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t. BoW is an on-line bibliographi
 Dynami
 Ranked Information-spa
e (DyRI). It provides the infrastru
ture for users to add bibliograph-i
al information, 
lassify it, index it, and evaluate it. Thus users 
oop-erate by 
ontributing and sharing their experien
e in order to advan
ethe most problemati
 aspe
ts of information retrieval: �nding the mostrelevant and high quality information for their needs.1 Introdu
tionThe basi
 problem in information retrieval today is �ltering the massive amountsof information that are available in order to �nd high-quality relevant informa-tion. The quest for high quality means that the available information must beevaluated and ranked in some way. The quest for relevan
e means that the in-formation must also be 
lassi�ed and indexed a

ording to pertinent 
on
epts.Current information retrieval systems often leave mu
h of this �ltering to theusers. They fo
us on an e�ort to be 
omprehensive, produ
ing a superset of thedesired information. The user then shifts through this information, dis
ardingmost of it, and sele
ting those items that seem to best answer the needs. Butthe e�ort expanded in this sele
tion pro
ess | in whi
h a human user withunderstanding of the domain 
he
ks the system's 
lassi�
ation and performs anevaluation | is lost. The system does not keep tra
k of whi
h data items weresele
ted in the end, and does not have the means to mat
h them with a re�nedversion of the user's original query.The BoW proje
t is an attempt to investigate the possibility of tapping thework done by users to improve the system. The s
ope 
hosen is a bibliographi
repository for a limited domain (BoW stands for \Bibliography on the Web", andour prototype 
ontains approximately 3000 entries from the domain of parallelsystems). Within this s
ope, users are provided with fa
ilities to 
ontribute tothe 
lassi�
ation and indexing of entries, and the same fa
ilities are used for thein
remental 
onstru
tion of queries. In addition, the system keeps tra
k of users'sear
hes and their results, and uses this information to reorganize the way datais presented to subsequent users. Thus valuable user experien
e 
ontributes toimproving the system's servi
e, rather than being lost.



2 Dynami
 Ranked Information Spa
es2.1 The VisionConsider a situation where you are a university professor spe
ializing in parallelsystems, and one of your students 
omes to you with an idea for a new networktopology. You re
all that you have seen something like this in the past, but youdo not remember the name given to this topology or who did the work. An alta-vista sear
h using the term \network topology" produ
es 12,338 hits, and thoseyou 
he
k either des
ribe spe
i�
 installations or are dangling links pointing tonothing. Your only re
ourse is to try and 
all up some 
olleagues who mighthave a better memory.Now 
onsider what might have happened if the parallel pro
essing 
ommunitymaintained a dynami
 ranked information spa
e with te
hni
al publi
ations inthis �eld. You would enter at the root node, and traverse the path \ar
hite
ture"! \inter
onne
tion networks" ! \topologies" to arrive at a page listing hun-dreds of proposed topologies, grouped a

ording to their attributes. For ea
hone you will be able to get a 
on
ise des
ription, the text of resear
h arti
lesdes
ribing the topology and its uses, 
ommentary on these arti
les, links to de-s
riptions of systems that a
tually use this topology, and an indi
ation of howmany other resear
hers are also interested in it. If you �nd that any of thisinformation is stale or misleading, you will be able to either leave a 
ommentabout it, or alert an editor that a link should be removed. Thus your experien
ewill immediately 
ontribute to the maintenan
e of the site, as the experien
es ofothers have 
ontributed before you.This example is not unique to parallel systems or even to sear
hing in thes
ienti�
 literature. For example, a similar situation 
an o

