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ABSTRACT world. However, these results are too varied and often irrele-
Recently people have come to rely on the use of web searchvant to the important topics inside an organization. This led
engines to learn how to accomplish tasks, solve problems andus to consider what if there was an additional search engine
gain information. However, search results are sometimes toolayer that could learn from what users have searched before
varied and lack relevance to topics related with the organi- and adapt itself to return the top-ranked results that are more
zation when using the major search engines such as Googletelevant to topics in the organization without modifying the
Yahoo or Bing in an organization. To help with this, in this conventional search engine itself. In this paper, we propose
research we propose a framework called the Adaptive Searcithe Adaptive Search framework, which is a framework de-
Framework. It can learn from the information provided by the signed to be implemented on top of normal search engines.
users and adapt itself to choose more relevant and importanit allows the search engine to adapt itself to the organization.
web pages that are related to important topics in the organi-It collects and learns from user-provided information to re-
zation. We also propose a re-ranking algorithm for search turn results that are more relevant to the topics of interest to
results. The algorithm gives a score based on the importancehe organization. It also includes a collaborative function for
and popularity inside the organizations. Our preliminary re- users to help each other search, and the framework itself can
sults show that the Adaptive Search Framework can learn andclassify who has expertise in which field inside an organiza-
return results more relevant to topics of interest to the organi- tion. Three major problems with using search engines in an
zation at the top ranks. This helps users save time in searchingprganization are (1) most search engines return results that

for desired information on the web. are too varied and not related to the topics of interest in orga-
nization because the search engines are based on the majority
Author Keywords of people in the world, (2) users need to collaborate when
search engine, web mining, web search interface, finding the information to solve a problem, but most search
collaborative search engines do not provide a collaborative function for users help

each other search, and (3) users need to be able to identify ex-
perts in the organization, but most search engines do not pro-
vide support for this. To help address these problems, search
engines could use information collected when users perform
searches to choose and return results related to topics within
a user’s organization, which should allow users to spend less
time searching. To do this, we decided to develop a frame-
Work implemented on top of normal search engines.

ACM Classification Keywords
H.5.m. Information Interfaces and Presentation (e.g. HCI):
Miscellaneous

INTRODUCTION
In many organizations, employees use search engines to lear
how to accomplish tasks, solve problems and gain informa-
tion. There are many conventional search engines available,The rest of this paper describes the work in progress on
such as Google, Bing, or Yahoo. These major search engineghe Adaptive Search Framework. The next section, Related
return search results based on relevance scores reflecting théVorks, provides a brief description of search engines and
popularity of the results with the majority of people in the methods of processing search results as a background. It does
not provide an in-depth survey of the literature. After that, the
section Adaptive Search Framework describes the prototype
system that has been implemented. The next section, Experi-
mental Verification, describes a small-scale experiment using
the Adaptive Search Framework. The last two sections, Dis-
cussion and Conclusion, explore the results of the experiment
and describe future work on the Adaptive Search Framework.

Copyright is held by the author/owner(s).
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RELATED WORKS search results into topics without external information such as
taxonomies or pre-classified contents. Since Apache Carrot
is a clustering engine designed for online use, only URLS, ti-
les, and snippet fields are required clustering search results.
However, this same simplicity may indicate a lack of in-depth
contents, which may not achieve outstanding accuracy in the
clustering result.

Web Search Engine

A web search engine searches for a specified keyword an

returns a list of the web pages relevant to the keyword. Typi-

cally, a web search engine operates as follows: 1. Web crawl-
ing, 2. Indexing, and 3. Searching. Web crawling and index-

ing are performed alternately in a cycle. At the beginning of a

cycle, a Web crawler retrieves all the web pages contents andpjgg.com

stores them as files in a proper format (i.e. Stanford WebBaseDigg.com [6] is a website that allows people to discover and
format). Next, each web page is parsed into a plain text for- shaye contents from anywhere, with members of the commu-
mat and sent to an indexer to be analyzed. The web indexefjty “voting” for materials. The website provides tools for the
then extracts each term in the page and adds the informationyempers of the community to discover contents, discuss top-
to an index database. For example, the indexer extracts termscs and connect with people with similar interests. Digg.com
from the titles, headings, or special fields called meta tags. pi|gs lists of popular contents from across the web. How-
The purpose of indexing is to allow information to be looked gyer, as with Google custom search, Digg.com uses the score
up as quickly as possible. The cycle ends here, with the in- fom majority votes of people in the world. The returned re-
dex database serving as a snapshot of the whole web page s} ,jts are based on a majority score.

