Data Structur esand Algorithms I
Lecture3:
String Seaich Algorithms

Two waysto speedhingsup:

» Knuth-Morris-Prat{KMP) Algorithm - Using
knowledgeof how stringrepeatstself.

» Boyer-MooreAlgorithm - Usingknowledgeof
wherecharactersccurin searctstring.

sl="aaaaba"
"aaaba"

*k%k

Or considettheexample:

sl="aabaaaba"
s2="aaaba"

*kk

Thefirst threecharactersn s2arethesame.

s2[2]failed to matchs1[2].

Therefores2[1] ands2[0] cant matchs1[2].

Soit’snotevenworthtrying i=1,j=0 or i=2,j=0.
» Sowe shouldnext try i=3, j=0.

sl="aabaaaba"

"aaaba"
*

NOTE: Simplifiedtechniquebelow only takesinto
accountMATCHES,not mismatchessodoesnt
handleabore example.

Knuth-Morris-Pratt  (KMP) Algorithm

Brute-Forcealgorithmcanbeinefficient for strings
thatrepeathemseles.

sl="aaaaba"

s2="aaaba"
*kk

Bruteforcealgorithmthenmatches2[1]ands1[2].

sl="aaaaba"
"aaaba"

*kkkk

Canwe somehav usethefactthatthefirst three
charactersrethe sameto skip someof thesearch?

If we canpre-analysa2,thenwe cansay:
» Thefirstthreecharacterin s2arethesame.

» s2[0]matcheds1[0],s2[1] matcheds1[1],s2[2]
matcheds1[2].

S0s2[0],s2[1] MUST matchs1[1],s1[2].

» .. socanstartcheckingfrom s2[2], saving two
comparisongie, i=3,j=2)

KMP Algorithm

KMP Algorithm is basecn constructinga table
whichanswers

“If stringanddocmatchuntil charj in string,but
thenmismatchhow far canwe move thestring
up?”

Thistablecanbe constructedy comparinghe
searclstringagainst itself.. Thisis valid asin the
above we assumehatwe have a matching partof a
string.

Whatwe recordis the position in s2 that we can

back up to, keeping the position in s1 constant,
when a mismatch occurs. Storedin arraynext[i].




Example: Constructing the table

Whereshouldwe backupto in stringbelaw if
mismatchati=3?
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X X = assume mismatch occured her
aaa??
aaaba

Cancontinuesearchat..

aaa??
aaaba

*

Now matching3rd charin s2,so:

next[3]=2  (3rd char at posn 2)

KMP Table Example
Considers2="ababbaa”.

next[1]?

a???7??? mismatch at char 1

a???7???? Now “move up” so

ababbaa comparing Oth character in s2.

next[1]=0
next[2]?
ab????? mismatch at char2
ababbaa
ab????? again, can move up so comparing
ab??? Oth char: next[2]=0
aba???? mismatch at char 3
ababbaa
aba???? move up so looking at 1st char

ababbaa next[3]=1

KMP Constructing the Next table

More formally:

We find next[j] by sliding forwardthe patternalong
itself, until we find a matchof thefirst k characters
with thek characterdefore(andnotincluding)
position;.

Or..lookingfor next[j] we find thefirstindex k such
thats2[0..k-1]= s2[j-k..j-1], e.g:

"ababbaa’ s2[0..1] = s2[2..3]
‘aba....’ so next[4] = 2.

So..

i s2[j] next(j]
0 a -1

1 b 0

2 a 0

3 b 1

4 b 2

5 a 0

6 a 1




KMP Algorithm

Oncewe have the“next” tablethe KMP algorithm
is fairly trivial. Setnext[0]=-1.
i=0; j=0;
while((i<strlen(s1)) && (j<strlen(s2)))
if(s2[j]==s1i]) {irt; i}
else j=next[j];
if(j=strlen(s2)) cout << "found at " <<

e.g.

abababbaa
ababbaa
Fkkk next[4]=2

abababbaa
ababbaa

Fokkkk

Boyer-Moore Algorithm
BoyerMooreis analgorithmwhich makesordinary

text searchmuchmoreefficientby:

» Analysingstringbeforesearch(askMP).

» Storing,for all possiblecharactersyherethey
first (right to left) appeaiin string.

» Usingthistableto quickly find potential
matches.

s2="date”

index[d]=0
index[a]=1
index[t]=2
index[e]=3

index[anything else] = -1
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KMP Efficiency

KMP cangive goodefficiengy gainsfor stringswith
muchrepetition(e.g.,binaryfiles; graphics
formats).Lessusefulfor text strings.
Worstcase:N+M.

Averagecase:N

cf bruteforce: worstcaseN*M.
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Boyer-Moore Algorithm

Strings2matchedromright to left (but moved
from left to right up document).

Whene&er mismatchoccurs Jook up index valueof
character in documentausingproblem,sofind
outwhere/ifit occursin string.

Thenmove up stringso ‘index[c]th” characteof
stringis below ¢, andstartsearchinggain from
right.

sl="some date"
s2="date"
* m<>t.. index[m]=-1 o}
move so -1th posn of s2 belo

sl="some date"
"date" a<>e.. index[a]=1 S0
* move so char 1 of s2 below

sl="some date"
date

*kkk
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Boyer-Moore Example

Very oftencansearchvery quickly usingthis
method:

data structures and algorithms
algorithms

*

algorithms

*

algorithms

*kkkkkkkkk

Apartfrom final comparisoratend,only N/M
comparisongeeded.

(NOTE: Occasionallytheabore - slightly simplified
- techniquewill resultin searchstringmoving to
right, notleft! Soneedto adda checkfor thisin
implementation).

13

Summary

» Stringsearchelgorithmsmademuchmore
efficientby analysingsearctstringbeforehand.

» KMP analyseiow stringrepeatstself.
BoyerMooreanalysesvherecharactersccur
in searctstring.

» KMP goodfor binary/graphicsiles,
Boyer-Mooregoodfor text files.
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Efficiency

» If agivenletterusually doesnt occurin a
string,only needapproxN/M character
comparisongN=lengthdoc,M=lengthstring).

» Thiscriteriais metif:

— lengthof stringlessthansizeof alphabet
(andfairly evendistribution of letters.

Normalsearchesf Englishtext meetthis
criteria(e.g.,10 charsin string,26+in
alphabet).

» WorstcaseN+M comparisons.
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