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Abstrat
With the inreasing use of mobile phones, there is an inreasing need to a-ess information everywhere. It's almost impossible to keep up to date withevery news site and blog. This problem is ommonly desribed as informa-tion overload. Our goal is to help users get an overview of his/her newsmore e�etively when using a mobile phone. We investigated di�erent visu-alizations and studied possible important parameters when browsing news.As a result we built a bak-end for generating the neessary parametersthat is used in the visualization of our front-end. The system was testedand run in a real environment using a server and a mobile phone that runsthe Android OS. The visualization was suessfully implemented using a3D visualization whih showed list of topis. These topis represented hottopis that is reported by various news soures. The use of topis helpedthe user get quiker information of what news to read and he/she wouldonly have to �ik through list of topis instead of tons of artiles. 3D in-trodued several advantages for presenting text in a mobile phone suh ashiding information and natural interation.
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Chapter1Introdution
With the inreasing use of mobile phones, there is an inreasing need toaess information everywhere. The omputational power and graphialapabilities of the mobile phone is also inreasing rapidly whih gives newexiting possibilities for presenting information to the user. There existstoday a lot of alternatives for reading news. For example print newspaper,online newspaper website, blogs, twitter and RSS readers. One of the pop-ular ones is RSS readers whih let users subsribe to feeds. News sites suhas Engadget1 or Gizmodo2 give users a large variety of news topis relatedto tehnology and subsribing to their feeds will give you many artiles ev-eryday in your RSS reader. Engadget gets an average of 33.1 objets perday [42℄ and more if a big event ours. When you haven't used your RSSreader for one day or two, there will already be a large pile of unread items.And beause of that it's not always so easy to keep yourself up to date withthe latest topis on the web. If you have the time, going through the newsin front of the omputer might not be a big problem but what if you're onthe go and want to be able to get a quik look at what's happening on thenet and if any artiles might be saying something that might be of inter-est for you. In a print newspaper the �rst page shows some of the biggestnews. The seond page usually shows artiles that is of more interest at themoment for the readers. Existing mobile RSS readers doesn't show this,they only give you a list of artiles from eah subsribed feed. It happens alot that a user going through artiles in one subsription will read artileswhih has the same ontent in another subsription. Using a mobile phonemeans wanting to get a quik overview of your news. This is also a ommonproblem of information overload. We hose to explore ways to get an insighton a large amount of news and solve the problem of information overload.1http://www.engadget.om/2http://www.gizmodo.om/ 1



2 Introdution
1.1 Report StructureAfter giving a bakground to the whole projet in setion 2, whih looksinto areas of news reading on the web and information visualization, hapter4 will show what studies has been made during the ourse of the projet.Things also overed are our approahes to solving our problem and designof our visualization. Chapter 5 shows the result of our master thesis. Inhapter 6 di�erent observations are desribed based on the result. We drawonlusions about the researh problem in hapter 7. In hapter 8 showshow our projet an be developed further than the urrent funtionalitiesand onepts applied.



Chapter2State of the Art
The World Wide Web gives people aess to all kinds of news, whether itis politis, sports, tehnology or even video games related news. Beyondthe bigger news sites, suh as Reuters, NY Times, CNN, there are manydi�erent blogs that publish posts about various topis. Before we begin ouranalysis we will explain di�erent ways to read news on the web.
2.1 Really Simple Syndication (RSS)One way to keep up to date with the news a user is interested in, is to useRSS readers whih let him/her subsribe to eah news sites' and blogs' RSSfeed. This makes news reading easier by olleting all the news to one plae.An example of number of posts that is published everyday by ertain newssites and blogs [42℄ is shown in Figure 2.1.
2.1.1 AggregatorsRSS readers are also alled aggregators. They are used to ollet RSS feedsand let users read them and subsribe to them easily in one appliation. Ex-amples of popular aggregators are Google Reader1 and FeedDemon2. Thisway users save time and e�ort beause of not having to visit the websites tosee if there are any new updates. Google Reader is an aggregator website.In Google Reader users an add subsriptions and manually assign themgroups. The user an therefore selet a group and read all artiles withinthat group. There is also a mobile version of Google Reader whih basiallyontains a plain list showing the titles of eah item as opposed to its desktopversion showing a short text of the ontent together with title and more inthe list.1http://www.google.om/reader2http://www.feeddemon.om/ 3



4 State of the Art

Figure 2.1: An example showing number of news artiles for a userin a day using RSS reader to follow news
2.1.2 FormatAt the bottom RSS is just an XML �le [6℄. It is a popular format whihis used in blogs and news sites. Another name for RSS is feed, web feedor hannel. It enables users to get inremental updates from blogs andnews sites without visiting their homepage. The ontent of the text is mostoften a summary of the latest ontent with assoiated meta tags suh aspubliation date, title, ategories et.
ATOM & RSSThere are mainly two formats of RSS whih are used. You an see anexample of both in setion A.1. The interesting information in whih wetry to parse ome from the following tags:
2.2 Other AlternativesThere are many existing solutions that ollet and analyze news from varioussoures and show them to users without the need for a user to subsribe tofeeds. Some of them are presented below.



State of the Art 5RSS ATOM Desription<item> <entry> Surrounds all tags of an arti-le<link> <link> URL from an artile<desription> <ontent>
&<summary> Full ontent or a summary ofan artile<pubdate> <published> Publiation date<ategory> <ategory> Manually assigned ategory<feed> <feed> Name of a feed e.g. EngadgetTable 2.1: Comparison of RSS and ATOM

2.2.1 ScintillaSintilla [47℄ is a website whih shows the top stories of siene subjetswithin a day and personalized reommendations of artiles. It uses dataolleted from hundreds of news sites, blogs, journals and databases. It'sa way for users to sign up and get updates through the site. What is alsointeresting with this site is how it alulates topis that are hot topis. Thesite uses topi burst detetion. It detets inreasing size of lusters of do-uments that is interesting for the users. The topi burst detetion uses asimpli�ed version of Kleinberg's Burst Algorithm. Kleinberg's Burst De-tetion Algorithm [14℄ detets bursts in a doument stream. The algorithmrelies on the fat that ertain relevant douments ome more often whenan appearane of a ertain event begins to emerge in the doument stream.This will trigger a new state alled burst state as opposed to normal state.All the inoming douments are then in burst state.
2.2.2 TechmemeThe website [53℄ shows so alled top stories of tehnology aross di�erentwebsites and blogs. It ontains a list of top topis whih are being writtenby multiple soures and the story put at the top should represent the mostwritten story. Its goal is to ollet the sattered news about the same storytogether without the user having to go through all the artiles in di�erentwebsites. Tehmeme uses an algorithm for deteting the topis with humaneditorial input.
2.2.3 Google NewsGoogle News [28℄ organises world news from various news soures in realtime. All the news are ategorized into World, Regional, Business, Si/Teh,Entertainment, Sports and Health. News reporting about similar topis are



6 State of the Artlustered together and presented in order to give the user a "a bird's eyeview of what's being reported on virtually any topi" [3℄. The �rst pageshows the headlines from all the ategories. It o�ers reommendation ofartiles based on the user's read history, regional editions for reading newsrelated to a user's ountry, and speifying searh terms in order to get newsrelated to spei� subjets. Google News is presented using only omputeralgorithms without any human intervention. The Swedish edition of GoogleNews aggregates news from more than 100 news soures in order to �nd andpresent the biggest news [23℄.
2.2.4 BlogPulseBlogPulse is a projet that was developed and desribed in a paper. Itrawled through blogs in order to disover trends [19℄. BlogPulse also usesa set of data mining algorithms in order to �nd trends. The interestingpart of this projet is that it detets sudden phrase usage in the urrentday ompared to an average usage of two weeks.
2.2.5 Living StoriesGoogle showed a new approah to presenting news online. Living Storiesis a new format for presenting and onsuming news online [30℄. The ideais to ollet all overage of a partiular story to a permanent URL. Atone URL one will �nd all the news about a story and be able to followits developments. One of the ore priniples of Living Stories is the storysummary whih helps users who are new to the story or have been looselyfollowing the story. This gives the user a quik overview of what's happened.The ontents of a story is organised by its developments and prioritizeddepending on how important it is. Another ore priniple is keeping trakof what the user has read in order to highlight new updates to the storysine the user's last visit. This brings a more personalized experiene. Anexperiment of the Living Stories format was onduted from Deember 2009to February 2010 by a partnership between Google, the New York Timesand the Washington Post [31℄. Sine the pakage of Living Stories is opensoure, anyone an reate their own Living Stories pages on their websites.
2.2.6 Zen NewsZen News is an iPhone appliation whih displays a tag-loud of keywordsfor disovering news headlines [36℄. The larger a keyword is, the greater isthe topi being disussed from various news soures. Cliking on a keywordwill show additional keywords that are more spei�, and another lik ona keyword will reveal a list of stories related to it [54℄. Cliking on a story



State of the Art 7only show a summary of it but there is also the option of showing the storyin either the embedded browser or in the Safari browser.
2.3 LayoutNewspapers and RSS readers use 2-dimensional layouts. For example GoogleReader uses a list where the user only srolls through a list of artiles.Browsing by only srolling up and down in a list is a ommon way to readnews espeially in a mobile appliation, suh as NewsRob [34℄. The reasonfor this is the limited size of the mobile sreen. When the pile of news isstarting to grow the user needs to sroll in order to get an insight into alarge olletion of news. This is a ommon problem in information seeking.
2.3.1 Visualization TechniquesInformation visualization is an interesting �eld beause it an show a lotof information in a spae and ease the ognitive load of understanding thedata presented [33℄. Visualizing vast amount of data an be a halleng-ing task as the visualization should show the onnetions of eah of theinformation and also have to onvey it easily approahable for the user tounderstand. Information visualizations an be very beautiful. There arevarious approahes of visualizing data suh as tables, histograms and pieharts. Not all visualizations are appropriate for showing text data but inthe next setions there will be some visualizations whih shows di�erentapproahes of information visualizations.
2.3.2 NewsmapThis visualization [56℄ is a great example of a treemap whih divides theset of information into distinguishable subsets. Colour is used for showingartiles belonging to the same ategory, and size of ell and text show howmany news soures over the topi, see Figure 2.2. The tone of the olourindiates how new the topi is. It enables the user to easily distinguishthe onnetions and importane within the olletion of news. Newsmapvisualizes the news aggregated from Google News [55℄. Grouping artilestogether an help users to get a good overview of artiles. It is developedto be used in web browsers on omputers.
2.3.3 VoyageThis website [5℄ makes use of the layers in z-axis where the feed items furtheraway from the sreen are made not as visible by an e�et of fog overing



8 State of the Art

Figure 2.2: Newsmap - Visualizing news artiles from Google Newsthem. As shown in Figure 2.3 this visualization is made of multiple layers.Eah layer orresponds to a time and date. The further away a feed itemis the older it is. Colours indiate the feed whih the items omes from.It uses a pop up window to show the feed item when liked. This allowsthe user to keep the ontext. This solution exist only for web browsers onomputers.
2.3.4 CoolirisCooliris [11℄ shows a use of perspetive in order to inrease the visibilityof number of items as seen in Figure 2.4. This is espeially valid way ofshowing a large olletion of items. This plug in, developed for web browserson omputers and mobile phones, lets the user searh for pitures and videos.This is a good way of quikly revealing the amount of items left in the listwhen the mobile sreen is too ompat in x-axis.
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Figure 2.3: Voyage - Using depth to visualize feed items

