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Abstract

This paper will paticulaly describe a new approach of knowledge
management based on a prototype of a question answering system, which
was creted bdonging to that diploma thess. The paper will precisdy
describe the advantages and disadvantages of some exiging systems. A part
from that we will explain the basic concepts of knowledge management on
reference to the prototype. Another important aspect is the integrative effect
of the new sysem which makes it possible to include different resources in
one coherent system. Based on that we ducidate the process of stemming
documents to meke them aval- and usable for the knowledge database.
Findly the software engineering process of the prototype will be illustrated.



TABLE OF CONTENTS

1 Introduction to QAS SySteMS........cocvveevvveeeeee e 6
S A 1 o (1 o (o o RSOSSN 6
1.2  How to Design a Knowledge Management SyStem ........ccccecevevenenennieninseenee, 6
1.3  Natural QUESLION ANSWENING ....couiiierririeieriestesreeeesee e sreseesae e sreeseeeessesseesseenees 6

131 The Problems about QAS ...t 7
132 U NS ittt e e nr e e 7
133 (@01 1 o o SRS 7
134 ANSIVETS ...ttt 7
135 PrESENTALION. ... ceeeeeeeeeeeee ettt r e ee s 8
136 HISOry Of QAS ... et 8
137 BASEBALL.....ooeeeeeeeeee et s nnen 8
1.38 Evaluation of a Question ANSWering SYyStemM.........cccevevvnenienreneseesinnnens 9
1.39 LUNAR e ettt ettt sttt e 10
1.3.10 Interpretation Of QUESLION.........cceiieiiiriiieie e 11
14  AnswerBus- a Web Based Question Answering System .........ccccveveevenennene 12
141 AnswerBus - aMultilingual SyStem.........cccoviiieiinnene e 12
142 The Methodology of ANSWEIBUS..........cocveiiiiiiieie s 13
143 CONCIUSION.....eiiiieeeeeet e 15
15 Cyc- The Approach to Manage Common Knowledge .........ccccooerererieeinninnne 16
151 OPEIN SOUICE.....coteeieiiee ettt ettt st b et s s b et eesneesaeesneas 16
152 USEES QAS .. 17
153 (@Yo | T PSR 17

2  Knowledge Management .........cccocevevevecencecececeeeeseenan, 19
21  The Begnning of Knowledge Management .........ccccovveveeiueniiesieesieeesiessieenenens 19
2.2  Basic of Knowledge Management ...........ccooereieneriienieniesieseeee e 20

221 Terms and DevElOPMENT ..........ooiiireeee e 20
222 The Difference between Information and Knowledge ...........cccccovvivenene 22
2.3 Definition of Knowledge Management .........ccccveereenenieenesiiessessessiessseeseeens 23
24  Aspectsof Knowledge Management ..........cccooevererienenenenieenee e 23
24.1 INEFOAUCTIONL....ce e 23
24.2 Informatics and Knowledge Management ..........cccoceveeenennsesiceieeniennns 24
24.3 Business Practice and Knowledge Management............cccocvevvveenenen e, 24
24.4 Strategy Research and Knowledge Management ...........cccocvevvvceenenee e, 25
25  Challenge of Knowledge Management SyStemS..........coceevereeiienesienseesensnens 25
251 Challenge of KNOWIEAQE ......cooeieriiiiieseeee e 25
25.2 Knowledge @S RESOUICE..........cciuiriieie ettt 26
253 Changing Established HabitS..........cccceviiiiiince e 26
254 Communication of KNOWIEdge..........ccvevveiiiiieie e 27
255 The Management of KNOWIEAQE .........ccoovvieviiieienineeseee e 28
25.6 Knowledge Management ..........ccccceerenenenieniesesesee e 30

3  Information Retrieval and Processing .......ccccceeeeeeeeeeeenene 31

TNt S (= 1111011 o R SPRR 31
311 INEFOAUCTIONL..c..ce et 31



312 Stemming and DeCoOMPOUNAING .......coovererereriere e 31

3.1.3 Stemming German compared to English.........cccovevviiininnnsie e, 32
3.2 SIEMMING GEIMIAN......ccciiiiecieiteere e eee e eee e e s e e sae e te et e eteeseeseenseesneenseens 3
321 COMPOUNGS ..ottt sttt sa e b e bbb sae e e neesae e 3
322 Characteristics of the German Language............ccoeeeerenenerieeninsiesieeneene A
323 Stemming and Decompounding APProaches ........ccceeceverenesieeseeseseens A
3.24 StemMmMing GErMaN TEXES ......ccveiieirieiieie e see e sree e see e esneas 36
3.25 Discriminating, Substitution and Stripping of German Text .................... 37
3.2.6 Character SUDSHITULION........cceeiiiieieeeie e 3
327 SUFFIX=SEITPPING .ttt sne e 3
3.28 EVAIUBLION.......eiiiiie e 39
3.2.9 UNAErStEMIMING.....ccveieeieiereesieesie e e eee e see e sreesse e s sreeseeeeereenseeneas 39
3210  OverstemMmMing NOUNS .......ccccoiiriririeie et 40
3211 IMPIOVEIMENES ..oouveitieiieiieieete st sre et sbe bt st e st sseesseesseesaeesneesaeesneas 41
3.3  Stemming The English Language...........ccocvvieririieies et see s e 42
331 Introduction to the Porter Stemming Algorithm..........cccoooeviiieiecienns 12

4 Managing the Information Flood ..........c.ccccevvririnieniiennne 43
4.1  Finding and Preparing INfOrmation ...........ccocoeereienenenieenesesesee s 43
4.2  Weak Pointsin Detecting INfOrmation...........cooceoerenenenes s 4
4.3  Quality Of INfFOrMatioN.........ccvriiiiiiiiiiicese e 4
44 SHUCLUIE Of DELA......ccueieeiesieeieeieie et 45
S U 1 o ] YR 45
G |V 1 =" - 45
47 ACCESS CONLIOL... .ottt 45
O T U 1= a0 U 7=o TP 45
49  Fltering INfOrmMation ..........cvecuieieiiesie et 45
410 Improvements by the ProtOtYPe........ccoeiererieriereseree e 46
g I R o g Tox 11 o o PP a7
5  Description of the Implemented Prototype..........ccc........ 48
51  Description of the User InteraCtion SCENAO .......ccuevevvereienieiieneseseesiesienaens 48
511 INEFOTUCTION...c..cee e 48
51.2 Step 1: Answer given directly by Knowledge Database ...........cc.cccceenee. 48
51.3 Step 2: Answer given by Local Information Resource...........cccecvevueenee. 49
514 Step 3: Answer given by a Globa (External) Resource .........ccccoveeeenee. 50
515 Step 4: Answer given by Trusted USEr(S) ....cooveevveeienneenenniesie e 52
5.1.6 Step 5: Management ACHVITIES........ooveiiereeiese e 53
51.7 The SCOMMNG SYSLEM ... %)
51.8 SEqUENCE DIAQIaM....cc.ceieieeieeiceiesie sttt st 56
5.1.9 SystemIntegration — Technical ASPECES........ccoovrveirieenienie e 57
5.1.10 Motivation and Cost Saving FaCtorsS..........cceevveeieesieeneeseese e 58
5111 ACCESS CONIOL.....cuiieiiieiieiesie sttt st sr e 59
52  INrodUCtion tO LUCENE........cceriiriieierieeie sttt ire s s ne s 59
5.3 Introduction to the Prototype of the Question Answering System................... 65
531 The QuestionBased APProach.........cccceveereeieenesie e see e see e see e 65
532 The USar INTEIfaCE ..o e 66
533 Indexing and Searching iN Detail ... s 71



5.4 ClasS DIiagram.......cccieiiiiiieiesie s ee st saeste e s s sse e ssessasneens 72

55  SCENAMO fOr B TEI ..ot 73
55.1 Testing the USability ........ccveeiece e 73
55.2 TeStiNG the COB........ooiieeeeee e 74

56  The scientific discoveries and benefits of that paper..........ccocevevcerencnienennens 75

57 10 Theses and FULUre OULIOOK ..........ccoiruerieirinienieeeecrese e 76

58  Facts about the ProtOtYPe......cuiieiiicii et 77



Introduction to QAS-Systems

1.1 Introduction

To have an idea what a knowledge management system based on a question answering
sysem is about we have a look a different question answering systems in this chapter.
Based on that knowledge we can go on in Chapter two and explain the principles of
knowledge management. Chapter three tries to connect those components and gives a
closer look a some important techniques which are necessary to convert the theory into
praxis. Chapter four finaly describes the implementation process of the prototype being
developed pardld to that paper. | describe a design process, which leads to the
development of a knowledge management sysem. The prototype of that work will be a
knowledge management system which gathers its knowledge by collecting answers and
questions from users. Helpful resources to find suitable answers are files, databases,
search engines or other users who participate in the system.

1.2 How to Design a Knowledge Management System

Knowledge Management Software must be embedded in processes of knowledge
workers everyday practice. In order to attain a proper design, regarding the specia
qualities and requirements of knowledge work, participation of the knowledge owners
and future users is an important factor for success of knowledge management systems.
But the redlity is different. In order to bring organizations closer to their expectations and
vigons, embedding knowledge management in everyday work is the mogst important. In
this chapter | will describe characteristics of knowledge work motivating the usage of
participatory design techniques. | introduce a design process for developing and
improving knowledge management, which includes ethnographic surveysl and usage
improvement by time.

