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1 Reading

Readchapter5 of thetextbook.Startreadingchapter6.

2 ProblemStatement

You andpossiblya CS1321classmateareto implementa doubly-linkedlist classusingdynamicmemoryandlinks. Although
similar to thedll doubly-linkedlist classpresentedin lecture,your class’s implementationis to belinearandmaynot have a
sentinel.This implementationis theoneprogrammersusuallyuseif they do not know aboutthecircular implementationwith
a sentinel.

2.1 Intr oduction

A doubly-linked list is adatastructurewith objectsarrangedin linearorderandpermittingeasyaccessto bothpreviousandnext
items.For example,theSTLlist classimplementsadoubly-linkedlist. (Interestingly, STL creatorAlex Stepanov apparently
alsodecidedto usea circularimplementationwith a sentinel.)

Your implementationshouldsupportthesameoperationsasthedll doubly-linkedlist classpresentedin lectureplus a few
more. Thatis, it shouldsupportall theoperationslistedin Table1. Wheninsertinganiteminto a list, theitem’snew link should
beto theleft of theuser-specifiedposition.If thisuser-specifiedpositionis agroundpointer, oneshouldinsertat thelist’s right
end. To insertat the left end,the usershouldspecify the leftmost link. To erasea link, the userneedonly specify the link
to erase.Unlike the implementation presented in class, insert should return a pointer to the inserted link. Theerase()
function returnsthe link to the right of the erasedlink or a groundif the rightmostlink wasremoved. Both functionsmay
assumethattheir parametervaluesarevalid.
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functionprototype exampleuse explanation
dll(void) dll lst; createa list with no items
item type dll::item type i =

’a’;
typespecifyinga list entry

link dll::link * lnk =
lst.erase(lnkPtr);

typeholdinga list element

link * insert(link *
pos, const item type
& item)

lnkPtr =
lst.insert(lnkPtr,
’b’);

addsthe specifieditem before the specifiedposi-
tion

link * erase(link *
linkPtr)

dll::link * lnk =
lst.erase(lnkPtr);

removethespecifieditem from thelist

link * begin(void)
const

dll::link * lnkB =
lst.begin();

returna pointerto thefirst item in thelist

link * end(void) con-
st

dll::link * lnkE =
lst.end();

returna pointerpastthelastitem in thelist

link * pred(const
link * lnk) const

dll::link * lnk =
lst.pred(lnkE);

returnlist item justbeforethegivenitem

link * succ(const
link * lnk) const

dll::link * lnk =
lst.succ(lnkB);

returnlist item justafterthegivenitem

Table1: dll MemberFunctionsandTypes

Thelast four operationspermit theuserto “move” throughtheitemsin thelist. begin andend returnpointersto a list’s
first link andonepastits last link, respectively. Givena pointerinto thelist, pred andsucc returnpointersto thepreceding
link (link to the left), andsubsequentlink (link to the right), respectively. The predecessorof the leftmost link is a ground
pointerasis thesuccessorof therightmostlink. Whengivenagroundpointer,pred assumesthegroundis theright endof the
list. Whengivena groundpointer, succ assumesthegroundis thebeginningof thelist.

Pleaseensurethat, if a list is copied,changingtheoriginal list’s contentsdoesnot changethecopy andvice versa.(Hint:
Write anassignmentoperatoranda copy constructorif necessary.) Besurenot to leakdynamicmemory.

For now, assumethelist containschars,but, anticipatingfuturemodificationto holdany particulartype,werequireusing
item type.

2.2 NäıveLinear Implementation

In class,we presentedalgorithmsandcodefor a circularimplementationwith asentinellink. In this assignment,we will usea
linearimplementationwith no sentinel.For example,hereare

� anemptylist,1

� a list with onelink, and

� a list with threelinks.

Thenumberof links equalsthenumberof itemsin thelist, andgroundpointersappearat theleft andright endsof thelist. In
C++,groundpointersarerepresentedas0, i.e.,zero.

The linear implementationwill bevery similar to thecircular, sentinelimplementationexceptthe routinescannotalways
assumethat thereis a link to the left andright wheninsertinganderasing.For example,considerinsertinga link at theright
endof a list with onelink. We aregivena groundpointer. Assumewe have alreadycreateda link named� to hold the new
item.

1This lookslike DarthVader’s shipin episode4 of StarWars.JustasDarthwastherebel’s bane,theemptylist will beyourbane.
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We needto know thelink to theleft. Thus,let usassumethedll objectmaintainsalink * r alwayspointingto thelist’s
rightmostlink. Thefirst stepis to set � ’s pointersto thecorrectlocations.
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Thenext stepis to changethesurroundinglinks’ pointers.Sincethereis no link to the right of � , we cannotchangeits link.
Finally, we updatetheobject’spointerto therightmostlink.
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This implementationdiffersfrom thecircular, sentinelimplementationbecausewe neededa pointerto thelist’s rightmostlink
andwedid not changethepointerof thelink on theright.