Figure 2.4: Cooliris
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Chapter3Researh Problem
A huge problem with online news is the amount of news that gets publishedeveryday. It's almost impossible to keep up to date with every news siteand blog. This problem is ommonly desribed as information overload.As mobile phone tehnology advanes (larger sreens, higher resolution,inreasing omputational power) as it does today, it will ertainly be usedmore as a news reading devie, whether it is when a user gets out of bedor during lunh breaks. Beause a user usually doesn't spend a lot of timewhen using a mobile phone ompared to a omputer, it is important fora user to be able to get a quik overview of his/her news. The overviewshould present relevant news to a user so that he/she an more quikly readthrough news of interest. What we mean by relevant news is the followingquestions:What has happened in the world?Get an overview of news on a mobile phone.Is there any big events that I should know of?News overed by many soures.Is there any interesting news?News whih a user prefers to read or follow.In a RSS reader, suh as Google Reader, it would take too muh time tobrowse through large amount of news artiles of eah subsribed feed inorder for a user to get a quik overview of what has happened. In thisthesis we hoose to fous on reating a prototype system that will helpa user get an overview of his/her news. This is further desribed below.Another part of our thesis is to investigate how 3D an be used to visualizelarge amounts of information. 11



12 Researh Problem
3.1 Use CaseLet us assume a user who likes to read tehnial blogs and news sites,but during an intensive work week where a projet needs to be �nished hedoesn't really have the time and energy to read and follow the news. Thenews will pile up very quikly and the user will have to browse through allof them soure by soure, if he/she uses an RSS reader or a web browser.Sine there are so many soures to keep trak of it happens a lot that manyartiles from various soures ontain similar ontent, it would take too muhe�ort and time for a user on a mobile phone to get an overview of what hashappened in the news, and will therefore lead to many users avoiding theRSS reader to read news on a mobile phone. The user will instead go tothe omputer.Using our solution the user will not have to feel less omfortable to tryto get an insight into the events ourred during the day or week. The userwill browse the news using a more topi driven approah and get informa-tion quiker with the help of the visualization used in our solution. Theuser an browse artiles that are assoiated with eah other and thereforefollow the progress ourred during an event. This will ease the burden forthe user to browse news on his mobile phone. The user an more easily seewhat topis are big right now and be able to quikly know what to read.
3.2 Research StatementThis researh investigates whether information retrieval algorithms an beapplied suh that it an aid the user into easier browsing of news artiles.This master thesis also investigates if 3D visualization an help present newson a mobile phone. There will be an implementation of an IR bak-end anda front-end whih will show the result to users on a mobile phone. Beauseof the time frame performane and salability won't be taken into aount.



Chapter4Analysis
Our analysis is divided into two major setions. Setion 4.1 is related to thelayout and form of the visualization and setion 4.2 is related to InformationRetrieval.
4.1 Visualization SystemThe news presentation is also an important aspet of how the user gainsknowledge of an event in the news. We investigate how visualization anhelp a user browse news more e�etively.
4.1.1 Explore Visual Paradigms

Overview & PreviewThe need for a way to san through large amount of artiles in a way thatmakes it easy for a user to quikly deide if a news group or news artile isinteresting or not is undeniably important. Here, we work with the oneptof overview �rst and details on demand [48℄. With overview we mean hereby only revealing a minimal form, or surrogate [20℄, of news groups andnews artiles so that the user, with just enough information, an deide ifhe wants to read more of it or not. There are two kinds of surrogates:
• Overview, whih is a representation of a olletion of objets.
• Preview, whih is a representation of a single objet.By onstruting and revealing good previews and overviews for browsingnews, it an aid the user in making relevane deisions and inform the userof sope, size and struture of large amount of news.13



14 Analysis
3D VisualizationThe user will get a good overview if the use of perspetive and positioningof the objets are good enough. It an help the user to see the naturalinterations when 3D is used [21℄. There has been a lot of studies in userinterfaes using 3D. 3D interfaes an improve the ognitive and pereptualskills [46℄. This is one of the main points of a 3D interfae however otherstudies [10℄ might indiate that it an be higher ognitive load on the userif the design of the user interfae is badly onstruted. When 3D is usedthere are added omplexity to the interfae. As also depited by [48℄ it putsmore strains on the user to know where objets lie in the spae. All theremarks so far indiate that 3D sets higher requirements on the design asthe number of interations and positions are inreased. We still wanted todetermine if the use of 3D might improve our design of the user interfae.This involve the use of the z-axis and using perspetive and zooming whihan help the exploring of news.
WorkshopThe olleted feeds of news will be visualized in a mobile phone. The �rstapproah to the problem was determining how artiles ould visually begrouped in suh a way it's easy for the user to browse. Exploring di�erentwebsites whih used 3D visualization gave us an insight into di�erent in-terations and layouts. These showed di�erent approahes to the use of a3D spae. These materials were shown in a workshop in order to generateideas. The workshop onsisted of 6 partiipants whih were made into 3groups. The following 3 ideas were the result of the workshop:1. In Figure B.1 a list of topis, where eah row shows tags related toits topi, is shown as the overview. When navigating into a topi therelated news artiles are revealed on another side of the list, by usingspatial layout. The topis are still visible in order to not lose theoverview.2. Figure B.2 shows an overview showing di�erent ategories positionedin the orners and sides of the sreen with related news artiles �oatingnearby its own ategory. Eah news artile is onneted to other newsartiles and it an also belong to more than one ategory. The newsartiles are visualized as bubbles where the title is shown. If zoomed inthe bubbles an be rotated for revealing more details about the newsartile. Bubbles positioned further away mean older news artiles.3. A list of topis sorted by time, as shown in Figure B.3. Eah rowontains a topi and the number of news artiles related to it. There



Analysis 15are two sliders, one at the top and the other at the bottom. Thetop slider is for adjusting the amount of topis shown to the user. Ifthe slider is adjusted far to the right only topis with high amount ofartiles is shown to the user, the other topis are moved further awayfrom the sreen. The bottom slider is for adjusting the proximity ofthe news artiles. If the slider is adjusted further to the right thenmore loal news are shown and if further to the left then more globalnews. When navigating into a topi a grid of di�erent news souresare shown together with the amount of news artiles in it. There'salso a reap of the topi at the top for informing the user aboutwhat the news artiles are reporting about. The idea was to have anautomatially generated reap for eah topi. A list of news artilesare shown when navigating to a news soure. After hoosing a newsartile, the whole news artile is presented and a horizontal list of allnews soures related to the topi is shown at the bottom.Di�erent layouts and ideas were presented whih resulted in interesting ideasfor our mokups, whih are desribed later in setion 4.1.2. From the work-shop it was also pointed that we needed to narrow down to some possibleuse ases. We explored in what way a user want to aquire knowledge ofnews.
4.1.2 MockupsDi�erent ideas onerning our visualization were brainstormed, mokupsand prototypes were reated and implemented in order to see how it feelson a mobile phone.
Mapping of Parameters to 3D SpaceThe outline of an early use ase we had was to enable users to quiklybrowse the news when taking an elevator and be able to quikly �ik throughinteresting news. The key points of this idea are the following:

• Determine appropriate parameters whih the result of this are de-sribed in setion 4.1.3 Choie of Parameters.
• Mapping of a 3D spae to parameters whih the user would knowwhen browsing in this spae.
• Determine the use of olours.Low-�delity mokups was reated in order to get a feel for the onept.Initial skethes were also done in order to know what possible parameters



16 Analysisould be mapped onto the 3D spae. A brainstorming of parameters weredone. This paper and penil mokup shown in Figure B.4 and Figure B.5gave us the insight of the onept and it showed that it required lots ofsrolling through the spae. The distane between the artiles in z-axiswas also adjusted in order to maximize the visibility. We still deided toimplement a prototype using dummy data in order to know how it reallyfelt on a mobile devie. In Figure 4.1 various news artiles are spread outon the sreen and it's possible to move around the spae by touhing anddragging on the sreen. News artiles positioned more to the right meanhigher user rank, whih means other news artiles positioned to the left aremore general news. As for olours that is shown on eah news artile, moreblue means higher user rank, and less blue gets more green whih meansmore general news. The z-axis is used for the time parameter. Newer newsartiles are positioned loser to the sreen. A slider is used to zoom in andout in order to read news artiles further away. We have disovered that

Figure 4.1: Two sreenshots showing the mokup of mapping ofparameters to 3D spaethere were too many dimensions to browse whih made it di�ult for theuser to know where the artiles were positioned.
Zooming InteractionAs mentioned in setion 2.3 list is a ommon way to browse on mobilephones and onsists of one olumn. Web browsers for mobile phones alsouse zoom in and zoom out interation. In our mokup when using thezooming interation it an o�er the user to get an overview when zoomedout and when wanting to get details on demand as desribed in [48℄ the
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Figure 4.2: Two sreenshots showing the zooming interationuser will have to zoom in. In the ase of our appliation we an use a listto display groups representing a topi. If zoomed out additional details anbe shown and the titles of the artiles in eah group are replaed by the twomost ommon used keyword in the artiles within a trend. See Figure 4.2to see how the zoomed out state looks like. When using 2D with zoominginteration it hides additional information whih the user an aess whenin zoomed out state. This information lies hidden. Using mobile phone,not only does it require the user to sroll but also zoom in and out. Thismokup was reated using only paper and penil. After evaluation of themokup we deided that instead of hiding information and not be able to seethe additional text when zoomed in it is better to make use of a perspetivein a 3D spae, as shown in the �rst idea in setion 4.1.1 Workshop.
Combination of 3D Space and Zooming InteractionBased on the previous mokup we reated another mokup. This gave agood balane of 2D and 3D. As shown in Figure 4.3 the blue list is a listof topis where the �rst word is the word deteted as the topi term. Theother word is the word most ommonly used among the news artiles inthe group. This approah applies the onept of dimensional ongruenewhih as explained in [2℄ says that it is where spatial demands of a taskis diretly mathed by the interation tehnique that is used to exeute it.The yellow olumn shows the additional information of whih feeds newsartiles are in the orresponding group. The user an therefore swipe to theleft in order to have that olumn in fous. Not only is the olumn visiblepartially for the user to peek at the feeds but also be able to get knowledgeof this olumn. if it was only one olumn shown, the user might not have
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Figure 4.3: Two sreenshots showing use of perspetiveseen this information and had to be noti�ed in another way about it andhave to guess to how to go bak. The user swipes horizontally in order tosee more of the yellow list. This type of interation by rotating an objetwas also seen in the seond idea in setion 4.1.1 Workshop. This mokupshows only one possible ase of additional information.
4.1.3 Design Decisions of VisualizationUsing the result from the mokups and the studies from setion 4.1.1, severaldeisions are made regarding the design of the visualization.
Choice of ParametersIn order to help users wanting to get a quik look at what's happening and�nd artiles of interest we have used several parameters for visualizing newsartiles. We have hosen three parameters that are the main parametersa�eting the visualization system:

• Trend rank whih deides if the topi in a news artile is hot at themoment.
• User rank whih deides if a news artile might be interesting for auser.
• Time, meaning the novelty of the news artile.These three parameters shows a possible pattern of reading news. The ideawith trend has been demonstrated before but only visualized as a list of



Analysis 19artiles in a table [19℄. It is an interesting way to pik relevant news for areader. It helps the user to easily disover news artiles of interest in theuser interfae.
OverviewThe overview shows the news groups/topis. In order to help a user inmaking a deision of the relevany of a group/topi the surrogate of a grouphas been deided as the following attributes:The trending topi termIt reveals the keyphrase whih was deteted as a topi term.The most ommon word in the group/topiThis keyphrase omplements the trending topi term for revealingmore of the topi.Title of news artiles from the group/topiIt shows a preview of news artiles related to the topi.The number of artiles whih is related to the group/topiIt reveals the amount of overage of the topi.The trend rank of the groupThe measurement of how hot the topi is.The user rank of the groupThe measurement of how interesting it is to the user.The time of the latest news artile in the group/topiIt informs about how new the topi is.
GroupviewThe groupview shows the news artiles related to a group/topi. We lookedat the parameters title, URL, website title, ontent and date of a newsartile, and deided to use the following attributes:TitleThe title usually ontain words that will be mentioned throughout thewhole artile ontent.Website titleThe website title an tell what kind of website that published it, thusrevealing the kind of subjet, for example if it was published by Joystiq(whih is a video game blog) then it ertainly is related to video games.