1.3 Natural Question Answering

As the richness of information in the World Wide Web grows and users get used to the
wedth of information the need for a automated answering sysem becomes more urgent.
We need a system that dlows a user to ask questions in a specific language and receive
an satisfactory answer quickly. In addition the sysem has to vdidate if the given answer
matches the requirements of the user. The problem of current search engines is tha they
return ranked lists, but do not give answersto the user.

1 ethnographic surveysin that case means that users sharing the same problems can
incorporate and find each other



Quedtion answering Systems tregt with that problem. By now good systems are able to
answer two third of the asked factual questions. The combination of user demand and the
promised results have stimulated the effort and success of Question Answering Systems.

1.3.1 TheProblemsabout QAS

Firdly to answer a question the system has to anadyse the question. On possibility to do
that is by conddering the actud busness context, another by consulting the loca
database system. The System has to find one or more answers by contacting al kind of
resources, according that the QAS has to provide an answer to the user in an appropriate
form possibly with multimediainformetion.

We can subdivide QAS according to the source of the answers. The source can be for
example a single data base or structured data, semi-structured data like comment fields in
data or free text like available in the internet. Further we distinguish among search over a
fixed set of collections or the search over a collection or book like an encyclopaedia. In
help systems we can distinguish between domain independent and domain specific QAS.

132 Users

We digtinguish different types of users. The system has to be designed in a way tha both
firgt time or casud users as well as “power users’ are able to such a system. These users
need different functionality, ask different questions and require another kind of answers.

1.3.3 Question

Generdly quedtions are distinguished by their answers. Answvers can be factud answers,
opinions or summaries. Generdly it is difficult to differ between these three types of
answers. Furthermore the type of question makes no difference to the answer since the
comparison and the storage of a question and answer set is the same. Next we detect
different kind of questions like questions which can be answered with ‘yes or no”, or the
so-cdled “wh” quedions. These are questions which ether begin with “who is the
presdent” or with “how much is your weigh’. There is an evidence that why and how
questions tend to be more difficult to answer, because they require understanding
causdity or instrumenta relations and these are typicaly expressed as clauses or separate
sentences.

134 Answes

Answers can be short or long, a lig, a summary or just a diagram or a picture. Answers
differ, depending on who will be the receiver and who will be the sender. Two users who
are used to work together a while may have developed a language of shortcuts which
could be incomprenensible for other users. There are dso different methodologies for
condructing an answer. It is possible to give an exact answer or just to extract snippets
from a document. The second solution is utilized by many search engines in the internet.
If the answer is drawn from multiple sentences or various documents you have to take
into account that the interconnection of the answer is low and maybe obscure. In that
case the user has to trace out the necessary parts of the answer which is relevant for him.

The question is what makes an answer satisfactorily! Has an answer to be short or long?
The point is if an aswer is derived from an externa resource which was generated
automaticaly the system should present multiple answers. This dlows the user to find a
correct answer out of some available ones or out of a whole document. The hit ratio for



an exact and correct answver given by an automdicdly generated answering system is
due to the complexity very low. On the other hand an answer given from a naturd person
should, if possible, be short and precise.

1.3.5 Presentation

Normaly a user asks a question and receives one or many answers from another user, of
the sysem or from externa resource. If there are too many answers from an externd
resource the user tries to oecify his question to receive a more meaningful set of
answers.  Fadlitating such didogs would hdp both usability and user satisfaction.
Thinkable would be a system, which has the ability of naturd voice recognition. Such a
question answering system could provide conversationd access to the internet and the
information in the web. This aea could be of great commercid interest for
telecommunication and web content providers. Think about a 24 hour telephone help
line, which is able to answer frequently asked questions. When we consider current
technologies and their fast developments this idea could be redity in a couple of years.
So far there has been little work on interfaces for question answering systems. There
have been a few sysemdtic evauations on how to present the answers and information
best to the user and how much context and how many answers to satisfy the users needs
[Hirschman 1998]. This is an aea which will begin to grow in the next years as
commercia question answering interfaces begin to be deployed.

1.3.6 History of QAS

The interet in Question Answering Sysems grew in the pas years enormoudy.
Especidly sysems based on naurd question answering became dtention since the
introduction of the Quedtion answering track in the text Retrievd Conference which
began with Trec-8 in 1999 [Mayfidd 1999]. This conference was not the firg time thet
the topic has been addressed by natural language processng researchers. In fact
Smmons [Smmons 1965] begins a survey aticle “Answering English Questions by
Computer”. The publication of his paper led to the fact that about fifteen
implementations of question answering systems were built in the preceding five years.
This sysems include conversationa question answers, front end to Structured data
repositories and systems which try to find answers to questions from text sources, such as

encyclopaedias.

1.3.7 BASEBALL

One of the fird question answering systems was a program caled BASEBALL [Basebdl
1961]. As one can guess, it is a progran about Basebal games and the league in
America. The sysem was able to answer questions like “ who did the Red Sox win on
August the fifth?” or “How many games did the Yankees play in October?” The system
was even able to answer complex questions like ‘On how many days in July did eight
teams play?’. BASEBALL andysed the question, using linguisic knowledge, and put it
into a canonicd form which was then used to generate a query agang the structured
database containing the baseball data BASEBALL was a this time a very sophidticated
program, even by current standards. The way it dedt with syntax and semantic was
outstanding at that time. The whole system had the drawback that it was regtricted to one
domain, namdly basebal.



In addition BASEBALL has been designed as an interface to a database and not as an
interface to a collection of incoherent documents. This made it impossible for the sysem
to use it as an Question Answering System which is based on the content of the World
Wide Web. In this regard BASEBALL was the firs of a series of programs designed as a
“naturd languege front-ends to databases’. The assumption a this time was, tha
databases hold vast amounts of structured data. The details of that databases would be
opague to many users. Rather than compd time-pressured users or computationally—
chdlenged executives, to learn the dructure of the database and a the gpecidised
language for querying it, the am was to dlow users to communicate in ther own
language by using an interface which knows about questions and the database structure.

1.3.8 Evaluation of a Question Answering System

To evaduate a quesion answering like BASEBALL or the prototype, which will be
implemented parale to this paper, we try to consder some sdlected factors, which seem
to be important for a modern system as wel as for the prototype. As there is no standard
on how to evduae question answering knowledge management systems or only
answering systems | developed a procedure how to measure the quality of such a system.
One has to take into account some sometimes rea results of systems are not available
and for that can only be taken from the literature. The factors we considered for the
evaduation are conditions we want to meet perfectly for the prototype. The evaudtion is
achieved by sx factors. The ability to expand is an assessment to show if the system has
the posshility to be expandable. This could be some kind of plug-in to expand the
domain or other functiondities like add-ons or smply the posshility to expand the
program. The more expandabilities the system has the better it is, which means the bigger
the filled red area BASEBALLS expandability is very low, which is shown in a smdl
red area over the criterion.

Ability to learn is a criterion which ggnifies if a sysem is able to learn and to improve its
answvers over time. A good sysem should be able to learn automaticdly from the user.
BASEBALL for ingance can only improve its answers if a programmer improves the
andysing process or if the database is fed with more rules and information. It does not
have an interactive learning process by giving a correct answer which will be confirmed
by the user aswell as awrong answer which will be refused by the user.

The natural language input should be one of the mgor criterions of an modern question
answering systems. Usars with only a little computer knowledge should not be forced to
learn a specific query language. Computers should have the ability to interpret natural
language and to trandate it to their language. We can not expect that every user is
familiar with computers. BASEBALL undersands naturd language input, but is limited
to its domain, which of cause is bassbadl and its environment. A question about the
weether would properly be misinterpreted.

The factor no domain restriction ggnifies if a sysem is redricted to one domain. On the
other hand it is obvious, that systems which are restricted to one domain, do very often
have a outsanding qudity of their answers if the question belongs to that domain, too.
BASEBALL isredricted to one domain which has an negative effect to our assessment.
Multilingual is a criterion to determine if a system supports more than one language. The
more languages the system supports the better it is The BASEBALL sysem only

supports English.



As dready mentioned before, another important factor is the quality of the answer. The
qudity here can be seen as preciseness of the answer. BASEBALL for instance returns
only one answer which is exact and draight forward. Other sysems may return a set of
answers whereby the user hasto fish out his matching one.

The fdlowing graphic will be shown a the end of every question answering system
which will be analysed in this paper. The bigger the red area the better the system.

MUTLILINGUAL

NYY3T 0L 31avy

Image 1.1 Baseball Evaluation

139 LUNAR

Ancther well known work in this field is a system cadled LUNAR [Copestake 1990].
This program was designed to enable a lunar geologist to comfortably access, compare
and evduae the chemicd andyss daa on lunar rock and soil compostion that was
collected as a result of the Apollo moon misson. LUNAR was able to answer questions
like What is the average concentration of aluminium in high alkali rocks? or How many
Brescias contain Olivine? The system was presented a a lunar science convention in
1971 and was able to answer 90% of the questions, which of course where in the field of
lunar rocks, posed by the geologists. Even the phrasing was arbitrary and no ingtructions
were given on how to ask questions. But agan one has to take into account, that the
Quedion Answering System is an in-doman system, which cannot be caried out to a

common solution.
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In our system the primary task is to creste a in-domain interface. Later on in a further
developed status we can concentrate on an externa interface which enables a user to find
an answer to an in-domain question on the web or by means of other resources.

From the perspective of the current research focus in question answering, the key
limitation of that work is, that it presumes the knowledge the system is using to answer
the quedtion is a structured knowledgebase in a limited domain, and not an open ended
collection of unsgructured texts is used by the sysem to answer questions. The
maintenance and the creation of the data Structure itsdf is a mgor pat of the system
chdlenge.