for the users queries. The web crawler then starts the opera-

tion again for the next cycle, and the index database will be Digg.com

updated again at the end of the cycle. Digg.com [6] is a website that allows people to discover and
share contents from anywhere, with members of the commu-
Google Custom Search nity “voting” for materials. The website provides tools for the

Google custom search_[16] allows users to create a searchnembers of the community to discover contents, discuss top-
engine that searches only the contents of a specific websiteics, and connect with people with similar interests. Digg.com
or that focuses on a particular topic. With Google custom puilds lists of popular contents from across the web. How-
search, users can select, prioritize, or ignore specific websitesever, as with Google custom search, Digg.com uses the score

This allows the user to tailor the search engine to the interestsfrom majority votes of people in the world. The returned re-
of specific users, taking into account the context and purposesylts are based on a majority score

of the search.
Adaptive Search Engine

For example, when a car salesman searches for lotus o ; . .
ost of the conventional search engines today give back

Google search, there are many results about lotus flowers an Lo arch results based on the booularity of the web pages. how-
IBM lotus software. The generic Google search does not limit popularity /eh pages,
ever the concept of an Adaptive Search Engine is that of a

the context to that of the lotus which is a brand of car. A earch engine that will be able to learn from the data collected
Google custom search, on the other hand, could search Onl)?rom eachgindividual user, predict the interests of each user
preselected websites about cars, providing more relevant re rom that information and’ rgturn search results related to the
sults to the car salesman. However, the Google custom searcfE . fint tt tﬁ t In oth d .

engine does not provide any way for users to collaborate to opics of Interest 1o that user. 'n otheér woras, a user 1S more
perform searches, nor are the results adapted to the interest;
of specific users in an organization. The results are still based

on popularity measures produced by the majority of users in

ikely to be interested in search results related to things that
e user usually searches for. An adaptive search engine puts
today'’s search in the context of the user history of searches.

the world. Bing: Adaptive Search
Bing [3] is a web search engine developed by Microsoft. In
Search results clustering September 2011, Bing announced its newest feature which

Annotating and clustering search results are key parts of thewas called “Adaptive Search”. As explained by Adrian Cook
solution proposed in this paper. Clustering search results[15], the concept of Adaptive Search is th&very time you
classifies web pages from the search results into categoriessearch on Bing, the information provided helps Bing under-
Some keywords return highly varied results. For example, stand what you are trying to do. The more you search, the
the keyword “Apache” can return a set of links to the Apache more Bing can learn and use that information to adapt the
tribe, Apache helicopter, Apache software foundation, and experience so that you can spend less time searching and ac-
other types of Apache. Grouping these results into categoriescomplish what you set out to doWith Bing, search results
makes it easier for users to find the web pages they desire. for each individual user are personalized based on data col-
lected during previous uses of the search engine. This data
s used to determine the individual context of search queries
and deliver more personalized results.

There are several search result clustering tools, such a
Apache Carrct [5] , Vivisimo [20] , and IBM Mapuccino
[12]. In this study, we use Apache Cartaince it is an open
source library augmented with a set of supporting applica- But Bing still serve on individual purpose. It learns from the
tions. This allowed us to build a search results clustering en- data collected from user, predict the interests of each user
gine simply, without any limitation on the number of uses. from that information, and return search results related to the
Such clustering engines can automatically organize a set oftopics of interest to that user.
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In the Adaptive Search Framework, users perform two main
activities, searching and bookmarking. In this section, we use
' : these two use cases to explain our data flow implementation.

