CS 748 Implementation Repor t:

Design of a Multimed ia Web Crawler

Submitted to: Prof. Charlie Clarke

Submitted by: Steven Engels

ID 94006290

Date: August 1, 2000

Table of Contents

1 INTRODUCTION ................................ ................................ ................................ ........................... 3

2 TECHNICAL DETAILS ................................ ................................ ................................ ................. 4

3 DESIGN ................................ ................................ ................................ ................................ ........... 4

3.1 G

ENERAL D ESIGN ................................ ................................ ................................ ...................... 4

3.2 S

EARCHING THE W EB ................................ ................................ ................................ ................. 4

3.2.1 GUI Changes ................................ ................................ ................................ ..................... 6

3.2.2 General Operation Changes ................................ ................................ ............................... 6

3.2.3 Search/Discovery Changes ................................ ................................ ................................ . 7

3.3 S

EARCH E NHANCEMENTS ................................ ................................ ................................ ........... 7

4 PERFORMANCE ................................ ................................ ................................ ........................... 9

5 CONCLUSION ................................ ................................ ................................ ............................. 10

6 FUTURE WORK ................................ ................................ ................................ .......................... 10

Table of Figures

Figure 1: Screen Capture of Web Crawler GUI ................................ ................................ .......................... 5

Figure 2: Illustration of Weighting Algorithm ................................ ................................ ........................... 9

1 Intr oduction

As net wor ks and Int ernet technology become mo re advanced,media files ofvarious types are

populating theInt ernet with increasing frequency. This is becausetheimproved speed and

capacity of both comput ers and net work connections havemadecomput er-based multimedia

mor eaccessiblefor ma ny Int ernet users. Examples of this aretherecent crazeover MP3 sound

files, as well as theincreased easewit h which video files arebot h produced and downloaded from

theWorld WideWeb.

Wit h this increasein media usageon t heInt ernet, thedema nd for searching t echnologies that can

locatethesemedia files is also increasing. For example, search engineproviders such as Lycos,

Excit eand HotBot ha vetaken steps to providemult imedia-based search engines, whileweb sit es

such as Scour.comand Ima geSurfer basetheir livelihood onmul timedia searches.

In order to provideaccurateand thorough indices of mult imedia on theweb, two main tasks need

to beperfor med: exploring t heInt ernet for multimedia files, and storing searchabledatabases of

thefiledescript ions and locations. To date, most crawlers includemult imedia searches as a

component of their broader search engines. However, asidefromisolat ed MP3 crawlers, the

author and his colleagues havehad difficult y in finding crawlers that search theInt er net solely for

mult imedia files.

Thepurposeof t his project is to design a crawler that would effectively perfor ma multimedia

search of theInt ernet. If successful, theresult will bea web crawler that not only finds and lists

thelocation of mult imedia files on theWeb, but will also used this mult imedia focus to perfor m

thetask mor e efficient ly than a nor mal search.

2 Technical Details

This web crawler was designed on a UNIX platfor musing Java’s Java Design Kit version 1.2.1.

3 Design

3.1 General Design

This crawler has threemain objectives:

1. Perfor ma thorough search of theInt ernet, exploring as many links as possible, while avoiding pitfa lls (e. g. bad links, cgi-bin redirections, etc.)

2. Find and record thelocation of any multimedia files found (ima ges, sound, video), keeping in mind that somefiles aredisguised as others to makedetection by difficult for copyright reasons.

3. Usethediscovery of multimedia files as a measureof thesuccess of a search path.

Themet hod for perfor ming thesethr eeobjectives is outlined in thefollowing sect ions.

3.2 Searching theWeb

Thefunda mental task when searching theInt ernet is to recursively exploreall of thelinks found on previously searched Web pages, starting from an initial page or setof pages. To accomplish this, theauthor retrieved code for abasic web crawler from the Sun Javaweb si te

(http:// developer.java.sun.com/ developer/t echnicalArticles/ThirdParty/WebCrawler/WebCrawler.

java). This codeperfor med thefollowing operation:

1. Construct the GUI (shownbelow)

2. InitializeSearched list, ToSearch list and Matched list

3. WhiletheToS earch list is not empt y

3.1 Removet hefirst ToSearch element, placeit on theSearched list

3.2 Check that the elementis a valid HTTPURL

3.3 Check that the URLis a readabletext page

3.4 Find all "<A HREF" links and check if they arevalid

3.4.1 If a link goes to a valid text/ht ml file, record thelink on theToS earch list

3.4.2 If a link matches thedesir ed media filetype, record it on theMatched list

4. If thenumber of Searched or Matched files exceeds thespecified limit, exit

Figure 1 : ScreenCapture ofWeb Crawler GUI

In addition to checking if a pageis a valid HTTP file, this implementation checks if thesit eis

"robot safe", that is, if it allows crawlers and other Int ernet bots to search thr ough its pages. A

web sit ecan specify this by including thefile robots.txt in thehome direct ory, which contains the word "Disallow" if crawlers areforbidden fr oment ering.

