
CS1321 CS1321Homework 3 2000Jan30

DueThursday, 2000Feb10,at thebeginningof class.
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1 Reading

Readchapter2 of thetextbook.

2 Homework Solution Tip

Solvingthishomework will probablyrequireasmuchpreparationtimeastimespentprogramming.
(Oursolutionrequiredwriting approximatelytwo pagesof code.)

Hereis oneway to approachahomework thathasmorepagesof explanationthanlinesof code.

1. In afirst pass,skimthroughthehomework, trying to understandhow thesearchengineworks
andwhatyouarerequiredto do. Skimthroughtheprovidedcode,particularlythecomments.



2. In a secondpass,readcarefully, drawing picturesof thesearchengineandhow information
movesthroughit. Try to understandthemathasmuchaspossible.In your drawing, try to
determinewhatcodeyouneedto write.

3. Now that you have identified what the task is, carefully readthroughthat code,trying to
understandwhat the variabletypesare,what codeis provided, andwhat codeneedsto be
written.

4. With your classmates,repeattheabove process.

5. With yourclassmates,planwhatfunctionsyouwill write. UsingEnglish,describewhateach
functionshoulddo.

6. With your classmates,determinehow youwill testyour code.

7. With yourclassmates,write throw-awayprogramsusingtheSTL containersdescribedbelow.

8. On your own, write thenecessarycode.If syntaxerrorshalt your progress,aska classmate,
workingon anothercomputer, of course,for help.

3 Programming Tip

Whentrying to usecodeyou have never previously used,try testingit out in a small“throw-away”
program.Doing sohelpsensurethatany difficultiescomefrom thenew code,not from otherparts
of a larger program.Writing small throw-away programsmay seemlike a wasteof time, but, for
me,they actuallysave time. Hereis acodetemplatefor a throw-away program.

4 Some Useful STL Containers

Weprovide ashortexplanationfor four STL containersthatweusefor thesearchengine:

pair: agroupof two values

vector: anarraythatcangrow andshrink

string: stringof charactersthatcangrow andshrink

hash table: tablepermittingquick lookup

4.1 Pairs

TheC++ StandardTemplateLibrary usespairs to grouptogethertwo values.For example,one
cangrouptogethera string andan integerusingpair<string,int>("hello",3). Hereis
someexamplecode.

Constructors: Thereareat leastthreedifferentwaysto createpairs. To createanemptypair, use
pair<double,int>()

To specifythepair’s contentsuponcreation,use
pair<double,int>(3.4,12)
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If youdonotwantto explicitly write thepair’s types,you canuse
make pair(3.4,12)

andthecompilerwill take its bestguessaboutthepair’s types.

Predicates: none

Selectors: To accessa pairp’s first item,use
p.first

To accessapairp’s seconditem,use
p.second

Be sureto #include <utility> nearthetopof your file.

4.2 Vectors

vectorsarearraysthatcanchangetheir size.Anythingonecando to anarray, onecanalsodo to
vectors. Hereis someexamplecode.

Constructors: To createavectorof sizezerothatcanhold elementswith typeT, use
vector<T> v

To createa vectorof size � , use
vector<T> v(n)

To changeavectorsoit canhold � elements,use
v.resize(n);

After doingthis,accessingpositions0, 1, ����� , ����� is legal.

Predicates: If avectorv is empty,
v.empty()

yieldstrue. If
v.size()

yields � , thenpositions0, 1, ����� , � ��� maybeaccessed.

Selectors: To accessor changetheelementatposition 	 , assumingthevectorhassizeat least	�
 � ,
use

v[i]

Alternative equivalentsyntaxfor accessing,but notchanging,theelementisv.at(i). This
hasthenice featurethat, if thevectordoesnot have a position 	 , it kills theprogramrather
thanjust returningagarbagevalue.

v.push back(item)

enlargesthevectorby oneposition,insertingitem into thelastposition.
v.pop back(item)

shrinksthevectorby oneposition,eliminatingitem from thelastposition.

v.begin() andv.end() yield iteratorsfor thevector’s beginningandonepasttheend.

