CS1321 CS1321Homework 3 2000Jan30

Due Thursday2000Feb10, atthe baginning of class.
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1 Reading

Readchapter2 of thetextbook.

2 Homework Solution Tip

Solvingthis homevork will probablyrequireasmuchpreparatiortime astime spentprogramming.
(Our solutionrequiredwriting approximatelytwo pagesf code.)

Hereis oneway to approacta homevork thathasmorepagesof explanationthanlines of code.

1. In afirst pass skimthroughthe homavork, trying to understandhow thesearchengineworks
andwhatyou arerequiredto do. Skimthroughthe provided code particularlythe comments.



2. In asecondpass,readcarefully drawving picturesof the searchengineandhow information
movesthroughit. Try to understandhe mathasmuchaspossible.In your drawing, try to
determinevhatcodeyou needto write.

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

4. With your classmateggpeatheabove process.

5. With your classmateglanwhatfunctionsyouwill write. Using English,describevhateach
functionshoulddo.

6. With your classmategjetermineéhow youwill testyour code.
7. With your classmatesyrite throv-away programausingthe STL containersiescribedelow.

8. Onyour own, write the necessargode. If syntaxerrorshaltyour progressaska classmate,
working on anothercomputerof coursefor help.

3 Programming Tip

Whentrying to usecodeyou have never previously used try testingit outin a small“throw-away”
program.Doing so helpsensurehatary difficulties comefrom the newv code,not from otherparts
of a larger program. Writing small throw-away programsmay seemlike a wasteof time, but, for
me, they actuallysave time. Hereis a codetemplatefor a throv-away program.

4 Some Useful STL Containers

We provide a shortexplanationfor four STL containerghatwe usefor the searctengine:

pai r : agroupof two values
vect or : anarraythatcangrow andshrink
st ri ng: stringof charactershatcangrow andshrink

hash table: tablepermittingquick lookup

41 Pairs

The C++ StandardTemplateLibrary usespai r sto grouptogetherntwo values. For example,one
cangrouptogethera stringandanintegerusingpai r <string, i nt >("hel | 0", 3) . Hereis
someexamplecode.

Constructors: Thereareatleastthreedifferentwaysto createpai r s. To createanemptypair, use
pai r <doubl e, i nt >()

To specifythe pair’'s contentauponcreationuse
pai r <doubl e, i nt >( 3. 4, 12)



If youdo notwantto explicitly write thepair’'s types,you canuse
nmake_pair (3. 4, 12)

andthecompilerwill take its bestguessaboutthe pair'stypes.
Predicates. none

Selectors. To access pair p’sfirstitem,use
p.first

To accesa pair p’'s secondtem, use
p. second

Besureto#i ncl ude <utility> nearthetop of yourfile.

4.2 \Vectors

vect or sarearraysthatcanchangetheir size. Anything onecandoto anarray onecanalsodoto
vect or s. Hereis someexamplecode.

Constructors: To createavectorof sizezerothatcanhold elementswvith type T, use
vector<T> v

To createa vectorof sizen, use
vect or<T> v(n)

To changeavectorsoit canhold n elementsuse
v.resize(n);

After doingthis, accessingpositions0, 1,... ,n — 1 islegal.

Predicates. If avectorv is empty

v.empty()
yieldst r ue. If
v.size()
yields s, thenpositions0, 1,... , s — 1 maybeaccessed.

Selectors: To acces®r changeheelemeniat position:, assuminghevectorhassizeatleast; + 1,
use
v[i]
Alternative equivalentsyntaxfor accessinghut notchangingtheelementisv. at (i) . This
hasthe nice featurethat, if the vectordoesnot have a positions, it kills the programrather
thanjustreturninga garbagevalue.
V. push_back(item

enlagesthevectorby oneposition,insertingi t eminto thelastposition.
V. pop_back(item

shrinksthevectorby oneposition,eliminatingi t emfrom thelastposition.
v. begi n() andv. end() yield iteratorsfor thevectors beginningandonepasttheend.

