  𝑆, 𝑇 𝑂 𝑆 𝑇



𝑆 = 𝑇 = 

2  𝑆, 𝑇 𝑂 𝑆 𝑇



𝑆 = 𝑇 = 

2  𝑆, 𝑇 𝑂 𝑆 𝑇



dp 𝑖 𝑗 : 𝑖, 𝑗  

𝑖 − 1, 𝑗  𝑖, 𝑗 − 1  

𝑖 − 1, 𝑗 − 1   +1 



dp 𝑖 𝑗 : 𝑖, 𝑗  

𝑖 − 1, 𝑗  𝑖, 𝑗 − 1  

𝑖 − 1, 𝑗 − 1   +1 



dp 𝑖 𝑗 : 𝑖, 𝑗  

𝑖 − 1, 𝑗  𝑖, 𝑗 − 1  

𝑖 − 1, 𝑗 − 1   +1 



dp 𝑖 𝑗 : 𝑖, 𝑗  

𝑖 − 1, 𝑗  𝑖, 𝑗 − 1  

𝑖 − 1, 𝑗 − 1   +1 



dp 𝑖 𝑗 : 𝑖, 𝑗  

𝑖 − 1, 𝑗  𝑖, 𝑗 − 1  

𝑖 − 1, 𝑗 − 1   +1 



dp 𝑖 𝑗 : 𝑖, 𝑗  

𝑖 − 1, 𝑗  𝑖, 𝑗 − 1  

𝑖 − 1, 𝑗 − 1   +1 



dp 𝑖 𝑗 : 𝑖, 𝑗  

𝑖 − 1, 𝑗  𝑖, 𝑗 − 1  

𝑖 − 1, 𝑗 − 1   +1 



dp 𝑖 𝑗 : 𝑖, 𝑗  

𝑖 − 1, 𝑗  𝑖, 𝑗 − 1  

𝑖 − 1, 𝑗 − 1   +1 



dp 𝑖 𝑗 : 𝑖, 𝑗  

𝑖 − 1, 𝑗  𝑖, 𝑗 − 1  

𝑖 − 1, 𝑗 − 1   +1 



dp 𝑖 𝑗 : 𝑖, 𝑗  

𝑖 − 1, 𝑗  𝑖, 𝑗 − 1  

𝑖 − 1, 𝑗 − 1   +1 



dp 𝑖 𝑗 : 𝑖, 𝑗  

𝑖 − 1, 𝑗  𝑖, 𝑗 − 1  

𝑖 − 1, 𝑗 − 1   +1 

𝑆 + 1 𝑇 + 1



dp 𝑖 𝑗 : 𝑖, 𝑗  

𝑖 − 1, 𝑗  𝑖, 𝑗 − 1  

𝑖 − 1, 𝑗 − 1   +1 

𝑆 + 1 𝑇 + 1

𝑂(|𝑆||𝑇|)



 𝑆, 𝑇  𝑍 = 𝑧0 𝑧1 … 𝑧 𝑍 −1 𝑆, 𝑇 

 𝐴 = 𝑎0, 𝑎1, … , 𝑎 𝑍 −1 , 𝐵 = 𝑏0, 𝑏1, … , 𝑏 𝑍 −1 𝑘 ∈ ℕ0

𝑆 𝑎𝑖 = 𝑇 𝑏𝑖 = 𝑍 𝑖  (0 ≤ 𝑖 ≤ 𝑍 − 1)

𝑘 𝑆 𝑎𝑖 , 𝑇 𝑏𝑖  

𝑆 = 𝑍 = 𝐴 = 4, 5

𝑇 = 𝐵 = 0, 9 𝑘 = 1

5

9= 5

 = 5 

 2𝑘 



 𝑆, 𝑇  𝑍 = 𝑧0 𝑧1 … 𝑧 𝑍 −1 𝑆, 𝑇 

 𝐴 = 𝑎0, 𝑎1, … , 𝑎 𝑍 −1 , 𝐵 = 𝑏0, 𝑏1, … , 𝑏 𝑍 −1 𝑘 ∈ ℕ0

𝑆 𝑎𝑖 = 𝑇 𝑏𝑖 = 𝑍 𝑖  (0 ≤ 𝑖 ≤ 𝑍 − 1)