From our point of evauation the system isvery smilar to the BASEBALL system, soiit

isno wonder that the following evaluation graphic is close the previous one.

MUTLILINGUAL
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Image 1.2 Evaluation Lunar

1.3.10 Interpretation of Question

Another important factor is the interpretation of a question. For example if the answer to
the question Do you know the time? is Yes or the answer to How did John pass the
exam? is with a pen! the user might be less than sttisfied. For that reason Wendy Lehnert
introduced thirteen conceptual categories of questions, such as “Veification”, “Requedt”,
“Causd Antecedent”, “Enablement”, “Instrumental or Procedurd” etc. In 1977 she
introduced a system called QUALM [Lehnert 1997]. Her key concern in this work was to
move away from the view that naturd language question answering should be seen
merdy as a front-end to a completedly separate data or information retrieval process.

11



Instead she viewed the process of question answering as one in which both the
understanding and answering of a quesion relies on the context of the story and
pragmeatic notions of appropriateness of answer.

Another point about that is the idea of an recommendation engine. Sometimes it might
help other users to see what kind of questions have been asked in correlation to others o
draight after another. A user A who asks a question to which she recelved an
unsatisfactory answer might ask another questions to which she received an satisfactory
answer. The two questions are correlating somehow. Another user B asking question one
could now be offered the second question of user A as a subgtitute. The concluson could
be tha this corrdations might help to come closer to the desred answer. For example
User A wants to know who was the president in 1977?, but he does not receive an answer
to that question. There upon he asks who was the leading party in 1977? and receives an
answer. Anyone in the future asking for the presdent in 1977 should easily have access
to the question of the leading party in 1977, too.

1.4 AnswerBus- a Web Based Question Answering System

1.4.1 AnswerBus- aMultilingual System

AnsverBus [Answerbus] is an operrdoman question answering sysem based on
sentence level information retrieva. It accepts users  natura-language quedions in
English, German, French, Spanish, Itdian and Portuguese and extracts possible answers
from the Web. This makes the project interesting for our work, as our prototype will use
a gmilar technology. AnswerBus can respond to users questions within severa seconds.
Five search engines and directories (Google, Yahoo, WiseNut, AltaVista, and Yahoo
News) are used to retrieve Web pages that potentialy contain answers. From the Web
pages, AnswerBus extracts sentences that are determined to contain answers. The current
rate of correct answers is good.

AnswerBus should demondrate that User Question
practica question answering on the Web ¥
|Sf%b|e. |4| Iranslated |J|.|n.|'-»||-.l|| |

AnsverBus takes a user question in
naurd language. A sSmple language
recogniton  module  will  determine
whether the question is in English, or Spécific Query =
any of the other five languages. If the —"‘T_\
guetion languege is not  English, _Ht#f

AnsverBus  will send  the origind | Hit Lists from Scarch Engincs |
question and language information about

Thacstion Type

A S
Matching Words '|—

Search Engine P
o = | Selected Search | nEmes |

the question to AltaVigas trandation | Estracted Sentences |
tool BabdFish [Babdfish], and obtain ﬁ(
the question that has been trandated into [ Answer Candidates |
Endish. A practica tes where | tried to )&
ansver the question “When was JF. [ Ranked Answers |

Kennedy killed?” in English and German

Image 1.3: AnswerBus
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did not return the same result. While the English verson of the question returned some
suitable answers, the German question “Wann wurde JF. Kennedy get6tet” brought no
answer a dl. This concludes tha the trandation process needs some improvement. The
following graphic shows an overview on how AnswerBus works.

The rest of the process consist of four steps:

1. sdect two or three search engines among five for information retrieval and form
search engine specific queries based on the question

2. contact the search engines and retrieve documents referred at the top of the hit
ligs

3. extract sentences that potentially contain answers from the documents

4. rank the answers and return the top choices with contextual URL links to the user.
Insted of returning a snippet of fixed length of text, AnswverBus returns
sentences, which can provide users with some contextua information for the
answers.

AnswerBus ams to retrieve enough relevant documents from search engines within a
reponse time that is acceptable to users. The main tasks are to sdect one or more
gppropriate search engines for a specific user question, and then form queries that match
to the question as well as the sdected search engines. The formation of the queries is an
essentia  procedure because it can largely influence the recall and accuracy of question
answering and the speed of the system operation.

Different search engines or directories may maich different types of questions For
example, for questions about current events, Yahoo News may be a better choice than
Google. For a specific question, AnswerBus chooses to use two to three most appropriate
search engines among the five ones. In order to determine which search engines are best
auited for a specific question, AnswerBus preanswered 2000 sample questions, including
questions typed in by test users. It sent the queries based on these questions to dl of the
five search engines. For each question, it recorded the number of possble answers that
came from the different search engines. All the words used in queries are indexed. For
example, for Word 1, Google may return 8 answers, AltaVida returns 4 answers, and
Y ahoo returns 7 answers, for Word 2, Google 6 answers, AltaVista 6 answers and Y ahoo
5 answers. For a query with Word 1 and Word 2, AnswerBus will choose to use Google
(8+6) and Yahoo (7+5). If a query contains words not included in the indexed lig,
AnswerBus uses the search engines average returns for dl the indexed words to
determine which search engines are most appropriate.

1.4.2 TheMethodology of AnswerBus

Mogt search engines are not designed for naturd language questions. The computing
speed has been regarded as very important throughout the development of AnswerBus.
For a scalable Web-based QA system, compromises need to be made between speed and
recal of answers. Thus AnswerBus does not try to find the best query; ingtead, it tries to
locate the good enough query that will conduct the search task very fast. The focus has
been laid on generating one smple query instead of an expanded one.

Severad agpproaches are combined to form queries, including functional words deletion,
use of word frequency table, specid words deetion, and word form modification.

13



Especidly these approaches are of interest for further development of our question
answering prototype.
- Functional words deletion
Functiona words include prepositions, determiners or pronouns, conjunctions,
interjections, and discourse particles. Functionad words deletion, which often can
make the query short enough, can be used as a basdline of a search engine
specific query formation. Some words are not functiond words but are acting as
functiond words for example, “kind of,” *“name the designer of” can dso be
deleted from the query:
Use of word frequency table:
Another way to make a query shorter isto deete frequently used wordsin the
query. The basic ideais that the more frequently aword is used in alanguage, the
less discriminating the word is. Thus AnswerBus implements aword frequency
table. For along query, AnswerBus sorts dl the words in the query and deletes
one or more words that are identified as frequently used by the frequency table.
Word form modification
Some wordsin the origina question are converted to another form then put in the
query. Usudly they are verbs, for example, ended becomesend in questionslike
“When did the Jurassic Period end?’. Has becomes have in questionslike “How
many hearts does an octopus have?’

After sending the question to the preferred SearchEngines, AnswerBus downloads and
processes the documents referred at the top of search results returned by different search
engines. First of #l it parses the documents into sentences and then determines whether a
sentence is an answer candidate through a process of word matching. Answerbus uses a
HTML tool to split of the HTML tags and to receive the intringc text.

In order to determine whether a retrieved sentence is potentidly an answer to the
question, AnswerBus cdlassfies dl words in the origind question or sentences in the
retrieved documents into two categories matching words and non-meatching words. All
words that are used to form the search engine specific query are matching words. The
rest are norn- matching words.

After the extraction of answer candidate sentences, each sentence has received a primary
score. Those sentences with a score of “0” are dropped. Nevertheless, the primary scores
are not robust enough for the judgment whether a sentence is a red answer. AnswerBus
uses severd techniques to refine the primary scores, which are the determination of
question type, the use of a Question Answering specific dictionary and named entities
extraction. The final score that is used to determine the rank of an answer is a
combination of the primary score and the influence of dl the different factors.

Almogt dl quedtion answering systems use question type to judge the answer. They
classfy the question types in different categories, or on that, wha users except to
receive. For example, a “Who is ...?" will be assigned as the type person or organization ;
while“When did ... happen?’ will be classfied as a date or time question.

AnsverBus dso uses question type as an important piece of information to judge
whether a sentence can be an answer to a question. AnswerBus classifies questions into
different question types together with some parameters. For example, AnswerBus
classfies both of ‘How far ...?” and “How close ...?” questions as distance questions,
but it dso differentiates these two types of quetions. The unit of the answer to “How far
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.7 mog likdy will be “mile” “kilometre’ and other rdated bigger units, it has smal
chance to be “inch,” “centimeter” etc. For “How close ...?". quedions, the unit of the
answer to this question could be any of the above, depending on the context in the
question. It could dso be “nanometer” or others. AnswerBus uses a question answering
specific dictionary, a database containing this kind of information about the reationship
of words between questions and answers. For example, for the entry of word “far,” the
definition provided in the dictionary contains “miles” “kilometers” “light years” for the
word of “high,” the definition contans “fedt,” “meters” The dictionary is used to
digtinguish question types, and determine whether a sentence is the right answer.