Adaptive Search Framework

Browser Extension Figure2 illustrates these two use cases.
_______________________ | web | Begin with searching, as shown in figyre 2(a) after query
ap:‘;iﬂcf{l'on has been p_assed from a user, it will be sent to conventional
search engine API. Top ranked web pages will be return
Database o as a search result set. Let 3&t denotes the returned top
n webs consisted a1, ws, .., w,. Eachw; also contains 3

components, those are“url”, “title”, and “snippet”. For a fur-

: ther process, we send the whole Bétto Carrot APl where

Job each component af;’s will be treated as search result clus-

tering source that return clustered label of eagh We call
these clustered label as ta@$, and we denote a s&t as a
Figure 1. Adaptive Search Framework Design Architecture set ofw;’s corresponding tags. At this step, we pocess two

sets,IW andT'. Next, we check each member©f if it has
already been stored in our framework database. Note that we

ADAPTIVE SEARCH FRAMEWORK will explain the store’s condition soon later in this section.

The Adaptive Search Framework developed in this research ) )

was implemented on top of the search engines. It collects!n casew; has already been in the database, we will update

data (bookmarks, clicks, links, categories) when users searchl: 10 the stored; record called;. Thatis the replacement

and interact with a web browser. Every time users search onOf wi’s tags will beT; U T;. For each tag;, it will later

the Adaptive Search Framework, the information provided as P€ @ssigned to several categoxigsor group categorieS'x .

they search helps the framework understand what the userdVe also have to update the linkage between new tags and

are trying to do. The more users search, the more the frame-the stored categories and group categories/{@dé., T).

work learns. It uses that information to adapt the experience Thatisvi|t € T; will be update to each catego6y, in C, T

so users spend less time searching and accomplish more eadnkage whereC, is its corresponded category o

ily what users want to do. This section describes the Adaptive on the other hand, in case that is nonexistence in the

Search Framework in terms of its architecture, the data flows gatabase, it will only be processed for our suggestion fea-

inVOlVed in USing |t, and the I’e-l‘anking algorithm |t uses. ture. The Web pages Suggestion ||St Consists Of Web pages
_ the database, which has at least one category corresponded
Architecture to at least one tag of a web page returned from thertop

Figure[1 presents the general architecture we are using forranking search result set. To achieve that, first of all we
the development of Adaptive Search Framework. The frame- merge allT; into T' (T’ = U} T) and list allC,. that have
work is separated into 3 layers. The top layer is the interface g |ink to ¢; into CT (CT = Ur C.T|3t; € C,T) andGT
Iayer3 where users perform searches and obt:?un results jusgor — U" G.T|3t; € G.T). We then do a reverse map-
as with the normal search engines. To organize the searcibing from CT and GT to obtainT’ that consist of all’
results, we developed browser extensions that support the, o7 (| GT, and do a reverse mapping again frathand
users. The middle layer is the server layer, which returns rel- get 5 sefy that satisfied the aforementioned condition. We
evant results related to the keyword and to topics within an 3155 need to combine some records from the current search
organization. This layer communicates with outside search ;agyit setiV in to the suggested web page $&t. Since
engines by sending query that the users input and obtaininge nhave precessefl’, we can map if & has a link with
the results. It uses Carfoto cluster the results into groups, aw, in W and obtain the suggestible web page list from
which are defined as tags. The web pages and tags are boungi, ‘ At last web pages suggestion lit” come fromW”

with categories, and a search of the Adaptive Search Frameyyhich are web pages those are existed in the database, merg-
work database is performed to determine whether there areing with 1 that satisfied the tag condition. So that it will

any previous results related to the categories. The AdaptivebecomeW”Nw” e (W UW) = w! € W pairs with
Search Framework database contains information from Pre-rv| 3¢ ¢ (OT () GT) =t € T To show the original re-
vious searches within the organization. Then the server layerg, it set form the conventional search engine, we render only
returns the results to the users through the interface layer,j;; in that area.

containing both results from the current query and related re-

sults from previous searches. After the user interacts with

these results, the system stores information about the querygClicking a Result Link

web pages, and tags that the user interacts with. The bottomAfter a search result has been clicked in the user interface,
layer, the job layer, is scheduled on a regular basis to calcu-the url of the clicked linkw; and the user’s identity will be

late scores for users and web pages using data stored in th@assed to the framework. In case has never been clicked

database. by any user, its identity will not be existed in the database. So
that we need to create it with its initialized click counter as 1.
Data Flow We then store user-click with; record as a tupleu( w;), and
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(b) Clicking through the search result, individual bookmagkand group bookmarking
data flow

Figure 2. Proposed Framework’s Data Flow

thew;'s corresponded tags; in the database. Another case be existed in the database. Then, the required parameters in

thatw; is already existed, we just then update tuplgd;) by this bookmark case ate;, v and the bookmark catego€y, .

