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1 Reading

Readchapter5 of thetextbook. Startreadingchapter6.

2 Problem Statement

You andpossiblya CS1321classmateareto implementa doubly-linkedlist classusingdynamicmemoryandlinks. Although
similarto thedl | doubly-linkedlist classpresentedn lecture,your classs implementatioris to belinearandmaynot have a
sentinel. Thisimplementatioris the oneprogrammersisuallyuseif they do not know aboutthe circularimplementatiorwith
asentinel.

2.1 Intr oduction

A doubly-linked list is adatastructurewith objectsarrangedn linearorderandpermittingeasyaccesso bothpreviousandnext
items.Forexample theSTLI i st classmplementsadoubly-linkedlist. (Interestingly STL creatorAlex Stepang apparently
alsodecidedo usea circularimplementatiorwith a sentinel.)

Yourimplementatiorshouldsupporthe sameoperationsasthedl | doubly-linkedlist classpresentedn lectureplus a few
more. Thatis, it shouldsupportall theoperationdistedin Tablel. Wheninsertinganiteminto alist, theitem’s new link should
beto theleft of theuserspecifiedoosition. If this userspecifiedpositionis a groundpointer, oneshouldinsertatthelist’s right
end. To insertat the left end, the usershouldspecifythe leftmostlink. To erasea link, the userneedonly specifythe link
to erase.Unlike the implementation presented in class, i nsert should return a pointer to the inserted link. Theer ase()
function returnsthe link to the right of the erasedink or a groundif the rightmostlink wasremoved. Both functionsmay
assumehattheir parametewaluesarevalid.
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function prototype exampleuse explanation

dl I (voi d) di I Ist; createa list with noitems
itemtype dil::itemtype i = type specifyinga list entry

a
[ink dil::link * Ink = typeholdingalist element

| st.erase(lnkPtr);
link * insert(link * I nkPtr = addsthe specifieditem before the specifiedposi-
pos, const itemtype I st.insert(lnkPtr, tion
& item "b');
link * erase(link * dil::link * Ink = remove the specifiedtem from thelist
[inkPtr) | st.erase(lnkPtr);
link * begin(void) dil::link * I nkB = returna pointerto thefirstitemin thelist
const | st. begin();
link * end(void) con- dll::link * I nkE = returna pointerpastthelastitemin thelist
st | st.end();
link * pred(const dil::link * Ink = returnlist item just beforethe givenitem
[ink * I nk) const | st. pred(l nkE);
link * succ(const dil::link * Ink = returnlist item just afterthe givenitem
[ink * I nk) const I st.succ(l nkB);

Tablel: dl | MemberFunctionsandTypes

Thelastfour operationgpermitthe userto “move” throughtheitemsin thelist. begi n andend returnpointersto alist's
first link andonepastits lastlink, respectiely. Givena pointerinto thelist, pr ed andsucc returnpointersto the preceding
link (link to the left), and subsequenilink (link to the right), respectiely. The predecessoof the leftmostlink is a ground
pointerasis the successoof therightmostlink. Whengivenagroundpointer, pr ed assumeshegroundis theright endof the
list. Whengivenagroundpointer succ assumeshegroundis thebeginningof thelist.

Pleaseensurethat, if alist is copied,changingthe original list's contentsdoesnot changethe copy andvice versa. (Hint:
Write anassignmenbperatoranda copy constructoiif necessary Be surenotto leakdynamicmemory

For now, assumehelist containschar s, but, anticipatingfuture modificationto hold any particulartype,we requireusing
i temtype.

2.2 NaivelLinear Implementation

In classwe presente@lgorithmsandcodefor a circularimplementatiorwith a sentinellink. In this assignmentywe will usea
linearimplementatiorwith no sentinel.For example,hereare

e anemptylist,!
e

e alist with onelink, and

e alist with threelinks.

The numberof links equalsthe numberof itemsin thelist, andgroundpointersappeaiat the left andright endsof thelist. In
C++, groundpointersarerepresentedso, i.e., zero.

The linearimplementatiorwill be very similar to the circular, sentinelimplementatiorexceptthe routinescannotalways
assumehatthereis alink to theleft andright wheninsertinganderasing.For example,considerinsertinga link at theright
endof alist with onelink. We aregivena groundpointer Assumewe have alreadycreateda link namedn to hold the new
item.

1Thislookslike Darth Vaders shipin episodet of StarWars. JustasDarthwastherebels bane the emptylist will beyourbane.



insert here

We needto know thelink to theleft. Thus,let usassumehed| | objectmaintainsal i nk * r alwayspointingto thelist's
rightmostlink. Thefirst stepis to setn’s pointersto the correctlocations.

r n

b !
[s]old [ ¢ fe—enew]s]
T & T

n —prev = r; n —next = r —next;

The next stepis to changethe surroundindinks’ pointers. Sincethereis no link to the right of n, we cannotchangeits link.
Finally, we updatethe object’s pointerto therightmostlink.

r

|
[y ol [ new ]

r—next =n;r =n;

Thisimplementatiordiffersfrom the circular, sentinelimplementatiorbecauseve needed pointerto thelist’s rightmostlink
andwe did not changehe pointerof thelink ontheright.

