CS1321Homework 5*

Jefrey D. Oldham
2000Mar 02

DueThursday2000Mar 16, atthe beginningof class.
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1 Revisions

2000Marl14:In lecture, we emphasizetheimportanceof returningall allocatedmemoryto thebit bucketwhenfinished.After
searchingor two weeksfor an adequateool (andtalking with a salespersowantingto chaige $8000for a tool thatdid not
find the mosttrivial memoryleak!), we have founda primitive tool calledmnt r ace.

Pleaseconsidertestingyour programfor memoryleaks. If nt r ace indicatesmemoryleaks,we will hand-inspecyour
programfor memoryleaks,deductingpointsif we find any.

To usethetool, following thesesteps:

1. Downloadtherevisedtest-dynamicArrayccandcompileit. Let'sassumehe executablas 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 the sameshell.

*(©2000Jefrey D. Oldham(ol dham@s. tri ni ty. edu). All rightsresered. Thisdocumenimay not beredistritutedin ary form withoutthe express
permissiorof theauthor



For moreinformation,seetheinfo pagesFor example,usingemacstypeControl -h i ,m1libc,m nenory all o-
cation,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. Using STL st r i ngs may causememoryleak errors;we do not know why. Thus,for show_op_count s, we recom-
mendusinga C-string,notan STL string.

2000Mar13:RevisedOldhams conjecturefor the naive implementatiorfrom n(n + 1) /2 to n(n — 1) /2 copies.(Also, the
doublingimplementatiorrequiresa maximumof 2n elementcopies,not3n.)

2 Reading

Readchapter of thetextbook. Startreadingchapters.

3 Problem Statement

You andpossiblya CS1321classmatareto implementadynamicarrayclassusingarraysanddynamicmemoryusingtwo dif-
ferentstratgies. Theclassewill differin their stratgiesfor whento resizearrays.Then,pleaseshov thatoneimplementation
runsasymptoticallyfasterthanthe othet

As always, pleasereadthroughthe entire assignmenbeforebeginningto code;timing your codemight be easierif you
readthroughthatsectionfirst.

3.1 Intr oduction

A dynamic array is an arraythat grows andshrinksasmore or lessstorageis needed.For example,the STL vect or class
supportsdynamicarray operations.As more elementsareaddedto avect or, e.g.,usingpush_back, it increasesn size.
If elementsareremoved,e.g.,usingpop_back, it decreasem size. Thus,userscanavoid the requiremenbf specifyingan
ordinaryarray's maximumsizeat creationtime.

In this homework, we will implementthedynamicarrayclassnameddynanmni cAr r ay introducedduringlecture.

3.2 Naive lmplementation Strategy

Ournaiveimplementatiorstratgy for thedynanmni cAr r ay classis thateachobjectshouldstoreits n itemsin adynamically-
allocatedarrayof sizen. For example,anobjectholding 17 itemswill storethemin a dynamically-allocate@rrayof sizel7.
(Dynamicmemoryis sometimesalledthe heap or colloquially “the bit bucket”) To addoneitem to the endof thearray an
arrayof sizen + 1 is allocatedthe existing n itemsarecopiedto thenew array andtheold arrayis returnedo the bit bucket.
The procedureto remove oneitem from the end of the arrayis similar. dynami cArr ay objectsonly supportaddingand
removing elementdrom the“right” endof thearray

dynam cArr ay objectsshouldsupportthe operationdisted in Table 1. If in doubtabouta function’s semanticsread
aboutthecorrespondingect or function. push_back increaseshe numberof itemsstoredin thedynamni cAr r ay object,
while pop_back decreasethe numberof items. Using pop_back on anarraywith no elementss undefined;you choose
whetherto checkfor this caseor not. Similarly, get andset canoptionally checkfor correctpositionvalues.Definea copy
constructoran assignmenoperatoy anda destructoiif necessary(Hint: They arenecessarySeealsothe textbookor lecture
notes.)

Assumehedynamicarraystored nt s, but noticehow easyit will beto changeo adifferenttypeby changinghedefinition
of i t emt ype. Positionsarenumberedustasfor ordinaryarraysandvect or s. The“leftmost” elements numbered and
the“rightmost” elementhasnumbem — 1 if thearrayhasn items.