increased the click counter by one. At first we bindu with w; and store 4;,u) as a bookmark
record and store it in the database as a bookmark identity. If

Bookmarking a Web Page C. has just been created right before a user bookmarked it,

We have two bookmarking types in our framework, book- we have to store it as a record in the database at first. We then
marking for oneself and for group. The different between map allT}, which is corresponded to the bookmark page
both of them is the feedback scope of suggesting a new webto C,, asC, T, and store all of them in the database.

page to a user. Individual bookmarking only influences to the
user who bookmarked it. Group bookmarking; on the other
hand, influences altogether group of the user.

However, if a user choose to bookmark any web page without
searching from the framework, we need to process its cor-
responding tags at first. We choose to pass that web page’s
In case that a bookmarked web page has been clicked throughbasic components such as title and url through the search in-
from the user interface, the identity of that web pagemust

606



a(p) = w1y h(g)+(1—w) (wz > ur) + (1 -w) ((w3 Douls)+(1-wy) ) u(ﬂ)))

q—p T—p s—p t—p
h(p) = w1y alg)+(1—w) (wz D ur) + (1 -w) ((w D ouls)+(1—ws) ) W‘))))
pP—q r—p s—p t—p
u(r) = wa(Yali)+ Y b)) + (1 —w) (ws(z a(k) + Y h(l)) + (1 - ws) <w4( > a(m)+ Y hn)
r—1 r—7 r—k r—l r—m r—n
+ (1 —w)()_ alo) + Zh(p)))) (1)
r—0 r—p
terface as query that allows tags to be processed as well as th€xperimental Setup
ordinary routine. We deployed our Adaptive Search Framework on a Ubuntu
. . serverinside the Software Engineering Laboratory at the Nara
Bookmarking a Web Page into a group Institute of Science and Technology. The Framework was

In group bookmarking, tags and categories will be similarly implemented on top of 2 major search engines, Google and
processed to individual bookmarking. A bookmark page  Bing. 10 members of the laboratory, from three research
and its corresponding tag$ are bound with a group category  groups, participated in the experiment. Four people are mem-
G, asG,T and all of them will be stored in the database. bers of the human computer interaction (HCI) group, four

The different is the bookmarked record are bound from user, gre from the open source software (OSS) group, and two are

group, and web together as a tuplefw;) instead of {,w;) members of the software reviews (SR).
in an individual bookmarking. We also do the same if a book-

marked page did not come from the search result by passing a
query of the web page’s basic components to the framework. results

Data from the database provides results indicating answers
Re-ranking Algorithm to the questions. To answer the first question, concerning
The Adaptive Searching Framework uses an iterative re-the suitability of major search engines for use in organiza-
ranking algorithm derived from Kleinberg's HITS algorithm tions, we ranked and compared results returned by the Adap-
[10]. As shown in equatidnl 1, in this algorithm, the authority tive Search Framework with results returned by the two ma-
weighting of a web pagp calculated by combining the sum jor search engines, Google and Bing. The results returned
of the hub values of all pageppointing tog and the sum of by our framework were ranked using the iterative algorithm
the weights of all usensvisited (weight byomegas), individ- described in the section Re-Ranking Algorithm.
ual bookmarks (weight bymegas), and group bookmarks p.
This combination forms the final authority weightf The
hub weight is similarly calculated. The weight of a user
is calculated by summing up the authority and hub weights
of all pages he has visited (weight laynegas), or book-
marked by himself (weight bymegas) or group (weight by
omegay). Another term is indirectly influenced by the user
r's weight which comes from his group participation (weight
by 1-omega4) The score in this term comes from web pages
that all users in a group have bookmarked as a group.

