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1 Revisions

2000Apr25: In CS1321-2today, it appearedthe hashfunction schemepresentedin lecturewasbroken. It is not. Readthis
expositionfor anexplanationwhy.

2 Reading

Readchapter12.

3 Problem Statement

You andpossiblya CS1321classmateareto implementan open-chainedhashtableandincorporateit into a programto find
duplicateWWW pages.You maysolve theproblemin any way exceptthatyou maynot useany codeavailablein written or
electronicform.

�
c
�

2000Jeffrey D. Oldham(oldham@cs.trinity.edu). All rightsreserved.Thisdocumentmaynotberedistributedin any form without theexpress
permissionof theauthor.
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prototype exampleuse explanation
insertPair hashTable::insertPair

p = insert( ����� );
pair of a booleanandaURL

hashTable(void) hashTable h; createa hashtablewith no entries
insertPair in-
sert(const URL &
key);

h.insert(
URL("www.google.com"));

addthegivenURL to tableif notalreadypresent

bool query(const URL
& key) const;

bool b =
h.query(URL("www.google.com"));

returntrueif andonly if an== URL is in table

bool remove(const URL
& key);

h.remove(
URL("www.google.com"))

removeany == URL presentin thetable,returning
true if andonly if an== URL wasfound

friend ostream& oper-
ator<<(ostream& out,
const hashTable & h);

cout << h; print hashtable’s contents,oneperline, in no spe-
cific order.

Table1: hashTable PublicMemberTypes,Functions,andFriends

4 C++ Programming Tip

Default function arguments canspecify valuesfor function argumentsthat usually have the samevalue. For example,the
function int foo(int x, int y = 3) can be called using eitherfoo(4,5) or foo(4). In the former case,the
parametervaluesarex = 4 andy = 5. In thelattercase,y’s parametervalueis 3. Seealsothetextbookpp. 60–62.

5 Hash Tables

A hash table is a datastructuresupportinginsertion,removal, andqueryingof elementsin expectedconstanttime by usinga
hashfunction. A hash function convertsanelementinto a numberspecifyingwheretheelementshouldbestored.You areto
implementan open-chainedhashtablestoringURL objects,which conceptuallyarenamesof WWW pages.The algorithms
andhashfunctionto usewerepresentedduringlecture.

(Thehashtabledescribedbelow hasbeendesignedto supportfindingURLswith thesamecontents.Otherhashtables,e.g.,
theSTL hashtable,aresimilarly designedbut detailsmayvary. For example,mosthashtablesstorekey-valuepairs.)

5.1 Operations

ThehashTable classshouldsupporttheoperationslistedin Table1. Theseoperationsaresimilar to but not identicalto these
providedby theSTL hashtables.

All hashTable operationsuse== or != to comparekeys.
Theinsert functionensuresthat thegivenkey is in the hashtable. If a matchingkey, i.e., oneequivalentusing==, is

alreadyin thehashtable,thegivenkey is not inserted.Thus,all keys in thehashtablearealwaysunique.insert returnsa
pair in which

� thefirst elementindicateswhetherthekey waspreviouslypresentin thehashtable.A true valueindicatesthekey was
notpresentprior to theinsertion.

� thesecondelementcontainsthematchingkey. Thisvalueis to beusedonly if amatchingkey wasalreadypresentin the
hashtablebeforeattemptingtheinsertion.

5.2 A Hash Function

As discussedin lecture,ourhashfunctionconvertsastring,e.g.,aURL’scontents,to apositionin thehashtable’smainvector.
Thereexist many differenthashfunctions,but wedescribeonethathasprovento work well in practice.

Conceptually, our hashfunction

1. interpretsthestringasa base-256numberusingthestring’s ASCII values.Actually, it maybeeasierto interpretit asa
base-256numberwith digits in reverseorder. For example,thestring“Bob” wouldbegivenvalue ���
	���
��
����������	���
��
������

. Computingthis maybeeasiestusingrecursionon thegivenstring.Whenconvertinga characterto its ASCII value,
be sureto convert it to an unsignedint, e.g.,static cast<unsigned int>(character), to avoid negative
numbers.
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2. spreadsout the strings’ valuesusingan irrational number. The numberresultingfrom the conversionof the string is
multiplied by an irrational numberandthenthe digits to the left of the result’s decimalpoint aredropped.DonaldE.
Knuth recommendsusingthegoldenratio ��� 
���� � � � [Knu98, p. 517].

3. mapstheresultingfractionto therange!#"%$���$&�%$������'$&()�*��+ , where ( is thelengthof thehashtable’smainvector. We
truncatetheproductof thefractionand ( ; i.e.,we dropthenonintegralportionof theproduct.

In practice,convertingthe string into a base-256numberyields a very largenumberthatcanoverflow the largestinteger
thatmostcomputerscanstore.Instead,we combinethefirst two steps.After convertingeachstring’scharacterinto its ASCII
code,multiply by thegoldenratio. After eachmultiplicationor additiondroptheintegralportionof theresult.Thiswill ensure
thatthenumberswill alwayshavereasonablesize.