20 AnalysisImageAn image, if the news artile has any, an quikly reveal the ontentof the news artile.These parameters are easily extrated from RSS feeds retrieved from web-sites and blogs. It is reported from [35℄ that for users of Google News it'svery ommon to san only the title of the artiles before visiting the realsoure if interesting enough. This an be ompared to �iking through alarge amount of news and only peek at the titles in an RSS reader.
4.2 Data Processing SystemIn order to have any visualization as desribed in previous setion 4.1 theneessary parameters and attributes need to be generated. The outline ofour analysis of this data proessing system is overed by the following:

• Collet: It onsiders what type of text is olleted and how it isolleted.
• Unify: It overs all onsideration of how news are represented. Onesuh onsideration is how groups of artiles are reated.
• Personalize: It onsiders relevany of text meaning interesting arti-les based on user input.In order to get an understanding of what is possible to do in ahieving a bet-ter presentation of feed items we started exploring the area of InformationRetrieval.

4.2.1 TheoryIn order to start exploring we needed to study theories of Information Re-trieval (IR). After gaining knowledge of the basis we moved on to identifyand disover standard algorithms whih ould help in the proess of deter-mining the onnetions between news artiles. The algorithms studied andgiven more weight are highlighted in this setion.
Document IndexingIn IR systems a representation of the ontent in a doument is reated bygoing through a number of steps. Figure 4.4 shows the proess of doumentindexing. When the doument enters into an IR system it breaks the ontentinto words. Then use a stoplist to remove words. This stoplist ontainswords that need to be �ltered out, for example 'that', 'the', 'in', 'so' et.
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Figure 4.4: Steps of doument indexingIn the next step stemming is arried out. The purpose of a stemming is toremove su�xes and transform it to its stem, thus words with the same stemwill be treated as equivalent [57℄. An example are the words 'upgrading'and 'upgrade' whih have the same stem. This is advantageous beauseit will redue the number of words that will be proessed in an IR system.After stemming omes term weighting whih is desribed below. After goingthrough all the steps the result, whih onsist of terms with orrespondingweights, is saved to a database.
Vector Space ModelIn order to do alulations or analysis on text douments using keyphrasesa mathematial representation of the artiles is needed. We hose VetorSpae Model [37℄ beause of its simple model. Eah doument is representedby a vetor of terms

dT = [t1 , t2 , ..., ti , ..., tm ]where d is the vetor and i has the range [1,m]. The terms, ti, are gradevalues whih are weights in the range between 0 and 1. Terms of a doumentare in our ase keyphrases of an artile. This weight is a value of howsigni�ant a term is for a doument. By hoosing only the most signi�antterms the size of the vetor for eah doument an be redued thus savespae. Let olletion  ontain large enough douments to reate a matrix
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A

A = [d1 , d2 , ..., di , ..., dn ]where a doument di represents a vetor v and i ∈ [1, n]. A is alledthe term-doument matrix or ourrene matrix. Vetor Spae Model is apopular model in IR.
TF*IDFHow an weight for eah term be alulated? The term weight of a term ina doument is a degree of signi�ane relative to the doument. This valueis alulated from TF*IDF [37℄. The outline of this formula is that termsshould have a higher weight value when terms our relatively often withina doument and not too muh in other douments. TF is an abbreviationfor term frequeny whih means the number of ourrenes of a term withina doument. IDF is alled inverse doument frequeny and it dereases theterm weight of frequent terms [37℄. In most IR systems this is the �nal stepof doument indexing as desribed in setion 4.2.1 Doument Indexing.
Cosine SimilarityAll the steps done previously are steps done to have a mathematial rep-resentation of all the douments in the olletion. One of the more simpleoperations whih uses the term-doument matrix is osine similarity. Ittakes two vetors v1 and v2 and basially alulates a osine angle betweenthe vetors. The similarity between two vetors is therefore alulated bythe following [37℄

dT

1 = [t1 , t2 , ..., ti , ..., tm ]

dT

2 = [t1 , t2 , ..., ti , ..., tm ]

cosine similarity = cos(θ) =
d1 · d2

‖d1‖‖d2 ‖There are two ways to use this formula. This an be used to alulatethe similarity between two douments. The vetors would then ontain theterms of eah doument. The seond use would be to instead alulatebetween a doument vetor and a vetor of keyphrases from a query [49℄.The similarity value is between 0 and 1, where 1 means idential and 0nothing in ommon.
Latent Semantic Indexing (LSI)One of the reasons for using LSI is improving the weights of the terms usingo-ourrene. In other words this means that if term 1 in doument A o-our often with term 2 in other douments, LSI will give term 2 additional



Analysis 23weight for doument A although it doesn't our in doument A [16℄.It deomposes a matrix A using Singular Value Deomposition (SVD). SVDdeomposes the matrix into three separate matries [18℄
A = USV Twhere A is in our ase a term-doument matrix. U is a matrix whihonsists of the eigenvetors omputed from AAT . V is a matrix whihonsists of eigenvetors of the matrix ATA. The matrix S is a singularmatrix onsisting of singular values. Singular values are alulated by thefollowing formula

s = c
1

2where c is an eigenvalue. The singular values are plaed in diagonal to formthe matrix S.SVD unveils hidden or "latent" data struture of the ontent than onlyounting the keyphrases [17℄. By deomposing the term-doument matrixit is also possible to redue the dimensions. This is done for eah of thethree matries [15℄. Reduing dimensions to k dimensions mean generating
Uk, Sk and Vk:
Uk = k olumns of U
Sk = k rows and olumns of S
Vk = k olumns of Vwhere di�erent values of k give di�erent results. After reduing the di-mensions, term weights an be improved [16℄. LSI has several bottleneksassoiated with storage onsiderations, di�ulties in upgrading the under-lying database and other speed and reliability onsiderations. LSI is greatat addressing synonymy, whih means di�erent words with same meaning,but fail to address polysemy whih means di�erent meaning with same word[17℄.
4.2.2 Discovery of SoftwareDisovering softwares were also done in parallel with studying algorithms.In order to determine whih softwares to use we olleted a set of predeter-mined data for testing the software. It's predetermined feeds, whih shouldontain artiles that might interest our user from the use ase desribed insetion 3.1. The softwares used in our data proessing system is highlightedin this setion.



24 Analysis
Keyphrase Extraction Algorithm (KEA)We use the algorithm from KEA [39℄ for extrating the keyphrases of a newsartile.At the start of the proess, KEA leans the input, whih in our ase isthe ontent of a news artile. This proess involves splitting the doumentinto tokens (sequenes of letters, digits and internal periods). Puntuationmarks, brakets, and numbers are replaed by phrase boundaries, apostro-phes are removed, hyphenated words are split in two et. This will resultin a set of lines, where eah is a sequene of tokens [13℄.With these lines KEA tries to identify andidate phrases by using a setof rules [58℄, suh as andidate phrases an't begin or end with a stopword.After obtaining a set of andidate phrases, these will be ase-folded andstemmed. For eah andidate phrase KEA omputes 4 feature values whereone of them is the TF*IDF value. The formula used for TF*IDF is shownbelow:

TF ∗ IDF =
freq(P,D)

size(D)
×− log2

df(P )

Nwhere freq(P,D) is the number of times term P ours in doument D,
size(D) is the number of words in doument D, df(P ) is the number ofdouments ontaining term P , N is the total number of douments in theolletion.
TrainingBefore extration of new douments take plae KEA needs to learn theextration strategy. This is done by using training artiles with manuallyassigned keyphrases. What KEA does is identify andidate phrases, alu-late feature values, and for every phrase in a doument, whih has ourredmore than one, mark it as a keyphrase or as a non-keyphrase by usingthe assoiated manually assigned keyphrases. KEA uses the Naïve Bayeslearning sheme for building the model in order to predit a phrase being akeyphrase or not (lassi�ation) [13℄.
Extracting New ArticlesAfter having built a model KEA is ready to reeive artiles for extrationof keyphrases. Upon getting an artile to extrat KEA identi�es andidatephrases, omputes feature values and uses the model for omputing the



Analysis 25probability of eah andidate phrase in the artile. The andidate phraseswith highest probability are seleted.
Porter’s StemmerThe stemmer we hose for KEA is Porter Stemmer beause of its wideuse and it has beome the standard stemmer [57℄. The algorithm uses theonept that all words is of the following form:

[C](V C)m[V ]where C is a list of onsonants and V is a list of vowels. m is the numberof times V C is repeated. Some examples are:
m = 0 : by, tea, I, tie

m = 1 : aunt, valueA number of steps are arried out for removing the su�xes of a word byusing the measure, m, and rules [43℄.
4.2.3 ApproachesIn this setion shows the approahes applied into our implementations to-ward solving the problem addressed in hapter 3. As more news artilesarrive to a RSS reader, it beomes too umbersome to just read throughall the artiles. One way to solve this is to group artiles to eah other.Organizing large amount of data into groups or hierarhial strutures is aommon way of solving information overload [8℄ [9℄. Beause of the amountof news artiles that gets published everyday, automati approahes areneeded to solve this [40℄.
PreprocessingBy taking only the ten keyphrases with the highest weight in an artilewe have �ltered out the less important ones. The ten keyphrases are thenused for representing an artile. These keyphrases are the ones not onlywith the highest weight but appearing in the artile more than one. Thisshould lead to more aurate keyphrases that really represent the newsartile ompared to keyphrases that only our one and have low TF*IDFvalue. This in turn should help the data proessing system to give a fasterresult when alulating the parameters for eah artile beause of smallerterm-doument matrix. The parts of a news artile that were hosen tobe sent into KEA for keyphrase extration are the title and the ontent.



26 AnalysisBeause only keyphrases that our at least twie will be proessed by KEA,there's a high probability that terms that our in both title and ontentare keyphrases.
Concept ExtractionWe began analyzing this algorithm beause it �ts well with our aim ofonneting douments together. After applying LSI a onept extrationan be done. The steps of using onept extration are shown below:

• Build term-doument matrix.
• Apply LSI to the matrix. This gives three new matries, followed byredution in dimensions.
• The following formula is used to reate the onept matrix C:

C = S−1

k
UT
kwhere the matries S and U were desribed in setion 4.2.1 LatentSemanti Indexing (LSI). Eah row represents a onept.