143 Conclusion

AnswverBus is a very powerful question answering system. It demondrates that question
answering in the web is not a fiction anymore. The fast response time and the acceptable
answers, as long as questions are being asked in English, make the system interesting as
an interface add-on for the prototype question answering system which will be developed
padld to tha peper. A further description of the prototype's interfaces and their
modules will be described later. The following graphic shows that AnswerBus reaches a
high rank congdering the factors of evauation.
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Image 1.4: Evaluation Answer Bus
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1.5 Cyc- The Approach to Manage Common Knowledge

In 1984 the American Industry, or to be more precise a research fond to which belong
firms like Boeing, HP and Microsoft in Austin, crested a project cdled cyc [cyc], derived
from “encyclopeedia’, the answer to the Japanese program of the 5" Computer
generation. The reason why we understand clauses like When | came home a mouse
nibbled at my new mouse is, because we undersand the same words with a different
meaning. And again the reason why we understand the same words with a different
meaning is, because we have a lot of (common) knowledge about the things that
occurred in the sentence above. For example we know, that mice like to nibble.
Furthermore you can guess that someone prefers to buy a input device rather than a pet.
Exactly that knowledge, or from another point of view, the lack of knowledge is the
reason why current computer-based question answering systems and text comprehension
systems don'’t achieve the breakthrough.

Common knowledge is hard to manage in a system that is based on zeros and ones. Until
then it was extremey complicated for both the atificid inteligence and the fidd of
informatics to ded with the implicitness of our culture. Because of that reason employees
of Cycorp had to andyse and collect statements with their common sense for ten years
now. They sysemdtize statements like a ticket for a cinema costs 5% or humans live
during a single continuous ending time interval. This could be an important step towards
mechanica trandation.

Cycorp cdams to be "the leading supplier of formaized common sensg’. CEO and
founder Doug Lenat has labored 17 years to codify facts such as "Once people die, they
sop buying things™ He uses a form of symboalic logic to classfy and show the properties
of informeation in a sandard way.

CycOrg has put in 600 personyears of effort, and has assembled a knowledge base
containing 3 million rules of thumb that the average person knows about the world, plus
about 300,000 terms or concepts.

Cyc is more seen  as a power or common knowledge source rather than a single
goplication. 1t could be used for any given gpplicatiion. Sometimes one needs commont
sense knowledge and sometimes domain knowledge. Cyc could be used for agpplications
which need common- sense knowledge.

151 Open Source

To achieve better popularity the organisation created an OpenSource project [opencyc],
which dlows many people to use the cyc knowledge base and the cyc engine with little
restriction compared to the commercid verson. The stroke of genius behind the idea is,
that the whole community is usng the same knowledge base. This of course produces a
lot of low quaity knowledge or even invaid statements. For that reason CycCorp filters
daements if they fit into the generad vaid knowledge base. If a rule clams that a car
makes 500 kmvh Cyc will be scepticd againg this as it knows that vehicles on earth
won't make more than 280 kmv/h and sorts this kind of rule out.
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152 UseasQAS

The recognition of coherences and especidly the ability to manage common knowledge
makes Cyc interesting as a usable technology for an Question Answering System
combined with a knowledge base, especially because Cyc is OpenSource and for that free
of charge. But the sysem has two mgor drawbacks. The firg is the fact, that knowledge
does not grow by it's own. Every new rule or axiom has to be entered manudly, a
process that absorbs a lot of patience and time. Furthermore an employee is needed, who
is familiar with the CycL programming language and the way how to enter knowledge
rules. The second drawback is the complexity of Cyc. It would need month to ingdl and
implement a system that is based on the knowledge base of Cyc. Time and money which
is not available for our QAS at present time.

MUTLILINGUAL
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CYC has the ability to learn. but anly
manually by a specialist and not
automatically by the user.

Image 1.5: Evaluation Cyc

153 CycinUse

Ten years ago the founder of Cycorp Doug Lenat prefigured that Cyc would be in every
Microsoft Operating Sysem. By that time Cyc was a kind of outdanding, but the
expectations have not been fulfilled completely. Still Cyc is an interesting product which
should not be underestimated.
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At present time Cyc is used a a top-secret military command, which is pickier than most
organizations about information security. And it is one of the firg users of CycSecure,
the firse commercid application of Cycorp Inc's Cyc Knowledge Base. The command
uses CycSecure to ensure that al relevant patches have been agpplied to fix known
vulnerabilitiesin its networked computers.

CycSecure fits into a variety of projects, including the U.S. Department of Defense's
Information Assurance Vulnerability Assessment natification program, to keep up to date
on dl known ways a sysem can be attacked. It also knows about the military command's
computers and networks and combines that knowledge with the vulnerability information
to amulate network attacks. When it spots a potentid vulnerability in a computer, it can
go out to that box to determine whether it is in fact vulnerable and then recommend the
appropriate patch.

CycSecure for the command is customized, but because such customization involves just
adding rules and knowledge to the database, it doesn't require software changes. Cycorp
maintains the gpplication for the command now, but eventudly the user will be ade to
take over maintenance itsf.

It's rule-driven; it's dynamic, it kind of grows and it keeps up with the attacks.

Cycorp CEO Doug Lenat offers this explanation of CycSecure: "Cycorp Cyc knows what
ae normd, legitimate actions -- such as a user renaming one of ther own files or
changing therr password -- and what are actions taken by hackers -- such as packet-
sniffing and spoofing. An attack plan generdly includes a large number of 'normd’ steps
and one or more 'hacker' steps. Cyc does not have a modd of the hacker mentdity, such
as gods, ego and s0 on, but it does have the notion that hackers generdly want to be
undetected, snce that motivation accounts for many seps in many plans which would
otherwise be missed.”
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Knowledge Management

2.1 TheBeginning of Knowledge M anagement

During the time of the last century one could observe how the economy changed. At the
beginning of the 20" century the persons in work where made up of 40% of workers in
the agriculture, 30% were employed in the industrid sector and about 10% in the service
sector. Only about 10% at these days were employed in the knowledge and information
sector. While observing the scenario today we notice a total change. The persons who
are in the information and knowledge sector have a percentage of over 60% while on the
other hand workers in the agriculture sector decreased to 4%. The question is how could
a manufacturing sector decrease dramaticaly while another sector grew by 600%,
athough the sector “only” produces soft goods which cannot be touched.

From the development of different enterprises we can see that they ether survived by
expanding or by specidisation. Moreover the lagt century, many inventions in the
agriculture and industry were made s0 that the need for physica work became less
important. In former days many workers were needed to farm a farmstead, while by now
the work process can be done by two persons with the help of machines. This was one
reeson why persons tried to get employed in the industrial sector. Education was not
needed in their new jobs as most employees had to do monotonous tasks. Only until the
products became more complex and producers noticed that they would need more
educated and specialised staff, companies began to spent money for better education and
advanced training. Behind that was a problem that was not seen a the beginning. After
the educated employees or as we cal them now the knowledge owners left the company
their specidised knowledge went away, too. All their experience left and if the person
had a key position this could be a enormous loss for the company. In some seldom cases
it could even endanger its exisence. A task which was processed by an worker who
retired was now impossible to handle.

While companies were trying to compensate the risk by invesing in new technologies
they noticed that this done was not sufficient. Knowledge Management needs a more
“holigtic’ approach. To treat this problem knowledge can be understood as a new
resource. Hence, in our days companies try to split the knowledge to many employees to
avoid that one person is the owner of the whole business needs. Moreover if a dngle
person has the whole knowledge, most of the time this person is overworked and builds
the bottleneck as business procedures can't be done without his help.

The splitting of knowledge an the introduction of knowledge drategy is not as easy as it
sounds as knowledge is not a hard good which can apportioned arbitrarily. Furthermore
knowledge can not be measured or copied. One could describe knowledge as a kind of
unit which everybody needs, but nobody exactly knows what it costs or how much of it
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can be bought for a certain amount of money. It is difficult to say that a trainee program
that costs 10€ is worth the same amount or increases the vaue of knowledge for the
individua in the same amount. Too many factors ae involved. For indance the
individud ability to learn and the exiding knowledge in that area. The next point is that
someone could say that she learned something but that does not implicitly guarantee that
she knows how to apply the new knowledge It turns out that knowledge is not just
everything we see or hear. We aways have to group and connect the learned materia to
dready exigting knowledge. Only if that happens new knowledge has been created.

2.2 Badgc of Knowledge M anagement

2.2.1 Termsand Development

To introduce the concepts of knowledge management we should have a look a how
humans try to undersand complex innovations. When humans try to understand non
transparent-facts they mostly use abdraction and differentiation so that the facts ae
understandable for everybody. The history of knowledge management was determined
by practicd and theoreticd points of views. The theoreticad approach was defined by
many debates about knowledge while the practical approach has been driven by the
question on how to treat the resource knowledge. In between those two we can ory find
the discusson how the deployment of instruments with which we can handle knowledge.
This discusson is based on information technology and knowledge. On the one hand
information technology is used in dmost every enterprise which qudifies IT as a naturd
medium to handle the flow of knowledge. The main ams of knowledge management in
enterprises or the introduction of an IT-system. On the other hand do knowledge
management theoreticians warn of the high cost which do not implicitly lead to a better
output. The high investment in new IT-sysems can cause a worse output when saving
will be made in the employees educetion instead. The big risk of that drategy is that
knowledge becomes a inert information. This way of knowledge management which
sometimesiscdled : “more T, lesshuman!” can lead into adead end [Borghoff 1997]

The following graphic should demongtrate how knowledge arises [Probst 1997]
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Image 2.1 How character sbecome knowledge

At the beginning there is an unordered set of characters. Those characters build the
presuppostion for the following steps and can contan letters, numbers or specid
characters. These characters are brought into a syntax which makes them readable for
both computers and humans — we then tak about data Data dways arises through the
combination of characters. If data has a certain context it builds information. If we
condder the grgphic agan we can concude that information is a combination of data
which has a certain context. For that information is aways oriented to the receiver and is
subject to its individua perception. A receiver does not compulsory have to be a human
being. Information can be understood or interpreted by computers as well. The most
difficult pat now is to find different cross links between information. Mot software
products fall on that step, because the complexity of it is very high. A nice approach to
cross linking knowledge was discussed before when we described the Cyc [cyc] project.