2.3 Correctnessand Testing

Your implementatiorshouldsupportinsertionand erasurearywherein alist, e.g.,at the beginning, middle, or end,for a list
of ary length,e.g.,empty onelink, or multiple links. Beforewriting code,we stronglyrecommendhatyou draw picturesof
all possiblecasesand annotatewith the associatedode. Otherwise the probability of obtaininga correctimplementations
minimal.

Our recommendedtrateyy for implementingandtestingyour codeis to interleave writing memberfunctions,compiling,
andtesting. Thatis, choosean orderfor implementingmemberfunctionsthat minimizesthe amountof codewritten between
compilationsandtesting.

1. Write avery simpletestprogramthatdeclaresa doubly-linkedlist classbut nothingelse.

. WritethedI | skeleton,i.e.,cl ass dl | , bracesasemicolonandnothingelse.

. Compile,fixing all errors.

. Add definitionsfor i t emt ype andl i nk.

. Compile,fixing all errors.

Add adefinitionfor i nsert . Thismayrequireaddinghelperfunctionsandprivatevariables.

. Revisethetestprogramto testinsertingat the beginning of thelist, attheendof thelist, andin the middle of thelist.

. Compile,fixing all errors.Checkfor correctnessCheckfor memoryleaks.

. Continuetheprocessimplementinger ase last.

To speedorogrammingyour partnercouldrevisethetestcodeto usea particularmemberfunctionwhile you areprogramming
it. After compilingandtesting,you canswaprolesfor the next memberfunction. It may alsobe usefulto overloadthe output
operatotto print alist’s contents.

After you havefinishedtheimplementationtry usingthebuffer code.lt usesadl | classbutassumethatmembeirfunctions
link * begin(void) const andlink * end(void) const arealso* defined.editor. cc usesthebuf fer
classto implementthe brain-deadstring editor presentedh lecture.

Yourimplementatiorshouldcorrectlyusedynamicmemory For example, dynamicmemoryshouldbedel et ed whenno
longerused,anddel et ed memoryshouldnot be used. If you wish to usethent r ace commando help find memory-use
errors,herearetheinstructions:



1. In yourtestprogram,add
#i ncl ude <nctheck. h>

and,atthebeginningof mai n( ) , add
ntrace();

Let'sassumeheexecutablds nameda. out .
2. Beforerunningthe executabletype
decl are -x MALLOC.TRACE=f 0o. t xt
in ashell. Insteadof f 00. t xt , you canuseary file nameyou desire.

3. Runtheexecutable Memoryallocationanddeallocatiorinformationis storedin thefile calledf oo. t xt .

4. To print memoryleakinformation,type
nmrace a.out $MALLOC TRACE

in thesameshell.

For moreinformation,seetheinfo pagesFor example,usingemacstypeControl -h i ,mlibc,m menory al |l oca-
tion,andm al | ocati on debuggi ng.
Caveats:

1. Ignoreary leakinformationnotinvolving thewords“new” or “delete’ For example,ignoreary leaksinvolving theword
“exit.”

2. Ignoretheindicatedline numbers.Justcheckyour codefor news without correspondinglel et esandvice versa.

3. UsingSTL st r i ngsmaycausememoryleakerrors;we do notknow why.

3 What FilesDo | Need?

We suggesstartingwith thecircular, sentineld! | . h implementatiorandcorvertingit to alinearimplementation.
The lectureversionof the buffer codehasbeenmodifiedto usebegi n, end, pr ed, andsucc. Grabtherevisedcode
here.

4 Rules

4.1 Programming Rules

As for previous homewvorks, working with other peopleduring your planningphaseis encouragedFor this homework, you
arepermittedto write the code,i.e., program,with oneotherpersonin CS1321.To learnthe material,both of you shouldbe
actively involvedin the programmingFailureto do sowill almostcertainlyhurtyour comprehensioof the materialin therest
of thecourse.

4.2 SubmissionRules

Eachone-or two-persorteamof programmershouldsubmitonly its completedmplementationrin afile namedd! | . h. You
neednot sendary otherfiles. Pleasesendonly text documentsdo not sendMicrosoft Word documentsPDF documents,
HTML documentsetc. Pleaseinclude both your namesand email addressest the top of your program.

We will testyour codeusing our own programs. Pleasebe sureyour codecompileswithout warningwhenusing g++
-\Wal | -pedantic.

Seethesubmissiordetailsfor informationhow to emailthe programs Notethatthe CScomputerconfigurationvasrecently
changedlf youwantto receive anautomatedeply acknavledgingyour submissionpleasereadthe submissionVWW page.
If ateamof two arein differentsectionssubmitexactly onceto oneof thetwo permissibleemailaddresses.