ur with an ar
hite
tlooking for data on designing publi
 libraries in a dynami
 ranked informationspa
e dedi
ated to that topi
. The basis is the existen
e of a tightly knit 
ommu-nity of users that 
ontribute to the maintenan
e and updating of the repositoryby submitting information, 
ommentary, and suggestions for stru
tural 
hanges.As a result, the repository 
hanges dynami
ally with time (rather than just a
-
umulating more and more items), and 
ontains feedba
k and evaluations inaddition to the original raw data items. In addition, using the repository short-ens the publi
ation time of new information to zero, and makes it available inmultiple 
ross se
tions. It is a large s
ale extension of the 
on
ept of peer review,
oupled with an indexing servi
e.The proje
t follows the \�eld of dreams" approa
h, whi
h is a
tually the basisfor the growth of the Internet [5℄: we just provide the te
hnology for 
reating theinformation spa
e, and leave it to the users to supply the 
ontent1. The resultingsystem is 
alled a \Dynami
 Ranked Information-spa
e", or DyRI for short.1 However, initially it is ne
essary to prime the information spa
es with enough 
on-tent to make them suÆ
iently attra
tive so that potential users over
ome the \newte
hnology" barrier.



2.2 The DesignWhile the 
on
epts explored here apply to any information repository, we use abibliographi
 repository for 
on
reteness. This also simpli�es the prototype bylimiting it to rather stru
tured data.User Types Users of DyRIs are 
lassi�ed into three types: users, 
ontributors,and editors.Users are those who use the information spa
e to sear
h for information.The main sear
h method is by traversing a 
on
ept index that 
lassi�es theavailable information a

ording to 
ontent. This allows for re�ning the sear
h asone pro
eeds, rather than requiring one to have a 
lear notion of the requiredinformation at the outset.While general users do not add information to the information spa
e, theydo register feedba
k relating to existing data. One form of feedba
k is simplyby traversing the 
on
ept index: the system keeps 
ounts of visits to ea
h page,and uses this information to identify the more popular ones to future users. Inaddition, users may register positive or negative feedba
k to ea
h page, to notetheir level of satisfa
tion. Again, the system displays this information as part ofthe indi
ation of a page's popularity.Contributors are users who not only sear
h for data, but also 
ontributedata. In prin
iple any user may be
ome a 
ontributor; the only requirement isto identify oneself to the system. Su
h identi�
ation is required both in orderto attribute 
ontributions su
h as annotations to their authors, and in order toidentify the arguing parties in 
ase of disputes. In extreme 
ases of misuse, itmay be ne
essary to limit 
ertain users.Contribution 
an take any of three forms:{ Adding a new entry to the repository.{ Adding an annotation to an existing entry, providing additional insight intoits importan
e or 
ontent.{ Adding a link between related pages or entries.Links 
reate the fabri
 of the 
on
ept index, allowing it to be traversed in
re-mentally, at the same time narrowing the s
ope of the sear
h. Whenever a newentry is added to the repository, it should be linked to appropriate pages in the
on
ept index. Contributors who dis
over additional meaningful links later mayalso add them.In addition, 
ontributors 
an make minor modi�
ations to existing data, e.g.in order to 
orre
t errors. Contributors 
an also suggest major modi�
ations,su
h as deleting entries or links. However, a
ting upon su
h suggestions is leftto editors, after proper soli
itation of a rebuttal from the original 
ontributor.Thus the editor's main task is to resolve 
on
i
ts and maintain the quality ofthe repository, based on input from the 
ontributors.



The Con
ept Index Most sear
h engines are unsatisfa
tory be
ause users arerequired to have a good notion of what they are looking for before they start.The most 
ommon approa
h is to des
ribe the query using keywords and logi
aloperations; for example, the query (s
heduling & (parallel j distributed)) is readas \�nd do
uments in
luding the word `s
heduling' and either of `parallel' or`distributed' ". The intent is probably to �nd referen
es regarding s
hedulingin parallel or distributed systems. However, the issue of whether we mean jobs
heduling by the operating system, task s
heduling by the runtime system, ortask s
heduling by the 
ompiler is left open. A good sear
h engine will �nd allthree types (and maybe more) and leave it to the user to shift through them.Adding keywords 
an redu
e this burden, but runs the risk of false negatives,where items of interest are reje
ted be
ause they do not 
ontain all the spe
i�ed
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Fig. 1. Example of the top levels of a 
on
ept index for an information spa
e on parallelsystems.