5.3 Resizing the Hash Table

A goodhashfunctionspreadsoutahashtable’scontents,but, if any significantnumberof tablepositionshavetoomany entries,
usingthehashtablewill take too muchtime. Thus,if thehashtablebecomestoo full, we shouldenlargethetable.If twice the
numberof itemsin thehashtableexceedsthesizeof thehashtable’s mainvector, doublethevector’s size. If thenumberof
itemsis lessthanone-eighthof themainvector’ssize,halve its size.

Whenresizingthehashtable,everyURL in thehashtablemustberehashedsincethehashfunction’svaluesdependon the
table’s size.Oneimplementationstrategy s to inserttheURLs into a newly createdvector. Anotherstrategy is to alwayshave
two vectorsin the hashtableobjectanda variableindicatingwhich vectorcontainsthe URLs. To resize,the othervectoris
cleared,resizedto thenew size,theURLs arecopiedinto it, andmarkedasthevectorcontainingtheURLs.

6 Finding Duplicate WWW Pages

Hashtablesarecommonlyusedasdictionaries, i.e.,datastructuressupportinginsertion,querying,andremoval. They arealso
usefulwhendeterminingduplication.For example,oneproblemfacedby WWW searchenginesis identificationof mirrored
WWW pages,i.e., duplicatesof otherWWW pages,becauseit is not desirableto presenttheuserwith a long list of duplicate
WWW pages.Directly comparingall pairsof WWW pagestakestoo long. Instead,WWW pagescanbe hashedandpages
comparedonly if they hashto thesamelocation.This reducestherunningtime from ,-�/.10 � to ,-�/. �

, where. is thenumberof
WWW pages.

findDuplicates.cc usesahashTable containingURLsto identify duplicates.Giventhenameof afile containinga
list of URLsasits onecommand-lineargument,theprogramidentifiesall duplicateWWW pages.For example,if threeURLS
“foo,” “bar,” and“baz” havethesameWWW contents,two matcheswill beprinted.

A URL (uniform resourcelocator)objectstoresa name.Conceptually, this is thenameof a WWW page,ftp file, etc. To
avoid theslownessof Trinity’ s Internetproblems,we just usefilenames,not WWW addresses.

Two URLs are== if andonly if their files have exactly the samecontents.Broken links, i.e., URLs without a file in the
localdirectory, arenot equalto any otherURL. ThehashtableshouldhashtheURL’s contents,not its name.

As farasJeffrey D. Oldhamcantell, WWW searchenginesusetechnologysimilarto thishomework to eliminateduplicates.
Thescheme,however, is fooledby “almostmirrors” which differ in smallways,e.g.,hypertext links or usecounters.Recent
researchshows that carefulchoiceof hashfunctionscanhelp automaticallygrouprelatedWWW pages.Otherusesremain
undiscovered.

7 Suggestions for Implementation

UsingSTL containersandfunctionsmayeaseimplementation.We suggestusinga vector of vectors of strings. Let
themain vector bethevector of vectors.

Usefulvector functionsinclude:

� resize(size), whichchangesthenumberof itemsavectorcanstore,

� erase(vector::iterator) removestheitempointedto by theiterator, and

� clear(), which removesall theitemsin thevector.

Notethatthefind uses== to compareelements.
Thenumberof distinctcharactersis UCHAR MAX, which is definedin limits.h.
A possibleorderfor implementationis
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1. ImplementthehashTable classusinga hashfunctionthatalwaysyieldszero.Testthecodefor correctness.

2. Implementthemoresophisticatedhashfunction,makingsureyou print eachhashedvaluesoyou canvisually checkfor
randomness.Usea hashtablewith afixedreasonablesize.

3. Implementhashtableresizing. Try writing onefunction that is calledwhenever the numberof itemsin the hashtable
changes.Thefunctionshouldthendecidewhetherto resizethemainvectoror not.

4. Stresstestyourcode.

Thecmp UNIX commandcomparestwo specifiedfilenames,printingwhetherthefilesdiffer or not. For moreinformation,
seethe“dif f ” info pagesaccessiblevia “Control-h i” insideEmacs.

If you find usingURLs confusing,try implementinghashTable storinganothertype,e.g.,key type, testingit. Then
reviseto useURLs.

8 What Files Do I Need?

Wehaveprovidedcodeto find duplicateWWW pagesandaURL class.Add codeto thehashtableto implementthehashtable
storingURLs. TheMakefile maybeuseful.

9 Rules

9.1 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.

9.2 Submission Rules

Eachone-or two-personteamof programmersshouldsubmitonly its completedimplementation,consistingof thefile hashTable.h.
You do not needto sendany otherfiles. Pleasesendonly text documents,do not sendMicrosoft Word documents,PDFdocu-
ments,HTML documents,etc.Please include both your names and email addresses at the top of your program.

We will test your programusingour own input. Pleasebe sureyour codecompileswithout warning whenusingg++
-Wall -pedantic.

Seethesubmissiondetailsfor informationhow to emailtheprograms.NotethattheCScomputerconfigurationwaschanged
overspringbreak.If youwantto receiveanautomatedreplyacknowledgingyoursubmission,pleasereadthesubmissionWWW
page.If a teamof two arein differentsections,submitexactly onceto oneof thetwo permissibleemailaddresses.
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