2.3 Corr ectnessand Testing

Your implementationshouldsupportinsertionanderasureanywherein a list, e.g.,at thebeginning,middle,or end,for a list
of any length,e.g.,empty, onelink, or multiple links. Beforewriting code,we stronglyrecommendthatyou draw picturesof
all possiblecasesandannotatewith the associatedcode. Otherwise,the probability of obtaininga correctimplementationis
minimal.

Our recommendedstrategy for implementingandtestingyour codeis to interleave writing memberfunctions,compiling,
andtesting.That is, chooseanorderfor implementingmemberfunctionsthatminimizestheamountof codewritten between
compilationsandtesting.

1. Write a verysimpletestprogramthatdeclaresa doubly-linkedlist classbut nothingelse.

2. Write thedll skeleton,i.e.,class dll, braces,a semicolon,andnothingelse.

3. Compile,fixing all errors.

4. Add definitionsfor item type andlink.

5. Compile,fixing all errors.

6. Add a definitionfor insert. Thismayrequireaddinghelperfunctionsandprivatevariables.

7. Revisethetestprogramto testinsertingat thebeginningof thelist, at theendof thelist, andin themiddleof thelist.

8. Compile,fixing all errors.Checkfor correctness.Checkfor memoryleaks.

9. Continuetheprocess,implementingerase last.

To speedprogramming,yourpartnercouldrevisethetestcodeto useaparticularmemberfunctionwhile youareprogramming
it. After compilingandtesting,you canswaprolesfor thenext memberfunction. It mayalsobeusefulto overloadtheoutput
operatorto print a list’s contents.

After youhavefinishedtheimplementation,try usingthebuffercode.It usesadll classbutassumesthatmemberfunctions
link * begin(void) const andlink * end(void) const arealso* defined.editor.cc usesthebuffer
classto implementthebrain-deadstringeditorpresentedin lecture.

Your implementationshouldcorrectlyusedynamicmemory. For example,dynamicmemoryshouldbedeleted whenno
longerused,anddeleted memoryshouldnot beused.If you wish to usethemtrace commandto helpfind memory-use
errors,herearetheinstructions:
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1. In your testprogram,add
#include � mcheck.h �

and,at thebeginningof main(), add
mtrace();

Let’sassumetheexecutableis nameda.out.

2. Beforerunningtheexecutable,type
declare -x MALLOC TRACE=foo.txt

in a shell. Insteadof foo.txt, you canuseany file nameyoudesire.

3. Runtheexecutable.Memoryallocationanddeallocationinformationis storedin thefile calledfoo.txt.

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

in thesameshell.

For moreinformation,seetheinfo pages.For example,usingemacs,typeControl-h i, m libc, m memory alloca-
tion, andm allocation debugging.

Caveats:

1. Ignoreany leakinformationnot involving thewords“new” or “delete.” For example,ignoreany leaksinvolving theword
“exit.”

2. Ignoretheindicatedline numbers.Justcheckyourcodefor newswithoutcorrespondingdeletesandviceversa.

3. UsingSTL stringsmaycausememoryleakerrors;wedo not know why.

3 What FilesDo I Need?

We suggeststartingwith thecircular, sentineldll.h implementationandconvertingit to a linearimplementation.
The lectureversionof the buffer codehasbeenmodifiedto usebegin, end, pred, andsucc. Grabthe revisedcode

here.

4 Rules

4.1 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
actively involvedin theprogramming.Failureto dosowill almostcertainlyhurtyourcomprehensionof thematerialin therest
of thecourse.

4.2 SubmissionRules

Eachone-or two-personteamof programmersshouldsubmitonly its completedimplementationin a file nameddll.h. You
neednot sendany otherfiles. Pleasesendonly text documents,do not sendMicrosoft Word documents,PDF documents,
HTML documents,etc.Pleaseinclude both your namesand email addressesat the top of your program.

We will testyour codeusingour own programs. Pleasebe sureyour codecompileswithout warningwhenusingg++
-Wall -pedantic.

Seethesubmissiondetailsfor informationhow to emailtheprograms.NotethattheCScomputerconfigurationwasrecently
changed.If you wantto receiveanautomatedreply acknowledgingyour submission,pleasereadthesubmissionWWW page.
If a teamof two arein differentsections,submitexactlyonceto oneof thetwo permissibleemailaddresses.
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