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6.006 Recitation




PS| Solutions

® Posted on homework page




Coming Up Next...

® More hashing!

® Rabin-Karp (String Matching)




Rashing without tables

® Fancy names: fingerprint, message digest

® |dea (hashing repeated):




Hashing human beings




Hashing human beings

® VWant something easy to handle




Hashing human beings

® VWant something easy to handle

® fingerprints (doh)




Naive String Matching

® Want to find pattern in text

® Slide pattern over text one by one




Rabin-Karp

® Want to find pattern in text

® Slide pattern over text one by one
character




Making Rabin-Karp fast

® (Good hash function

® |f many false positives, then many useless
full-string comparisons




Introducing Rolling Hashes

® Data Structure (just like hash table)

® start with empty list
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But we have strings

® Characters are numbers (ASCII, Unicode)

& ’=65,‘B’=66

> Ny .." ¢ 4 s . A . i s *
& EN
4

S A

® Then strings are lists of numbers




Building Rolling Hashes

® Key ldea: use division method for hashing

® “concatenate” list items into big number
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Goal: Getting to This

def
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def

self.prime
16

self.skip_

class AmnesiacRollingHash:

__init__(self, base = 256, prime = 1009):
self.hash_value = 0

self.base = base

self.prime = prime

# inv_base 1s computed s.t. (base * inv_base) % prime ==
self.inv_base = pow(base, prime - 2, prime)
self.skip_multiplier = 1

append(self, value):
self.hash_value = (self.hash_value * self.base + value) % self.prime

self.skip_multiplier = (self.skip_multiplier * self.base) % self.prime

skip(self, value):
self.skip_multiplier = (self.skip_multiplier * self.inv_base) %

self.hash_value = (self.hash_value + self.prime - (value *
multiplier) % self.prime) % self.prime




Hashing Intuition




Hashing Intuition

® Base |00, modulo 23
® Hash [61,8,19,91, 37]




Hashing Intuition

® Base |00, modulo 23
® Hash [61,8,19,91, 37]




Hashing Intuition

® Base |00, modulo 23
® Hash [61,8,19,91, 37]
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Sliding Intuition

® Base 100, mod 23
o List:[3,14,15,92,65,35,89,79,31]
, 15,92,65] to [14,15,92,65,35]
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Simple Rolling Hashes




Fast Rolling Hashes

® need to avoid exponentiation in skip

® cache the result (base ** length mod p)
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Python design

® Step |: Amnesiac Hash -- forgets list items

® need to remind skip() what’s the front
element of the list




Python: Amnesiac Hash

class AmnesiacRollingHash:
def __init__(self, base = 256, prime = 1009):

self.hash_value = 0
self.base = base
self.prime = prime
# inv_base 1s computed s.t. (base * inv_base) % prime ==
self.inv_base = pow(base, prime - 2, prime)
self.skip_multiplier = 1
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append(self, value):
self.hash_value = (self.hash_value * self.base + value) % self.prime

self.skip_multiplier = (self.skip_multiplier * self.base) % self.prime

def skip(self, value):
self.skip_multiplier = (self.skip_multiplier * self.inv_base) %

self.prime
16 self.hash_value = (self.hash_value + self.prime - (value *

self.skip_multiplier) % self.prime) % self.prime




Python: Easy Hash

from collections import deque

class RollingHash(AmnesiacRollingHash):
def __init__(self, *args):
AmnesiacRollingHash.__init__(self, *args)
self.data = deque()

def append(self, value):
AmnesiacRollingHash.append(self, value)

self.data.append(value)
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def skip(self):
AmnesiacRollingHash.skip(self, self.data.popleft())