As alludedto above, implementthe classusingnew, del et e, andarrays,not usingvect or s or otherdynamicarray
classeslefinedby otherpeople.



function prototype exampleuse explanation

dynam cArray(void) dynam cArray v; createanobjectwith noitems

| engt h_pos dynam cArray: : | engt h_pogype specifyingarray’s lengthor a positionwithin
i = v.size(); array

itemtype dynam cArray: :itemtype typespecifyinganarrayelement
i = v.pop();

voi d push_back(const v. push_back(17); appendhegivenitemto theendof thearray

itemtype & iten)

i temtype int i = v.popback(); removethelastelementbf thearrayandreturnit

pop_back(voi d)
| engt h_pos size(void) dynam cArray:: | ength_poseturnthenumberof itemsin array

i = v.size();
itemtype get(const int i = v.get(0); returntheitem storedat the specifiedposition
| engt h_pos i)
voi d set (const v.set (0, 3); storetheseconcharametem thepositionspecified
| ength_pos i, con- by thefirst parameter

st itemtype & item

Tablel: dynam cAr r ay MemberFunctionsandTypes

3.3 Powers-of-Two Implementation

The naive implementatiorallocatesan array exactly the samesize asthe numberof elementgo hold. Thus,every time an
elements addedor removed,anentirely new arrayis allocated.If we permitanarrayto have a sizedifferentfrom its number
of elementsye cando betterusingthe “double or halve” heuristic,acommoncomputerscienceule of thumb:

Whenallocatinga new array eitherdoubleor halveits size.

Initially, the array shouldhave size oneeventhoughit hasno elements.Wheneer addingan additionalelementrequires
reallocatingthe array, doublethe array’s size. Wheneer anarraybecomedessthanone-quarter full, halve its size. Thus,the
array'ssizewill alwaysbea power of two.

For example,considerthefollowing sequencef operations:

operation nu.elements arraysize
dynam cArray v;
v. push_back(3);
v. push_back(4);
v. push_back(5);
v. push_back(1);
int i v. pop_back();
int i v. pop_back();
int i = v.pop_back();
int i v. pop_back();

newanarray

newanarray
newanarray
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Reimplementlynani cAr r ay to incorporatehis new strat@y, but be sureto save your old codein a differentfile.

3.4 Timing Comparisons

TheoreticianJefrey D. Oldhamclaimsthatthe doublingimplementatiorrunsasymptoticallyfasterthanthe naive implemen-
tation. In fact,he makesanevenmorepreciseclaim:

Considerasequencefn push_back operationsThenaiveimplementatiorrequiresn reallocationsandcopying
of n(n —1)/2 elementsThedoublingimplementatiorrequiredog, n reallocationsandamaximumof 3n element
copies.

Experimentallyprove his claim. Instrumenbothimplementationso countthe numberof arrayreallocation@ndassociated
elementcopies. A reallocation is the processof allocatinga new array copying the existing array’s elementsto the new



array anddestrging the old array If you write your codein a modularform, this shouldoccurin only one function. Also
adda memberfunctionshow.op_count s to bothdynani cAr r ay implementationghat, givenanost r eamanda string
representinghe array’s name printsthe array’s statistics.

Runthetiming programusingbothimplementationsWith your submissionprovide threegraphswith z-axescorrespond-
ing to thenumberof push_back operationsandy-axesfor thenumberof reallocationsnumberof elemenicopiesandrunning
times,respectiely. Pleaseplot thesefor bothimplementationgndsubmiton paper ; we areMicrosoft-challengedit mightbe
interestingto try usinga numberof push_backs comparableo 16K, 32K, ... , 128K.

4 What FilesDo | Need?

Therearetwo providedfiles:

e test-dynani cArray. cc partially testsa dynami cArray class. You may wantto write somemoretests. This
codeassumegourdynami cArr ay classisin afile calleddynam cArray. h.

e time-dynani cArray. cc exerciseadynani cArr ay implementationThismaybehelpfulwhenproving Jefrey’s
claim. This codeassumegourdynanmi cAr r ay classis in afile calleddynam cArray. h.

Submityourtwo implementationgn files namednai ve- dynam cArray. h andpower s- dynani cArray. h.

5 Rules

5.1 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 comprehensioonf the materialin therest
of thecourse.

5.2 SubmissionRules

Eachone-or two-persorteamof programmershouldsubmitonly yourtwo completedmplementation# filesnamedhai ve-
dynam cArray. h andpower s- dynamni cArray. h. Submityour experimentalevidenceon paper. You neednot send
ary otherfiles. Pleasesendonly text documentsgdo not sendMicrosoft Word documentsPDFdocumentsHTML documents,
etc. Pleaseinclude both your namesand email addressest the top of your program.

Wewill testyour codeusingour own main()function. Pleasée sureit compileswithoutwarningwhenusingg++ - Wl |
- pedanti c.

Seethe submissiordetailsfor informationhow to emailthe programs.If ateamof two arein differentsectionssubmit
exactly onceto oneof thetwo permissibleemailaddresses.



