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Algorithm Design & Analysis \
String Searching \

Where is the ding in ramalamadingdong?

textx = a; a, ... a,

patterny = b; b, ... Db,
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while i < n-p do/"“‘M o ak
i« i+1; 7« 1; k « i
while j < p and a, = b, do

L g i o

o« lee]
iIT 5 = p+1 then write (hout - ¢ )
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[ Matching Machine \
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Candoo(wn + p )

at place i, have seen L, by oL fexck

( O~0=0" ---~@

-

Lecture Notes 7 David Maier

© 1994, 2003, 2004, 2006, 2008,
1 2009 David Maier



CS 410/584, Algorithm Design & Analysis, Lecture Notes 7

ﬁ Algorithm Design & Analysis \
Machlne Operatlon \
hhocd wp @

If ak+l = ]+]_I 90 To@
advance input To A |
Hant by... by s a gufhy ‘o\—- -‘o&

by .- b
A; @y Az eeeennn ay Ay
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Algorithm Design & Analysis

Finding Suffixes \

How to get from 5 back to i?
Failure function £ (j)
f(3) = [ow(y-o‘— S< \J
Sude Wb byl ioa sudby oL

\

by - by
by b, ... b,_; b.l.
b, by, Dy vevvnnn.. b, , b,
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[ Defining Failure Function \
1
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1234 5678
f(i) Ol o | % 3 0

Define £ ™ (5)
a) £ (5) = S
b) £ (3) = f(5" )

£ (5) - B < $($60) = £(2)- ¢t
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Algorithm Design & Analysis

Using Failure Function \

Have read a, a,...a, of text, at state
jand a,,, # by.,. Apply £

repeatedly o j fo find smallest m
where

Lem () = « ‘f“ Ay, 7 Oued
or
2.f(m)(j) — O%Q\(_a—\ ;ZL’\

\
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Input - )

cccbccbDCcCCDDC
ot 22 34 ¢ (1 s b 78
r 3 -

How to compute £?

\_
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[ Computing Failure Function \

Have £ (1),
where f (j
If b,., = b,

1

£t2), ... £(0(3)
) = 1

. then  §lie) = il

1

b..,, find smallest m where

If by, #
3= g her -

1. £
2.6 (5) = 0 = o Hd=0
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[ Failure Function Algorithm \

f(1) « 0
for j = 2 to p do
while b, # b,,, and i > 0 do
L = £
if b, # b;,, and i = 0 then
L. spHhe o
else 4("\3@.5*,1
clclpjc|cl|p|p]c
j 1 2 3 4 5 6 7 8
f(3) oL o1 7 3 06 ¢
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Algorithm Design & Analysis \\
[ Complexity of Constructing Failure Function \

Theorem: Failure function can be
constructed in 0 (p) time.

Proof: number of executions o
|OOP = Pﬂi OCP - [/)([_\(«le{ oﬁ

What about the while-loop?

Each time it executes e olfcemut
( Lg_/\iJ wnb| we gt K O,
o bagh L
What can increment i? hoppes

g(s\cfwl o (& f(\)_% " W e

vaand- |oo \'lr(fafxm P-2
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[ Matching Algorithm: Knuth-Morris-Pratt \

textx = a; a, ... a,
patterny = b; b, ... Db,

f <« failure-function (y)
q <« 0 fewabl counderr

for i = 1 ton /f o bR R
whille g > 0 and b, # a;
q < f£(q)

if b, -a then 7= 777 1
if g = m then| (s ot )
3 4P

g

—
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Algorithm Design & Analysis
Complexity of Matching Process \

How many times can g change in processing
?
Xz

Claim: At most 2n times

Note that g only increases if we match a new
position of x.

So, charge each a2, $2
$1 for 1ncewenl %
$1 for Lanle

When g = j, have at least {| in the bank.

What is the maximum number of g <« f (q)
we can do at this point? A

o e howe woly § v lde kg A

KMP complexity:  OCp+ n) )
12
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[ Variation: Multiple Patterns \

Multiple seach strings
HE, HIM, SHE, HER, THEM, THEY
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Algorithm Design & Analysis \
Variation: Backwards Match \

Go through pattern right-to-left:
Positions p, p-1, p-2, ...
If you get a mismatch at p-i, see if
there is an earlier place in the
pattern that hasb_, .. b, b

s o
p-1 ~p Sudhx

Slide pattern forward to that point

Might never look at some characters in
the text
ALpen)

Lecture Notes 7 David Maier JM.

© 1994, 2003, 2004, 2006, 2008,
V4 2009 David Maier

.




CS 410/584, Algorithm Design & Analysis, Lecture Notes 7

ﬁ Algorithm Design & Analysis \
[ \_/itte_r\n) Shift \
X
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b S B I
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Figure out the shift for a mismatch
at each position
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