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1 Revisions

2000Feb28:Revised lstring.h,namingthelstring object’s linked list seq becausethe input operator>> assumedits
namewasseq.

If youhavegiventhelinkedlist adifferentname,e.g.,foo, justchangetheappropriateline of operator>>. For example,
change

s.seq = temp;
to s.foo = temp;

2000Feb16:Revisedseq.hto makelength() aconst memberfunction. Be sureto save this revisedcopy in your local
directory.

2 Reading

Readchapters2 and3 of thetextbook.
�

c
�

2000Jeffrey D. Oldham(oldham@cs.trinity.edu). All rightsreserved.Thisdocumentmaynotberedistributedin any form without theexpress
permissionof theauthor.
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functionprototype exampleuse explanation
lstring() lstring v; createsa stringwith no characters
lstring(const� char c) lstring w(’a’); createsa stringhaving exactlyonecharacter
lstring(const char
[])

lstring x("cheerio"); createsa string having the charactersspecifiedin
thegivenC-stylestring

bool empty(void) con-
st

bool b = v.empty(); returnstrueif andonly if thestringhasno charac-
ters

length pos thelstring type for measuringlengthsandpo-
sitionsof characterswithin astring

length pos
length(void)

length pos l =
v.length();

returnsthenumberof charactersin thestring

void append(const
lstring & a)

x.append(v); modifiesthestringby addingthecharactersin v to
x’s end

void insertBe-
fore(const lstring
& s, const length pos
p)

v.insertBefore(v,2); modifiesthestringby insertingthestrings before
thecharacteratpositionp. Unspecifiedbehavior if
p is greaterthanthestring’s length.

bool find(const l-
string & s) const

bool b =
v.find("hello");

returnsa booleanindicatingwhetherthe string s
is a substringof the string object. A substringis
any consecutive sequenceof characterswithin the
string. The shortestsubstringis the emptystring
and should always be found in any string. The
longestsubstringcontainedwithin a string is the
stringitself.

char getElemen-
tAt(const length pos
p) const

char c =
v.getElementAt(0);

returnsthecharacterat thespecifiedposition. Un-
specifiedbehavior if p is greaterthanor equalto
thestring’s length.

void replaceElemen-
tAt(const length pos
p, const char c)

v.replaceElementAt(0,’d’);changesthecharacterat positionp to thespecified
character. Unspecifiedbehavior if p is greaterthan
or equalto thestring’s length.

operator +=(const
lstring & s)

v += x; appendtheargumentto thestring

Table1: lstring MemberFunctionsandTypes

3 Problem Statement

You andpossiblyaCS1321classmateareto implementastringclassusinglinkedlists.

TheStandardTemplateLibrary hasa wonderfulstringclass,which greatlyeasesuseof stringsin C++. In this homework,
we implementa classcalledlstring thatprovidespartof thefunctionalityof thestringclass.

Our strategy for implementinglstring is to storeeachcharacterof thestring1 asanelementof a Seq linked list. For
example,thestring “cheerio” is storedasa list of lengthsevenwith the secondlist elementbeing‘h’. While therearemany
ways to implementclasses,we recommend(and, in fact, require)implementinglstring using the C++ class notation
presentedin theshoppingcartexample.

lstring objectsshouldsupportthe operationslisted in Table1. Also, the friend membersin Table2 shouldbe imple-
mented.For exampleuses,seethedemoprogram.

3.1 Lengths and Positions

Thelengthof a stringis its numberof characters.In particular, anemptystringhaslength0.
A character’s positionwithin a string is the numberof charactersbeforeit in the string. The very first characterhasno

charactersbeforeit so it is in position 0. When insertingcharactersinto a string, the specifiedposition is just beforethe
characterof the samenumber. For example,insertingat position0 specifiesinsertingbeforecharacterat position0, i.e., the
veryfirst character. It is legal to insertatany positionup to andincludingthestring’s length,i.e.,at theendof thestring.

1Unlessotherwisespecified,theword “string” will referto anlstring object.
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functionprototype exampleuse explanation
lstring opera-
tor+(const lstring
& s1, const lstring &
s2)

lstring v = x+y; form a new stringby appendingthelatterstringto
theformer

bool operator==(const
lstring & s1, const
lstring & s2)

if (v == x) returnabooleanindicatingthestringshaveexactly
thesamecharacters

bool operator!=(const
lstring & s1, const
lstring & s2)

if (v != x) return a booleanindicating the strings differ in
at leastone character. For example,onemay be
longerthantheother.

bool operator<(const
lstring & s1, const
lstring & s2)

if (v < x) returnabooleanindicatingwhetherthefirst param-
eteris lessthanthesecondparameterwith respect
to alphabeticordering.

bool operator>(const
lstring & s1, const
lstring & s2)

bool b = v > x; returnabooleanindicatingwhetherthefirst param-
eter is greaterthanthe secondparameterwith re-
spectto alphabeticordering.