Be sureto #include <vector> nearthetopof yourfile.
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4.3 Strings

stringsarelike C-stylestringsbut with moreoperatorsandno maximumlength. Anything one
cando to C-strings,onecando to stringsandmore.Be sureto #include <string>.

code meaning
string s; createsastringwith no characters
string t("hello"); createsastringcontaining“hello”
string t = "hello"; anotherwayof doingthesamething
s = t; makess equal“hello”
cout << s[1]; printstheletter‘e’
s = "good"; changess’s contents
s = s + "bye"; changess to “goodbye”
cout << s + t; prints“goodbyehello”
s.empty(); yieldsfalse becauses hascharacters
t.size(); yields5 becauseit hasfivecharacters
t.push back(’s’); appendss to “hello”
t.clear(); shrinkst to theemptystring
t.c str(); convertst to aC-string.

Whenusingthe.c str() function to convert from a string to a C-stylestring,besureto use
the result immediately. It may “magically” disappearby the time the next statementis executed.
This functionis seldomneeded,but it is usefulwhenusingthe.open(filename) functionfor
istreamsandostreams,which takesonly const char [].

4.4 Hash Tables

Hashtables(textbook,ch.12) permitquickly finding apair by specifyingthepair’s first compo-
nent. In our searchengine,we usea hashtableto mapfrom a word to its positionin a vector. For
example,supposeour hashtableis calledht andvectorposition12 correspondsto "bonjour",
i.e., thepair ("bonjour",12). Hereis C++ codeto determine"bonjour"’svectorposition.

The.size() memberfunctionyieldsthenumberof elementsin thehashtable.Be sureto #in-
clude <hash map> nearthetopof yourfile.

5 Problem Statement

Theproblemis to finish writing a simplewebsearchengine.Beforedescribingwhatcodeneedsto
bewritten,wepresentthemodelandthealgorithmicideas.

5.1 The Mathematical Model

We call two web documentssimilar if they containmany of the samewords usedwith similar
frequency. Eachwebdocumentis modeledusinga very long vector, with eachvectorcomponent
representingthe occurrencefrequency of a particularword in the document.For example,if the
word “molasses”occurstwice as frequentlyas the word “jam,” the molassescomponentwill be
twice aslargeasthejamcomponent.

Technically, two webdocumentsaresimilar if theanglebetweenthemis small.To understandwhat
thismeans,first considerthedotproductof two vectors.Thedotproductof two vectorsis thesumof
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thepairwisemultiplicationof vectorcomponents.Forexample,���������������������������� �!�"#��
$��"%�&
'��"#� .
Thedotproductis largeif thetwodocumentshavemany of thesamewords.For thecomputation,we
actuallyusetherelative frequency of wordswithin a document,e.g.,“molasses”forms20%of the
document’swordswhile “jam” forms10%.Usingtheformulafor dotproduct()�+*,�,- (.-/- *�-10�2�354 ,
we seethattheangle 4 is small if �6($7�- (.-8�9�&�6*.7�- *�-8� is large.

5.2 Search Engine Algorithms

Thetwo partsof asearchengineare:

1. Preprocessingthedocumentsto producea vectorfor eachwebdocument.

2. Givena list of searchwords,finding theclosestwebdocuments.

Preprocessingthedocumentsrequirescollectingthe documents,extractingthe documents’words
for useasvectorcomponents,and thencomputingeachdocument’s vector. For this homework,
we just usedthewget commandto snarfa collectionof documents.We thencollectedall of the
documents’wordsinto ahashtableandfinally convertedeachdocumentinto avector.