keywords (and without any typos 8-).In 
ontrast, the 
on
ept index allows users to formulate their sear
h in
re-mentally on-line, and does not depend on mat
hing keywords. Essentially it 
anbe viewed as a menu-driven sear
h. The top level of the index (the root) 
ontainslinks to several broad topi
s. Following su
h a link leads to a page representingthe 
hosen topi
 (a 
on
ept page), and in
luding a list of subtopi
s and/or bib-liographi
 entries. The index is navigated using a hypertext interfa
e su
h as aWeb browser, by going from one 
on
ept page to another. The leaves 
ontainonly bibliographi
 entries that pertain to a narrow and fo
used topi
.An example of the top levels of a 
on
ept index for the domain of parallelsystems is shown in Fig. 1. Using su
h a stru
ture, a user looking for informationon the s
heduling of parallel jobs will follow the \operating systems and runtimesupport" link from the top level, and then the \Job s
heduling & pro
essorallo
ation" link. A user looking for information about on-line task s
hedulingwould diverge at the se
ond level, and 
hoose the \
ontrolling the parallelism"link. A user looking for information about task s
heduling by the 
ompiler wouldstart with the \programming languages, program development, and 
ompilation"link at the top level, and then 
hoose \
ompilation".As noted above, the stru
ture of the 
on
ept index is of utmost importan
e.For any spe
ialized domain, it seems advisable to 
reate a spe
ial index basedon a thorough understanding of the domain. This should be done with an eyefor what users might look for. The topi
s need not be (and probably should notbe) 
ompletely disjoint: the index stru
ture 
an easily be a DAG rather than atree. Thus any subtopi
 that is relevant to two or more larger topi
s (e.g. if itrepresents their interse
tion) is simply linked to all of them, and 
an be found byseveral distin
t routes in the index. For example, it would be 
onvenient if infor-mation on \virtual memory" was a

essible both via \ar
hite
tures"! \sharedmemory implementation" and \operating systems" ! \memory management".An important question is the \right" size for pages, and the resulting depthof the index [2℄. The tradeo� is between s
rolling and loading. Using small pagesthat do not require s
rolling leads to a deeper index, and therefore requires morepages to be loaded from the server. If we want to redu
e the average number ofpages loaded in order to redu
e the a

umulated waiting time, we need to uselarger pages. A possible way out is to use a relatively low bran
hing fa
tor, butshow two levels of the index in ea
h page. The pages are then bigger, but theirinternal stru
ture makes them easier to use.User Feedba
k An important part of the interfa
e is the support for registra-tion and display of user feedba
k. The feedba
k feature is embedded naturallyinto the 
on
ept index, so as to be usable and useful without any training. Reg-istering feedba
k about links in the 
on
ept index is done as a byprodu
t oftraversing these links. One simple form of feedba
k is popularity: the systemkeeps 
ount of the number of times that ea
h link is traversed, and displaysthis at the head of the link (rather than displaying a 
ount of visits in the pageitself). Note that if a page has more than one link pointing at it, the 
ounts for



