
Data Structur esand Algorithms II
Lecture3:

String Search Algorithms

Two waysto speedthingsup:

� Knuth-Morris-Pratt(KMP) Algorithm - Using

knowledgeof how stringrepeatsitself.

� Boyer-MooreAlgorithm - Usingknowledgeof

wherecharactersoccurin searchstring.
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Knuth-Morris-Pratt (KMP) Algorithm

Brute-Forcealgorithmcanbeinefficient for strings

thatrepeatthemselves.

s1="aaaaba"

s2="aaaba"

***

Bruteforcealgorithmthenmatchess2[1]ands1[2].

s1="aaaaba"

"aaaba"

*****

Canwesomehow usethefactthatthefirst three

charactersarethesameto skipsomeof thesearch?

If wecanpre-analyses2,thenwecansay:

� Thefirst threecharactersin s2arethesame.

� s2[0]matcheds1[0],s2[1]matcheds1[1],s2[2]

matcheds1[2].

� Sos2[0],s2[1]MUST matchs1[1],s1[2].

� .. socanstartcheckingfrom s2[2],saving two

comparisons(ie, i=3,j=2)
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s1="aaaaba"

"aaaba"

***

Or considertheexample:

s1="aabaaaba"

s2="aaaba"

***

� Thefirst threecharactersin s2arethesame.

� s2[2] failed to matchs1[2].

� Therefores2[1]ands2[0]can’t matchs1[2].

� Soit’snotevenworth trying i=1,j=0 or i=2,j=0.

� Soweshouldnext try i=3, j=0.

s1="aabaaaba"

"aaaba"

*

NOTE: Simplifiedtechniquebelow only takesinto

accountMATCHES,notmismatches,sodoesnt

handleabove example.
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KMP Algorithm

KMP Algorithm is basedonconstructinga table

whichanswers:

“If stringanddocmatchuntil charj in string,but

thenmismatch,how farcanwemove thestring

up?”

This tablecanbeconstructedby comparingthe

searchstringagainst itself.. This is valid asin the

above weassumethatwehavea matching partof a

string.

Whatwerecordis the position in s2 that we can

back up to, keeping the position in s1 constant,

when a mismatch occurs. Storedin arraynext[i].
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Example: Constructing the table

Whereshouldwebackup to in stringbelow if

mismatchat i=3?

x x = assume mismatch occured here

aaa??

aaaba

Cancontinuesearchat..

aaa??

aaaba

*

Now matching3rdcharin s2,so:

next[3]=2 (3rd char at posn 2)
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KMP Constructing the Next table

More formally:

Wefind next[j] by sliding forwardthepatternalong

itself, until wefind amatchof thefirst k characters

with thek charactersbefore(andnot including)

positionj.

Or..lookingfor next[j] wefind thefirst index 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.

ˆ
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KMP TableExample

Considers2=”ababbaa”.

next[1]?

a?????? mismatch at char 1

ababbaa

a??????? Now ‘‘move up’’ so

ababbaa comparing 0th character in s2.

next[1]=0

next[2]?

ab????? mismatch at char2

ababbaa

ab????? again, can move up so comparing

ab??? 0th char: next[2]=0

aba???? mismatch at char 3

ababbaa

aba???? move up so looking at 1st char

ababbaa next[3]=1
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So..

j 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
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KMP Algorithm

Oncewehave the“next” tabletheKMP algorithm

is fairly trivial. Setnext[0]=-1.

i=0; j=0;

while((i<strlen(s1)) && (j<strlen(s2)))

if(s2[j]==s1[i]) {i++; j++;}

else j=next[j];

if(j=strlen(s2)) cout << "found at " << i-j;

e.g.,

abababbaa

ababbaa

***** next[4]=2

abababbaa

ababbaa

*****
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KMP Efficiency

KMP cangivegoodefficiency 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-MooreAlgorithm

Boyer-Mooreis analgorithmwhichmakesordinary

text searchmuchmoreefficientby:

� Analysingstringbeforesearch(asKMP).

� Storing,for all possiblecharacters,wherethey

first (right to left) appearin string.

� Usingthis tableto 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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Boyer-MooreAlgorithm

Strings2matchedfrom right to left (but moved

from left to right updocument).

Whenever mismatchoccurs,look up index valueof

characterc in documentcausingproblem,sofind

outwhere/ifit occursin string.

Thenmoveupstringso‘index[c]th” characterof

stringis below c, andstartsearchingagain from

right.

s1="some date"

s2="date"

** m<>t.. index[m]=-1 so

move so -1th posn of s2 below m

s1="some date"

"date" a<>e.. index[a]=1 so

* move so char 1 of s2 below a.

s1="some date"

date

****
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Boyer-MooreExample

Veryoftencansearchveryquickly usingthis

method:

data structures and algorithms

algorithms

*

algorithms

*

algorithms

**********

Apart from final comparisonatend,only N/M

comparisonsneeded.

(NOTE: Occasionallytheabove - slightly simplified

- techniquewill resultin searchstringmoving to

right, not left! Soneedto addacheckfor this in

implementation).
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Efficiency

� If agivenletterusually doesn’t occurin a

string,only needapproxN/M character

comparisons(N=lengthdoc,M=lengthstring).

� Thiscriteriais metif:

– lengthof stringlessthansizeof alphabet

(andfairly evendistributionof letters.

Normalsearchesof Englishtext meetthis

criteria(e.g.,10charsin string,26+in

alphabet).

� WorstcaseN+M comparisons.
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Summary

� Stringsearchalgorithmsmademuchmore

efficientby analysingsearchstringbeforehand.

� KMP analyseshow stringrepeatsitself.

Boyer-Mooreanalyseswherecharactersoccur

in searchstring.

� KMP goodfor binary/graphicsfiles,

Boyer-Mooregoodfor text files.
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