Although thedownloaded codeprovided thenecessary structure, its functiona lit y has several limitations:

1. It does not exploreall of thetags that could lead to pot ent ially int erest ing files

2. It exits at any unusual situation (i. e. badly specified URL, cgi-bin files, pagedisallowing crawlers)

3. It only searches for a few filetypes

4. Thetypechecking met hod is unreliable, and misses many va lid files

5. It only allows theuser to start searching froma singleInt er net sit e

Thefirst two limitations present serious reliabil i ty issues, since theym ake the crawlermo re prone to missing important files and failing prematur ely. Thet hird and fourth limitations result fromthe crawler not being focussed enough on finding multimedia files. Thefinal limitation is less important, but still prevents thecrawler fromsearching a widevariety of sit es.

In order to overcomet heselimitations, thebasic structureof thedownloaded version was used, with modifications to most of thesections. Thechanges madeareas follows:

3.2.1 GUI Changes

1. Starting URL modified to accept localfile n ame, which contains the "seed" URLs to begin thesearch

2. Status messages modified t o report a mor ecomplet edescript ion of theint ernal operations

3. "Quit " button added, so that GUI does not havet o bet er minated fr omcomma nd line

3.2.2 General Operation Changes

1. Several "break" comma nds removed t o bypass non-thr eatening errors

2. Traceof crawler’s operation recorded in hist ory file(Histor y.dat)

3. Output of crawler (searched, to search, matched lists) recorded in HTML output file

(output.ht ml)

4. Inst ead of simply storing URL na mes, thelists wer echanged t o storelists of structures, where each structurestored thena meof theURL, its children, and theURL’s weight (described later).

3.2.3 Search/Discovery Changes

1. Files classified based on decipher ing t hefileheader infor mation, not Java’s

guessContentTypeFromStream call

2. Morefiles types searched (WAV, MIDI, AU, MP3,MPEG, Quick time, AVI, GIF,JPEG)

3. Frames explor ed

4. Files embedded in page explor ed (e.g. ima gefiles, QuickTimefiles)

5. Search allows general media types to befound (e.g. all video, all audio, all ima ges)

3.3 Search Enhancements

A reinforcement algorit hmwas added to thesearch mecha nismdescribed above, to det er mine

whet her it would enhancether esults retrieved by thecrawler. Each URL explor ed would be

given an init ial weight of one, which would increaseif ther ewas an incr eased likelihood of

finding mult imedia files at that URL. The listsof si tes are thensortedsothat sites with higher

weights are explor ed first.

Theweight of a web sit ecould beincr eased in oneof two wa ys:

1. Thecrawler finds amultimedia file of the specifiedtype on the si te (inc reases weight by one)

2. Thecrawler findsmultimedia filesof the specifiedtype on related si tes (inc reases weight by a

fraction of thenumber of files found)

Thefirst weight inc rease is straightf orward.The weight of the s ite isin creased by anamount

proportiona l to thenumber of files found. Oncet his is complet e, thesecond weight increase

propagates a fraction of its weight inc rease backto parent and sibling si tes. The principle behind

this weight propagation is that if a current sitelinks to another wher emult imedia files arefound,

it is likely that its other links would lead to mult imedia sit es as well. If oneuses a treestructureto

represent the links between si tes, aweightincrease ata leafnode couldbe propagated back to its

ancestors and ot her related nodes, wi th the weightincreaselessening as the distancebe tween

nodes incr eases.

Theweighting algorit hmnot only updates theweights to a site’s ancestors, but also to thechildren

of theseancest ors. This is based on theidea that if a sitewit h many multimedia files has a given

ancestor, theancestor’s descendants would bemor elikely t o ha vemultimedia files t han the

ancestor would, and thelikeliness would incr easeas thedistancefromt heancest or approached that of themultimedia sit e. Simply stated, a site’s cousins would be expect ed to havemor e similarities to each other than they would t o their ancest ors.

