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Algorithm Design Techniques

• Induction
• Divide and Conquer
• Dynamic Programming
• Greedy
• Reduction
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Longest Common Subsequence

• Input:  Two lists of integers 
x1,x2, … , xm  and   y1,y2, … , y n

• Output:  A longest subsequence of X that is
also a subsequence of Y
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LCS - Example

• Input:   X = 1, -2,  3,  4, 9, 18
Y = 3,  9,  1,  -2,  5, -2, 22, 18

• Output:  Z = 1, -2, 18
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LCS - Algorithm

LCS(X=x 1,x2,…,xm;Y=y1,y2,…,y n)
Z1=Z2=Z3=φ
Ιf m>0 then Z1=LCS(x1,x2,…,xm-1 ; y1,y2,…yn) 
Ιf n>0 then Z2=LCS(x1,x2,…,xm ; y1,y2,…yn-1  )
Ιf n>0 and m > 0  and xm=yn then 

Z3=LCS(x1,x2,…,xm-1 ; y1,y2,…yn-1  ),xm  

Return the longest of Z1, Z2,  Z3
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Run Time

T(m,n) = T(m-1,n) + T(m,n-1) + T(m-1,n-1) + c 
> 3T(m-1,n-1) +  c 

= Ω(3min(m,n))
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Run Time Analysis
Many duplicated subtrees
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Dynamic Programming

• A(i,j) is the length of a longest common subsequence of 
x1,x2,…,x i and y 1,y2,…,yj

• A(i,0)=A(0,j)=0  0<i<m, 0<j<n

• A(i,j)= maximum of 

A(i-1,j),  A(i,j -1),  and A(i-1,j -1)+match(xi,yj)

• A(m,n) is the length of a longest common subsequence of 
X and Y
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LCS - Algorithm

LCS(X=x1,x2,…,xm;Y=y1,y2,…,yn)
For i=0 to m: A(i,0)=0

For i=0 to n: A(0,i)=0
For i=1 to m

For j=1 to n
If x i=yj then match=1 else match=0

A(i,j) =max(A(i-1,j),A(i,j -1),A(i-1,j -1)+match)) 
Return A(m,n)
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Dynamic Programming

Run Time:  O(nm) to find length of 
LCS
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Backtracking
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