COL 351: Analysis and Design of
Algorithms

Lecture 22



Pattern Matching

Given: StringT=(¢,_,,...,1, 1y and a pattern X = (x,_,,

Find: If there exists a sub-string of T that is identical to X.
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X = (xk_], ...,xl,xO)
Ny =281y 4o 4+ 210420,

(decimal form of X)

T= (tl/l—l’ 000G tl’ to)
Nr() = 2710y + 278,427,

(decimal form of (tj+k_1, bl tj))
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Algorithm

Flag= False
For j=0to (n — k):
If Ny = N;(j) then
Flag = True

Return Flag

Time = O(nk)



Algorithm

p = random prime in range [2, n*].

Hash Function H : z —» 7z mod p

Flag= False
For j=0to (n — k):
If H(Ny) = H(N;(j)) then
Flag = True

Return Flag

Show:

« Answer returned is correct with
probability (1 — 1/n).

« Implementation in O(n) time.



Computing random prime in range [2, n*]

Prime Number Theorem: Number of primes in the range [2,L] is @( — ) .
0g
Monvnder  in C
* Raodsiity ( e T > 3
I =

/ -




Observations
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Claim 1: For any integer z < 2k the number o Lo o
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Claim 2: For any j, the number of distinct
prime factors of (N;(j) — Ny) is at most n.
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Claim 3: For any j € [0, n — k] with N;(j) # Ny. No of Prume, Joclors %{NTQJ) Nx
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Claim 4: If X is not a substring of 7. Then
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How to recursively compute N(j)?

e Romewnd.
N;(j) = Decimal form of (tj+k_1, by tj)
N;(j+ 1) = Decimal form of (tj+k’?/’<—l’ o b)
N Added.
Nr(j) — ¢

NG+ 1) = + 25T,



Recursively Computing Hash of N (/)
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Efficiently Computing A and B

A = 2772 mod p B = 25! mod p
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Barg Cane
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