Another abstraction nor shown in the graphic could be the competence. It is the ability of
an individud to use his knowledge on a certan task, but aso the &bility to combine
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different information in such a way tha new knowledge aises. We can sy that
knowledge isthe premise for competence and the basis of acting of an individua.

What knowledge is and how it arises is one of the basic questions of philosophy. Grant
[Grant 1996] gives a definition on what knowledge is. This definition is aways
subjective and depends on the point of view and the area of research oneis Stuated.

“Knowledge is dways fixed to memory and arises through the
processng of perceived information in our brain. A requirement
for the processing in our brain isthat contexts, which have been
important for the development in the history of the system, are
available. The association of perceived relevant informeation

with available contexts or experiences are building the end
product of the learning process, in which datais being registered
as information and is being learned as new knowledge.”

2.2.2 The Difference between Information and Knowledge

The intent with KM is to manage knowledge practicaly and effectively to reach broad
operational and drategic objectives. That requires a clear understarding of what is meant
by knowledge. We must be specific about what knowledge is to manipulate and judge
how it affects people, culture and other factors within the enterprise and its environment.
We mug digtinguish between what we mean by “knowledge’ and “information.” At firg,
it may appear as mentioned in the graphic aove that there is a continuum from signds to
data to information to knowledge-and onwards, perhaps to wisdom. However, when
examining the nature of these conceptud condructs and the processes that create them,
we find bresk tha make information fundamentaly different from knowledge. Most
people think of knowledge as a recipe to ded with a concrete, routine Stuation.
However, few dtuations are repeated. Because of that, knowledge must provide us with
the capability, the underganding in the form of mentd modes scripts and schemata
concepts, and mental models. The discontinuity between information and knowledge,
referred to above, is caused by how new knowledge is created from received information.
The process is complex. To become knowledge, new indghts ae interndized by
establishing links with dready exiging knowledge, and these links can range from firmly
characterized relationships to vague associations. Prior knowledge is used to make sense
of receved information, and once accepted for incluson, interndizes the new indghts by
linking with prior knowledge. Hence, the new knowledge is as much a function of prior
knowledge as it is of received inputs. A discontinuity is tus created between the inputs
and the resulting new knowledge. The resulting knowledge and understanding is formed
by combinations of mental objects and links between them and alow us to sense, reason,
plan, judge, and act.
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2.3 Definition of Knowledge M anagement
Thefollowing statement gives a definition about what could be understood as knowledge

“Yesterday's data are today's information, and
tomorrow’ s knowledge, which in turn recycles back
through the value chain into information and then
into data.” [Spiegler 2000]

This statement should demondrate what we ae taking about when usng the term
knowledge management sysem. The problem our days is that terms like information
sysem, knowledge management, information retrieval or even knowledge datdbase ae
often used in a quedtionable context as those ae building keywords in the new
information age.

The usage of those key- or buzzwords has both postive and negative effects. The
postive is that people start creating images and ideas what buzzwords represent, which
means that they get used to the topic and are not afrad of ther use anymore. The
negative effect is that those words ae being introduced by maketing and sdes
departments. Those impressons often distort the red meaning. Hence people get an
imagination of those sysems which can be fa away from redity. For indance many
believe that a data warehouse is just another view to the red database. Some people do
dill not understand that the concept and the design of such a database is farly different
from that of a normal database.

Also knowledge is sometimes not diginguishable from data and information [Alavi
1999]: “At the beginning we just had data and information afteewards we had data
management  and  information  management.  Technologies like databases, data
warehouses and information retrievd  sysems where introduced. Now we have
knowledge management and knowledge becomes atraded good”.

2.4 Aspects of Knowledge M anagement

24.1 Introduction

Lately knowledge becomes - besides other productivity factors like labour, capitd and
land - an important good [Abdecker 1999]. Nevertheless knowledge is a neglected good
as it is difficult to discover and ill not a hard good like the other factors. It is stored in
individud brans or implictly encoded and hidden in organizational processes,
dructures, documents, services and systems. Sometimes undiscovered knowledge is
hidden in large databases or data warehouses. To discover such hidden coherences in
databases data mining is used. Data mining and data warehousing can fill a book on its
own and will not be explained in detall here.

To protect intelectual assets from decay and to improve the process of decison support
knowledge management becomes a discipline of its own. To survive in the market today
every enterprise should consider to have a suitable knowledge management system. For
that KM has been recognized as one of the key factors of a future enterprise. Especidly
the organisationd technologicd and socid changes judify the use of such a system.
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Computer scientist from different fidlds carefully pay attention to this new area and try to
develop computer systems to manage the new knowledge factor. Many systems failed
due to low participation, others had little success [Kralman 2000]. One noticed that there
is probably no al-round solution and a software implementation dways goes with some
COMpPromises.

The effective and efficent use of knowledge through a professond knowledge
management system is the bass for a successful new cognition which could improve
workflow processes.

At the present moment the young discipline knowledge management can be seen from

three different points of view which are outlined in the next sections [Kralman 2000].

2.4.2 Informaticsand Knowledge Management

The work done in the fidd of informatics focuses on the use of information and
tedlecommunication gpplications, conddering knowledge management aspects. The
complexity of knowledge and its requirements to handle it pefectly exceed the
posshilities in that sector of informatics a the moment. On the other hand a lot of new
technologies have been developed which ae succeeding in individud fidds of
knowledge management. Daabase systems, applications of atificia intelligence, the
principle of the object orientation, data mining and other knowledge tools are some
examples of useful implementations in the certain branch of knowledge management.
These tools support beside the communication aspects the storage and the distribution of
knowledge. However, these aspects build just a pat of the knowledge problematic. As
mentioned before the semantic aspect of knowledge the question about the vadue and the
meaning of knowledge ae not solved yet. For that reason it is necessary tha the
enterprises intranets, knowledge databases and kmtools identify knowledge sources to
extract, store and renew them.

24.3 BusnessPractice and Knowledge Management

More than ever, companies are confronted with a dynamic environment which changes
permanently and fast in an extent and speed which was not known before. The
continuing increased dynamic of competition makes it necessary to rethink actua success
drategies. Different technologies grow together and the increased relevance of
information and communication  technologies cause shorter production cycles and let
aise hybrid products. Even new competition sectors like E-commerce come into
exigence. The globa spread out and flood of knowledge occurs very fast, but on the
other dde the hdf-life period of knowledge is becoming shorter and shorter. So called
knowledge workers will play a more important role. Those persons are responsble for
keeping the knowledge up to date and are responsible that knowledge becomes a key
factor.

The idea described above, ae especialy important vaid for service enterprises.
Especidly the management consultancies recognized the importance of their knowledge
vay ealy and those companies were the firsg which showed activities in that fidd and
developed software for oring and retrieving knowledge [Kralman 2000]. But dso
production companies redize the importance of knowledge, and became sengtizes to that
subject.

In many places companies recognize that a efficient improvement of the production cycle
is not a guarantee for a successful business, it can only be another piece to support the
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companies success in a turbulent environment. It should be more important to have and
use drategic flexibility, credtivity and busness energy, to conserve renewa processes.
Renewal agan is based on knowledge from actud facts-knowledge till draegic
knowledge. Based on this thess knowledge becomes a new vaue as a “soft good” which
can be manifested in the company in many different forms. New job sectors arise like
Chief Knowledge Officer who's task is to maintan the knowledge and to find new
resources of interest. The Chief Knowledge Officer could aso declare the vaue of the
knowledge which associated with the company. Especidly the enterprise vdue of a
consulting company is based on knowledge which can fardly be described in numbers or
cash. More or less the only cash vdue that can be measured which reflects the vaue of
knowledge are the costs being spent for software or education.

By now knowledge will be accepted as a centrd resource in the enterprise which has to
be managed from different perspectives.

24.4 Strategy Research and Knowledge M anagement

The actua researches being done in the fidd of knowledge management have a lot of
positive resonance. In practice people are isolated engaged with the issie knowledge and
its management while in the research views the resource knowledge is closey combined
with dynamic learning. Knowledge from that view is aways seen as a innovetion and a
resource with its own characterigtics.

Mechanisms and approaches to karning have been explored throughout higtoric times. In
recent years a forma learning theory has emerged to provide a framework to understand
learning. Learning theory podulates that al learning modds conss of four principa
parts [Wiig 1999].

a class of languages or other structured means of communication, one part of
which isthe “target of learning” (materid to be transferred)

the learning environment that provides knowledge materid to the learner
alearning strategy that maps new knowledge material onto hypotheses based on
prior knowledge; and

asuccess criterion that defines acceptability and correspondence between the
learner’ s conjectures and the learned material.