To convert a documentinto a vector, for every word we readfrom a document,we incrementthe
word’s componentin the vector. To determinethe componentnumber, we askthe hashtablefor
the word’s component.For example,if the hashtable is calledht, we candeterminehello’s
component(aninteger)usinght.find("hello"). Then,wenormalizethevector ( by scaling
by thereciprocalof its length - (.-��;: (<�=( . Thatis, wemultiply every componentof ( by � 7�- (.- .
For example,if adocumentcontainsonly thewords“bonjour” (threetimes)and“hello” (four times)
andthe componentsof “bonjour” and“hello” are12 and20, respectively, thenthe unnormalized
documentvectorwill have a 3 in component12 anda 4 in component20 andzeroeseverywhere
else. (Thenumberof vectorcomponentsdependson thenumberof wordsin thehashtable.) The
normalizedvectorthenhas0.6 in component12 and0.8 in component20 andzeroeseverywhere
else.

Given a list > of searchwords,we wish to determinethe closestweb documents.To do so, we
first constructa searchvectorfrom > . For eachword ? in > , we usethehashtableto increase? ’s
componentby one.1 Then,we normalizeby scalingby thereciprocalof its length. A documentis
similar if its dot productwith thesearchvectoris large. Searchwordsnot in thehashtablecanbe
ignored.

5.3 Coding the Search Engine

Wewill provide softwarefor preprocessingsetsof documents,theresultsof thepreprocessing,and
a few setsof exampledocuments.Your job is to finish writing the codethat queriesthe userfor
searchwords,determineswhichdocumentsaremostsimilar, andprintstheresults.

For eachsetof documentsweprovide,wewill provideafile containingtheset’swordsand,for each
document,thevectorcomponents.Wewill alsoprovide codeto readin thefile, storingits contents
in a hashtableandin avectorof document-vectorpairswith onecomponentperdocument.

Although you probablydo not needto know how to preprocessthe documentsto completethe
assignment,wedescribeit herefor completenessandsoyoucanprocessyourown setof documents
if youdesire.TheprepareDatabase programtakesoneor two command-linearguments:

1Although I hadnot previously consideredthis, I supposea usercould type the samesearchword repeatedly. For
example,searchingfor “hello hellohellohellohellogoodbyegoodbye”specifiesthat“hello” is 2.5timesmoreimportant
than“goodbye”. Is addingtheimportanceof eachword to asearchqueryausefulfeature?Do any currentsearchengines
provide this feature?

5



1. the nameof a file listing all the documentsto be includedin the database.Documentsare
specifiedby filename.

2. optionally, a prefix to affix to the beginning of eachdocumentfilename. For example, if
thedocument’s filenameis “zmrcs10.txt”andtheprefix is “ftp://metalab.unc.edu/pub/docs/-
books/gutenberg/etext99/” thenthecombinednameis “ftp://metalab.unc.edu/pub/docs/books/-
gutenberg/etext99/zmrcs10.txt,” which looksa lot like awebaddress.

This programpreprocessesthe documents,sendingthe keywords it selectsandeachdocument’s
vectorto thestandardoutput.Save thisoutputin afile to give to your searchengine.

Your job is to finish the searchenginecodethat queriesthe userfor searchwords,computehow
closeeachdocumentis to thesearchvector, andprintstheclosestdocuments.More specifically,

1. Readthe documentdatabaseinformation into the KeywordMapping hashtable and the
vector<DocVec> collectionof documentsandtheir vectors.

2. Promptthe userfor any positive numberof searchwords(allowing repeats)aswell as the
desirednumber� of similardocuments.

3. Find the � closestdocuments,printing themin order from mostsimilar to leastsimilar. It
wouldalsobeniceto print their scores.

Codeis providedfor someportionsof thesetasks.

5.3.1 Types

Using STL containerscan easily lead to very long namesfor types. For example,hash map
<const string, vector<double>::size type> is thetypeof thehashtabletranslating
wordsto vectorcomponents.Insteadof typing this forty-eightcharactertypename,we say

typedef hash map<const string, vector<double>::size type> KeywordMapping;

creatinga new equivalenttypenamedKeywordMapping. Thus,declaringvariableswith a type
of KeywordMapping is thesameasusingtheforty-eightcharactertype.