back with feedbackFig. 2. Composite \ba
k" button used to obtain feedba
k.these links will be di�erent, as they well should be, be
ause they represent theper
eived relevan
e of the page in di�erent 
ontexts.The problem with mere 
ounts is that they represent the initial per
eptionof users, but not their �nal satisfa
tion with their 
hoi
e. To 
apture user sat-isfa
tion, pages have 
omposite \ba
k" buttons embedded in them (Fig. 2). Bysele
ting the happy or sad fa
e, the user 
an distinguish between a \happy ba
kafter �nding what I wanted" and a \frustrated ba
k after failing". Cli
king else-where just performs the ba
k fun
tion, without registering any feedba
k.The problem with the 
omposite ba
k buttons is that we do not want toburden the user with them. Therefore inferential feedba
k is used as well. Oneform of inferential feedba
k is that positive feedba
k is applied to the whole pathfrom the root to the page on whi
h the happy fa
e is pressed, thus saving theneed to go all the way ba
k to register satisfa
tion. Negative feedba
k, on theother hand, is applied only to the last link, allowing for ba
ktra
king and tryingof other links. Another form of inferential feedba
k is that using the \export"fa
ility is deemed to represent positive feedba
k, based on the assumption thatthe user is exporting data be
ause he likes what he found.On
e the system has the feedba
k information, it should display it in a usefulmanner. The suggested approa
h is to de
orate ea
h link with a small i
onthat presents the information graphi
ally. Spe
i�
ally, a set of marks 
an beused, with green 
he
k-marks denoting positive feedba
k and red X's denotingnegative feedba
k. The number of marks indi
ates the degree of positiveness ornegativeness, while their size re
e
ts the total number of visits. Su
h a displayallows users to fo
us immediately on \big 
he
k-mark" links, whi
h are thosethat many other users have found useful.The spe
i�
 formula used 
ombines the ratio of good to bad feedba
k with alogarithmi
 s
ale, so as to allow for a large dynami
 range. The formula for thenumber of 
he
k-marks n isn = lg�g � bb+ 1 + 0:7�+ 1where g and b are the numbers of good and bad feedba
ks, respe
tively. For X's,ex
hange g and b. This leads to numbers as indi
ated in Fig. 3.An additional use of feedba
k is the internal organization of the 
on
eptpages. It is envisioned that at lower levels of the index 
on
ept pages will bedivided into topi
s, ea
h listing a set of relevant bibliographi
 entries. The orderof entries in su
h a set should be
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e of feedba
k visualization on a
tual number of positive and negativefeedba
ks.1. New do
uments that were only re
ently added to the repository. Su
h do
-uments are kept on top for a few months or until they get some feedba
kfrom users.2. Do
uments that have re
eived positive feedba
k.3. Do
uments about whi
h users are ambivalent, or no feedba
k is available,possibly for la
k of popularity.4. Do
uments that have re
eived negative feedba
k. These do
uments are 
an-didates for removal.3 Comparison with Other Approa
hesThe issue of �nding relevant information a

ording to one's needs is obviouslyof paramount importan
e. It has therefore motivated 
onsiderable resear
h anddevelopment a
tivity, and the 
reation of a large industry that indexes and pro-vides a

ess to on-line information. There are three main approa
hes: using links,using keywords, and using experts.3.1 Finding Information Using LinksThe S
ien
e Citation Index is based on the notion that related papers in thes
ienti�
 literature are \linked" by their bibliographi
al 
itations: either they
ite ea
h other, or they share many 
itations. Thus if you have a starting pointfor your sear
h, namely some s
ienti�
 paper on this topi
, you 
an use bothits 
itations and 
itations to it to �nd additional related papers. Citations ina paper are easy to �nd: they appear in the paper itself. The S
ien
e CitationIndex provides the other dire
tion: for any given paper, it lists other papers that
ite it.



This idea has been extended in two ways using the WWW. One is to make ref-eren
es into hyperlinks, and 
olle
t on-line do
uments that referen
e ea
h other.An example is the NEC Resear
h Index (http://
sindex.
om), whi
h is based onan automati
 tool that 
rawls the Web looking for s
ienti�
 papers, analyzesthem, and 
reates a 
itation index from them [4℄. A related example is the hy-pertext bibliography proje
t (http://theory.l
s.mit.edu/~dmjones/hbp). This proje
t
ontains information about all papers published in a host of journals and 
onfer-en
es, mainly related to Theoreti
al Computer S
ien
e, and maintains two-waylinks among these papers a

ording to their 
itations.The other extension is to apply these ideas dire
tly to the stru
ture of theWWW itself. The thrust of the work in this dire
tion is based on Kleinberg's
lassi�
ation of Web sites into hubs and authorities, based on the the linksemanating from them and pointing to them [3℄.3.2 Finding Information Using KeywordsIndexing servi
es are another well-known sear
h fa
ility. They don't require youto have a starting point | only a good notion of what you are looking for. Theysurvey the s
ienti�
 literature as it is published, and 
olle
t papers by topi
.Thus they provide a mu
h needed mapping from topi
s to journal pages, mu
has an index at the end of a book provides a mapping from topi
s to the pagesof the book.The enormous quantity of information that is available, and its exponentialgrowth rate, has lead to mu
h interest in automati
 indexing [7℄. Dire
t im-provements to simple indexing in
lude the ability to derive related words, andknowledge about synonyms based on a thesaurus [1, 8℄. Using these fa
ilities, itis possible to �nd useful information even in 
ases where a dire
t mat
h to theuser's query does not exist.A more sophisti
ated approa
h is based on learning from examples usingboosting algorithms [6℄. These algorithms 
ombine multiple ina