• For eah doument d in the olletion meaning for eah row in theterm-doument matrix a osine similarity between d and a row c fromthe onept matrix C are used in order to see what onept a dou-ment belongs to. A doument d belong to the onept c whose osinesimilarity is the highest. The formula for osine similarity is shownbelow:
dT = [t1 , t2 , ..., ti , ..., tm ]

cT = [t1 , t2 , ..., ti , ..., tm ]

cosine similarity = cos(θ) =
d · c

‖d‖‖c‖

• This value is then saved for eah news artile. All news artiles willbe grouped together using the value.
Topic DetectionOne way to group artiles from various soures is to group by its topibeause of the importane for the user to get an overview of what hashappened. The idea is to detet the topi term that is ourring in anumber of news artiles. When a topi term is deteted, all news artileswhih have that topi term as one of its keyphrases are grouped together.This makes it important to �nd the orret topi term. Below desribe anumber of approahes for deteting topi terms.
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Total WeightA hot topi word should be a term whih ours in many news souresonurrently at a ertain time frame with a high term weight. This woulddesribe a ertain event reported by many news soures. By alulating thesum of term weights in eah news soure for eah term, one an detet thetopi terms. The following formula is based on TF*PDF [7℄:

totalweightk =
∑

i=newssource

localweightki

localweightki =
∑

j=doc

TF ∗ IDFkij

number of occurrenceskiIn short, the total weight of a term is the sum of the average of its termweights in eah news soure. Sine this value is high when a new eventours (high term weight beause it ours relatively often in the artileand few or no other artiles ontain it) and it gets higher as more newssoures publish artiles about the event, it is good for deteting topis. Thisalgorithm relies heavily on the term weighting whih makes it important toompute a good term weight for a term.
Local DFTopi detetion rely heavily on a good term weight in order to detet a trendor an event that ours, as mentioned above. There are improvements toTF*IDF whih an be done to improve topi detetion [7℄. TF*IDF givesigni�ant weight to unique terms in a doument, that is terms whih appearin only one doument and nowhere else. If a ertain event ours and anews soure reports it, then there will ertainly be terms whih uniquelyidentify the event. Using TF*IDF, some of these terms will have signi�antweight beause of its uniqueness in the olletion. But as the event is told bymore news soures those term weights will be lowered beause the doumentfrequeny of the terms are inreased. This may lead to terms, that identi�esthe on-going event, not being deteted as topi terms, thus there's a risk oflosing the detetion of an on-going event. Instead of having one large orpus,ontaining all douments from various news soures, the term weight of aterm in a doument is alulated using the doument frequeny from onlyone news soure and the total weight of this term is then alulated by thesum of the orresponding term weights in eah news soure.
Percentage of IncreasePerentage of Inrease is an approah to improve the preision of detet-ing emerging topis. In order to measure when a keyphrase is beoming



28 Analysisa trending keyphrase we deided to use the idea of perentage of inrease.For example if doument frequeny of a keyphrase has inreased from 1 to2 then that means it has had a 100% of inrease. if the value then inreasesfrom 2 to 6 then that means having 300% of inrease.This approah fous on the use of keyphrases in an artile. It's a sim-ple ounter of number of ourrenes in douments. If a keyphrase is usedoften during a time frame then it's an indiation of a possible keyphrasethat desribes a topi. Perentage of inrease shows a ertain inrease, orderease, in usage of a keyphrase.In order to detet that ertain events are emerging as hot topis we needto set time frames whih are further explained below. All the keyphraseswithin that time frame will have its perentage of inrease alulated by thefollowing formula:
poik =

nnew

noldwhere k is the keyphrase whih the perentage of inrease is alulated for,the numerator nnew is the number of artiles in whih the keyphrase appearin during the time frame and the denominator nold is the number of artilesthe keyphrase have appeared on before the time frame. If a keyphrasehasn't appeared before then the perentage of inrease is the same as thenumber of artiles it appears on during the time frame. In the example inFigure 4.5 there are three time frames. During the �rst time frame fournews artiles were published ontaining the keyphrase Android. This givesthe keyphrase 400% of inrease as seen in Figure 4.6 beause there wereno news artiles ontaining Android prior the �rst time frame. During theseond time frame the same amount of news artiles that ontain Androidwere published as depited in Figure 4.5, whih gives a 100% of inreaseompared to previous time frame. The keyphrase Android only gets a 25%of inrease in the last time frame beause of only a single news artile thatontain Android was published. As also seen in Figure 4.6 the keyphraseOil whih hasn't appeared in any of the published news artiles in the �rsttime frame gets a muh higher perentage of inrease value in the seondtime frame than the keyphrase Android, although both keyphrases has thesame number of ourrenes in the seond time frame. This is beause ofthe number of ourrenes of Oil during the �rst time frame is muh lowerthan the keyphrase Android. This helps new emerging topi terms to bedeteted. The time frame is an important part of deteting the topis andit ould span from 1 day to several days. This is disussed further below.
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Figure 4.5: Example showing the number of ourrenes duringthree time frames

Figure 4.6: Example showing the perentage of inrease during threetime frames
Time FrameWhen omputing the perentage of inrease for all topi terms, a �xed timeframe is used to trak the keyphrases whih has ourred in news artilesthat were fethed within the time frame. Trying to �nd a good value for thetime frame is hard and requires some experiments. This is beause di�erenttopis have di�erent life times, an event suh as a ar aident may only bea hot topi for one day, but other events suh as a big sports event, thatis run in several days, would be a hot topi for a longer time. Anotherimportant aspet when deiding the time frame is when a user thinks thata topi is old. Beause when a topi term beomes hot then it stays hot aslong as the length of the time frame. This means if the time frame is longthen the user will see that topi for a longer time and the topi may notbe so up-to-date anymore for the user as time passes by. For our thesis we



30 Analysisdeided to have a 3 day long time frame.
Trend RankingA value, whih is used to measure how hot a topi term is, is something weall trend rank. The trend rank of a topi term is omputed by multiplyingits total weight with its perentage of inrease.

trendrankk = poik × totalweightkwhere k is the keyphrase whih the trend rank is alulated for. Computingthe trend rank this way, topi terms ourring in a lot of news artiles frommany news soures have high trend rank, but new topi terms that havejust begun showing up in a few news artiles and are getting step by stepmore overage will also get high trend rank. This is so that a user andisover early emerging topis.
User ProfileIn order for the olletion of news to maintain its readability for the user itis also important to introdue a more personalized reading. Personalizationan be used to make news reading easier [4℄. This parameter is very impor-tant as manual input of interest of �eld is a very e�etive way to presentrelevant artiles for the user. It is therefore preferable for our users to man-ually enter keyphrases mathing area of interest. A user pro�le ontainingthose keyphrases with weights is used to measure how similar a news artileis ompared to it [4℄. The alulation is done by using osine similarity asdesribed in previous setion 4.2 Cosine Similarity. For eah news artile
d and the user pro�le u a osine similarity is alulated between them bythe following formula:
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dT = [t1 , t2 , ..., ti , ..., tm ]

uT = [k1 , ..., kn]

cosine similarity = cos(θ) =
d · u

‖d‖‖u‖where d is a vetor ontaining its term weights and u ontaining the termweights of the user pro�le. We all this value as the user rank. The problemwith this is that the user might not always know what keyword is best to useto math his/her interest. This introdues therefore two ways of a�etingthe user pro�le. One of them is by manually entering keywords whih havethe largest weights diretly after input. The other fator is a user modelwhih monitors what artiles the user has seleted to read. Introduing thisfuntionality allows for more dynami way to present more relevant news asthe user reads more. This enourages exploration of topis as a ertain topithat the user follows and read will have an inreased value in the user's userpro�le.
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Chapter5Result
In previous hapter 4 explained the approahes and deisions whih in thissetion will be applied into implementing a whole system. This setionovers details of implementation and outputs from our �nalized prototypesystem.
5.1 TechnologiesThroughout the projet di�erent hardware and software were used. Theworking environment were thankfully provided by TAT suh as omputersand also mobile phones for running the appliation in order to get feed-baks and eventually the presentation, as well as getting assistane fromemployees during the projet. The main development omputers were us-ing Windows 7 Professional. The mobile phones used for testing on a realenvironment were Nexus One and HTC EVO 4G whih were both runningAndroid OS [27℄.Software and tools were of ourse more omprehensive than the hardware.Some of the software were thankfully provided by TAT. The following listshow IDE, SDK as well as tools: Elipse Galileo [41℄, TAT Motion Lab[51℄, MySQL [1℄, TAT Casades for Android [50℄, Android SDK 2.1 Plat-form [24℄, Android SQLite Database [25℄, Android Xml Utility Methods[26℄, Java 1.6 SAX [38℄, Java 1.6 JDBC [32℄, phpMyAdmin [44℄, GIMP 2.6[52℄ and JAMA 1.0.2 [22℄.
5.2 ArchitectureIn order to analyze and proess all the information from RSS feeds wehose to use lient-server solution instead of having only the lient, whihis a mobile appliation, to do all the olleting and omputations. It waspartially beause the amount of news artiles that are olleted and the33
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Figure 5.1: The arhiteture of the whole system in an overviewomputations done on 6000 news artiles would be too muh for a mobilephone to handle and it also gave us the possibility to use softwares whihuse existing algorithms in data mining. The whole system therefore ontaina server whih aggregates feed items and send them to the lient, see Figure5.1. The lient handles the visualization of the artiles and that is howthe user interats with the data proessing system. When deiding whihprotool to use between the lient and the server it was deided that HTTPommuniation would be used beause of its widespread use. As shown byFigure 5.2 when a request is sent to server, history data and user pro�le arealso sent to the server. The server sends a response bak to the lient whenthe request is reeived. The response, whih is enoded as an XML �le,ontain feed items with assoiated meta data and additional data that isprodued from the server. Using XML allowed us to have a more struturedway of presenting result to the lient suh that the parsing of the result wasmade easier using lasses from Android API [26℄. The lient, whih is anAndroid appliation, will then present and visualize the result for the user.Synhronization between the lient and the server is done periodially. Inthe oming setions more implementation details in the server and lientwill be explained.
5.3 ServerThe server is implemented entirely in Java. The following tasks are per-formed in the server.

• Collet RSS feeds� Feth and parse the feeds.� Save the parsed ontents of news artiles and its assoiated metadata to database.
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Figure 5.2: The arhiteture of the whole system in a more detailedview
• Extrat keyphrases.� Top ten keyphrases with highest term weight of eah news artileare saved to database.
• Compute trend ranking� Compute total weight and perentage of inrease.� Assign eah news artile to a group.
• Advane time frame� The time frame for whih topi terms are traked and deteted,is advaned.
• Compute user ranking.



36 Result� Compare urrent user pro�le to eah news artile and assign theuser rank as the resulting osine similarity.
• Update user rank� Derease weight of keyphrases in user pro�le.
• Reeive lient request� Send news artiles, together with its assoiated data inludingmeta data, trend rank, topi term and user rank.

5.3.1 Database DesignThe server uses MySQL database [1℄ to save all neessary data. Figure 5.3shows an E/R diagram of the database used by the server.

Figure 5.3: E/R diagram of the database used by the server
5.3.2 Collect RSS FeedsThe server fethes RSS feeds from a predetermined list whih is stored in atable in the database. It fethes RSS feeds through an HTTP request sent tothe server where the ontent of the RSS feeds is stored. Upon reeiving the



Result 37HTTP response that ontains the RSS, XML parsing is done using JAVA1.6 SAX [38℄. The following parameters of eah RSS item (news artile) areparsed and saved to database:
• Title
• Date
• Content
• URL
• Website title
• CategoriesOnly RSS items that doesn't exist in the database are saved. Fething RSSfeeds are done periodially in an interval of 10 minutes.

