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e Does pre-processing on needle such that, when mismatch
occurs, bypasses re-examination of previously matched
characters
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e For random data, this is often sufficient.
Expected runtime: O(|S|)

Brute Force

e There are test cases where this gives poor performance.

Find all occurrences of AAAAAB in AAA..AAA \

e Therefore, not useful for contests as worst case runtime is
o([sl[w])
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We do not wish to match any character of S more than
once.

e We can pre-search W to determine all possible fallback

positions which will prevent us from checking positions we
Finding the know aIready.

Overlap
e We require a table T where T[i] will give us the longest
prefix of W which is also a suffix of W[:i].

e We can consider a DP approach to the problem.
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o If T[i] = k and W[i] = W[k], then T[i+1] = k+1
o If WJi] # WI[k], then we fall back to the next valid
prefix/suffix: k <— T[k]

B e If we can't fall back any further, we simply set the table
function of that position to 0, and increment our position
index.
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def table(w):
t[0] = -1, t[1]l =0
pos=2, c¢nd=0
while (pos<len(w)):
e if wlpos-1] == wlcnd]:
Geike cnd += 1, t[pos] = cnd, pos +=1
elif (cnd > 0):
cnd = t[cnd]
else:
t[pos] = 0, pos +=1
return t

8/11



Algorithm

Knuth-
Morris-Pratt
Algorithm

Robin Visser

e Once we have our partial match table, we can do the
search.

Searching

9/11



Algorithm

Knuth-
Morris-Pratt
Algorithm

Robin Visser

e Once we have our partial match table, we can do the
search.

e If W[i] = S[m+i], we increment i.

Searching

9/11



Algorithm

Knuth-
Morris-Pratt
Algorithm

Robin Visser

e Once we have our partial match table, we can do the
search.

e If W[i] = S[m+i], we increment i.
e Else, we simply shift m and i by the fall back value: T[i]

Searching

9/11



Algorithm

Knuth-
Morris-Pratt
Algorithm

Robin Visser

Once we have our partial match table, we can do the
search.

e If W[i] = S[m+i], we increment i.
Oveon e Else, we simply shift m and i by the fall back value: Tfi]
e If we can't fall back, we set i to 0 and increment m.
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Search Algorithm

Knuth-
Morris-Pratt Pseudocode:
Algorithm

Robin Visser def kmp (W, s):
m=0, i=20
while(m+i < len(s)):
if (w[i]l == s[m+il):
if (4 == len(w)-1):
return m
Searching 1 4= 1
else:
if (t[i] > -1):
m = m+i-t[i], i = t[i]
else:
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e For the partial match table, we note that both pos and
pos-cnd are non-decreasing, and for every iteration, one of
the two must strictly increase. Since both are bounded by
|W|, it will take at most 2|1V| steps.

e Similarly, one can prove that the search algorithm will take
at most 2|S| steps.

e We therefore get a total linear runtime of O(|S| + |W|),
which is the best that can be obtained.
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