urate heuristi

lassi�
ations (e.g. based on keywords) into a more a

urate �nal 
lassi�
ation(e.g. a predi
tion of the topi
 being addressed in the do
ument). The method-ology involves iterative learning using pre-
lassi�ed examples. Ea
h example at-ta
hes a set of labels to a do
ument. The system learns to atta
h su
h labelsautomati
ally, by iteratively re�ning its notion of how 
ombinations of ina

u-rate 
lassi�
ations lead to �nal 
lassi�
ations. This in turn is based on givinghigher weights to those examples that are hardest to 
lassify.3.3 Indexing by ExpertsWhile ma
hine learning 
an help a
hieve good 
lassi�
ations based on keywords,some believe that ultimately there is no alternative to human understanding.Indeed, most Internet portals now in
lude large indexes (usually 
alled InternetDire
tories) maintained by their sta� in addition to the traditional keywordsear
h fa
ility (Table 1). These indexes 
lassify the whole Internet a

ording toa hierar
hi
al stru
ture, and provide lists of generally useful web pages for ea
h



Table 1. The sizes of major Internet dire
tories at end of 1999, a

ording to Sear
hEngine Wat
h (http://www.sear
henginewat
h.
om).dire
tory editors 
ategories linksYahoo! 100+ ? 1200000+LookSmart 200 60000 1000000Open Dire
tory 15400 153000 950000Snap 30{50 64000 600000topi
. The Yahoo! index is espe
ially interesting, as it is a DAG rather than atree, with expli
it indi
ation that some pages are shared by several bran
hes(http://www.yahoo.
om). The Open Dire
tory (whose slogan is \HUMANS do itbetter") also has a very useful stru
ture: The home page displays two levels ofthe dire
tory, with links to pages on the main topi
s, and below ea
h one, linksto more fo
used subtopi
s. About.
om (http://www.about.
om) is a network ofsites maintained by experts in various �elds, whi
h makes a point of paradingthe human experts rather than the te
hnology.3.4 Problems and ComparisonThere are various problems with the abovementioned approa
hes. One is thatmany of them la
k interpretation. This means that papers are asso
iated a
-
ording to super�
ial attributes (
itations or keywords), not a

ording to an un-derstanding of what the papers are a
tually about and how they relate to ea
hother. There is no real editorial work on 
lassi�
ation and organization. More-over, users 
annot augment these me
hanisms with private annotations that do
ontain interpretation.Another is that they are often sour
e oriented. This relates to the 
hoi
e ofpapers that are 
overed: 
ertain journals are sele
ted, and all the papers thatappear in them are in
luded, starting from a 
ertain year. Granted, an e�ort ismade to sele
t as many journals as possible, and to fo
us on the best journals, bute
onomi
 and business 
onsiderations may sometimes prevail over te
hni
al ones.Moreover, even good journals sometimes 
ontain not-so-good papers, and somegood papers are published in obs
ure journals. Results that are only publishedin 
onferen
es or te
hni
al reports are ex
luded outright. So are old papers thatwere published before the indexing 
ommen
ed.A third problem is that of 
overage and quality. This problem is espe
ially
ommon in keyword-based sear
h, where hits that do indeed 
ontain the re-quested keywords have widely di�erent levels of importan
e and usefulness. Inthe extreme 
ase we have false positives, whi
h 
ontain the desired keywordsbut are totally irrelevant. An example is a sear
h for \gang s
heduling"2 whi
hretrieved a web page that in
luded the senten
e \The RV6 forum got o� to a2 A s
heduling te
hnique used on parallel 
omputers whereby a job's pro
esses ares
heduled simultaneously on distin
t pro
essors.



