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http://courses.fouladi.ir/algorithm
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STRING MATCHING
She Ko 5o SIS g 585 05 50 (sten (8L cladia; GalaS
s text T alblcla|blala|b|c|la|bla|c| T[1..N]
s=3
&I pattern P > a|bla|a P(1..M]

An example of the string-matching problem, where we want to find all occurrences of
the pattern P = abaa in the text T = abcabaabcabac. The pattern occurs only once in the text,
at shift s = 3, which we call a valid shift. A vertical line connects each character of the pattern to its
matching character in the text, and all matched characters are shaded.

o
&
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STRING MATCHING

Algorithm Preprocessing time Matching time
Naive 0 O((n—m+ 1)m)
Rabin-Karp O (m) O((n—m+ 1)m)
Finite automaton O(m X)) O(n)
Knuth-Morris-Pratt O (m) O(n)
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NAIVE ALGORITHM
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K%

clala|b]|c alclala|b]|c alclalal|b|c alclalal|b

alb S :—1> alalb S—:2> alal|b S—:3> ala
(a) (b) (c) (d)
The operation of the naive string matcher for the pattern P = aab and the text

T = acaabc. We can imagine the pattern P as a template that we slide next to the text. (a)-(d) The
four successive alignments tried by the naive string matcher. In each part, vertical lines connect cor-
responding regions found to match (shown shaded), and a jagged line connects the first mismatched
character found, if any. The algorithm finds one occurrence of the pattern, at shift s = 2, shown in

part (c).
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do
if (text letter == pattern letter)
compare next letter of pattern to next
letter of text
else
move pattern down text by one letter
while (entire pattern found or end of text)
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1) AAAAAAAAAAAAAAAAAAAAAAAAAAAH
AAAAH 5 comparisons made
2) AAAAAAAAAAAAAAAAAAAAAAAAAAAH
AAAAH 5 comparisons made
3) AAAAAAAAAAAAAAAAAAAAAAAAAAAH
AAAAH S comparisons made
4) AAAAAAAAAAAAAAAAAAAAAAAAAAAH
AAAAH 5 comparisons made
5) AAAAAAAAAAAAAAAAAAAAAAAAAAAH
AAAAH 5 comparisons made

N) AAAAAAAAAAAAAAAAAAAAAAAAAAAH
S comparisons made AAAAH
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NAIVE-STRING-MATCHER (7, P)

1
2

Dn =~ W

n = T.length
m = P.length
fors = 0Oton —m
if P[1..m|==T[s+1..5 4+ m]
print “Pattern occurs with shift” s

DS e dunlie (Ra L1 S G, 58, S o, S
(SIS S b 2)
o Ty allasls SIS S 5



Prepared by Kazim Fouladi | Spring 2025 | 39 Edition

Al

Loty o- 5l Jlonsi g 110
oS = (al pda ) oS sladid ) Gallas

RABIN-KARP ALGORITHM
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Hash value of “AAAAA” 1s 37
Hash value of “AAAAH” 1s 100

1) AAAAAAAAAAAAAAAAAAAAAAAAAAAH
AAAAH
37#100 1 comparison made
2) AAAAAAAAAAAAAAAAAAAAAAAAAAAH
AAAAH
37100 1 comparison made
3) AAAAAAAAAAAAAAAAAAAAAAAAAAAH
AAAAH
37#100 1 comparison made
4) AAAAAAAAAAAAAAAAAAAAAAAAAAAH
AAAAH
37#100 1 comparison made

N) AAAAAAAAAAAAAAAAAAAAAAAAAAAH
AAAAH
6 comparisons made 100=100
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pattern is M characters long

hash p=hash value of pattern
hash t=hash value of first M letters in
body of text

do
if (hash p == hash t)
brute force comparison of pattern
and selected section of text
hash t = hash value of next section of
text, one character over
while (end of text or
brute force comparison == true)
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2131 15267 13[9]|9|2]1
l mod 13
7
(a)
6 7 8 9 10 11 12 13 14 15 16 17 18 19
2131114115216 (713[9]9]2]1
mod 13
110178 [4|5(10]11|7 (9|11
valid spurious
match hit
(b)
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old new old new
high-order low-order high-order low-order
digit digit digit shift digit
sl l2al11512 14152 = (31415 = 3-10000)-10 + 2 (mod 13)

(7=33)-10 + 2 (mod 13)
8 (mod 13)

(c)
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RABIN-KARP-MATCHER (T, P, d, q)