Unfortunatdly, learners differ congderably in both backgrounds and cognitive syles
This diversty requires that the teaching-learning processes must be versdtile to teke
advantage of the learners’ strengths and compensate for their weaknesses,

2.5 Challenge of Knowledge Management Systems

25.1 Challenge of Knowledge

Companies do no longer compete as much by resources and the economic use of them as
they did ten years ago, as this market has reached a stable form. More and more we can
see that companies differ from each user by the deployment of the resource knowledge.
To underline the importance of the resource knowledge in our days this term will be
decribed from different points of views. Lady many  efforts from researchers,
consultants and managers were made in the fidd of totd qudity management, lean
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management, business process management, reengineering or the implementation of a
learning company. By now companies discover knowledge as a chdlenge, both in an
academic and economic way. This is the step towards a knowledge society. Not the
production of materia goods is the centra chdlenge of an enterprise, but the solution of
problems in a fast changing market. When companies reduce their physcd or materid
production their cregtive and knowledge intensve activity grows. The main pat of tasks
in new companies is now in te field of knowledge work. This work could be described
as tasks that are based on specidized expertises of persons, who have to adopt ther
professon in lingering training processes [Willke 1997].

For enterprises now exists the problem, that on the one hand they need a reatively high
amount of intern specidists and on the other hand the knowledge of these experts has to
be associated to a demand or service in the market. The result of that development is, that
the deployment of work and capitd resouces are being shifted in favour of a better use
of the resource knowledge.

In the indudtrid time the main focus of the companies was not to waste working capacity.
In the years of automation they tried not to waste the resource of machines. By now they
try to improve the use of the exigting information.

2.5.2 Knowledge as Resource

Besides the traditional resources like rav materids, work and capitd, we tak about
another resource, as one could guess it is knowledge. This can be explained in the
following dtatement. “Knowledge can smilar like other production factors be anaysed,
balanced and managed.” [Probst 1997]. Such a point of view has cruciad consequences to
the trestment of knowledge. It should be one's am to dispose this resource economicaly
and usefully. This could for indance mean to get it on time and to use it without
redriction at the location where it is needed. This means the right knowledge at the right
time at the right place.

To reach that Satement, one has to make an effort for the creaion, codification and the
storage of the knowledge to manage and control the new resource.

Knowledge is not a resource in a conventiond sense like for instance raw materias.
There is no way to consume or exhaust this resource. Shortness of knowledge des not
exig, only if the source to the information is hardly accessble or if the information
needed is cogtly. Through divison new knowledge can arise. But dso knowledge can not
be seen as a good that can be warehoused, divided and transported arbitrarily [Probst
1997].

2.5.3 Changing Established Habits

Over time knowledge takes the risk to become a blockade for further or future learning.
New things ae dways asociated with a new sep into suspense, uncertainty and
frusration. The willingness of learning new knowledge depends on the degree and
acceptance of disgppointment of the individud. One knows something until she will be
convinced of the opposite. Nevertheless the tempord and sometimes even approximating
vdidity of the knowledge will be likedy owerseen. The more often a knowledge or a rule
has been approved the harder it is to let it go and to accept innovations in this area. We
al know when somebody says that they dways did it that way and why they should
change their established habits, if the old process was satisfying and lead to a result.
People are afraid of innovations as they are not used to it and because of the fact that
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something new is dso a degree of uncertainness. This has the effect that new thoughts
and innovations are not tried out. On the other hand does this “branded knowledge’, if it
was often enough employed successfully, build a standard in the companies knowledge
database. This normdisation and standardisation ensures that processes do have a stable
sequence, so that the factors insecurity and disquietude are being diminated.

ISO 9000 for ingtance is a sandard to improve the qudity management of a process. You
choose to follow this path of the guidelines because you fed the need to control or
improve the qudity of your products and services, to reduce the costs associated with
poor qudity, or to become more competitive. Or, you choose this path smply because
your customers expect you to do so or because a governmentad body has made it
mandatory.

The consequence is tha know how that is branded in peoples mind could hardly be
changed as the willingness is not given and the effort cannot be seen. Employees only see
the additiond expenditure which is necessary to learn something different. The benefit of
it might be too far away. This is an important factor for dmost every new technology as
well. Managers are convinced of a new process as they can see the benefit of it, but they
forget that their workers often do not have the same information as they have. The
concdlusion is tha before deploying a new sysem the inddlers have to promote ther
product to the people who redly work with it. Otherwise they take the risk tha the
sysem will be refused which has the opposte effect it should have. The worst case
would be that a innovation or knowledge expanson causes the enterprise to be instable.
The preparedness to learn and the quitclam of dable knowledge is associated with
insecurity and the result of the learned materid is because of that uncertain, too.

From that point of view knowledge and learning ae complementary terms. Either
something is known or something has to be learned or as we can aso say: ether
expectations are sustained or they will be rebuild. The circle of that view can be closed
when we consgde that learning is the requirement of knowledge while knowledge is the
limitation of learning. The willingness of learning is a permanent process of surprises
This can be a learning processes where the result of the process is dmost unknown. Even
sometimes the result can be, not to learn anymore.

2.5.4 Communication of Knowledge

Knowledge that stood the test in one department is not necessarily relevant or applicable
in another department. Mostly everything depends on the individud system history and
the matching of the knowledge to experiences. Communication supposes that the receiver
can handle the content and that the information is relevant for him. Especidly in that case
a question answering system like the one developed for this paper has a big advantage.
Only knowledge which is desred and rdevant is communicated. We imply of course that
the knowledge or rather the answer of the question is correct und understandable.

Knowledge that will be transported as knowledge, dways includes the fact that the
receiver does not know anything or maybe not enough of the actua subject. Or in other
words which sysem likes to recondruct itsdf only because another system or individua
cams that it knows something new or better without knowing if the effort to learn
something new is redly successful and brings you to a higher step.

From that we can see that the open and the covered rejection of knowledge can dso be a
result of the knowledge effort as wdl as its adoption. A good example for that is a rule
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which is being added to the Cyc (see chapter CYC) database which is evidently fase. For
instance that cars drive 400 kmv/h. The rule is akind of regjected knowledge.

That can be a drawback of the transfer of knowledge which is rarely seen by the classic
approaches of knowledge transfers. [ Gtz 2000]

Comprehension and Cross-Border Communication

As dready explained in the section above, knowledge depends on the experience of an
individua and the sysem higtory. Experiences, information and answers that were
successfully approved are stored as postive and impressions that caused failures were
dored as negaive. Every information that will be added into a sysem has to be
processed so that it has a certain context. The easiest and most efficient way to transfer
knowledge isto communicate it.

Especidly organized companies are designed to work autonomoudy and to communicate
from time to time while holding a meeting for ingance. Besdes that communicaion in
between that dructure is very recommendable. Moreover the concentration to one's
work and environment has the effect that work can be done very efficiently.

Knowledge is being build in between a certain frame of reference and only makes sense
in that surrounding. A frame of reference will mostly be a department or a project group.
Mog of the communication takes place in that closed group and will only be transmitted
cross the border in a well defined way which has been discussed in advance. The frames
of reference do not fit together as one department is not informed of the operation mode
of another department. This is a typica example were the resource knowledge is wasted
or not used efficiently because of disinformation or alack of communication.

The implementation of a quesion answering sysem could dose the gep and build a
bridge between hierarcchical <spliting as questions ae visble for everybody
independently of his pogtion and location. New networks of specidists can be found
which have been separated before because of weak communication. One secret of an
successful company which survived in the market is exactly that the drawbacks of the
hierarchicd dructure are compensated through a department overlapping knowledge
interchange. A question answering system like ours can fit perfectly in that policy.

A problem about sharing knowledge can be that the sender of information is afraid of
loosng his monopoly and with it the security of his own job. If the process of offering
knowledge will be rewarded the knowledge owners loose the fear of becoming
unimportant. In addition if they recognize tha the disposa of ther own knowledge
cregtes a discusson which on the other hand could improve their own view of things,
they will pretty soon participate and like that concept. How an individud &bsorbs and
stores new learned knowledge depends on the persond attitude and can hardly be
manipulated. Another advantage can be to receive respect from your boss and other
employees when they recognize that you are a knowledge owner and willing to share. It
is important that the department manager takes away the fear to share knowledge. The
predication has to be clear, we are one team and nobody is working for his own.

255 TheManagement of Knowledge

As the knowledge oriented society is by its means a society of organisation, the man
focus has to be the management. The term management has to be explained by here.
When we darted to adopt the term management the am was to explan management
from the organisationd point of view. The reason was tha big companies built ter first
organisttions. After a while it became clear that the management is the qudifying organ
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of a company. All companies need a management no matter how they cdl it. Often you
hear a manager saying that it does not matter for which company she works. One could
work as an IT or an automobile company. The tasks and the problems are dmost the
same. Management is a abgract task and kind of independent of the product and the
sarvices the company offers. Because of that we can say, that al managers do more or
less the same.

The man task for every manager is to bring together people with a certan knowledge
with other people to join ther services which can improve the companies benefit and to
creaste new services That means that managers need both, the knowledge of ther daly
work and the understanding of the companies structure. The main focus has to be on the
companies markets, its abilities, its vaues, the environment and of course the essentid
capabilities. [Drucker 1996]

The theory of managemert is a common science of the formation of socid systems The
feature of a socid system is, that it is composed of many subsystems which again can be
humans or other subsystems. The science teaches us how to percelve these systems
cognitive and how to divide them in our thoughts in smaler components. Another point
in the science of management is arrangement and formation of organisations by means of
a dedtined socid system. Usudly those systems include many agents which are dlocated
to a specid function or role. Through various mechanisms of coordination it will be tried
to reach the ams which have been chosen before. Two different forms of coordination
are diginguished. Firdly the hierarchy and secondly the market. The agents of a market
are autonomous and decide fredy if they take part in a equity switching. The hierarchy is
based on the consolidation of resources which causes a loss of autonomy. Those vertica
hierarchies are cdled organisations which can be firms, associations or clubs.