5.3.3 Extract KeyphrasesAfter saving the newly fethed news artiles, keyphrases are extrated fromthem. As desribed in setion 4.2.2 Keyphrase Extration Algorithm(KEA) KEA is used for this task. Modi�ations of the soure ode ofKEA were made in order to add support for Loal DF and hoosing the topten keyphrases with highest term weight. When our server is �rst startedan initial set of news artiles are used for reating a model, and doumentfrequenies of the keyphrases are reated for later proessing. The initial setof news artiles used for training were hosen from general and tehnologyRSS feeds. The requirement for the website feed was it needed to haveategories for eah feed item, sine these are treated as manually assignedkeyphrases by the author and will be used during the reation of modelin KEA. For eah news artile whose keyphrases are to be extrated, thedoument frequenies of the initial set of news artiles, together with otherfethed news artiles that ome from the same feed as desribed in setion4.2.3 Loal DF, are loaded and used during omputation of TF*IDF featurevalue of eah keyphrase. The title and the ontent of the news artile aresent into KEA for keyphrase extration. At the end of the proess, all thekeyphrases of the urrent news artile are sorted by desending TF*IDFvalue and the top ten keyphrases are saved in the database.
5.3.4 Compute Trend RankingIn this step the trend rank, as desribed in setion 4.2.3 Trend Ranking,is omputed for eah unique stored keyphrase that belongs to news artiles



38 Resultwhih were fethed within the time frame. Afterwards a list of keyphrasessorted by trend rank in desending order is queried in database for assigningall news artiles into groups. The keyphrase with highest trend rank is �rsttaken and all artiles that ontain the keyphrase are assigned to the samegroup. The same proess is done for the next keyphrase and so on. If thenews artile is already assigned to a group, it won't be re-assigned sine thekeyphrase with higher trend rank is more likely to be a topi term. A groupis identi�ed by the keyphrase whih a news artile was assigned to. Theoutput of this step is that all related news artiles are grouped together. Byusing the trend rank of eah group, one an measure the hotness of a topi.
5.3.5 Advance Time FrameThe server advanes the time frame in a �xed interval. When that happensall previously fethed news artiles will be treated as old, thus keyphrasesthat our in old news artiles will be left out when omputing the trendrank. This means news artiles won't be grouped by those keyphrases any-more. In the new time frame there will be new groups/topis. Beforeadvaning the time frame, the number of ourrenes of eah keyphrasewithin the time frame is saved for omputation of perentage of inrease.
5.3.6 Compute User RankingFor eah artile there will be a alulation of similarity using the user pro�leas desribed in setion 4.2.3 User Pro�le. In order to make this possiblea term-doument matrix of the olletion of news artiles is reated. Thisterm-doument matrix ontain an additional doument olumn. This ol-umn is the user pro�le. This makes it possible to measure the similarity ofthe news artiles and the user pro�le. This approah o�ered surprisinglyaurate result. It was relatively simple to implement and used a formulawhih we were quite familiar before.
5.3.7 Update User RankingAs user liks and read news artiles the user pro�le is updated. In orderto keep the user pro�le as lose to the user's interest, eah keyphrase in theuser pro�le has a weight. A manually entered keyphrase has weight 1.0 andis never hanged. A keyphrase that is added by traking the user's readinghistory have an initial weight and it is inremented as news artiles ontain-ing that keyphrase is read by the user. The weight of those keyphrases areperiodially dereased in order to �lter out keyphrases whih only ourredone or few times in news artiles read by the user.
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5.3.8 Receive Client RequestUpon reeiving an HTTP request from a lient the server sends an HTTPresponse enoded in XML whih ontain a �x number of news artiles,together with all its assoiated data inluding meta data (title, date, URLet), trend rank, topi term, user rank, sore, novelty and most ommonlyused keyphrase in a topi. Sore of a topi is used as a sorting parameteron the lient, this will be desribed in setion 5.5. The sore of a topi isomputed by the average of trend rank plus user rank of all news artilesin the topi. ∑

(trend rank + user rank))

number of articles in a topicThe HTTP request from the lient may ontain a reading history and a userpro�le. The reading history ontain all URLs whih the user has read sinelast synhronization. If a reading history is reeived then the user pro�le ofthe user, whih is stored in database, is updated by the server. The otherpart of the request is the user pro�le whih ontain manually entered terms,and if this is reeived then the existing manually entered terms in the userpro�le are deleted and replaed with the new. An example of how readinghistory and user pro�le looks like in the HTTP request an be found insetion A.2. An example of the HTTP response from server an be foundin setion A.3.
5.4 Outputs

5.4.1 Test CorpusFor testing our system we have a predetermined set of RSS feeds. Thisset represents what we think are ommon well known websites in the weband math the use ase desribed in setion 3.1. These websites updatefrequently whih introdues some di�ulty for the user to have the timeto go through if read in a normal RSS reader. This set has been used totest the result alulated from the server. The evaluation of the result hasmostly onsisted of manual observation of the result. The RSS feeds whihthe orpus was fethed from an be found in the appendix. All the resultshown are taken from feed items that were available during 10th May - 24thMay 2010 whih resulted in around 6000 news artiles. The time frame forwhih the trend rank was omputed on was set to 3 days.
5.4.2 Configuration in KEAKEA has a number of parameters that an be tweaked, here are some ofthem and the values we hose for running our system:
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• Number of keyphrases for eah artile: 10
• Minimum number of ourrenes in the artile: 2
• Maximum number of words in phrase: 2
• Minimum number of words in phrase: 1
• Voabulary: none
• Enoding: UTF-8
• Language: en
• Stemmer: PorterStemmer

5.4.3 Concept ExtractionTable 5.1 shows artiles from a group whih was omputed by oneptextration. The result shown below was omputed by using k = 100 [15℄.Some other values of k, suh as k = 40, k = 10, were tested whih didn'timprove muh ompared to k = 100. The result was based on news artilesfrom 19th May to 20th May. As shown in Table 5.1 the artiles' ontentNews artiles of a group from 20th MayAT&T Not Worried About Verizon iPhone [Digital Daily℄Mirosoft to give governments path previewsLive From The Google I/O KeynoteGoogle I/O: The Web Is Killing Radio, Newspapers, Magazines, And TVAdobe hastens release of HTML5 developer toolGoogle Wave Opens For EveryoneSports Illustrated Shows O� An HTML5 MagazineViral Video: Smoke Monster on "Lost" Gets Spin-O�! ...O�ial BlakBerry Twitter app getting a muh-needed updateTurkish energy minister says resuers in mine hit by explosion have...The Google Rule [Voies℄UK iPad App Store open for businessWhat Is Froyo? [Froyo℄Table 5.1: News artiles grouped using Conept Extrationis too diverse for belonging to the same group. This was done in one ofthe earlier phases of our projet. Although trying to hange the value of
k, whih is the maximum number of groups allowed, it was deided thatthis method was too insu�ient beause of its omputation time and alsobeause of its alulation result. It was di�ult to interpret what eahgroup represented.



Result 4119th MayBeta 15 24.0Tethering 2 23.15WebM 7 9.52Wave 7 9.22Web Store 5 6.69iPod Touh 8 5.52Touh 2 5.5Aution 4 4.73Web Video 3 4.49Vietnam 1 4.23
20th MayGoogle TV 28 77.86TV 14 33.20Tethering 11 30.06Beta 12 29.70Froyo 15 24.27Web Store 9 16.93Wave 11 14.75WebM 9 11.94Museum 10 10.54Stolen 3 7.33

21st MayGoogle TV 43 115.32TV 21 46.31Froyo 23 34.12Tethering 11 33.68Beta 11 32.86WebM 12 21.71Web Store 9 16.93Wave 12 16.2Pa-Man 8 15.26Museum 13 14.61Table 5.2: 1st olumn: topi, 2nd olumn: no of artiles, 3rd ol-umn: trend rank22nd MayNexus 9 10.03Bangladesh 3 3.35Deadliest 2 3.09India 8 3.09Shanghai 3 1.99Party 3 1.94Father 2 1.82Disrupt 3 1.49New Leader 1 1.42Drone 2 1.34
23rd MayNexus 11 12.15Air India 6 6.9India 7 5.03Party 6 4.85Derailment 3 4.44Bangladesh 4 4.24Cleri 5 3.85Shak 3 3.52Shadow 3 3.41Disrupt 7 3.35

24th MayNexus 17 22.23Disrupt 26 21.22WWDC 7 12.92Jamaia 9 12.09Australia 7 9.56Party 9 9.17Air India 8 9.11Duhess 7 8.51Seurity Counil 7 7.36i7 8 7.1Table 5.3: 1st olumn: topi, 2nd olumn: no of artiles, 3rd ol-umn: trend rank
5.4.4 Top 10 Topics in 6 DaysTopis deteted by the server during 19th May - 24th May are shown below.The time orresponds to 2 time frames, where 19th May - 21th May is the�rst time frame and 22th May - 24th May the seond time frame. Bythe result in Table 5.2 and Table 5.3 one an see that the trend rank ofa keyphrase inrease as more news artiles ontaining that keyphrase arefethed and stored. E.g. the WebM keyphrase on 19th May ours in 7news artiles with a trend rank of 9.52, and the next day a total of 11 newsartiles has been fethed ontaining the WebM keyphrase whih leads toan inrease of trend rank to 11.94. The e�et of advaning a time framean be seen on 22nd May where a whole new list of top topis is shown.As mentioned before it's beause the omputation of trend rank won't be



42 Resulttw & ldf & poiGoogle TV 28 77.86TV 14 33.20Tethering 11 30.06Beta 12 29.70Froyo 14 24.27Web Store 9 16.93Wave 11 14.75WebM 9 11.94Museum 10 10.54Stolen 3 7.33
tw & poiGoogle TV 28 70.77Beta 19 29.08TV 16 28.23Tethering 4 27.99Froyo 15 22.03Web Store 9 15.53Wave 11 14.76WebM 9 10.99Museum 9 8.57Troop 8 7.8

tw & ldfTV 42 3.16Tethering 11 3.01Faebook 20 2.23Chrome 17 2.12iPhone 45 1.99HP 18 1.8iPod 10 1.75Korea 15 1.68Google 75 1.65Plane 5 1.64Table 5.4: Comparison of approahes appliedbased on news artiles from before the advaned time frame.
5.4.5 Top 10 Topics on 20th MayThe result below ompare the topi detetion approahes in setion 4.2.3Topi Detetion. These topis are the topis with the highest trend rankduring 20th May and orrespond to only a subset of all the topis detetedby our server. The titles in Table 5.4 and Table 5.5 tw, ldf and poi are ab-breviations for total weight, loal df and perentage of inrease respetively.Some of the news artiles belonging to the topis are shown in setion A.4.poiGoogle TV 28 28.00Beta 17 19.00Froyo 20 19.00iPhone OS 1 12.00Wave 11 11.00TV 14 10.50Museum 10 10.00Thethering 3 10.00amp 7 9.00stolen 3 9.00Table 5.5: Topis generated by perentage of inrease
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Total Weight & Local DF & Percentage of IncreaseTable 5.4 tw & ldf & poi ontains the result of top topis deteted by oursystem using all approahes, whih were all desribed in setion 4.2.3.
Total Weight & Percentage of IncreaseIn Table 5.4 tw & poi, whih shows the result based on only the twoapproahes, total weight and perentage of inrease, give almost the sametop topis as Table 5.4 tw & ldf & poi, exept the trend ranks of eahtopi term have all dereased. Another important observation is the trendrank of Tethering has dereased more than Beta. If the two keyphrasesare ompared, both our in 9 feeds, but the number of news artiles thatontain Beta is 27, ompared to 15 for Tethering. When Loal DF was usedTethering got higher trend rank beause of its uniqueness in eah ourringfeed ompared to Beta. This a�ets the term weights beause doumentfrequeny of Tethering is lower in eah feed than using doument frequenyof the whole olletion. It indiates that Loal DF help inrease the trendrank of early emerging topi terms as more news soures reports about it.As seen in setion A.4 the topis Tethering and Beta ontain news artilesreporting about similar ontent. But Tethering is a more spei� topi termbeause it's a feature from the iPhone OS 4 Beta, whih makes it preferablethat it gets higher trend rank than Beta.
Total Weight & Local DFAs seen in Table 5.4 tw & ldf using the two approahes, total weightand loal df, the �rst top topi is TV instead of Google TV. Beause ofthis news artiles that ontain the term TV is grouped together, inludingGoogle TV related news artiles. The real hot topi is really Google TVthat is announed. Compared to Table 5.4 tw & ldf & poi, TV is a moregeneral topi term than Google TV. Adding perentage of inrease wouldgive a more spei� topi term. The reason is that the keyphrase Google TVis a new keyphrase and has never ourred before the urrent time frame,thus the perentage of inrease of Google TV is quite high and that wouldhelp inrease its trend rank. The same problem ours for the topi termiPhone, where the real hot topi is about iPhone OS 4.0 Beta. In Table 5.4tw & ldf the topi term, beta, is instead deteted as the hot topi, whihis more spei� and give better grouping of the news artiles.
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Percentage of IncreaseThe top topis, whih are listed in Table 5.5, are similar to Table 5.4 tw &ldf & poi but one topi that looks out of plae is 'amp' whih is originatedfrom the news artiles that inlude &amp; whih is a harater entity ref-erene for '&' in HTML/XML. Suh haraters are mostly unwanted andshould be �ltered out for example using stoplist. Using the total weightapproah, the term amp wouldn't be deteted as a hot topi beause ampourred mostly in Engadget news artiles and was thus given a lower trendrank.From this result we an draw the onlusions that a potential topi termshould be a keyphrase that ours in multiple news soures within a timeframe.
5.4.6 Match User Profile to News ArticlesTable 5.6 shows some of the top news artiles mathing a user pro�le.The news artiles are from 20th May and the user pro�le onsists of thekeyphrases movie, ht, intel, game and hina. It an be seen that all newsartiles in the result ontain one or more keyphrases mathing the user pro-�le. In this ase, the keyphrases used in the user pro�le mathes most newsartiles with low trend rank. The user rank an thus help to show otherkinds of news artiles so that news artiles presented to the user won't bedominated by news artiles related to hot topis.
5.5 ClientThe implementation of the lient was developed on the Android platformusing TAT's UI framework, TAT Casades. Thanks to TAT Casades weould reate and experiment user interfaes freely, without the limitation oftraditional user interfae omponents. Beause of how TAT Casades workswe ould implement the user interfae on the lient without relying on theprogress of our server, by using dummy data on the lient when testing theuser interfae. This way we ould implement the lient and server indepen-dently throughout the development.The lient whih is run on Android platform on a mobile phone does thefollowing tasks:

• Visualize news artiles� Using TAT Casades for reating the user interfae.