01N LN B W~

[
S O

11
12
13
14

n = T.length

m = P.length

h = d"™ ! mod g

p=20

t() =0

fori = 1tom // preprocessing

p = (dp + P[i]) mod g
to = (dty + T[i]) mod ¢
fors = Oton —m // matching
if p ==1
if P[1.. m|==T[s+1..5+ m]
print “Pattern occurs with shift” s
ifs <n—m
tsi1 = (d(ty—T|s + 1lh) + T[s + m + 1]) mod ¢
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FINITE AUTOMATON MATCHER

(a)

input
a b c P

state
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FINITE AUTOMATON MATCHER

FINITE-AUTOMATON-MATCHER (7, 6, m)

n = T.length
q =0
fori = 1ton
q = d(q.Tli])
if g ==
print “Pattern occurs with shift” i — m

AN DB~ W N =
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KNUTH-MORRIS-PRATT ALGORITHM (KMP)
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KNUTH-MORRIS-PRATT ALGORITHM (KMP)

T A 9.4.«.4.:.::'*.: c.su
w1y P2.1] 2 g € PL1E] S0 -t 5y e = 2(0)

S aag go Glas
G gl 5 Glhsedn
a1 % 80 sa Sl (sl 51 a3 dlalidl oS i
- by oo Ballas

* 0
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Ps
P;
i (12|34 |5|6|7 4
Pli] | a a alc|a
: Py
7li] (0|O0|1]|2|3]0]1
(a)

(b)

b a ¢ a

a b a c a

o] =3
#[3] =1
1] =0
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KNUTH-MORRIS-PRATT ALGORITHM (KMP)
albla alalblalclclalblalclalal a
2 3 516
alb]la alb
7
alblalclalb
8 9 10 11 |12
. alblaflc|alb
no comparison
needed here 13
alblalclalb
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KNUTH-MORRIS-PRATT ALGORITHM (KMP)

KMP-MATCHER(T, P)
1 n = T.length
2 m = P.length
3 m = COMPUTE-PREFIX-FUNCTION(P)
4 q =0 // number of characters matched
5 fori =1ton // scan the text from left to right
6 while g > O and P[g + 1] # Ti]
7 q = mlq] // next character does not match
8 if Plg+ 1] ==Ti]
9 q =q+1 // next character matches

10 ifg==m // is all of P matched?

11 print “Pattern occurs with shift” i —m

12 q = m|q] // look for the next match
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KNUTH-MORRIS-PRATT ALGORITHM (KMP)

COMPUTE-PREFIX-FUNCTION (P)

[\ W

—_ O O 00 ON UKW

m = P.length
let w[1..m]| be a new array
7[l] =0
k=0
forqg = 2tom
while £k > 0 and P[k + 1] # P|q]
k = m|k]
if Pk + 1] == P|q]
k=k+1
wlg] = k

return o
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Chapter 32

—

32 String Matching

Text-editing programs frequently need to find all occurrences of a pattern in the
text. Typically, the text 1s a document being edited, and the pattern searched for
is a particular word supplied by the uwser. Efficient algorithms for this problem
—called “string matching” —can greatly aid the responsiveness of the text-editing
program. Among their many other applications, string-matching algorithms search
for particular patterns in DNA sequences. Internet search engines also use them to
find web pages relevant to queries.

The string-matching problem can be stated formally as follows. The text is given
as anarrav T[1 :n) of length #, and the pattern is an array P [1:m] of lengthm = n.
The elements of P and T are characters drawn from an alphabet ¥, which is a finite
set of characters. For example, ¥ could be the set {0, 1}, or it could be the set
{a,b,..., z}. The character arrays P and T are often called sfrings of characters.

As Figure 32.1 shows, pattern P occurs with shift s in text T (or, equivalently,
that pattern P occurs beginning at position s + 1mtext T)1f0 <5 < n —m and
Tls+1:8+m] = P[1:m], thatis,if T[s + j] = P[jl.forl1 < j<m. IKP
occurs with shift s in T, then s is a valid shiff, and otherwise, 5 is an invalid shift.
The string-matching problem is the problem of finding all valid shifts with which
a given pattern P occurs in a given text T

text T |a|b|c|a|b|a|a|b|c|a|h|a|c|

patern p ——>[=[b]=]a]

Figure 32.1 An example of the string-matching problem to find all occwrences of the pattem
P = abaa in the text T = abcabaabcabac. The pattermn occurs only once in the text, at
shift s = 3, which is a valid shift. A vertical line connects each character of the pattem to its
matching character in the text, and all matched characters are shaded bine.