(Thesyntaxfor thetypedefinitionstatementtypedef is
typedef type new-synonym;

)

types.hcontainsseveraltypedefinitions:

DocVec: is a pair of a document’s name,which is a string, andits vector. A document
vectorcontainsdoubles.Weguaranteethatevery componenthasavalue.

DocScore: is a pair of a document’s name,which is a string, andits dot productwith the
searchvector, adouble.

KeywordMapping: is a hashtable translatinga word, i.e., a string, to its componentin a
vectorif theword is in thehashtable.

5.4 What Files Do I Need?

Your job is to finishwriting thesearchenginecodein search-engine.cc.Youwill alsoneedthetype
declarationfile types.h.Be sureit is called“types.h” andis in the currentdirectory. To compile,
use a commandsimilar to g++ -Wall -pedantic search-engine.cc -o search-
engine.
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If you want to processyour own set of documents,download prepareDatabase.ccand types.h.
Compileusinga commandsimilar to g++ -Wall -pedantic prepareDatabase.cc -
o prepareDatabase.

To easecompilation,usetheMakefile. To createanexecutablecalledsearch-engine, use
make search-engine

5.4.1 Sample Document Sets

You will needto generateyour own datato test your code,but we have provided threesetsof
documentsandoneprogramto generaterandomsets.

@ The hello-goodbyeset has three documents,mostly consistingof the words “hello” and
“goodbye.”

@ Theetext90 andetext91 setsareetexts from theProjectGutenberg.

@ Thegenerateprogramproducesa setof randomlygenerateddocuments.Readtheusecom-
mentsat thebeginningof theprogram.

Eachset’sdatabasefile for usewith search-engine hasa“.db” suffix. Compressedarchivefiles
endingwith a “.tgz” suffix areprovided in caseyou want to copy a setof documentsto your own
computer. To extractthefiles,usethecommandtar xzvf filename.

Please do not copy the large set of documents to your home directory on the computer science
computers. If any significantfractionof studentsdo so,thecomputersciencedisk will quickly fill
up. Insteadcopy just thedatabasefile to your homedirectory. If you really do wantall the files,
pleasestorethemin thedirectorycalled/tmp sothat1) they will not fill thecomputersciencedisk
and2) they will automaticallybeerasedwhenthemachineis rebooted.

6 How Our Search Engine is Simpler than Commercial Engines

Oursearchengineusesoneapproachto solve themostimportantandmostdifficult taskperformed
by searchengines:determiningwhich webdocumentsarecloselyrelatedto eachother. Our code,
however, usesa very simplerankingschemesimilar to whatAltavistaprobablyusedto use.More
complicatedrankingschemescanyield moreusableresultssuchasthosereturnedby Google.Also,
ourpreprocessormakesaverylimited attemptto filter outuninterestingwordsby omittingall words
of threeor fewer charactersbut doesnot stemsuffixesfrom wordssuchas“played” and“playing”
sothatthey match.It makesa heuristicattemptto remove punctuationandignorecase.Wealsodo
not filter unacceptablewebdocumentsfrom thedocumentpool.

Commercialsearchenginesusuallymustacceptmorecomplicatedinput syntaxsuchasboolean
operators,musthaveat least99.9%uptime,beableto handlelargenumberof simultaneousqueries,
anddealwith network issues.

7 Submission Rules

Pleasesubmitonly yourcompletedsearch-engine.cc.Youneednotsendany otherfiles. Pleasesend
only text documents,do not sendMicrosoft Worddocuments,PDFdocuments,HTML documents,
etc.

We will testyour codeon our sampledata.Pleasebesureit compileswithout warningwhenusing
g++ -Wall -pedantic.
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Seethesubmissiondetailsfor informationhow to emailtheprograms.

8