A second field in the management theory dedls with the figuration of processes. It is tried
to have a drategy to reach a cetan am. Those ams will be subdivided in severd
concrete flows and will be supported with the necessary resources.

Management could be seen as a free decison to take the responsibility for a clear defined
am. To reach this am resources like humans and raw materias or machines are used in a
work process where the power of influence of the management is used to control these
processes. [Hoffmann 1989].

In the red world this means that an individud has a contract with a company which fixes
his income for benefits made for the company. The top management will be responsble
for any failures, which means that if the management is not abke to manage the processes
named above it will be fired in the worst case. As nobody can have an overview of dl
processes in a company it is important that the informaion channes ae working
properly. Hence it is the beginning of this subchapter. It is important that managers get
an overview of thelr departments to bring together people with a certain knowledge to
improve the companies benefit. Many systems are used to give managers a compressed
oveview of the companies daus quo. MIS (Management Information System),
Stetigicss, OLAP tools are just a view. Hopefully in a couple of years a question
answering knowledge base is dso an important management information system.

Competent managers diginguish themsdves not only by ther knowledge. More
important are ther socid skills. The ability to lead and handle human resources is much
more important than the perfect deployment of raw materids for instance.
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25.6 Knowledge Management

The term knowledge management has a lot of definitions, which shows how manifold the
domain knowledge management is. The formulaions which will be explaned here is
mainly taken from the German literature.

It is the god of knowledge management to bring the potentia of knowledge which exists
in a company into ling so that it builds a integrated and company-wide knowledge
system, which insures a efficient knowledge processng to reach the companies ams.
Based on that, the formation of the companies whole knowledge and the deployment of
naturd and artificid resources for the knowledge adminidration is necessary. [Albrecht
1993]

In that chapter we have seen knowledge from many different points of views. We can say
that knowledge is one abdraction level above information and we found out, that
discipline knowledge can be subdvided in three different parts, based on informatics,
business practice and Strategy research. Later on we tried to see knowledge as a resource
and found out that it is hard to change established habits of employees to teach them new
processes. At least we were discussng the communication of knowledge and the
problems that can occur.
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Information Retrieval and Processing

3.1 Stemming

3.1.1 Introduction

Stemming indicates the building of sems from a word. If a document management
system uses gemming it has not only the ability to look up the word during a full text
search, but aso the conjugated form of that specific word. For instance if someone
searches for the word drive the retrieva program should aso discover locations with the
word drove.

Although everything in our world and in our times is Multi- and Hypermedia, text is ill
the preferred type of encoding and saving information. More than 80% of the documents
found in Google or Altaviga are textud [Bray]. Search engines like Altaviga clam to
have indexed about 100 million documents. These two facts imply that everyone who has
access to the internet is overwhemed by the number of documents being offered.
Without a reasonable indexing scheme it seems to be impossible to get a survey. As no
one is able to keep track of that amount of data and nobody could index these files
manudly, there is a srong demand for automaticdly indexing, searching, extracting and
integrating information

3.1.2 Stemmingand Decompounding

One of the mgor problems for any kind & automated text processing is the detection of
different morphologicd variations of the same word. Especidly for question answering
sysems, information retrieval and data mining, these variaions must be detected and
mapped to a common form. Mosgt adgorithms try to find the word sems to compare and
save the words in a common form. The problem about semming is, that a semmer-
program should conflate together dl and only those pars of words which are
semanticaly equivdent and share the same sem. This am is hardly to reach perfectly as
a semmer-program is a our days not able to work faultlesdy. But actudly the error rate
can be decreased to a negligible minimum depending on the agorithm used.

Semming is the building of the sem of a word. If a document management system is
able to manage semming, it can not only find the typed word, while usng a full-text
search, but dso its conjugated or declination form. For example if someone searches for
to find the according retrieval program dso finds the reference source with found or
finding.

As described above many question answering sysems (QAS) or information retrieva
(IR) sysems which dispose some kind of semming. If a sysem uses gemming the am
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is to join derived words together to a common sem. The Sde effect thereby is the
reduction of the sze of the search index, but more important is the dlowing, to retrieve
documents independently of the specific word form used in the query and documents.
The main reason for the use of semming is the hope that through the increased number
of matches between search terms and documents, the quality of search results is
improved.

Precison and recdl are the two most important measures for a good retrieva system.
Stemmed terms retrieve additiona rdlevant documents that would have otherwise gone
undetected. This leads to an improved recdl. There is aso potentid for improved
precison, snce additiond term matches can contribute to a better weighting for a query
and document par. If the demmer-agorithm joins terms too aggressvely, many
extraneous matches between the query and irrdevant documents are produced; this is
cdled "oversemming’. Even though the stems that are produced may be correct from a
linguigic viewpoint, they may not be hdpful for retrievd. In contrast, if important
relevant documents are missed because of a consarvative ssemming strategy, we speak of
"undersemming’. A good demming-agorithm has to find the right bdance of
combination for effective retrievd.

Sometimes we diginguish wesk and drong semming. By usng wesk semming only
different declensons of words are detected and conflated. For instance the word
“brothers’ is semmed to “brothe” and the irregular word “mice’ is semmed to
If you use a srong gemming dl suffixes and depending on the dgorithm sometimes dl
prefixes are removed from the word. For example the word “illness’ is conflated to the
adjective gem “ill”.

3.1.3 Stemming German compared to English

Thinking about our question answering system we concentrate on wesk stemming as it is
aufficient, as in many cases prefixes and auffixes cary lexicd and semantic meanings.
There are some problems that can occur by usng wesk stemming, which of course
causes errors. The am is to reduce these to a minimum. There is the problem to detect
the boundary between stem and ending, by cutting of too much of the stem it looses its
meaning, by cutting off too little it won't be the stem of the word. The mog difficult part
is to find the regular changes of a gem. Like in German there are words like “Haus’
(house) and “Héusar” (houses). In comparison to regular changes to the stem there are
adso irregular changes like “to go’, “went”, “went” or in German “nehmen” (to take),
“nahm” (took) and “genommen” (has taken). This problem as well can only be solved by
implementing a lexicd functiondity. This problem can only be solved pefectly, by
supporting the dgorithm with a lexicon-function. This, on the other hand is very time
intensve, as every word has to be looked up. Another problem is the so caled glue
character. This occurs by words like “swim” and “swimming” or in German for words
like“essen” (to eat) and “gegessen” (have eaten).

Languages like English with jus a few morphologicd variants, the most common
sgemming method is suffix dripping. The idea of suffix gripping is to iteratively cut off
al auffixes from a word. Suffix dripping is usudly based on a dictionary of suffixes a
longest match dgorithm, and some smple morphologicd rules. An dgorithm in common
use, which uses that kind of suffix stripping was invented by Porter [Porter 1997]. Mogt
search engines in the web use the srategy of Porter to retrieve their documents [Porter
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1997]. The implementation of the prototype QAS of this thess will use the Porter
Stemmer Algorithm to index English texts and documents, too.

3.2 Stemming German

3.21 Compounds

By now science brought up different methods to retrieve documents or texts ranging
from languege-independent to sophitticated linguigtic andlysis. This chapter takes a
closer look at the German language, where, besides semming, decompounding seems to
be an additiond issuein retrieval.

Compounding is the combination of two separate words. The English language has little
of those words in comparison to German. It seems that most studies about femming are
deding with the English language. This rules can't amply be adopted into German, as
the German language uses this compounding words quite often. For tha reason if
someone tries to stem in German a more sophisticated approach is needed as the
declensond dructure is more complex than in other European languages. Nevertheless |
would like to exemplify the principles of a gemming dgorithm in Gemen as the
prototype will offer the indexing of documents in German, too. The prototype will
hereby use the dgorithm described below.

In mogt Germanic languages, but dso in some other languages like Finish, it is possble
to build compounds by joining severa words together. By using such words cdled
compounds the performance and especidly the recdl, may be negativdy affected if the
system does not take this word formation process into account. If the system is not able
to decompose or andyse such compounds lexicdly, relevant documents can rarely be
found. There are different approaches to andyze and split compounds. The process for
decomposing the joint words is caled decompounding. An example for an word from
that domain would be speedboat (german: Schnellboot). The decompounded form by dl
means would be speed(german: schnell) and boat(german: Boot). We focus of our
atention on the ussfulness of compound splitting for informetion retrievd, as that is the
work that has to be done in a question answering system. One has to be aware, that the
splitting of some compound words can cause a shift of meaning. This is often the case for
complex technica terminology. Although it is dmost impossible for a computer to make
a difference between words that should not be separated and those which should, one has
to care aout that factor. It is better to use a so cdled conservative decompounding
dgorithm to leave such compounds intact than trying to split a word and risking to loose
its sense. For ingtance, if someone separate the word “backbone’” dmost everyone who is
acquainted with the new technology knows that someone talks about a high performance
wire that connects various networks. By separating this word to “back” and “bone’ the
meaning of the word and its interpretation gets lost and so the precison and recdl.

The problem about German compound formation, which dlows us the formation of new
compounds draight forward, makes it impossble to correctly split dl potentid
compound words. Another solution to that would be "aggressve decompounding'. Thet
dgorithm produces a maximum number of decompounds by using heurigics. | dready
named the problem that occurs with that mechanism. Especidly as our project is being
desgned for a technologica environment decompounding should be used- if a dl- ina
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consarvative way. Mogt sudies on semming and decompounding behaviour have been
conducted usng smdl test collections [Moulinier 2000]. The sze of the collection,
egpecidly the length of the retrievd items is important, snce short documents, for
indance only titles and abdracts, increase the likeihood for word mismatch if no
gemming is used. Therefore it is not immediady obvious that a performance
improvement measured on smdl collections with short documents can lead to an
improvement on larger collections with longer documents.

