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1 Revisions

2000Apr25:In CS1321-2today it appearedhe hashfunction schemepresentedn lecturewasbroken. It is not. Readthis
expositionfor anexplanationwhy.
2 Reading

Readchapterl2.

3 Problem Statement

You andpossiblya CS1321classmateareto implementan open-chainedhashtableandincorporateit into a programto find
duplicateWWW pages.You may solve the problemin ary way exceptthatyou may not useary codeavailablein written or
electronicform.

*(©2000Jefrey D. Oldham(ol dham@s. tri ni ty. edu). All rightsresered. Thisdocumenmaynotberedistributedin ary form withoutthe express
permissiorof theauthor



prototype exampleuse explanation

i nsertPair hashTabl e: : i nsert Pai r pair of abooleanranda URL

p=insert( ... );
hashTabl e(voi d) hashTabl e h; createa hashtablewith no entries
i nsertPair in- h.insert( addthegivenURL to tableif notalreadypresent
sert(const URL & URL( " www. googl e. cont') ) ;
key);
bool query(const URL bool b = returntrueif andonly if an== URL isin table
& key) const; h. quer y( URL( " www. googl e. com') ) ;
bool remove(const URL h.remove( removeary == URL presenin thetable,returning
& key); URL( " www. googl e. comt')) true if andonly if an== URL wasfound
friend ostream& oper- cout << h; print hashtable’s contentspneperline, in no spe-
at or <<(ostrean& out, cific order

const hashTable & h);

Tablel: hashTabl e PublicMemberTypes,FunctionsandFriends

4 C++ Programming Tip

Default function arguments can specify valuesfor function algumentsthat usually have the samevalue. For example,the
functioni nt foo(int x, int y = 3) canbe calledusingeitherf oo(4, 5) or foo(4). In the former case,the
parameteraluesarex = 4 andy = 5. Inthelattercasey’s parametevalueis 3. Seealsothetextbookpp. 60-62.

5 Hash Tables

A hash table is a datastructuresupportinginsertion,removal, andqueryingof elementsn expectedconstantime by usinga
hashfunction. A hash function corvertsanelementinto a numberspecifyingwherethe elementshouldbe stored. You areto
implementan open-chainedhashtable storingURL objects,which conceptuallyare namesof WWW pages.The algorithms
andhashfunctionto usewerepresentedluringlecture.

(Thehashtabledescribedelow hasbeendesignedo supportiinding URLs with thesamecontents Otherhashtablesge.g.,
the STL hashtable,aresimilarly designecdut detailsmayvary. For example,mosthashtablesstorekey-valuepairs.)

5.1 Operations

ThehashTabl e classshouldsupportheoperationdistedin Tablel. Theseoperationsresimilarto but notidenticalto these
providedby the STL hashtables.

All hashTabl e operationgise== or ! = to comparekeys.

Thei nsert functionensureghatthe givenkey is in the hashtable. If a matchingkey, i.e., oneequivalentusing==, is
alreadyin the hashtable,the givenkey is notinserted.Thus,all keysin the hashtablearealwaysunique.i nsert returnsa
pairin which

¢ thefirst elemenindicatesvhetherthe key waspreviously presenin thehashtable.A t r ue valueindicateshekey was
notpresenprior to theinsertion.

e theseconcelementontainghe matchingkey. This valueis to beusedonly if amatchingkey wasalreadypresenin the
hashtablebeforeattemptingtheinsertion.

5.2 A Hash Function

As discussedh lecture,our hashfunctioncorvertsastring,e.g.,a URL's contents{o a positionin the hashtable’s mainvector
Thereexist mary differenthashfunctions,but we describeonethathasprovento work well in practice.
Conceptuallyour hashfunction

1. interpretsthe string asa base-256umberusingthe string’s ASCII values.Actually, it maybe easierto interpretit asa
base-25Gumberwith digitsin reverseorder For example thestring“Bob” wouldbegivenvalue66 + 256 (111 + 256 =
98). Computingthis may be easiestisingrecursionon the givenstring. Whencorvertinga characteto its ASCII value,
be sureto corvertit to an unsignedint, e.g., st ati c_cast <unsi gned i nt>(charact er), to avoid negatve
numbers.



2. spreadout the strings’ valuesusing an irrational number The numberresultingfrom the corversionof the string is
multiplied by anirrational numberandthenthe digits to the left of the result’s decimalpoint aredropped. DonaldE.
Knuthrecommendsisingthe goldenratio (v/5 — 1)/2 [Knu98, p. 517].

3. mapstheresultingfractionto therange{0,1,2,... , M — 1}, whereM is thelengthof the hashtable’s mainvector We
truncatethe productof thefractionand M/; i.e., we dropthe nonintegral portion of the product.

In practice,convertingthe string into a base-25umberyields a very large numberthat canoverflow the largestinteger
thatmostcomputersanstore. Instead we combinethefirst two steps.After convertingeachstring’s characteinto its ASCII
code,multiply by thegoldenratio. After eachmultiplicationor additiondroptheintegral portionof theresult. Thiswill ensure
thatthenumberswill alwayshave reasonablsize.