To implement this weight upda te, aweight factorisintroduced. This weight factoris anin teger that represents how ma ny mult imedia files onemust find on a sitebeforeincreasing theparents’ and siblings’ weights by one. This weight factor thus represents thenumber a site’s weight incr easeis divided by when updating its parent’s weight. Propagating weight increases back through theparents ensur es that anancestor’s weight inc reasedepends not onlyon the numberof files found by its descenda nt but also its distancefromthedescendant.

Theweight updatealgorit hmhas thefollowing st eps:

1. Calculatetheweight inc rease for thiss ite

2. If theweight increase is close to one, goto Step #5

3. Otherwise, find any parents to this si te

4. For each parent, recursively perfor mStep #1 again with the current weight increase divided by theweight factor

5. Increasethecurrent site’s weight by thecurrent weight inc rease

6. If thecurrent sit eis at the s ame depth as the originalsite,exit

7. Otherwise, find all of thesit e’s children

8. Recursively perfor mStep #5on all of the childrenuntil reaching the originalsi te’s dep th.

Steps 1-4 recursively find theancestors of thecurrent sit e, whilest eps 5-8 recursively updateall of thechildren of theancestors found. A list of updated sit es is maintained to ensuret hat the weights of onesit earenot updated moret han once.

An illustration of theresult of updating theweights of a siteis shown below.

Figure 2 : Illustration of Weighting Algorithm

4 Performance

Perfor mancedata for this crawler is difficult to obtain, since itis som etimes necessary tosearch

through thousands of sit es in or der to acquir emeaningful results. On top of this, certain test cases

arebest tes tedmultiple times to elimina te ex te rnal effects suchashigh traffictimes or highs erver

loads. Despit ethesefactors, preliminary results areavailable, although ther eis stillmuchmo re

perfor mancedata that must begather ed.

In this case, perfor manceis measured by thea mount of timeneeded t o find a specified number of

mult imedia files. Anot her possiblemeasureis to specify a threshold number of sit es for the

crawler to search, and then count how many mult imedia files arefound by thetime this thr eshold

is reached. However, this threshold needs to bequit ehigh to ensurethat the crawler searches

enough sit es, which can be expensivein thet imeand computing resources required.

Themost significant observation was that thereinforced version of the crawler perfo rmedworse

than theregular version of thecrawler in some cases. Thiswas anunexpected result, but upon

further inspect ion, thesecases appear to involvesit es wit h very largeweb page di rec tories, where

someof thepages contain themult imedia types being sought. Thesedir ect ory pages wer ea

problemfor theenhanced crawler, becauseevery pagein t hedir ect ory that had mult imedia files

Weight Incr: 25

Weight Incr: 1

Weight Incr: 3

Weight Incr: 9

Weight Incr: 25

Weight Incr : 0

Weight factor

               = 3

caused the crawler to updat e its weights for all the ot her pages. This did not change the way the
directory was searched, since the result was that all the pages in the directory were reweigh ted
equally. However, after mult iple updates, the over hea d cost incurred by the enhanced crawler
mea nt that updating the weights would increase the time to search a directory, wi thout improving
the perfor mance.

In cases with low branching factors, this effect does not occur, and the enhanced crawler
perfor ms bett er, as expect ed. It is hoped that, given a large enough search space, the effects of
high branching sit es would be absorbed in the larger net work structure.

One other obser vation was that the enhanced version of the crawler would not perform as well in
cases wit h a low limit on the number of matched files sought. This occurred because when  the
matched file limit was low, the crawler would halt befor e any effects of the enhancements could
be seen.

5  Conclusion

This crawler design performs well at exploring the Int er net and ident ifying the multimedia files it
encount ers. The reinforcement algorit hm is helpful in focussing on areas that are more likely to
contain multimedia files, although it is more effect ive as the search space of the crawler
incr eases.

6  Future Work

The following are pot ential areas of expansion for this web crawler:

1.  Use keyword matching (e.g. "music", "video", etc.) to enhance the weighting of a page

2.  Wit h the above enhancement, allow the crawler to learn what words are bett er indicators of

            mult imedia files by observing which lea d to these files mor e consist ent ly

3.  Use the size of discover ed media files as a measure of how much to reweight a page

4.  Allow t he crawler to access infor mation thr ough for ms and CGI scripts