ID | URL ASF | Google| Bing
4 | http://www.w3schools.com 1 1 1
/gjax/default.asp
3 | http://www.templatelite.com| 2 100+ | 100+
[/gjax-tutorials/
8 | http://www.tutorialspalace.com 3 80 100+
/2012/01/35-useful-ajax-
tutorials-for-web-developers
114 http://www.maxkiesler.com 4 74 100+
/2006/03/15/round-up-of-30-
ajax-tutorials/
http://www.codeproject.com| 5 71 100+
/KB/ajax/AjaxTutorial.aspx

EXPERIMENTAL VERIFICATION
We conducted a small-scale experiment to test our hypoth-—7+
esis that the Adaptive Search Framework can help users in
an organization be more prOdUCtlve while using a search en_Table 1. Comparison return results ranking by using "Ajax tutorial”

gine. The experiment focused on answering the foIIowmg for the keyword between ASF:Adaptive Search Framework, Google and
two questions; Bing

e Are major search engines suitable for using in organiza-

tions? As shown in tablé]1, using the keyword "Ajax tutorial” to
. search the Adaptive Search Framework, Google, and Bing
e Can the Adaptive Search Framework suggest results bettefresults in very different rankings. Talile 1 shows the top five
related to a user’s interests and topics? results returned by the Adaptive Search Framework, and their
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rankings in the Google and Bing searches. This result indi- users are also separated into their own special groups. Fig-
cates that the most useful links for users in the Software En- ure[4, inside the square blue area, also shows website ids 8,
gineering Laboratory were more highly ranked in the results 4, 3, 117, and 116, the top 5 results shown in table 1 for the
returned by the Adaptive Search Framework. As shown in "Ajax tutorial” query. The Adaptive Search Framework se-
figure[4, these five links are particularly important for mem- lected these five websites for the suggestion box because they
bers of the HCI group. This result reflects the fact that major have a high ranking as shown in table 2 and are related to be
search engines do not adapt their results to topics of specific’Ajax tutorial” keyword.

relevance inside an organization, while the Adaptive Search

Framework is designed to perform that adaptation. How does framework relate apparently unrelated URLs?

To help address the second question, we examined the abil/f @ user searches for Clark Kent, most of the major search
ity of the Adaptive Search Framework to suggest websites €ngines will not give results about Superman. Unlike nor-
that have not been viewed by users, but are related to key_mal sez_arch engines that depend on references, links, and key-
words and topics that the users are interested in. As an ex-Words in the content, the Adaptive Search Framework uses
ample, we arranged a scenario to test whether the Adaptivet@ds and categories mapped to websites to find related web-
Search Framework would relate Superman and Clark Kent. SiteS. So when a user searches for "Clark Kent,” the frame-
As shown in figur€B in the search on the back, at first when a Work looks for tags and categories that match, finding com-
user searches for "Superman movie” there was nothing in theMonalities with Superman. When the framework finds tags
suggestion box because this keyword was new to the frame-and categories, it selects v_vebsnes from the database related
work. However, after a user clicked or bookmark some of the t0 those tags and categories and returns them as suggested
websites about the Superman movie, as shown in the mid-Websites.

dle search picture, another search for "Superman” resulted

in several websites in the suggestion box related to the Su{_!P_| Score | URL _

perman movie because the framework knows that this user is__4 | 0-0756] http://www.w3schools.com/ajax/default.asp
interested in the Superman movie. So when this user searche] 3 | 0-0564] http://www.templatelite.com/ajax-

for Superman, the Adaptive Search Framework provides in- tutorials/ .

formation about movies based on the data from the previous| 8 | 0-0525] http://www.tutorialspalace.com/2012/01/35-
search. Finally, the front picture in figur® 3 shows that when useful-ajax-tutorials-for-web-developers

a user searches for "Clark Kent,” Superman’s secret identity,| 116 | 0.0436| http://www.maxkiesler.com/2006/03/15/
the Adaptive Search Framework can suggest that the use round-up-of-30-ajax-tutorials/

should also look for Superman. However, a similar search| 2 | 0.0344| http://en.wikipedia.org/wiki/ajax/

for "Clark Kent” on the major search engines provides top | 81 | 0.0342| http://apchi2012.org/

ranked results only related to Clark Kent. This indicates that | 60 | 0.0329] https://issues.apache.org/bugzilla/
the Adaptive Search Framework can suggest results better rer 61 | 0.0329] https://issues.apache.org/jira/secure/

lated to a user’s interests and topics. Dashboard.jspa
117 0.0327]| http://www.codeproject.com/KB/ajax/
DISCUSSION AjaxTutorial.aspx
In this section, we discuss the results and give additional data,_82 | 0-0299] http://hcii2011.org/ ,
to support the discussion. 85 | 0.0233] http://www.tripwiremagazine.com

/2010/07/30-very-useful-html5-tutorials-
techniques-and-examples-for-web-

How can the framework return better suited to an organi- developers.html

zation?
There are 2 reasons why we choose "Ajax Tutorial” as a key- tapje 2. Score and rank of all webpages inside Software Engineeg
word: using iterative re-ranking algorithm.