Result 45Similar. News Artile Title Feed Date tr.rank topiterm0.4212 HTC Fights Bak,Suing Apple to BlokImport of iPhone,iPad, iPods DailyTehMain NewsFeed 2010-05-1303:05:00 0.68 ht0.3429 Top 40 movies notout on Blu-ray CNETNews.om 2010-05-1819:50:00 0.00 movi0.2855 Create your owngames in LittleBig-Planet 2 CNETNews.om 2010-05-1019:33:51 0.84 reat0.2818 Nine killed in latestChina shool ram-page Reuters:World News 2010-05-1216:23:53 0.00 shool0.2767 Why iPhone Hasn'tSold Well in China[Voies℄ All ThingsDigital 2010-05-2009:00:05 3.46 iphon0.2714 Take the horse,leave the prine: thegames to buy thisweek Ars Tehnia 2010-05-2018:39:00 1.21 game0.2696 Intel Brings A Tabletto Computex 2010 I4U News 2010-05-1217:42:41 0.06 omputex0.2633 Drive the A-TeamAround GoogleEarth [Movies℄ Gizmodo 2010-05-1823:40:00 0.00 earthgooglTable 5.6: Similarity between news artiles and user pro�le
• Request and reeive news artiles� Send HTTP request for news artiles and store them in its loaldatabase.

5.5.1 Visualize News ArticlesUsing TAT Casades the news artiles stored in the loal database arevisualized to the user. There are a total of three views: Overview, groupviewand detailview. The overview, whih is shown in Figure 5.4, shows a list oftopis sorted by the sore of a topi in desending order. This means thattopis with high trend rank and low user rank or low trend rank but highuser rank will be put to the top of the list. Eah row orresponding to atopi reveals the following:
• Topi term� Example: Pa-Man shown in the piture above
• Most ommonly used keyphrase in the related news artiles
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Figure 5.4: Two sreenshots showing the overview of our �nal pro-totype appliation� Example: playable
• Date/time of the latest news artile� Example: 2 h ago
• Titles of the two latest news artiles� The two text shown on the right side of eah retangular box
• Number of news artiles� The size of topi term and most ommonly used keyphrase
• Average user rank� The red olour, more red means higher average user rank
• Novelty� The o�set in the row, the loser the row is to the sreen thenewer the topi is, whih is measured by the latest news artilein the topi.More pitures of the overview an be found in setion B.3. The groupview,see Figure 5.5, is shown when liking on a topi in the overview where a listof news artiles in the urrent topi is revealed. Eah row reveals a websitetitle, a title and an image, if any, of a news artile. The bakground olour
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Figure 5.5: Two sreenshots showing the groupview and detailviewof our �nal prototype appliationre�ets the same olour as the row in the overview. The detailview, seeFigure 5.5, is shown when a news artile is liked. All the details relatedto the news artile are displayed here. This inludes the title, website title,ontent, date/time and image if any.
5.5.2 Request and Receive News ArticlesThe lient sends periodially HTTP request to the server for news artilesin the bakground. The HTTP request may also ontain the reading historyof the user and a new user pro�le. The reading history onsists of URLsof news artiles whih the user has liked into detailview to read. Theuser pro�le onsists of a list of manually entered keyphrases by the user.After reeiving a response from the server, whih is a response enodedin XML ontaining a list of news artiles and its assoiated data (metadata, trend rank, topi term, user rank, sore, novelty and most ommonlyused keyphrase in a topi), the lient parses the response and saves all thereeived data to its database. The user interfae will then be updated.
5.5.3 Impressions of ClientOur �nal prototype system was tested on some users. The mobile applia-tion was run on a HTC EVO 4G mobile phone. Here are some ommentsand feedbaks reeived from the users.

• "It is good to show more than one keyphrase (two) in order to under-



48 Resultstand more about the topi in the overview."
• "It is quite good that there is an o�set in the position of a topi rowin the overview whih might help you when you're srolling fast."
• "It may not be obvious as to how the list is sorted. It would be goodto somehow indiate that most of the topis at the top are the biggesttopis."By using the two surrogates overview and preview it aided the user inmaking relevane deisions of topis. It also gave an overview of what hashappened in the news. The user ould san through a lot of topis and wasable to gain knowledge of big events and interesting news.



Chapter6Disussion
6.1 Topic Detection

6.1.1 Specific VS GeneralOur system ould detet surprisingly more spei� topis as shown in Fig-ure 6.1. What is important to notie in the diagram are the days 20th Mayand 21st May. 20th May was the day a new version of Android OS, alledFroyo, was announed. The less spei� term Android got lower trend rankthan the more spei� term Froyo whih resulted in Froyo being detetedas the topi term and news artiles related to it were grouped. If Androidhad gotten a higher trend rank than Froyo it would result in a group on-taining more diverse ontent, inluding all news artiles related to Froyoand Android in general. As shown in the diagram below there is also theomparison of the terms Google and Pa-man. Our system atually de-teted the topi Pa-man where Pa-man had its anniversary elebratedby Google. It suessfully hose pa-man instead of Google as shown inthe diagram where the topi Pa-man emerged on 13th May but also 21stMay. The important thing here is therefore that the term Google alwayshad muh lower value than pa-man.
6.1.2 Comparison with Techmeme TopicsComparing the result of our topi detetion on 19th May - 20th May to thetopis from Tehmeme [45℄, several topis whih were presented in Teh-meme were also deteted by our system. Some of those topis deteted wereGoogle TV, Froyo, WebM, Web store, Wave, HTC EVO 4G and FoxonnSuiide. Although our topis math to some degree but beause Tehmemealso has human editors involved in reating the topis it ontain more or-ret topis than our result. This is ompared to our fully automati system.49
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Figure 6.1: Spei� topi terms vs general topi terms
6.1.3 Comparison with Google TrendsFigure 6.2, whih is generated by Google Trends [29℄, reveals news referenevolumes in May 2010 ontaining �ve keyphrases Google TV, Froyo, WebM,Web Store, Torpedo. As one an see the top keyphrases on 20th May isordered by Torpedo, Google TV, Froyo, WebM and last Web Store. Oursystem gave the same result exept for the keyphrase Torpedo whih wasranked as number 25. The result of this depends on whih news artilesthe trend was alulated on. Beause we only used 4 feeds that publishedworld news ompared to 13 feeds publishing tehnology news, the numberof ourrenes of the torpedo keyphrase was muh lower than the GoogleTV keyphrase.

Figure 6.2: Generated by Google Trends, Google TV: light blue,Froyo: red, WebM: yellow, Web Store: green, Torpedo: purple
6.1.4 Advantage & Disadvantage of Tracking All KeyphrasesTraking all keyphrases stored in the database for deteting topi terms hasits advantages and disadvantages. The advantages are it's simple and worksin some degree as desribed above. The disadvantages are that an eventthat is reported in news artiles usually ontain more than one keyphrasefor desribing an event. All those keyphrases will get a trend rank based onthose news artiles. But our solution for hoosing a keyphrase for grouping



Disussion 51related news artiles together is by hoosing the one with highest trendrank. The other related keyphrases will still be used if there is other newsartiles that ontain those keyphrases. The most ideal outome would bethat no other news artiles ontain those keyphrases and they won't be usedfor grouping news artiles together. But a possible outome is that somerelated news artiles doesn't ontain the hosen topi term but they reallybelong to that topi. The reason for this may be that the keyphrase isn'tamong the top keyphrases with highest term weight that is saved duringextration of keyphrases or that the keyphrase doesn't our twie beauseof too short text. This is partly beause of RSS whih often only ontainsummaries of the full ontent. The result of this is that a user will �nd two ormore groups that ontain news artiles related to the same topi. The worstoutome is that a few news artiles that is totally unrelated to the topiis grouped together. An example of this problem is there are several newsartiles reporting about an iPod Touh with amera spotted in Vietnam.Our system deteted the topis iPod Touh and Vietnam, and iPod Touhwas hosen as the topi term. All news artiles that ontain iPod Touhwere grouped together. But the topi term Vietnam whih had a lowertrend rank was still used beause a ertain news artile reporting about atotally unrelated event in Vietnam ontained the keyphrase Vietnam. Thisis ertainly inorret beause that news artile didn't ontribute muh tothe inrease of trend rank of the keyphrase Vietnam.
6.1.5 Introducing to New UsersThe result of topi detetion an be improved as more news soures areadded. This may introdue some di�ulty for a user when using our systemfor the �rst time beause he/she may not know many news soures thatpublish news artiles related to his/her interests. An idea would be to havea wizard at the startup of the lient when the user uses our system for the�rst time. The wizard would show a list of subjets whih the user maybe interested in, e.g. Gadgets, Video Games, Fashion et. These subjetswould then have an initial set of feeds whih our server will ollet from.This way the user only has to deide whih subjets the user is interestedin.
6.2 User ProfileAs the user read more news artiles the user pro�le will get more keyphrasesfrom those read news artiles. A disadvantage of this is that it dereases theosine similarity. This is beause of how osine similarity works, as partlydesribed in [7℄. As more keyphrase is added to user pro�le vetor, more



52 Disussionmathing keyphrases on a doument vetor are required in order to get thesame osine similarity value. The user rank assigned to news artiles isbetter with manually entered keyphrases.The result was only based on 6000 artiles, as more soures is added andmore artiles are saved, it beomes a problem when omputing the userrank. The term-doument matrix beomes too large and it will lead to outof memory on the server. A solution would be to instead have a data stru-ture of indies for where terms should be plaed in a doument vetor, thisan then be used to ompare a news artile with a user pro�le at a time.
6.3 ArchitectureThe advantage of having a server-lient solution for a user is having anassurane that all news artiles and its assoiated data are stored in aseperate storage. In ase of a failure of a mobile phone the user an easilyswith it without worrying about data loss. Another advantage is that themobile phone doesn't need to do any heavy omputations1 of news artilesthus also saving its limited battery life. The disadvantage of a server-lientsolution is sine all the data is stored in a entral server it ould introduea bottlenek when the number of requests is inreasing.
6.4 VisualizationBy dividing the visualization into overview, groupview and detailview theuse of 3D ould be better utilized in the overview. This is beause textis not always easily read from all angles in 3D. The overview ontain lessdetail and text than when browsing in groupview where you have the titlesof all news artiles belonging to a group and in the detailview showing thewhole ontent of the artile. The good thing about 3D is it is good at show-ing how the user an interat with the interfae, for example you know youan rotate the list in the overview. It is good at hiding information wheretwo sides of the retangular box are utilized. By setting the viewpoint suhthat another side of the box is revealed, additional text an be plaed therewith the user easily notiing it. Utilizing the sides of the retangular box auser doesn't have to get overloaded with information. Thus more topi anbe seen on the limited sreen spae instead of showing all text related toa topi at one. When the user is inside a topi and browsing the artilesit is better to have a 2D list beause the user is reading more text whih1Computations of trend rank and user rank.