Besureto #i ncl ude <vect or > nearthetop of yourfile.



43 Strings

st ri ngsarelike C-stylestringsbut with moreoperatorandno maximumlength. Anything one
candoto C-strings,onecandoto st r i ngsandmore.Besureto #i ncl ude <stri ng>.

code meaning

string s; creates stringwith no characters
string t("hello"); createsa stringcontaining“hello”
string t = "hello"; anothewayof doingthesamething
s = t; makess equal“hello”

cout << s[1]; printstheletter‘e’

s = "good"; changes’s contents

S = s + "bhye"; changes to “goodbye”

cout << s + t; prints“goodbyehello”

s.enpty(); yieldsf al se because hascharacters
t.size(); yields5 becausét hasfive characters
t. push_back(’s’); appends to “hello”

t.clear(); shrinkst to theemptystring
t.csstr(); corvertst to aC-string.

Whenusingthe. c_st r () functionto corvertfromast ri ng to a C-stylestring, be sureto use
the resultimmediately It may “magically” disappeaiby the time the next statements executed.
This functionis seldomneededbut it is usefulwhenusingthe. open(fi | enane) functionfor
i st reanmsandost r eans,whichtakesonlyconst char [].

4.4 Hash Tables

Hashtables(textbook, ch. 12) permitquickly finding apai r by specifyingthe pair’s first compo-
nent. In our searchengine we usea hashtableto mapfrom aword to its positionin a vector For
example,supposeur hashtableis calledht andvectorposition12 correspondso " bonj our ",
i.e.,thepair (" bonj our" ,12). Hereis C++ codeto determine' bonj our " 'svectorposition.

The. si ze() memberfunctionyieldsthe numberof elementsn the hashtable.Be sureto #i n-
cl ude <hash_map> nearthetop of yourfile.

5 Problem Statement

Theproblemis to finish writing a simpleweb searchengine.Beforedescribingwhatcodeneedgo
bewritten, we presenthe modelandthe algorithmicideas.

51 TheMathematical Model

We call two web documentssimilar if they containmary of the samewords usedwith similar
frequeny. Eachwebdocumenis modeledusinga very long vectot with eachvectorcomponent
representinghe occurrencdrequeng of a particularword in the document. For example,if the
word “molasses’occurstwice asfrequentlyasthe word “jam,” the molassex<omponentwill be
twice aslarge asthejam component.

Technically two webdocumentsresimilar if theanglebetweerthemis small. To understanavhat
thismeansfirst considethedot productof two vectors.Thedot productof two vectorsis thesumof



thepairwisemultiplicationof vectorcomponentsFor example (3, 4,5)-(6,7,8) = 3x6+4%7+5x8.
Thedotproductis largeif thetwo documentfhiave mary of thesamewords. Forthecomputationye
actuallyusetherelative frequeng of wordswithin adocumentg.g.,“molassesforms 20% of the
documens wordswhile “jam” forms10%. Usingtheformulafor dotproductA - B = | A||B| cos 6,
we seethattheangle is smallif (4/|A]) - (B/|B|) is large.

5.2 Search Engine Algorithms

Thetwo partsof asearclengineare:

1. Preprocessinthe documentgo producea vectorfor eachwebdocument.

2. Givenalist of searchwords,finding the closestwebdocuments.

Preprocessinthe documentgequirescollectingthe documentsextractingthe documentswords
for useasvector componentsand then computingeachdocumens vector For this homevork,
we just usedthewget commando sharfa collectionof documentsWe thencollectedall of the
documentsiwordsinto a hashtableandfinally corvertedeachdocumeninto a vector

To corvert adocumentinto a vector for every word we readfrom a documentwe incrementthe
word’'s componenin the vector To determinethe componennumber we askthe hashtable for
the word’s component. For example,if the hashtableis called ht , we candeterminehel | 0’s
componentaninteger)usinght . fi nd(" hel | 0") . Then,we normalizethevector A by scaling
by thereciprocalof its length| A| = v/ A - A. Thatis, we multiply every componenbdf A by 1/|A|.