1. "Ajax tutorial” is a simple keyword. When a user searches
for it using a major search engine, the user gets results
based on the popularity of the majority of the people in the
world, producing a ranking of results which is quite similar
to other search engines.

CONCLUSION AND FUTURE WORK

In this paper, we described our study of ways to help users and
organizations to obtain search results that are more relevant
to topics of interest within the organization. We proposed
and developed an Adaptive Search Framework that uses data
provided by users performing ordinary searches, clicking on
links, and bookmarking within an organization to enrich and
select responses to searches. We performed a small-scale ex-
periment with the Adaptive Search Framework which sug-
To provide additional insight into the results related to the gests the framework could return more relevant results and
first question, we extracted data from the database to cre-additional related results to searches. Using the Adaptive
ate a relation graph showing the users and web pages fromSearch Framework inside an organization could benefit both
the Software Engineering Laboratory. In this relation graph, the users and the organization. The users can save time when

2. The "Ajax tutorial” keyword is related to the Human Com-
puter Interaction (HCI) group in the Software Engineering
Laboratory. This makes it easy for members of the group
to determine which websites provide a good tutorial.
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Superman es un personaje ficticio , un superhéroe de comics que aparece en las
All suggestion is about publicacicnes da DC Comics ; considerada ampliamente como un icono de los Some results are

Estados ... htt//es.wikipecia.org/wiki/Clark_Kent cache -1 add

"Superman Movie" Clark Kent - Wikipédia relate to

Clark Joseph Kent est un personnage de fiction de DC Comics . C'est l'dentité "Superman"
secréte du super-héros Superman , imaginé par Jerry Siegel et Joe Shuster et
Mtp:/ffr.wikipedia.org/wiki/Clark_Kent cache -1 add

Superman (Clark Kent) - DC Comics Database

Clark's abilities incresed steadily 8s he grew up, with and

Figure 3. 1. At first, the framework cannot suggest anything wha a user searches for Superman Movie because it is a new topic for the framework.
2.After a user has interacted with some of the websites that involve Superman, the framework can suggest some websites when a user searches for
Superman based on the previous search data. 3. Also, the framework can suggest Superman when a user searches for Clark Kent

O 0S5 Group
O HCI Group
Q SR Group
O Website

4 1 Group Book k
o emm e Self Bookmark
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Figure 4. Relation graph between users and websites inside fBeare Engineering Laboratory.
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searching and obtain search results that are relevanttoghe to 8. Hotho, A., Jtschke, R., Schmitz, C., and Stumme, G.

ics of interest in the organization. The organization also can

obtain information about topics of interest within the organi-

zation, and maintain an organizational history and knowledge
about web information. We believe that over time, use of the
Adaptive Search Framework will let users obtain better search

results and help organizations gain better productivity.

Future work will concentrate on the following

1. Improve the Adaptive Search Framework to reduce unre-

lated results (noise). At this point, the Adaptive Search
Framework depends on the relationships of web pages,
users, and tags to find results related to topics within the
organization. However, using Carfatometimes results in
extraneous results, noise, especially during the tagging of
web pages. We would like to improve the Adaptive Search
Framework to better analyze web pages using different tags
to reduce such extraneous results.

. The prototype Adaptive Search Framework does not yet
identify experts within an organization. As a next step, the

Adaptive Search Framework should be enhanced to sug-
gest experts inside the organization related to keywords
that a user is searching for. To do this, it may be necessary
to predefine a set of experts related to the organization, or
to develop a method to let the Adaptive Search Framework
identify users and their expertise from their use of the sys-

tem.

. The Adaptive Search Framework should be deployed in

several different medium size organizations, to determine
whether the framework can satisfy people in real organiza-
tions and provide better search results than directly using
major search engines. To do this, the framework should be
used for at least 3 to 6 months, with data collection and

analysis of the resulting relationships between users, orga-
nizational topics, and web pages.
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