Disussion 53means fousing one item at a time. As a user who wants to get news fastand easily it is important to visualize parameters that inform as muh aspossible about a topi in order to help a user making the deision to readit or not [20℄. This was done by revealing all the parameters desribed insetion 4.1.3 Overview.Only 2 sides of the retangular box in the overview are used for the vi-sualization. A onept whih might be interesting would be to be able torotate the retangular box to all 4 sides. The last 2 sides would reveal otherinformation related to the topi. An example would be to have the thirdside showing images from the news artiles of the topi and the last sideshowing the geographi loation of the topi.
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Chapter7Conlusion
Our prototype system managed to organise news artiles by topis. Usingour lient the user ould get an overview of topis, answering the followingquestions:

• What has happened in the World?
• Is there any big events that I should know of?By introduing a user pro�le it also answered the following question:
• Is there any interesting news?The user will be able to see interesting news aording to the user pro�lethat desribes his/her area of interest. Grouping news artiles helps theuser avoid �iking through tons of news artiles that is related to the sametopi. The user ould for example just skip the topi android froyo beausehe/she is not interested and may not have to �ik through tons of artilesabout android froyo. Using our surrogates it aided the user to quiklymake a deision if a topi or news artile is relevant or not. This let's theuser gain knowledge of news in a quik way sine he/she usually doesn'tspend a lot of time with a mobile phone when on the move. In order tonot show too muh information at one for the user, we made use of 3Dvisualization to hide information in the overview. By having a 3D objet theuser saw the natural interation of rotating the list for revealing additionalinformation regarding a topi. 3D gives the ability to hide information andhint on possible interation on a user interfae. Although the result wasmostly based on tehnology news soures our prototype system an handlean arbitrary set of RSS feeds regardless of its ontents.
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Chapter8Future Work
8.1 Community-based news articlesThere are mainly two types of artiles whih is reommended for the user,news artiles that reports about hot topis among various news soures,and news artiles that mathes the user pro�le. One more type of artilesthat might be interesting for the user is news artiles whih is voted by aommunity. These news artiles may be funny or surprisingly interestingand maybe only published in one news soure. This type of reommendationis already used in websites suh as digg1, reddit2 and tweetmeme3 .
8.2 Server PushThe lient appliation is periodially pulling data from server. This intro-dues unneessary data tra� when no new feed items exist in the server.The server should instead push news to lients, muh like pubsubhubbub[12℄. Pubsubhubbub onsist of a hub whih fethes data from a server. Thisway multiple lients will get updates pushed from the hub. In similar ideathe server ould push data to our lient appliation. This introdues morereal time updates of news.
8.3 Geographic LocationNews artiles an also be related to geographi loations. This parameteran be used to alulate how geographially lose an artile's ontent is tothe user's urrent loation. The loser the loation is to the user the morerelevant it is for the user. In other words if a user lives in Sweden then newsartiles reporting about a hurriane in U.S. might not be so interesting for1http://digg.om/2http://www.reddit.om/3http://tweetmeme.om/ 57



58 Future Workthe user. Irrelevant news is therefore also related to the loation whih theontent is based on. A soial aspet an be introdued into this. An examplewould be presenting news artiles shared by friends whih are within an areaof the user's urrent loation.
8.4 Timeline of Previous TopicsAnother feature would be in ase the user wouldn't read artiles in a oupleof weeks he would be able to navigate bak in time and see the di�erenttopis in those time frames.
8.5 Track Interesting TopicsCurrent implementation relies on a �xed time frame and when that timeframe is hanged previously fethed news artiles are treated as old andpreviously hot topis are forgotten. The user will instead see new topis inthe new time frame. Instead of forgetting all previously hot topis, it mightbe interesting for a user to trak ertain hot topis over a longer time sothat when new news artiles belonging to that topi is published, the userwill know what topi to go to get those news artiles.



AppendixAData Proessing System
A.1 Example of RSS and ATOM

A.1.1 RSS<?xml ve r s i on="1.0"?><rss ve r s i on ="2.0" xmlns : d="http :// pur l . org /d/ e lements /1 .1/"xmlns : i t un e s="http ://www. i t une s . om/dtds/ podast −1 .0 . dtd"><hannel><t i t le>Engadget</t i t le><link>http ://www. engadget . om</link><desription>Engadget</desription><image><url>http ://www. blogsmithmedia . om/www. engadget . om/media/f e ed l o go . g i f </url><t i t le>Engadget</t i t le><link>http ://www. engadget . om</link></image><language>en−us</language><opyr ight>Copyright 2010 Weblogs , In . The ontent s o f t h i sfeed are a v a i l a b l e f o r non−ommerial use only .</ opyr ight><generator>Blogsmith http ://www. blogsmith . om/</generator><item><t i t le ><![CDATA[ De l l Streak ar and AV doks now on sa l e ,HDMI may or may not be in luded ℄℄></ t i t le><link>http ://www.engadget . om/2010/06/14/ de l l−s t reak−ar−and−av−doks−now−on−sa l e−hdmi−may−or−may−not−be/</link><guid isPermaLink="true">http ://www. engadget . om/2010/06/14/ de l l−s t reak−ar−and−av−doks−now−on−sa l e−hdmi−may−or−may−not−be/</guid><omments>http ://www. engadget . om/2010/06/14/ de l l−s t reak−ar−and−av−doks−now−on−sa l e−hdmi−may−or−may−not−be/#omments</omments><desription ><![CDATA[<div s t y l e="text−a l i gn :  ente r ;"><ahr e f="http ://www. engadget . om/2010/06/14/ de l l−s t reak−ar−and
−av−doks−now−on−sa l e−hdmi−may−or−may−not−be/"><img hspae="4" border="0" vspae="4" s r ="http ://www. blogdn . om/www.engadget . om/media /2010/06/10 x0614moin4trstreak . jpg " a l t=""/></a></div>Hey England , in need o f some r e t a i l therapy a f t e r anun s a t i s f y i n g spo r t i n g weekend? Del l ' s got the goods f o r you59



60 Data Proessing Systemwith a r i h new s e l e  t i o n o f ables , plugs , adapters , anda s e s f o r your new Streak . I t l ooks l i k e the <a h r e f="http://www. engadget . om/2010/02/19/ de l l−mini−5−doking−s ta t i on−with−hdmi−port−spotted−in−b i za r r e−gr/">HDMI dok</a> we ' vebeen j on e s i n g f o r has probably beome a r e t a i l r e a l i t y , butthere ' s no way to be sure r i gh t now −− Dell ' s only l i s t i n gan AV dok without go ing in to the TV onne  t i v i t y opt i ons .The f r e s h o f f e r i n g s a l s o in lude the <a h r e f="http ://www.engadget . om/2010/06/04/ de l l−s t reak−hdmi−dok−gets−the−hands
−on−treatment−kikstand−equ/">kikstand−equipped wa l l e t ase</a> that we found in t r i gu i ng , spare bat t e ry and syn ables, and an i n t e r n a t i o n a l t r a v e l k i t . Of ourse , every s i l v e rl i n i n g has a loud , whih in t h i s ase i s the p r i  i n g :nothing here  o s t s l e s s than &pound ;24 ( $35 ) and the ar−and TV−enab l ing doks w i l l s e t you bak a oo l &pound ;55 ($80 ) eah . Jumbo smartphone , jumbo ae s so ry p r i  e s . <br /><br />[ Thanks , Kings ley ℄<p s t y l e="padding : 5 px ; bakground :#ddd ; border : 1px s o l i d # ;  l e a r : both;"><a hr e f="http ://www. engadget . om/2010/06/14/ de l l−s t reak−ar−and−av−doks−now−on−sa l e−hdmi−may−or−may−not−be/">De l l Streak ar and AV doks now on sa l e, HDMI may or may not be in luded</a> o r i g i n a l l y appeared on<a hr e f="http ://www. engadget . om">Engadget</a> on Mon, 14Jun 2010 03 : 2 5 : 0 0 EDT. Please s ee our <a h r e f="http ://www.weblogs in . om/ feed−terms/">terms f o r use o f feeds </a>.</p><h6 s t y l e=" l e a r : both ; padding : 8px 0 0 0 ; he i ght : 2px ; font
−s i z e : 1px ; border : 0 ; margin : 0 ; padding : 0;"></h6><a hr e f="http ://www. engadget . om/2010/06/14/ de l l−s t reak−ar−and−av−doks−now−on−sa l e−hdmi−may−or−may−not−be/" r e l="bookmark"t i t l e="Permanent l ink to t h i s entry">Permalink</a> | <img l a s s="img_label " s r ="http ://www. blogsmithmedia . om/www.engadget . om/media/ post_labe l_soure . g i f " a l t="soure"/><span  l a s s="apt ion"><a hr e f="http ://www1 . euro . d e l l . om/uk/en/home/ s t r e ak_a  e s s o r i e s / f s . aspx ? r e f i d=s t r e ak_a  e s s o r i e s&amp ; s=dhs&amp; s=ukdhs1">Dell </a><!−−//−−></span> | <a h r e f="http ://www. engadget . om/ forward /19514700/" t i t l e="Sendt h i s entry to a f r i e n d via emai l">Email th i s </a> | <a h r e f="http ://www. engadget . om/2010/06/14/ de l l−s t reak−ar−and−av−doks−now−on−sa l e−hdmi−may−or−may−not−be/#omments" t i t l e="View reader omments on t h i s entry">Comments</a>℄℄></desription><ategory>a  e s s o r i e s </ategory><ategory>battery</ategory><ategory>ar dok</ategory><ategory>ardok kit </ategory><ategory>ar k i t </ategory><ategory>CarDok</ategory><ategory>CarDokKit</ategory><ategory>CarKit</ategory><ategory>ase</ategory><ategory>ases </ategory><ategory>de l l </ategory><ategory>d e l l s to r e </ategory><ategory>d e l l s t reak </ategory><ategory>Del lStore</ategory><ategory>Del lStreak </ategory><ategory>dok</ategory><ategory>dok kit </ategory><ategory>DokKit</ategory><ategory>hdmi</ategory><ategory>hdmi dok</ategory><ategory>HdmiDok</ategory><ategory>kikstand</