bool operator<=(const
lstring & s1, const
lstring & s2)

if (v <= x) returnabooleanindicatingwhetherthefirst param-
eter is lessthanor equalto the secondparameter
with respectto alphabeticordering.

bool operator>=(const
lstring & s1, const
lstring & s2)

if (v >= x) returnabooleanindicatingwhetherthefirst param-
eteris greaterthanorequalto thesecondparameter
with respectto alphabeticordering.

istream& opera-
tor>>(istream & istr,
lstring & s)

cin >> x; readastringfrom anistream

ostream& opera-
tor<<(ostream & ostr,
lstring & s)

cout << x; print astringto anostream

Table2: lstring FriendFunctions
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3.2 Alphabetic Ordering

lstrings areorderedaccordingto alphabeticorderingwherespacesandcapitalizationareimportant. For example,“hello
world” is lessthan“helloworld” becausethespacecharacteris lessthan‘w’. “Hello” is lessthan“hello” because‘H’ is less
than‘h’. If two stringshaveexactly thesamecharactersbut oneis shorterthantheother, theshorterstringis less.For example,
“hell” is lessthan“hello”. Whencomparingindividual chars, usethe default ordering,which is usually, but not always,
ASCII ordering.Thus,onecanjust use< to determinewhich of two charactersis less.

4 Some More C++ Class Notation

C++ is averyverboselanguagesowerarelyhavetimeto introduceall thenotationduringlecture.Readthetextbookchapter2
for moreexplanations.

4.1 const

Theconst keyword is an indication that a variable’s valuecannotchange.It is not strictly necessary, but effective useof
thiskeywordcanyield ameasurablereductionin runningtime. Functionparametersarefrequentlydeclaredconst type &
variable. const meanstheparameter’svaluemaynot bechanged.Passingby reference(&) is a hackthatpermitswriting
fastercodesincepassingby referenceis frequentlyfasterthancopying anentirefunctionargument.Seealsothetextbookpp.
66–67.

Anotheruseof const is in a declarationof amemberfunction.For example,bool empty(void) const; indicates
that theempty memberfunctionwill not changeany valuesin theobjectfor which it is called. Thus,this memberfunction
canbeusedfor aconst object.Whendefiningaconst memberfunction,write const betweenthefunctionprototypeand
theopeningbracket � . Seealsothetextbookp. 33.

4.2 typedef Within a Class

As we saw in Homeworks2 and3,typedefspermitcreatingsynonymsfor types.This is alsolegal insidea classdefinition.
For example,we maywrite

typedef unsigned int length pos
insidelstring’s definition. Insideany codeimplementingtheclass,we canfreely referto length pos. If thetypedef
is public,usersof thecodecanreferto it aslstring::length pos.

5 What Files Do I Need?

Therearethreeessentialfilesandonerecommendedfile.

� lstring.hcontainstheskeletonof theclass lstring definition.Write your functionandfrienddeclarationshere.

� seq.hdeclarestheSeq linkedlist class.This is thesamecodeweusedfor Homework 2.

� seq.ccimplementstheSeq linkedlist class.This is thesamecodewe usedfor Homework 2.

� demo-lstring.ccusesthelstring class.We recommendusingthis codeto checkyour implementation.

Therearetwo stylesfor implementingC++ classes.The textbook declaresmemberfunctionsin theclass declaration
andimplementsthemseparately, sometimesin a separatefile. Theotherstyle is presentedin theshoppingcartexample.Use
whicheverstylemakesyoumorecomfortable.

To usethecode,write a .ccfile containinga mainfunctiondefinition.Besureto #include "lstring.h" andput the
file in thesamedirectoryaslstring.h.Thencompilethe.ccfile. For example,

g++ -Wall -pedantic demo-lstring.cc -o demo-lstring

6 Rules

6.1 Programming Rules

As for previoushomeworks,working with otherpeopleduring your planningphaseis encouraged.For this homework, you
arepermittedto write thecode,i.e., program,with oneotherpersonin CS1321.To learnthematerial,bothof you shouldbe
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actively involvedin theprogramming.Failureto dosowill almostcertainlyhurtyourcomprehensionof thematerialin therest
of thecourse.

6.2 Submission Rules

Eachone-or two-personteamof programmersshouldsubmitonly yourcompletedlstring.h.Youneednotsendany otherfiles.
Pleasesendonly text documents,do not sendMicrosoft Word documents,PDF documents,HTML documents,etc. Please
include both your names and email addresses at the top of your program.

Wewill testyourcodeusingourown main()function.Pleasebesureit compileswithoutwarningwhenusingg++ -Wall
-pedantic.

Seethe submissiondetailsfor informationhow to email the programs.If a teamof two arein differentsections,submit
exactlyonceto oneof thetwo permissibleemailaddresses.
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