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DueThursday, 2000Mar 16,at thebeginningof class.
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1 Revisions

2000Mar14:In lecture,weemphasizedtheimportanceof returningall allocatedmemoryto thebit bucketwhenfinished.After
searchingfor two weeksfor an adequatetool (andtalking with a salespersonwantingto charge$8000for a tool thatdid not
find themosttrivial memoryleak!),we havefoundaprimitive tool calledmtrace.

Pleaseconsidertestingyour programfor memoryleaks. If mtrace indicatesmemoryleaks,we will hand-inspectyour
programfor memoryleaks,deductingpointsif wefind any.

To usethetool, following thesesteps:

1. Downloadtherevisedtest-dynamicArray.ccandcompileit. 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.
�
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2000Jeffrey D. Oldham(oldham@cs.trinity.edu). All rightsreserved.Thisdocumentmaynotberedistributedin any form without theexpress
permissionof theauthor.
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For moreinformation,seetheinfo pages.For example,usingemacs,typeControl-h i, m libc, m memory allo-
cation, andm allocation debugging.

Ca
�

veats:

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

2. Ignoretheindicatedline numbers.Justcheckyourcodefor newswithoutcorrespondingdeletesandviceversa.

3. UsingSTL strings maycausememoryleakerrors;we do not know why. Thus,for show op counts, we recom-
mendusinga C-string,not anSTL string.

2000Mar13:RevisedOldham’sconjecturefor thenäıve implementationfrom �����	��
����� to ��������
����� copies.(Also, the
doublingimplementationrequiresa maximumof ��� elementcopies,not ��� .)

2 Reading

Readchapter4 of thetextbook.Startreadingchapter5.

3 ProblemStatement

YouandpossiblyaCS1321classmateareto implementadynamicarrayclassusingarraysanddynamicmemoryusingtwo dif-
ferentstrategies.Theclasseswill differ in theirstrategiesfor whento resizearrays.Then,pleaseshow thatoneimplementation
runsasymptoticallyfasterthantheother.

As always,pleasereadthroughthe entireassignmentbeforebeginning to code;timing your codemight be easierif you
readthroughthatsectionfirst.

3.1 Intr oduction

A dynamic array is an arraythatgrows andshrinksasmoreor lessstorageis needed.For example,the STL vector class
supportsdynamicarrayoperations.As moreelementsareaddedto a vector, e.g.,usingpush back, it increasesin size.
If elementsareremoved,e.g.,usingpop back, it decreasesin size. Thus,userscanavoid the requirementof specifyingan
ordinaryarray’smaximumsizeat creationtime.

In this homework, wewill implementthedynamicarrayclassnameddynamicArray introducedduringlecture.

3.2 Näıve Implementation Strategy

Ournäıve implementationstrategy for thedynamicArray classis thateachobjectshouldstoreits � itemsin adynamically-
allocatedarrayof size � . For example,anobjectholding17 itemswill storethemin a dynamically-allocatedarrayof size17.
(Dynamicmemoryis sometimescalledtheheap or colloquially “the bit bucket.”) To addoneitem to theendof thearray, an
arrayof size ����
 is allocated,theexisting � itemsarecopiedto thenew array, andtheold arrayis returnedto thebit bucket.
The procedureto remove oneitem from the endof the array is similar. dynamicArray objectsonly supportaddingand
removing elementsfrom the“right” endof thearray.

dynamicArray objectsshouldsupportthe operationslisted in Table1. If in doubtabouta function’s semantics,read
aboutthecorrespondingvector function.push back increasesthenumberof itemsstoredin thedynamicArray object,
while pop back decreasesthe numberof items. Usingpop back on an arraywith no elementsis undefined;you choose
whetherto checkfor this caseor not. Similarly, get andset canoptionallycheckfor correctpositionvalues.Definea copy
constructor, anassignmentoperator, anda destructorif necessary. (Hint: They arenecessary. Seealsothetextbookor lecture
notes.)

Assumethedynamicarraystoresints,but noticehow easyit will beto changeto adifferenttypebychangingthedefinition
of item type. Positionsarenumberedjust asfor ordinaryarraysandvectors. The“leftmost” elementis numbered0 and
the“rightmost” elementhasnumber����
 if thearrayhas� items.

As alludedto above, implementthe classusingnew, delete, andarrays,not usingvectors or otherdynamicarray
classesdefinedby otherpeople.