Data Proessing System 61ategory><ategory>pe r i phe r a l s </ategory><ategory>streak </ategory><ategory>wal let </ategory><d :  r ea to r ><![CDATA[Vlad i s l av Savov℄℄></d :  r ea to r><pubDate>Mon, 14 Jun 201003 : 2 5 : 0 0 EDT</pubDate></item></hannel></rss>
A.1.2 ATOM<?xml ve r s i on ="1.0" enoding="utf −8"?><feed xmlns="http ://www.w3 . org /2005/Atom" xml : lang="eng"><t i t l e type="text">Blog Name</t i t le><sub t i t l e type="text">Subsetion </s ub t i t l e ><id>http :// anything . om</id><l ink r e l="a l t e r n a t e " type="text /html" h r e f="http :// anything . om"/><l ink r e l=" s e l f " type="app l i  a t i on /atom+xml" h r e f="http ://anything . om/atom . feed"/><updated >2005−09−23T14 : 4 2 : 2 2 Z</updated><r ight s >Copyright 2005</ r ight s ><entry><t i t l e type="text">Ti t l e </t i t le><l ink r e l="a l t e r n a t e " h r e f="http :// anything . om/2005/09/23/ atom−example"/><id>http :// anything . om/2005/09/23/ atom−example</id><author><name>Name o f the author</name><email>mail�anything . om</email></author><publ i shed >2005−09−23T14 : 2 9 : 0 8 Z</publ i shed><updated >2005−09−23T14 : 4 2 : 2 2 Z</updated><summary type="xhtml">Summary</summary><ontent type="xhtml"><div xmlns="http ://www.w3 . org /1999/ xhtml">Content</div></ontent></entry></feed>
A.2 HTTP Request from Client<history><username>user</username><url>http :// f e ed s . nytimes . om/  l i  k . phdo? i =957490aaf5051e75b732084666b6bf07 </url><url>http :// f e ed s . nytimes . om/  l i  k . phdo? i=d86b5050840fed031d76109d5b00e24 </url><url>http :// f e ed s . nytimes . om/  l i  k . phdo? i=0f46e59d02f669b560d69f3a09 f1b37f </url><userprofi le>hina , movie , i n t e l , game , ht</userprofi le></history>
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A.3 HTTP Response from Server<?xml ve r s i on ="1.0" ?><rss ve r s i on="2.0"><hannel><t i t le>Ars Tehnia</t i t le><group trendsstem="Google TV"numitems="28"><summary><![CDATA[℄℄></summary><sore>77.86365714</ sore><trendsrank>1.0</trendsrank><keyphrase><![CDATA[TV℄℄></keyphrase></group><item><t i t le ><![CDATA[Android−based Google TV oming to l i v i n g rooms t h i s f a l l ℄℄></t i t le><link><![CDATA[http :// a r s t e hn i  a . om/ gadgets /news /2010/05/ android−based−google

−tv−oming−to−l i v i n g −rooms−th i s− f a l l . a r s ?utm_soure=rss&utm_medium=rss&utm_ampaign=rss−20℄℄></ link><desription ><![CDATA[<a h r e f="http :// a r s t e hn i  a . om/ gadgets /news /2010/05/ android−based−google−tv−oming−to−l i v i n g −rooms−th i s− f a l l . a r s ?utm_soure=rss&amp ; utm_medium=rss&amp; utm_ampaign=rss"><img vspae="4" hspae="4" border="0" a l i gn="r i gh t " width="230" he ight="129" s r ="http :// s t a t i  . a r s t e hn i  a . om/a s s e t s /2010/05/ googletv_drawing_ars−thumb−230x130−14132− f .png" /></a><p>Google has f i n a l l y announed i t s <a h r e f="http :// a r s t e hn i  a .om/ gadgets /news /2010/04/ google−r epor t ed ly−prepar ing−to−i n t ro−tv−so f tware−next−month . a r s">long−rumored TV e f f o r t s </a> at Google I /O. Sen io r produt manager R i sh i Chandra sa idduring the Thursday keynote that " v ideo should be onsumedon the b igge s t , best , and b r i g h t e s t s  r e en in your house ,and that ' s the TV," and that i t hoped to ombine the Web andTV−viewing exper i ene in ways that o the r s have yet to do .</p> . . .℄℄></desription><pubDate><![CDATA[2010−05−20 20:07:07℄ ℄ ></pubDate><ategory><![CDATA[News , News , News , News , Gadgets , Open−soure , Web, android ,entertainment , goog letv , i n t e l , i n t e rne t , in t e rne t tv ,l o g i t e h , sony , tv , v ideo ℄℄></ategory><userrank>0.1024</userrank><trendsstem>Google TV</trendsstem><novelty>0.9194849537037038</ novelty></item></hannel ></rss>
A.4 Output of Topics with Related News Articles



Data Proessing System 63Google TV 77.86Logiteh's Google TV Box Will HaveSpeial Powers (Google TV) Gizmodo 2010-05-2023:00:55What Is Google TV? (Google TV) Gizmodo 2010-05-2022:20:50Google TV Unveiled. It's All AboutThe Ad Reah Crunhgear 2010-05-2020:21:02Android-based Google TV oming toliving rooms this fall ArsTehnia 2010-05-2020:07:07TV 33.20Google unveils Android-powered TVplatform TehSpot 2010-05-2020:07:00Japan Promises 3D HolographiBroadasts for 2022 World Cup[World Cup℄ Gizmodo 2010-05-2019:20:00Google TV: It Is Real, Here Is Ev-erything I4U News 2010-05-2019:05:48Morning Edition: Google TV isSmart TV CNETNews.om 2010-05-1915:59:06Thethering 30.06Carriers Will Be Able To Deide WhihAndroid Phones Have Tethering (AndThey Can Charge For It) TehCrunh 2010-05-2023:06:10Froyo For Android: Tethering,Enterprise-Friendly, Handles MoreMonsters TehCrunh 2010-05-2019:05:46iPhone OS 4 beta reveals AT&T teth-ering option CNETNews.om 2010-05-1918:10:19AT&T Tethering Option Spotted inLatest iPhone Beta (Digital Daily) All ThingsDigital 2010-05-1915:00:12Beta 29.70iPhone OS 4.0 beta 4 hints at LED�ash, amera for iPad, iPod, iPhone Engadget 2010-05-1921:33:00Here's What's New In iPhone OS 4.0Beta 4 [IPhone℄ Gizmodo 2010-05-1903:16:04iPhone OS 4.0 beta 4 now available Boy GeniusReport 2010-05-1902:25:10Hark! iPhone OS 4 Beta 4 is here! Boy GeniusReport 2010-05-1902:25:10



64 Data Proessing SystemFroyo 24.27What Is Froyo? [Froyo℄ Gizmodo 2010-05-2022:20:30Google Froyo: App Improvements, Mu-si I4U News 2010-05-2018:23:03Google lets the world enjoy FroYo Boy GeniusReport 2010-05-2018:21:04Google laims Froyo has the world'sfastest mobile browser Engadget 2010-05-2017:56:00Web Store 16.93Google O�ers Up A Few More DetailsAbout The Chrome Web Store TehCrunh 2010-05-2010:31:01Video: Google Chrome Web Store Tehradar 2010-05-2009:49:00Google previews Chrome OS usage withWeb Store CNETNews.om 2010-05-2000:30:00Google announes Chrome web storefor apps Boy GeniusReport 2010-05-1919:14:40Wave 14.75Samsung Wave hits Vodafone UK onJune 1, free on Â¿25 a month plans Engadget 2010-05-2014:44:00In Depth: Google Wave: the beginner'sguide Tehradar 2010-05-2014:35:00Google relaunhes Wave, no invitationneessary TehSpot 2010-05-1920:00:00Google Wave: now open to the publi CNETNews.om 2010-05-1919:05:53Museum 10.54Mega Art Heist: Piasso, MatisseStolen FOXNews.om 2010-05-2012:46:11A tale of �ve small wind turbines (pho-tos) CNETNews.om 2010-05-2013:00:00Polie: Thieves steal Piasso, Matisse,3 other paintings from Paris modern artmuseum FOXNews.om 2010-05-2011:58:14The Snapping of Fouault's Pendulum[Oops℄ Gizmodo 2010-05-2004:20:00
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stolen 7.33Preious artworks stolen in Paris heist CNN.om -WORLD 2010-05-2013:36:44Proseutors say artworks stolen fromParis museum are worth an estimatedeuro500 million FOXNews.om 2010-05-2012:46:29US o�ial: dozens of ountries likelyapprove rules for return of propertystolen by Nazis FOXNews.om 2010-05-1920:55:02
iPod Touh 7.05Twitter for iPhone / iPod touh down-loads for free I4U News 2010-05-2008:30:00iPod Touh with amera spotted inVietnam Boy GeniusReport 2010-05-1914:25:31An iPod Touh With 2MP Cam Ap-pears In Vietnam TehCrunh 2010-05-1913:51:10iPod touh with amera leaked in Viet-nam (video) Engadget 2010-05-1913:50:00
WebM 10.99Google launhes WebM open-sourevideo format Boy GeniusReport 2010-05-1919:02:08Google opens VP8 ode, aims to nukeH.264 with WebM Ars Tehnia 2010-05-1921:26:44Steve Jobs Is Not Impressed WithGoogle's New Video Format [Apple℄ Gizmodo 2010-05-2023:18:20



66 Data Proessing SystemTroop 7.80Large numbers of troops and militaryvehiles gather in Bangkok near protestzone FOXNews.om 2010-05-1901:21:27Troops, armored arriers advane nearBangkok protest Reuters:World News 2010-05-1902:16:46Troops Move Against Protestors inBangkok ABC News:International 2010-05-2010:44:24iPhone OS 12.00Android OS Pulls Ahead of iPhone OS I4U News 2010-05-1017:53:59amp 9.00SIM unlok now available for AT&TPalm Pre Plus Engadget 2010-05-2020:58:00Quartet of Dell Streaks spotted in thewild in Seattle, testing for AT&T Engadget 2010-05-2016:33:00Bang & Olufsen announes 40-inhBeoVision 8 LCD Engadget 2010-05-2015:31:00HP G60t Intel Dual Core 2.1GHz 16"Laptop for $380 + $19 s&h I4U News 2010-05-2011:00:00
A.5 Sources included in our Test Corpus

A.5.1 World NewsABC News Internationalhttp://feeds.abnews.om/abnews/internationalheadlinesCNN.om - WORLDhttp://rss.nn.om/rss/edition_world.rssFOXNews.omhttp://feeds.foxnews.om/foxnews/world?format=xmlReuters - World Newshttp://feeds.reuters.om/reuters/worldNews?format=xml
A.5.2 Technology NewsAll Things Digitalhttp://allthingsd.om/feed/



Data Proessing System 67Ars Tehniahttp://feeds.arstehnia.om/arstehnia/index?format=xmlCunhGearhttp://feeds.feedburner.om/CrunhGearI4U Newshttp://feeds.feedburner.om/I4UNewsTehCrunhhttp://feeds.feedburner.om/TehCrunhTehradarhttp://feeds.feedburner.om/tehradar/allnews?format=xmlTehSpothttp://feeds.feedburner.om/tehspot/newsBoy Genius Reporthttp://feeds.feedburner.om/TheBoyGeniusReport?format=xmlGizmodohttp://feeds.gawker.om/gizmodo/exerpts.xmlWired Top Storieshttp://feeds.wired.om/wired/index?format=xmlCNET News.omhttp://news.net.om/2547-1_3-0-20.xml?tag=txtDailyTehhttp://www.dailyteh.om/rss.aspxEngadgethttp://www.engadget.om/rss.xml
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AppendixBVisualization System
B.1 Workshop MaterialFigures B.1, B.2 and B.3 show the ideas from our workshop.

Figure B.1: First idea generated from the workshop
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Figure B.2: Seond idea generated from the workshop

Figure B.3: Third idea generated from the workshop
B.2 MockupsFigures B.4 and B.5 show some of our paper and penil mokups.
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Figure B.4: A paper mokup of a 3D spae

Figure B.5: A paper mokup of mobile view showing a part of a 3Dspae
B.3 Final Prototype VisualizationFigures B.6, B.7, B.8, B.9 and B.10 show our �nal prototype visualization.The visualization shown in the sreenshots is based on dummy data.
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Figure B.6: The top of the sreen reveals information about un-read news artiles and time. As the list is srolled down, thatinformation will be hidden.

Figure B.7: The list an be rotated for revealing additional infor-mation about the topis.
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Figure B.8: The other side of the list reveals titles of news artilesrelated to the topi.

Figure B.9: The o�set of a topi row informs about the novelty ofthe topi. Newer topis are loser to the sreen and older arefurther away.
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Figure B.10: As the list is srolled down/up, it's rotated around thex-axis for inreasing the visibility of topis further away.
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