𝑘 𝑆 𝑎𝑖 , 𝑇 𝑏𝑖  

( 𝑍 − 𝑘) 𝑆 𝑎𝑖 , 𝑇 𝑏𝑖  



dp 𝑖 𝑗 [ℓ]: 𝑖, 𝑗, ℓ  

⋰⋰ ⋰

0 ≤ 𝑖 ≤ 𝑆 , 0 ≤ 𝑗 ≤ 𝑇 , 0 ≤ ℓ ≤ |𝑍|

𝑖

𝑗

ℓ

⋰



dp 𝑖 𝑗 [ℓ]: 𝑖, 𝑗, ℓ  

⋰⋰ ⋰

 0 
𝑆 𝑎𝑖 , 𝑇 𝑏𝑖

 1 

𝑍 − 2 

𝑍 − 1 

|𝑍|
0 ≤ 𝑖 ≤ 𝑆 , 0 ≤ 𝑗 ≤ 𝑇 , 0 ≤ ℓ ≤ |𝑍|

𝑖

𝑗

ℓ



dp 𝑖 𝑗 [ℓ]: 𝑖, 𝑗, ℓ  

⋰⋰ ⋰

 1 

0 ≤ 𝑖 ≤ 𝑆 , 0 ≤ 𝑗 ≤ 𝑇 , 0 ≤ ℓ ≤ |𝑍|

𝑖

𝑗

ℓ

 0 
𝑆 𝑎𝑖 , 𝑇 𝑏𝑖

𝑍 − 2 

𝑍 − 1 

|𝑍|



𝑆 = , 𝑇 = ,  𝑍 = , 𝐴 = 2, 4 , 𝐵 = 1, 2

0 𝑆 𝑎𝑖 , 𝑇 𝑏𝑖  

dp 𝑖 𝑗 : 𝑖, 𝑗  

dp i j ℓ   ℓ  0 



𝑆 = , 𝑇 = ,  𝑍 = , 𝐴 = 2, 4 , 𝐵 = 1, 2

0 𝑆 𝑎𝑖 , 𝑇 𝑏𝑖  

dp 𝑖 𝑗 : 𝑖, 𝑗  

dp i j ℓ   ℓ  0 

𝑆 4 = 𝑇 2 = 

𝑆 2 = 𝑇 1 = 



𝑆 = , 𝑇 = ,  𝑍 = , 𝐴 = 2, 4 , 𝐵 = 1, 2

0 𝑆 𝑎𝑖 , 𝑇 𝑏𝑖  

dp 𝑖 𝑗 : 𝑖, 𝑗  

dp i j ℓ   ℓ  0 



𝑆 = , 𝑇 = ,  𝑍 = , 𝐴 = 2, 4 , 𝐵 = 1, 2

0 𝑆 𝑎𝑖 , 𝑇 𝑏𝑖  

𝑖 − 1, 𝑗  𝑖, 𝑗 − 1  

𝑖 − 1, 𝑗 − 1   +1 



𝑆 = , 𝑇 = ,  𝑍 = , 𝐴 = 2, 4 , 𝐵 = 1, 2

0 𝑆 𝑎𝑖 , 𝑇 𝑏𝑖  

𝑖 − 1, 𝑗  𝑖, 𝑗 − 1  

𝑖 − 1, 𝑗 − 1   +1 

𝑆 4 = 𝑇 2 = 

𝑆 2 = 𝑇 1 = 



dp 𝑖 𝑗 [ℓ]: 𝑖, 𝑗, ℓ  

⋰⋰ ⋰

0 ≤ 𝑖 ≤ 𝑆 , 0 ≤ 𝑗 ≤ 𝑇 , 0 ≤ ℓ ≤ |𝑍|

𝑖

𝑗

ℓ

 0 
𝑆 𝑎𝑖 , 𝑇 𝑏𝑖

 1 

𝑍 − 2 

