
Data Structur esand Algorithms II
Lecture2: Intr oducingString

Algorithms and Data Structur es

� StringADT?

� Introductionto theStringSearch.
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String ProcessingAlgorithms

� Stringprocessingalgorithmsarealgorithnsfor

processingsequencesof charactersor symbols

e.g.,

– File compression- takeasequence,encode

it asashortersequence.

– Cryptography - takeasequence,encodeit

soenemiescan’t readit!

– Stringsearch- searchfor occurencesof one

sequencewithin another.

– Patternmatching- find out if sequence

matchessomepattern.

– Parsing- Work outstructureof asequence,

in termsof agrammar.

� Applicationsof morecomplex algorithms

might includegenomesequencingandanalysis.

� Wecanstartby lookingat therelevant

datatypesor classesfor stringsandsequences.
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A String ADT

� Most languageseitherhaveabuilt in string

datatypeor astandardlibrary, sorareto create

own stringADT.

� A stringdatatypeshouldhaveoperationsto:

– Returnthenthcharacterin astring.

– Setthenthcharacterin astringto c.

– Find thelengthof astring.

– Concatenatetwo strings.“Alison” + “

Cawsey” = “Alison Cawsey”

– Copy astring.

– Deletepartof astring.(“Alison Cawsey”
�

“Alison”)

– Modify andcomparestringsin otherways.
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String Implementations

Therearetwo mainwaysthatstringsmaybe

implemented:

� As afixedlengtharray, wherethefirst element

denotesthelengthof thestring,e.g.,

[6,a,l,i,s,o,n,.....].This is usedasthestandard

stringtypein Pascal.

� As anarray, but with theendof thestring

indicatedusingaspecial‘null’ character

(denoted’
�
0’), e.g.,[a,l,i,s,o,n,

�
0,.....].

Memorycanbedynamicallyallocatedfor the

stringonceweknow its length.

First implementationhasdisadvantagesof all fixed

lengtharrayimplementations.But someoperations

areefficient (e.g.,finding length).

Secondimplementationhasadvantagesof dynamic

allocationof space;modifyingstringalsomaybe

moreefficient,asneedn’t recalculatesize.
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Strings in C++

Thestring.h library providesmany string

manipulationfunctions.(Many listedin Friedman

& Koffman)suchas:

char *strcpy(trg, src)

char *strcat(trg, src)

int strcmp(trg, src)

char *strchr(trg, c) // returns pointer to

// first occ of c in trg

size_t strlen(src)

Theseall assumeyou’ve declaredyourstringsto be

pointersto characters(or arraysof characters).

Wealsohave trivially operationsto getandmodify

charactersvia arrayoperations(e.g.,str[2]=’c’), and

simplestringinputandoutputvia << and>>
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Examples

Usingstandardstringlibrary wemighthave

exampleslike:

#include <string.h>

void main()

{

char *s1 = "hello";

char *s2 = " there";

char *s3;

int x = strlen(s1);

s3 = strcat(s1, s2);

cout << s3;

}
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BorlandC++ hasastringclasslibrary thathas

furtherusefuloperationsandhidespointer

implementation.Usecstring.h header.

#include <iostream.h>

#include <cstring.h>

void main()

{

string s2 = "string";

string s3 = "this";

cout << s2.length()<< s2+s3 << endl;

s3 += s2;

s3.insert(4, " is a ");

cout << s3;

s3.replace(0, 4, "that");

cout << s3;

}

Whatdoyou think thiswill output?
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Intr oduction to String Searching

� Stringsearch= find occurenceof strings2in

documents1.

e.g.,find “cat” in “the dogatethecat”.

� Importantin text editors,mailers,andany

applicationthathandlestext.

� Typically s2is quiteshort(5-20characters)

while s1is very long(10,000sof characters).

� Verycommonoperation,soimportantto have

efficientmethodsof doingthesearch.
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Simple “Brute Force” Search

(Algorithmsthattry everypossibilitywithoutdoing

anythingclever areoftencalled“brute force”).

Simplestapproachis thefollowing:

If S1=doc,s2=searchstring:

For eachstartpositioni in s1,from 1 to strlen(s1):

– Matchcharactersof s1with s2,startingwith

matchings1[i] with s2[0],until matchfails.

int i=0, j=0;

while(i < s1.length() && j < s2.length())

{

j=0; // start at beginning of s

while(j < s2.length() &&

s1[i+j] == s2[j])

j++;

i++;

}

if (j==s2.length())

cout << "found at " << i-1 << endl;

else cout << "not found";
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CommonBug!

Whatwouldhappenif youhadthefollowing:

int i=0, j=0;

while(i < s1.length() && j < s2.length())

{

j=0; // start at beginning of s

while(s1[i+j] == s2[j]) &&

j < s2.length())

j++;

i++;

}

if (j==s2.length())

cout << "found at " << i-1 << endl;

else cout << "not found";
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Simple “Brute Force” Search

Example:(* indicatescomparisonof chars!):

can cats i=0

cat

*** n<>t

can cats i=1

cat

* c<>a

can cats i=2

cat

* c<>n

can cats i=3

cat

*

can cats i=4

cat j=3=length("cat")

***

return 4
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Efficiency

Efficiency: If S1of lengthN, S2of lengthM

Worstcaseefficiency is M x N. (e.g.,

s2=0000001,s1=00000000000000001).

Averagecaseefficiency for Englishtexts is

M: Usuallys2[0] != s1[i] somovestring

up immediately.

But muchbetterefficiency possible.
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Mor eEfficient Algorithms

Next lecturewill introducetwo algorithmsthatare

substantiallymoreefficient:

Knuth-Morris-Pratt (KMP) Algorithm : Takes

into accountwaystringsrepeatthemselves,to avoid

re-tryingmatchesthataredoomedto fail.

Boyer-Moore Algorithm : BoyerMoore

pre-analysesstringandstoreswhereeachpossible

characterin alphabetoccursin string,soit canfind

it right away.
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Summary

� Variousimplementationsusedfor stringsin

differentprogramminglanguages- can

implementyourown if needed.

� StringADT shouldallow stringsto be

manipulatedin variousstandardways- length,

replace,concatenate,etc.

� In C++ standardstringlibrary with stringas

characterarray- usuallydeclaredaschar*;

Borlandalsohasstringclasslibrary.

� Stringsearchinvolvesfindingonestringin

another- simplealgorithmratherinefficient.
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