5.3 ResizingtheHash Table

A goodhashfunctionspread®uta hashtable’s contentshut, if arny significantnumberof tablepositionshavetoo mary entries,
usingthehashtablewill taketoo muchtime. Thus,if the hashtablebecomedoo full, we shouldenlagethetable.If twice the
numberof itemsin the hashtableexceedghe size of the hashtable’'s mainvector doublethe vectors size. If the numberof
itemsis lessthanone-eighthof the mainvectorssize,halveits size.

Whenresizingthe hashtable,every URL in thehashtablemustbe rehashedincethe hashfunction’s valuesdepencn the
tables size. Oneimplementatiorstrateyy s to insertthe URLs into a newly createdvector Anotherstrateyy is to alwayshave
two vectorsin the hashtable objectanda variableindicatingwhich vectorcontainsthe URLs. To resize,the othervectoris
clearedresizedo the new size,the URLs arecopiedinto it, andmarkedasthe vectorcontainingthe URLS.

6 Finding Duplicate WWW Pages

Hashtablesarecommonlyusedasdictionaries, i.e., datastructuresupportingnsertion,querying,andremoval. They arealso
usefulwhendeterminingduplication. For example,oneproblemfacedby WWW searchengineds identificationof mirrored
WWW pagesi.e., duplicateof otherWWW pagesbecausét is not desirableto presenthe userwith alonglist of duplicate
WWW pages.Directly comparingall pairsof WWW pagestakestoo long. Instead WWW pagescanbe hashedandpages
comparecnly if they hashto thesamelocation. This reducegherunningtime from O(n?) to O(n), wheren is the numberof

WWW pages.

fi ndDupl i cat es. cc usesahashTabl e containingURLsto identify duplicates Giventhe nameof afile containinga
list of URLs asits onecommand-lineargumentthe programidentifiesall duplicateWWW pages For example,if threeURLS
“foo,” “bar,” and“baz” have the sameWWW contentstwo matcheswill be printed.

A URL (uniform resourcdocator) objectstoresa name. Conceptuallythis is the nameof a WWW page,ftp file, etc. To
avoid the slownessof Trinity’ s Internetproblemswe just usefilenamespot WWW addresses.

Two URLs are== if andonly if their files have exactly the samecontents.Brokenlinks, i.e., URLs without afile in the
local directory, arenot equalto ary otherURL. Thehashtableshouldhashthe URL's contentspotits name.

AsfarasJefrey D. Oldhamcantell, WWW searchengineaisetechnologysimilarto thishomewvork to eliminateduplicates.
The schemehowever, is fooled by “almostmirrors” which differ in smallways,e.g.,hypertet links or usecounters.Recent
researctshows that careful choiceof hashfunctionscanhelp automaticallygrouprelatedWWW pages. Otherusesremain
undiscwered.

7 Suggestionsfor Implementation

Using STL containersandfunctionsmay easeimplementation.We suggesusingavect or of vect or sof stri ngs. Let
themain vector bethevect or of vect or s.
Usefulvect or functionsinclude:

e resi ze(si ze), whichchangeghenumberof itemsavectorcanstore,
e erase(vector::iterator) removestheitem pointedto by theiterator and
e cl ear (), whichremovesall theitemsin thevector

Notethatthef i nd uses== to compareelements.
Thenumberof distinctcharacterés UCHAR MAX, whichis definedinl i m t s. h.
A possibleorderfor implementatioris



1. ImplementthehashTabl e classusinga hashfunctionthatalwaysyieldszero. Testthe codefor correctness.

2. Implementthe moresophisticatediashfunction, makingsureyou print eachhashed/aluesoyou canvisually checkfor
randomnesdJsea hashtablewith afixedreasonablsize.

3. Implementhashtableresizing. Try writing onefunctionthatis calledwheneer the numberof itemsin the hashtable
changesThefunctionshouldthendecidewhetherto resizethe mainvectoror not.

4. Stresdestyourcode.

Thecnp UNIX commanccompareswo specifiedfilenamesprinting whetherthefiles differ or not. For moreinformation,
seethe“diff” info pagesaccessibleia “Control-hi” insideEmacs.

If you find usingURLs confusing,try implementinghashTabl e storinganothentype, e.g.,key_t ype, testingit. Then
reviseto useURLs.

8 What FilesDo | Need?

We have providedcodeto find duplicateWWW pagesanda URL class.Add codeto the hashtableto implementthe hashtable
storingURL s. The Makefile maybe useful.

9 Rules

9.1 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.

9.2 Submission Rules

Eachone-or two-persorteamof programmershouldsubmitonly its completedmplementationgconsistingof thefile hashTabl
You do not needto sendary otherfiles. Pleasesendonly text documentsdo not sendMicrosoft Word documentsPDF docu-
ments HTML documentsetc. Please include both your names and email addresses at thetop of your program.

We will testyour programusingour own input. Pleasebe sureyour code compileswithout warningwhenusing g++
-\Wal | -pedantic.

Seethesubmissiordetailsfor informationhow to emailtheprograms Notethatthe CScomputeiconfigurationvaschanged
overspringbreak.If youwantto receve anautomatedeply acknavledgingyour submissionpleaseeadthesubmissiotWWw
page.lf ateamof two arein differentsectionssubmitexactly onceto oneof thetwo permissibleemailaddresses.
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