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Lecture 2: Intr oducing String
Algorithms and Data Structur es

» StringADT?

» Introductionto the String Search.

A String ADT

» Mostlanguagegitherhave abuilt in string
datatypeor astandardibrary, sorareto create
own string ADT.

» A stringdatatypeshouldhave operationgo:

— Returnthenth charactein astring.
— Setthenth charactein astringto c.
— Findthelengthof astring.

— Concatenatéwo strings.“Alison” + “
Cavsg/” = “Alison Cavsey”

— Copy astring.

— Deletepartof astring. (“Alison Cavsegy”
— “Alison”)

— Modify andcomparestringsin otherways.

String ProcessingAlgorithms

» Stringprocessin@lgorithmsarealgorithnsfor
processingequencesf charactersr symbols

e.g.,
— File compression take asequencegncode
it asa shortersequence.

— Cryptograply - take a sequencegncodat
soenemiegant readit!

— Stringsearch searctfor occurencesf one
sequencevithin another

— Patternmatching- find outif sequence
matchesomepattern.

— Parsing- Work out structureof asequence,
in termsof agrammar

» Applicationsof morecomple algorithms

mightincludegenomesequencingndanalysis.

» We canstartby looking attherelevant
datatype®r classedor stringsandsequences.

String Implementations

Therearetwo mainwaysthatstringsmaybe
implemented:

» Asafixedlengtharray wherethefirst element
denoteghelengthof thestring,e.g.,
[6,a,l,i,5,0,n,.....]Thisis usedasthe standard
stringtypein Pascal.

» Asanarray but with the endof thestring
indicatedusinga specialnull’ character
(denoted’0), e.g. [a,li,s,0,M0,.....].
Memorycanbedynamicallyallocatedfor the
stringoncewe know its length.

Firstimplementatiorhasdisadwantage®f all fixed
lengtharrayimplementationsBut someoperations
areefficient(e.g.,findinglength).

Secondmplementatiorhasadvantage®f dynamic
allocationof spacemodifying stringalsomaybe
moreefficient, asneednt recalculatesize.




Stringsin C++

Thest ri ng. h library providesmary string
manipulatiorfunctions.(Mary listedin Friedman
& Koffman)suchas:

char *strcpy(trg, src)

char *strcat(trg, src)

int stremp(trg, src)

char *strchr(trg, c) // returns pointer t
/1 first occ of c if

size_t strlen(src)

Theseall assumeyou've declaredyour stringsto be
pointersto charactergor arraysof characters).

We alsohave trivially operationgo getandmodify
characteryia arrayoperationge.g.,str[2]="c’), and
simplestringinputandoutputvia << and>>

trg

BorlandC++ hasastringclasslibrary thathas
furtherusefuloperationsandhidespointer
implementationUsecst ri ng. h header

#i ncl ude <i ostream h>
#incl ude <cstring. h>

voi d main()

{
string s2 = "string";
string s3 = "this";
cout << s2.length()<< s2+s3 << endl;
s3 += s2;
s3.insert(4,
cout << s3;
s3.replace(0, 4, "that");
cout << s3;

}
Whatdo you think thiswill output?

isa');

Examples

Usingstandardstringlibrary we might have
exampledike:

#i ncl ude <string. h>

voi d nmain()

{
char *sl1 = "hello";
char *s2 =" there";
char *s3;

int x = strlen(sl);
s3 = strcat(sl, s2);
cout << s3;

Intr oduction to String Searching

» Stringsearch= find occurencef strings2in
documensl.
e.g. find “cat” in “the dogatethecat”.

» Importantin text editors,mailers,andary
applicationthathandledext.

» Typically s2is quiteshort(5-20characters)
while slis verylong (10,0000f characters).

= Verycommonoperationsoimportantto have
efficient methodsf doingthe search.




Simple “Brute Force” Search

(Algorithmsthattry every possibilitywithout doing
arything clever areoftencalled“brute force”).

Simplestapproachs thefollowing:
If S1=docs2=searclstring:

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

—Matchcharactersf s1with s2,startingwith
matchings1[i] with s2[0], until matchfails.

int i=0, j=0;
while(i < sl.length() & j < s2.length())
{
j=0; /I start at beginning of s
while(j < s2.length() &&
sl[i+] == s2[j])
j

i ++;

1

}
if (j==s2.length())

cout << "found at " << i-1 << endl
el se cout << "not found"

Simple“Brute Force” Seaich

Example:(* indicatescomparisorof chars!):

can cats =0
cat
* % x 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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CommonBug!
Whatwould happerif you hadthefollowing:

int i=0, j=0;
while(i < sl.length() & j < s2.length())
{
j=0; /] start at beginning of s
while(sl[i+] == s2[j]) &&
j < s2.length())
j

i ++;

1

}
if (j==s2.length())

cout << "found at " << i-1 << endl
el se cout << "not found"

Efficiency
Efficiengy: If S1oflengthN, S2of lengthM

Worstcaseefficieng/ isM x N. (e.g.,
$2=0000001$1=00000000000000001).

Averagecaseefficiengy for Englishtexts is
M: Usuallys2[0]!= s1[i] somave string
upimmediately

But muchbetterefficiencgy possible.
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Mor e Efficient Algorithms

Next lecturewill introducetwo algorithmsthatare
substantiallymoreefficient:

Knuth-Morris-Pratt  (KMP) Algorithm : Takes
into accountay stringsrepeathemseles,to avoid
re-tryingmatcheghataredoomedo fail.

Boyer-Moore Algorithm : Boyer Moore
pre-analysestringandstoresvhereeachpossible
charactein alphabebccursin string,soit canfind
it right away.
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Summary

» Variousimplementationsisedfor stringsin
differentprogrammingdanguages can
implementyour own if needed.

» String ADT shouldallow stringsto be
manipulatedn variousstandardvays- length,
replaceconcatenatestc.

» In C++standardstringlibrary with stringas
charactearray- usuallydeclarecaschar *;
Borlandalsohasstringclasslibrary.

» Stringsearchnvolvesfinding onestringin
another simplealgorithmratherinefficient.
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