Forexample,if adocumentontainsonly thewords“bonjour” (threetimes)and“hello” (four times)
andthe component®f “bonjour” and“hello” are 12 and 20, respectrely, thenthe unnormalized
documentvectorwill have a 3 in componentl2 anda 4 in componen0 and zeroeseverywhere
else. (The numberof vectorcomponentslependon the numberof wordsin the hashtable.) The
normalizedvectorthenhas0.6 in componentl2 and0.8in componen0 and zeroeseverywhere
else.

Givenal list L of searchwords, we wish to determinethe closestweb documents.To do so, we
first constructa searchvectorfrom L. For eachword w in L, we usethe hashtableto increasew’s
componenby onel Then,we normalizeby scalingby the reciprocalof its length. A documenis
similar if its dot productwith the searchvectoris large. Searchwordsnotin the hashtablecanbe
ignored.

5.3 Caoding the Search Engine

We will provide softwarefor preprocessingetsof documentsthe resultsof the preprocessingand
a few setsof exampledocuments.Your job is to finish writing the codethat queriesthe userfor
searchwords,determinesvhich document@aremostsimilar, andprintstheresults.

For eachsetof documentsve provide, wewill provide afile containingthe sets wordsand,for each
documentthe vectorcomponentsWe will alsoprovide codeto readin thefile, storingits contents
in a hashtableandin avectorof document-ectorpairswith onecomponenperdocument.

Although you probablydo not needto know how to preprocesshe documentgo completethe
assignmentye describdt herefor completenesandsoyou canprocessour own setof documents
if youdesire.Thepr epar eDat abase programtakesoneor two command-linearguments:

Although | had not previously consideredhis, | supposea usercould type the samesearchword repeatedly For
example,searchingor “hello hello hellohello hello goodbyegoodbye”specifieghat“hello” is 2.5timesmoreimportant
than“goodbye”. Is addingtheimportanceof eachword to a searchqueryausefulfeature?Do ary currentsearctengines
provide thisfeature?



1. the nameof afile listing all the documentgo be includedin the database Documentsare
specifiedby filename.

2. optionally a prefix to affix to the beginning of eachdocumentfilename. For example, if
the documens filenameis “zmrcs10.txt”andthe prefix is “ftp://metalabunc.edu/pb/docst
books/gutenbgretext99/” thenthecombinechameis “ftp://metalabunc.edipub/docs/ooks/-
gutenbeg/etext99zmrcs10.txt” whichlooksalot like awebaddress.

This programpreprocessethe documentssendingthe keywordsit selectsand eachdocumens
vectorto the standardutput. Save this outputin afile to give to your searchengine.

Your job is to finish the searchenginecodethat queriesthe userfor searchwords, computehow
closeeachdocuments to the searchvector andprintsthe closestdocumentsMore specifically

1. Readthe documentdatabasénformationinto the Keywor dMappi ng hashtable andthe
vect or <DocVec> collectionof documentandtheir vectors.

2. Promptthe userfor ary positve numberof searchwords (allowing repeatslaswell asthe
desirednumbern of similar documents.

3. Find then closestdocumentsprinting themin orderfrom mostsimilar to leastsimilar. It
would alsobeniceto print their scores.

Codeis providedfor someportionsof thesetasks.