𝑍 − 1 

|𝑍|



𝑆 = , 𝑇 = ,  𝑍 = , 𝐴 = 2, 4 , 𝐵 = 1, 2

 0 
𝑆 𝑎𝑖 , 𝑇 𝑏𝑖



𝑆 = , 𝑇 = ,  𝑍 = , 𝐴 = 2, 4 , 𝐵 = 1, 2

 0 
𝑆 𝑎𝑖 , 𝑇 𝑏𝑖

 1 
𝑆 𝑎𝑖 , 𝑇 𝑏𝑖



𝑆 = , 𝑇 = ,  𝑍 = , 𝐴 = 2, 4 , 𝐵 = 1, 2

 0 
𝑆 𝑎𝑖 , 𝑇 𝑏𝑖

 1 
𝑆 𝑎𝑖 , 𝑇 𝑏𝑖



𝑆 = , 𝑇 = ,  𝑍 = , 𝐴 = 2, 4 , 𝐵 = 1, 2

 0 
𝑆 𝑎𝑖 , 𝑇 𝑏𝑖

 1 
𝑆 𝑎𝑖 , 𝑇 𝑏𝑖



𝑆 = , 𝑇 = ,  𝑍 = , 𝐴 = 2, 4 , 𝐵 = 1, 2

 0 
𝑆 𝑎𝑖 , 𝑇 𝑏𝑖

 1 
𝑆 𝑎𝑖 , 𝑇 𝑏𝑖



𝑆 = , 𝑇 = ,  𝑍 = , 𝐴 = 2, 4 , 𝐵 = 1, 2

 0 
𝑆 𝑎𝑖 , 𝑇 𝑏𝑖

 1 
𝑆 𝑎𝑖 , 𝑇 𝑏𝑖



𝑆 = , 𝑇 = ,  𝑍 = , 𝐴 = 2, 4 , 𝐵 = 1, 2

 0 
𝑆 𝑎𝑖 , 𝑇 𝑏𝑖

 1 
𝑆 𝑎𝑖 , 𝑇 𝑏𝑖



𝑆 = , 𝑇 = ,  𝑍 = , 𝐴 = 2, 4 , 𝐵 = 1, 2

 0 
𝑆 𝑎𝑖 , 𝑇 𝑏𝑖

 1 
𝑆 𝑎𝑖 , 𝑇 𝑏𝑖



𝑆 = , 𝑇 = ,  𝑍 = , 𝐴 = 2, 4 , 𝐵 = 1, 2

 0 
𝑆 𝑎𝑖 , 𝑇 𝑏𝑖

 1 
𝑆 𝑎𝑖 , 𝑇 𝑏𝑖

 0 𝑆 𝑎𝑖 , 𝑇 𝑏𝑖

 1 𝑆 𝑎𝑖 , 𝑇 𝑏𝑖



dp 𝑖 𝑗 [ℓ]: 𝑖, 𝑗, ℓ  

⋰⋰ ⋰

0 ≤ 𝑖 ≤ 𝑆 , 0 ≤ 𝑗 ≤ 𝑇 , 0 ≤ ℓ ≤ |𝑍|

𝑖

𝑗

ℓ

 0 
𝑆 𝑎𝑖 , 𝑇 𝑏𝑖

 0 

 |𝑍| 
 |𝑍| − 1 

 |𝑍| − 2 

⋰

 0 𝑆 𝑎𝑖 , 𝑇 𝑏𝑖
1 

|𝑍| − 2 

|𝑍| − 1 

|𝑍| 



 𝑆, 𝑇  𝑍 = 𝑧0 𝑧1 … 𝑧 𝑍 −1 𝑆, 𝑇 

 𝐴 = 𝑎0, 𝑎1, … , 𝑎 𝑍 −1 , 𝐵 = 𝑏0, 𝑏1, … , 𝑏 𝑍 −1 𝑘 ∈ ℕ0

𝑆 𝑎𝑖 = 𝑇 𝑏𝑖 = 𝑍 𝑖  (0 ≤ 𝑖 ≤ 𝑍 − 1)

