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Nalve Method

Naive Method

[aclala[p]c] [alc[alalble]
=1
T —>{ajals]

QUIZ: Complexity?
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Knuth-Morris-Pratt
Algorithm
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Jump Table
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KMP Algorithm

KMP-MATCHER(T, P)

n « length[T]

m «— length[P]

7 + CoMPUTE-PREFIX-FUNCTION(FP)
g+ 0

fori—1ton

do while ¢ > 0 and Plg + 1] # TTi]
do g — n[q]
if P[g + 1] = T1i]
theng —g+1
ifg=m
then print “Pattern occurs with shift” i — m
g — 7[q]

Do -1 Oh W R W b=
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Computing Jumps
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CoMPUTE-PREFIX-FUNCTION(P)
1 m «— length[P]
2 zm[l}]<0
k<0

fi — 2
ﬂﬂn " qdo wl:flen;c > 0 and P[k + 1] # Plg]
k — nlk
alofa[pfanla slela] . sk mm
nnnn then k — k+1

wlg] — k

‘ 10 return 7

»  Jumps can be computed by preprocessng the pattern, by comparing the
pattern with itself

* Pl[q] isthelength of thelongest prefix of P, that is a proper suffix of P.
»  Theworst-case complexity is O(m).

Complexity ﬁ
DESIGN &
« Therunringtime for COMPUTE-PREFIX- ALGORITUM,
FUNCTION is:
— O(m)

* Thetota jump canna exceed (m+n),= Thus
complexity is O(m+n).
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State Machine
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FSM for Deteding String Which Ends with Even 1s

input
state a b

0 |1]o]

1

Figure 34.5 A simple two-state finite automaton with state set @ = {0, 1}, start
state go = 0, and input alphabet £ = {a,b}. (a) A tabular representation of the
transition function J. (b) An equivalent state-transition diagram. State 1 is the
only accepting state (shown blackened). Directed edges represent transitions. For
example, the edge from state 1 to state O labeled b indicates 6(1,b) = 0. This
automaton accepts those strings that end in an odd number of a’s, More precisely,
a string x is accepted if and only if x = yz, where y = & or y ends with a b, and
z = a*, where k is odd. For example, the sequence of states this automaton enters
for input abaaa (including the start state) is {0,1,0,1,0, 1), and so it accepts this
input. For input abbaa, the sequence of states is (0, 1,0, 0, 1, 0), and so it rejects
this input.
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State Transition Diagram for String Matching

statt a b ¢
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Tl
state ¢(T,)
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Operation of FSM on string abababacaba
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Complexity

» Fastest Compute State Transitionis:
— O(m2)

* Total WC runningtimeis:
- O(ntmz)
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Boyer-Moore Algorithm
(1976)

15
Boyer-Moore Algorithm ﬁ
«  Comparing from the Right to Left: ALGORITUM,

— inthe pattern, each time, there is amismatch, see
how many positi on the pattern can be shifted l€ft.

* MoreLook ahead in the Preprocessing

— bringinto consideration the charader that caused the
mismatch while wnsidering what to do next.
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Example
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Complexity

* Boyer-Moore string seach algorithm never
uses more than M+N charader
comparisons, and uses abou N/M steps of
the alphabet is not small and the patternis
nat long.
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Rabin-Karp Method
(1980)
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Rabin-Karp Algorithm
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old new
high-order low-order

high-order low-order
digit Shiﬂ digit
14152 = (31415 -13-100003-10 + 2 (mod 13)
(7-33>10+2 (mod 13)
8 (mod13)
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RK Algorithm

RABIN-KARP-MATCHER(T, P, 4, )

n — length[T]

m — length[ P]

h+—d" ! modg

p+<0

fh—0

for i — 1tom

do p — (dp + P[i]) mod ¢

to — (dtg+ TTi}) mod ¢
fors —0ton—m
do if p=1¢;
thenif P[1..m]l=T[s+1..5+m]
then “Pattern occurs with shift” s
ifs<n—m
then 7, — (d(t;, - T[s+ 1A} + T[s + m + 1]) mod ¢

* Radixisd. Theprimeisq.
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Complexity

* Intheworst case therunnngtimeis O((n-m+1) m).

— (case T=a"and P=a")

— Each evauation after thefirst oneis O(1) in text.
* Average Case Complexity

— Only onematch in most cases O(1)

— Thusrunring timeis O(n+m).
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