531 Types

Using STL containerscan easily lead to very long namesfor types. For example, hash_map
<const string, vector<doubl e>::sizeype>isthetypeofthehashtabletranslating
wordsto vectorcomponentsinsteadof typing this forty-eightcharactetype name we say

t ypedef hash_map<const string, vector<doubl e>::sizetype> Keywor dVappi ng;

creatinga nen equivalenttype namedkeywor dVappi ng. Thus,declaringvariableswith atype
of Keywor dMappi ng is the sameasusingtheforty-eightcharactetype.
(The syntaxfor thetypedefinitionstatement ypedef is
typedef type new synonym
)

types.hcontainsseveraltypedefinitions:

DocVec: isapair of adocumens name,whichis astri ng, andits vect or. A document
vectorcontainsdoubl es. We guarante¢hatevery componenthasavalue.

DocScor e: isapai r of adocumens name,whichis astri ng, andits dot productwith the
searchvector adoubl e.

Keywor dMappi ng: is a hashtable translatinga word, i.e., a st ri ng, to its componentin a
vectorif theword s in the hashtable.

5.4 What FilesDo | Need?

Yourjob is to finishwriting the searchenginecodein search-engine.couwill alsoneedthetype
declaratiorfile types.h.Be sureit is called“types.h”andis in the currentdirectory To compile,
usea commandsimilar to g++ -Wal | -pedantic search-engine.cc -0 search-
engi ne.



If you wantto processyour own setof documentsdownload prepareDatabase.@nd types.h.
Compileusinga commandsimilar to g++ - VWAl | - pedanti c prepareDat abase. cc -
0 prepar eDat abase.

To easecompilation,usethe Makefile. To createanexecutablecalledsear ch- engi ne, use
make sear ch-engi ne

54.1 Sample Document Sets

You will needto generateyour own datato testyour code, but we have provided three setsof
documentandoneprogramto generateandomsets.

¢ The hello-goodbyeset has three documentsmostly consistingof the words “hello” and
“goodbye.

¢ Theetext90 andetext91 setsareetexts from the ProjectGutenbeg.

e Thegeneratgprogramproducesa setof randomlygeneratedlocuments Readthe usecom-
mentsat the beginning of the program.

Eachsets databaséle for usewith sear ch- engi ne hasa“.db” sufix. Compressedrchivefiles
endingwith a*“.tgz” sufiix areprovidedin caseyou wantto copy a setof documentgo your own
computer To extractthefiles,usethecommand ar xzvf fil enamne.

Please do not copy thelarge set of documentsto your home directory on the computer science
computers. If ary significantfraction of studentsddo so,the computersciencedisk will quickly fill
up. Insteadcopy just the databasdile to your homedirectory If you really do wantall thefiles,
pleasestorethemin the directorycalled/tmp sothat1) they will notfill the computersciencedisk
and?2) they will automaticallybe erasedvhenthe machines rebooted.

6 How Our Search Engineis Simpler than Commercial Engines

Our searchengineusesoneapproacho solve the mostimportantandmostdifficult taskperformed
by searchengines:determiningwhich web documentsare closelyrelatedto eachother Our code,
however, usesa very simplerankingschemesimilar to what Altavista probablyusedto use. More

complicatedankingschemesanyield moreusableresultssuchasthosereturnedby Google.Also,

ourpreprocessamakesavery limited attempto filter outuninterestingvordsby omitting all words
of threeor fewer characterdut doesnot stemsufiixesfrom wordssuchas“played” and“playing”

sothatthey match.It makesa heuristicattemptto remove punctuatiorandignorecase We alsodo

notfilter unacceptablevebdocumentgrom thedocumenpool.

Commercialsearchenginesusually must acceptmore complicatedinput syntaxsuchasboolean
operatorsmusthave atleast99.9%uptime,beableto handlelarge numberof simultaneousjueries,
anddealwith network issues.

7 Submission Rules

Pleasesubmitonly yourcompletedsearch-engine.c&.ouneednotsendary otherfiles. Pleasesend
only text documentsgo not sendMicrosoft Word documentsPDFdocumentsHTML documents,
etc.

We will testyour codeon our sampledata.Pleasebe sureit compileswithoutwarningwhenusing
g++ -Vl | -pedantic.



Seethe submissiordetailsfor informationhow to emailthe programs.