𝑘 𝑆 𝑎𝑖 , 𝑇 𝑏𝑖  

( 𝑍 − 𝑘) 𝑆 𝑎𝑖 , 𝑇 𝑏𝑖  



dp 𝑖 𝑗 [ℓ]: 𝑖, 𝑗, ℓ  

⋰⋰ ⋰

0 ≤ 𝑖 ≤ 𝑆 , 0 ≤ 𝑗 ≤ 𝑇 , 0 ≤ ℓ ≤ |𝑍|

𝑖

𝑗

ℓ

 0 
𝑆 𝑎𝑖 , 𝑇 𝑏𝑖

 0 

 |𝑍| 
 |𝑍| − 1 

 |𝑍| − 2 

⋰

 0 𝑆 𝑎𝑖 , 𝑇 𝑏𝑖
1 

|𝑍| − 2 

|𝑍| − 1 

|𝑍| 

|𝑍| − 𝑘 



dp 𝑖 𝑗 [ℓ]: 𝑖, 𝑗, ℓ  

⋰⋰ ⋰

0 ≤ 𝑖 ≤ 𝑆 , 0 ≤ 𝑗 ≤ 𝑇 , 0 ≤ ℓ ≤ |𝑍|

𝑖

𝑗

ℓ

 0 
𝑆 𝑎𝑖 , 𝑇 𝑏𝑖

 0 

 |𝑍| 
 |𝑍| − 1 

 |𝑍| − 2 

⋰

 0 𝑆 𝑎𝑖 , 𝑇 𝑏𝑖
1 

|𝑍| − 2 

|𝑍| − 1 

|𝑍| 

|𝑍| − 𝑘 



dp 𝑖 𝑗 [ℓ]: 𝑖, 𝑗, ℓ  

⋰⋰ ⋰

0 ≤ 𝑖 ≤ 𝑆 , 0 ≤ 𝑗 ≤ 𝑇 , 0 ≤ ℓ ≤ |𝑍|

𝑖

𝑗

ℓ

 0 
𝑆 𝑎𝑖 , 𝑇 𝑏𝑖

 0 

 |𝑍| 
 |𝑍| − 1 

 |𝑍| − 2 

⋰

 0 𝑆 𝑎𝑖 , 𝑇 𝑏𝑖
1 

|𝑍| − 2 

|𝑍| − 1 

|𝑍| 

|𝑍| − 𝑘 𝑆 + 1 𝑇 + 1 ( 𝑍 + 1)

𝑘 + 1 



dp 𝑖 𝑗 [ℓ]: 𝑖, 𝑗, ℓ  

⋰⋰ ⋰

0 ≤ 𝑖 ≤ 𝑆 , 0 ≤ 𝑗 ≤ 𝑇 , 0 ≤ ℓ ≤ |𝑍|

𝑖

𝑗

ℓ

 0 
𝑆 𝑎𝑖 , 𝑇 𝑏𝑖

 0 

 |𝑍| 
 |𝑍| − 1 

 |𝑍| − 2 

⋰

 0 𝑆 𝑎𝑖 , 𝑇 𝑏𝑖
1 

|𝑍| − 2 

|𝑍| − 1 

|𝑍| 

|𝑍| − 𝑘 𝑆 + 1 𝑇 + 1 ( 𝑍 + 1)

𝑘 + 1 

𝑂(|𝑆||𝑇||𝑍|)



 𝑆, 𝑇  𝑍 = 𝑧0 𝑧1 … 𝑧 𝑍 −1 𝑆, 𝑇 

 𝐴 = 𝑎0, 𝑎1, … , 𝑎 𝑍 −1 , 𝐵 = 𝑏0, 𝑏1, … , 𝑏 𝑍 −1 𝑘 ∈ ℕ0

𝑆 𝑎𝑖 = 𝑇 𝑏𝑖 = 𝑍 𝑖  (0 ≤ 𝑖 ≤ 𝑍 − 1)

𝑘 𝑆 𝑎𝑖 , 𝑇 𝑏𝑖  

 𝑆, 𝑇  𝑍 𝑂 𝑆 𝑇 |𝑍|
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