ro
ky start due to a s
heduling misunderstanding with the Van's gang". A re-lated problem is false negatives, that is relevant and useful do
uments that usesynonyms or related terms are therefore not found.The problem with human experts is that they are expensive, so there is ane
essary tradeo� between the number of experts and the size of the �elds thatthey have to 
over. As a result, the human 
lassi�ers 
annot in general have
utting edge knowledge about all their �elds.The BoW proje
t is based on the idea that indexing by paid experts is futile.Instead, indexing and ranking must be done by the users of the information, thustapping their enormous 
ombined pool of knowledge and experien
e. Of spe
ialimportan
e is the support of ranking and evaluation of do
uments, whi
h doesnot exist in other proje
ts. It is this ranking whi
h 
ountera
ts the exponentialgrowth of information, and ensures that high-quality information be
omes morevisible. The thrust of our work is to 
reate the infrastru
ture and te
hnology toenable su
h a mode of 
ooperation.4 The BoW PrototypeThe BoW proje
t has been ongoing for a 
ouple of years, and two generationshave been 
ompleted. An example s
reen dump of a page from the 
on
ept indexof a parallel systems information spa
e is shown in Fig. 4. The prototype supportsinsertion of new bibliographi
 entries, addition of annotations, 
reation of linksfrom 
on
ept pages to entries, among entries, and to external web pages (thussupporting the publi
ation of full text rather than only referen
es), user feedba
kand display, and exporting of bibliographi
al entries. It has a 
on
ept index of 142pages, in whi
h 8201 links to entries are grouped a

ording to 3167 topi
s. In all,there are 3046 entries, for an average of 2.7 links per entry. This is all based on anautomati
 
onversion of a bibliographi
 database kept in LaTeX/BibTeX formatsin
e 1988. It 
an be a

essed on-line at URL http://www.bow.
s.huji.a
.il.The implementation is based on using perl mode in an Apa
he Web server.The 
on
ept index is mirrored in a dire
tory hierar
hy, and 
on
ept pages aregenerated on-line as required by reading the appropriate dire
tory. Thus all up-dates and 
hanges appear automati
ally on
e the underlying dire
tory stru
tureis modi�ed.Several problems arise from the fa
t that the http proto
ol is stateless, andprovides only limited support for 
ontinuous sessions (using 
ookies). Currentlythis 
auses problems with 
olle
ting a list of entries that should be exportedupon demand; when user registration is implemented, we will also need to keeptra
k of the user. The initial solution was to send the whole export list ba
k andforth in ea
h transa
tion. The se
ond version improved on this by keeping thelist in a memory segment shared by all the httpd pro
esses in the server, andonly sending a session ID in ea
h transa
tion.Features that are now being implemented as part of the third generationin
lude



Fig. 4. Example of 
on
ept page from the prototype information spa
e on parallelsystems. It in
ludes links to sub-topi
s with an indi
ation of user feedba
k, a listing ofentries that belong in this page, and then the entries themselves, in
luding bibliographi
information and annotations.



{ Me
hanization of the 
itation format to enable better identi�
ation of dupli-
ate entries. In parti
ular, journal and pro
eedings titles should 
ome froma menu.{ Control over the stru
ture of the 
on
ept index with an XML-based format.{ Provision of an automated listing of suggested 
on
ept pages, where a newlyinserted entry may be indexed. This is generated based on similarity betweenthe new entry and entries that are already indexed and linked to these pages.5 Con
lusionsThe main idea behind DyRIs is that users 
an and should 
ooperate to improvethe quality and usefulness of an information spa
e. We designed and implementedone way of doing so, whi
h is based on minimal a
tive parti
ipation by users:they are invited to (but not for
ed to) add annotations and links to 
on
eptpages, and 
an provide feedba
k by using ba
k-with-feedba
k buttons. This wasa basi
 design de
ision, based on the fear that more extensive features su
h asfeedba
k forms will go unused. We hope that the annoyan
e for users with ourminimal design will be small enough that they will a
tually use these features.We intend to make the prototype information spa
e on parallel systems publi
lyavailable on
e version 3 is ready, in order to test it in a real world setting.A
knowledgementsThis resear
h was supported in part by the Ministry of S
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