2



functionprototype exampleuse explanation
dynamicArray(void) dynamicArray v; createanobjectwith no items
length� pos dynamicArray::length pos

i = v.size();
typespecifyingarray’s lengthor a positionwithin
array

item type dynamicArray::item type
i = v.pop();

typespecifyinganarrayelement

void push back(const
item type & item)

v.push back(17); appendthegivenitemto theendof thearray

item type
pop back(void)

int i = v.pop back(); removethelastelementof thearrayandreturnit

length pos size(void) dynamicArray::length pos
i = v.size();

returnthenumberof itemsin array

item type get(const
length pos i)

int i = v.get(0); returntheitem storedat thespecifiedposition

void set(const
length pos i, con-
st item type & item)

v.set(0,3); storethesecondparameterin thepositionspecified
by thefirst parameter

Table1: dynamicArray MemberFunctionsandTypes

3.3 Powers-of-Two Implementation

The näıve implementationallocatesan arrayexactly the samesizeasthe numberof elementsto hold. Thus,every time an
elementis addedor removed,anentirelynew arrayis allocated.If we permitanarrayto have a sizedifferentfrom its number
of elements,wecando betterusingthe“doubleor halve” heuristic,acommoncomputersciencerule of thumb:

Whenallocatinganew array, eitherdoubleor halve its size.

Initially, thearrayshouldhave sizeoneeventhoughit hasno elements.Whenever addinganadditionalelementrequires
reallocatingthearray, doublethearray’ssize.Wheneveranarraybecomeslessthanone-quarter full, halve its size.Thus,the
array’ssizewill alwaysbea powerof two.

For example,considerthefollowing sequenceof operations:

operation nu.elements arraysize
dynamicArray v; 0 1 new anarray
v.push back(3); 1 1
v.push back(4); 2 2 new anarray
v.push back(5); 3 4 new anarray
v.push back(1); 4 4
int i = v.pop back(); 3 4
int i = v.pop back(); 2 4
int i = v.pop back(); 1 4
int i = v.pop back(); 0 2 new anarray

ReimplementdynamicArray to incorporatethis new strategy, but besureto saveyourold codein adifferentfile.

3.4 Timing Comparisons

TheoreticianJeffrey D. Oldhamclaimsthat thedoublingimplementationrunsasymptoticallyfasterthanthenäıve implemen-
tation. In fact,hemakesanevenmorepreciseclaim:

Considerasequenceof � push back operations.Thenäıveimplementationrequires� reallocationsandcopying
of ��������
����� elements.Thedoublingimplementationrequires� �"!"#$� reallocationsandamaximumof ��� element
copies.

Experimentallyprovehisclaim. Instrumentbothimplementationsto countthenumberof arrayreallocationsandassociated
elementcopies. A reallocation is the processof allocatinga new array, copying the existing array’s elementsto the new
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array, anddestroying the old array. If you write your codein a modularform, this shouldoccurin only onefunction. Also
adda memberfunctionshow op counts to bothdynamicArray implementationsthat,givenanostream anda string
representingthearray’sname,printsthearray’sstatistics.

Runthetiming programusingbothimplementations.With yoursubmission,providethreegraphswith % -axescorrespond-
ing to thenumberof push back operationsand & -axesfor thenumberof reallocations,numberof elementcopies,andrunning
times,respectively. Pleaseplot thesefor bothimplementationsandsubmiton paper; we areMicrosoft-challenged.It might be
interestingto try usinga numberof push backscomparableto 16K, 32K, '(')' , 128K.

4 What FilesDo I Need?

Therearetwo providedfiles:

* test-dynamicArray.cc partially testsa dynamicArray class. You may want to write somemoretests. This
codeassumesyourdynamicArray classis in afile calleddynamicArray.h.

* time-dynamicArray.cc exercisesadynamicArray implementation.ThismaybehelpfulwhenprovingJeffrey’s
claim. ThiscodeassumesyourdynamicArray classis in a file calleddynamicArray.h.

Submityour two implementationsin filesnamednaive-dynamicArray.h andpowers-dynamicArray.h.

5 Rules

5.1 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.

5.2 SubmissionRules

Eachone-or two-personteamof programmersshouldsubmitonly yourtwo completedimplementationsin filesnamednaive-
dynamicArray.h andpowers-dynamicArray.h. Submityour experimentalevidenceon paper. You neednot send
any otherfiles. Pleasesendonly text documents,donot sendMicrosoftWord documents,PDFdocuments,HTML documents,
etc.Pleaseinclude both your namesand email addressesat 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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