Algorithm Design Techniques

* Induction

« Divideand Conquer

» Dynamic Programming
o Greedy

* Reduction
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L ongest Common Subsequence

* Input: Twolistsof integers
X3 Xar oo X @ Y1Y5, .Yy

e Output: A longest subsequence of X that is
also asubsequence of Y

CS14016-2

LCS- Example

e Input: X=1,-2, 3, 4,9,18
Y=309, 1 -2 5,-22218
e Output: Z2=1,-2,18

CS14016-3

LCS- Algorithm

LCSX=X 1 X e Xin Y=Y 1 Y 20+ Y 1)

2,=2,=2,~

If m>0then Z,=LCS(X,,%y,... X1 Yo Yor---¥p)

If n>0 then Z,=LCS(X;, Xy, - X3 Y1 ¥ore--Yna )

If n>0and m>0 and x,,=y, then
Zy=LCSX  Xgre e Xy 5 Y1 ¥ore Y )X

Return the longest of Z,, Z,, Z,
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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,n1) + c
= \MSmi n(m,n))
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Run Time Analysis
Many duplicated subtrees

o
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Dynamic Programming

« A(i,j) isthelength of alongest common subsequence of
X1 Xo o Xi ANAY 1Y 5.0
* A(i,0=A(0,)=0 0<i<m, 0<j<n

¢ A(i,j)= maximum of
A(i-1), A(i,j-1), and A(i-1j-1)+match(x;y;)

« A(m,n) isthelength of alongest common subsequence of
XandY
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LCS- Algorithm

LCS(X=X 3 X0 X Y=Y 1Y 21-1Y)
For i=0to m: A(i,0)=0
Fori=0ton: A(0,i)=0
Fori=ltom
Forj=1ton

If x;=y; 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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