3.2.2 Characterigticsof the German Language

German, in contragt to English, is a highly declensond language, a fact expressed by a
rich sysem of inflections and cases. Depending on the word cdass, i.e. noun, verb, or
adjective, there is a set of possble inflections for each particular word. There exis up
tol44 forms for one verb, which makes stemming more complicated compared to
languages such as English. Furthermore, words can be formed by attaching multiple
derivationd inflections to a sem in order to build new forms. For ingtance, the lexeme
“inform" is the gdem for “informieren’, “informiert”, “informiete’ “informierend’,
“Informetion”,  “Informant®, “informetive’, ec. Addtiondly, in most Gemanic
languages like Dutch and Swedish and dso in some other languages like Finnigh, it is
possble to build compounds by concatenating several words, such as for example,
"Haugtir® (house  door) or "Frihgtiick" (breskfast). In dmogt dl languages such
compound formation occurs, such as "hardresser”. However, in English and in Romance
languages these words are lexicalised, i.e. they cannot be expressed by a nomina phrase
the way compounds in Germanic languages could be ("HaugtUr" vs. "TUr des Hauses").
Because Germanic languages dso know lexicdised compounds, the trestment of such
words is quite complicated. The success of compound anadyss depends more on
linguigic knowledge than semming does. In principle, only words with certan types of
part-of-gpeech can be coupled, for instance noun/noun, adjective/noun, or verb/noun.
Some andyzers split only those compounds where the condituents have the same part-
of-gpeech  (nourvnoun, adjective/adjective)) and could be thus cdasdfied as
"consarvative'. Others split the compounds into al possible word forms, often by means
of a lexicon lookup. Because these methods do not consider the part of speech of the
condituents, for ingance they adso split pronouns, prepostions or aticles, this approach
can be described as "aggressve'. Linguigic compound andyzers lie in between, they are
slitting  compounds only into vaid word forms for example - nouns, verbs and
adjectives.

3.2.3 Stemming and Decompounding Approaches

The following section of text represents different methods of text recognition ranging
from completdy language independent methods to components that use eaborate
linguistic knowledge. Which procedure to use in practice, depends on the sysem to be
implemented and the individua preferences. The presented dgorithms should just
demondrate the different trains of thought.

Combination of word-based and n-gram based retrieval
The use of combined character n-gram and word-based indexing was reported as a
successful approach to German text retrieva by Mayfidd [Mayfidd 1999] and Savoy
[Savoy 2002]. The individud 6-grams, built on the unsemmed words, potentidly span
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word boundaries A man benefit of this gpproach is its complete language
independence - no specific linguistic knowledge is needed to form the nrgrams, and the
word-based indexing is done without atempting conflation. On the other hand, the
method is dorage- intensve the large number of different Agrams leads to a massvely
increased index Sze, which is roughly three times that of an ungemmed word-based
index.

Linguistica: Automatic machine learning

Linguigica [Goldsmith 2000] peforms a morphologicd segmentation based and
unsupervised learning. The am is to find the correct morphologicd splits for individud
words, in a language-independent way. Possble categories of ems are identified using
a st of auffixes that is detected soledly based on surface forms. As an outcome
Linguigtica produces a lexicon comprising each word of the collection together with its
possble dffixes, for indance "machba” (feasble), "machbarlen” (feasible)
"meachbarles’ (feesble), "machbarkeit”  (feashility). Decompounding occurs only by
accident; i.e. if a word is frequently used as a compound condituent, the systems may
incorrectly classfy this word as an affix. Unfortunatdly, this means some compounds
are conflated with only their modifier, i.e. "Datenbank” (data base) is conflated to
"daten” (data), loang the congtituent "bank".

NIST stemmer: Rule-based approach

The NIST German rule-based stemmer [Porter 1997] has been congtructed by andysis
of the frequency of German suffixes in large wordligs. The sdemmer is avalable as a
pat of the NIST ZPrise 2 retrieva system. Its gpproach is similar to the Porter English
sgemmer [Porter 1997]. The rules were hand-crafted to produce as many vaid
conflations of high-frequency word forms as possble, while keeping the rate of
incorrect conflations low. The semmer atempts to iteratively drip suffixes from a
word. For ingtance the word "gluck|lichlerjweigle" (luckily) is reduced to "gluck" (same
gdem as for "luck"). The semmer can be combined with a corpus based
decompounding component based on co-occurrence andyds. After collecting a list of
candidate nouns, the component tries to find vaid splittings by looking for potentid
condtituents that co-occur in the same documents. This purdly corpus-based approach
produces a number of errors, but is overdl rather conservative in the number of
Splittings generated.

Soider stemmer: Commercially motivated (rule-based and lexicon) approach
This should be a short overview of the demming component used in the commercid
Eurospider retrieval system [Wechder 1997]. One of the ams is that the whole project
is Open Source, hence this part is just for ingpiration. The approach is based on a
combination of a lexicon and a st of rules which are used for suffix gtripping and
unknown words [Wechder 1997]. This semmer has been used for over five years in dl
commercid inddlations of the Eurospider sysem, and has therefore been congantly
adapted according to customer feedback. The component includes optiona
decompounding, which can be agpplied in one of three modes, from conservative to

aggressive Folitting.
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MPRO: Morpho-syntactic analysis MPRO

This is a devdopment by the IAl [Maas 1996], performs a morpho-syntactic andyss
congging of lemmatization, part-of-speech tagging, and, for German, a compound
andyds. MPRO uses generd morphologicd rules in form of smal subroutines which
co-operate with a morphologica dictionary. As result for each word a set of attribute-
vaue pairs describing inflectiona attributes, for instance. gender, number, tense, mood,
word dructure and semantics like a lexicd base form, derivationd root form,
compound congtituents, samantic class, etc. is produced. With this tool, the corpus has
been andyzed and for each word, information about the lexicad base form, and the
derivationa root is used to generate lexicd resources. For ingance, the andyss of the
word "Kalligon" (callisgon) results in
{ string=kalligon,c=noun,lu=kallis on,nb=sg,g=f ,t=kollison, ts=kalligon,
ds=kollidieren~ation,|s=kollidieren,s=dtion,...} and produces a a lexicd unit
"kallison® and as a root form "kollidieren" (collide); for the  compound
"Schiffskalligon” (ship collison) MPRO generates a splitting based on lexical base
forms, "schiff_kollison", and one based on derivationd root forms of the compound
condituents, "schiff#kollidieren”.

3.24 Stemming German Texts

Stemming for morphologica more complex languages like Dutch and German is not that
easy. The reason why the combination of longest suffix matches and smple linguigtics
doesn’'t work properly have different reasons. Oneisfor instance, that changes of the
stem usudly don’t occur a the end of the word, but more often in the middle. An
example would be again “Haus’ (house) and “Hauser” (houses). Suffix stripping in that
case never leads to the same stem. The next problemis, that dl rules for declensions of
nouns are based on gender. Without lexica analyss or dictionary search it isimpossible
to say whether “er” isa auffix like in “Bilder (neutra gender)” (pictures) or just part of
the dem asin “Leber (fem.)” (liver). There are many exceptionsin German for when to
exchange avowe for an umlaut to build its plura form. “Hunde’ (dogs), for inganceis
the plurd of “Hund” (dog), whereby Miinder (mouths) isthe plurd of “Mund” (mouth).
Thelast problem about semming German texts is the heavy use of compound nouns, as
described in the section above.

At the present moment there is no fast dgorithm available which combines both power
and speed for semming German texts. Linguistic gpproaches have difficulties with
compound words which must be decompounded before ssemming. Dictionary based
approaches are dow because of there large word lists. Piotrowsky [Piotrowsky] argues
that at least 50,000 words are needed to achieve meaningful results. That isthe reason
why big German web- search engines do no ssemming at al. Because of the complexity
and downess the prototype QAS disclams alexicd anayss.
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3.25 Discriminating, Subgtitution and Stripping of German Text

The dgorithm explained now is used in the Jekarta Lucene Projekt (for German), which
is Open Source and will be implemented as the preferable semmer. The agorithm is
written in Java and is based on a two step technique. [lucene]

The prototype of the QAS being developed will make use of that software package which
is Open Source and for that free of charge. The dgorithm is based on a context free
auffix dripping. Therefore the core dgorithm is very fas and smple It can handle an
infinite number of words and gets even stronger the more compounding occurs. The only
requirement for the agorithm is that dl stop words as well as determiners and other
function words have to be removed from the text before it can be slemmed.

The described dgorithm is desgned for semming German words but it can eedly be
adapted for other languages. The used dgorithm is not better than other approaches in
use, but it has the advantage of being much samdler and fagter. Another benefit is that it

can easly be extended by ether linguigtic rules or wordlists to improve qudity which on
the other hand costs speed.

As dready mentioned the purpose of semming is to reduce different morphologica
forms of words to one common form. A discriminator is the em of the word build by
the andlyss of the agorithm. The discriminator does not necessarily have to be the red
stem of the word as long as it is unique and can not be build from other words. But dl

declensons of a word have to be semmed to the same discriminator. In a red sysem it is
amost impossble to reach those requirements of uniqueness. But the error rate can be 0
low, that it does not affect the system in a negative way. Usudly word stems are unique
if you do not think about homonyms. Especidly the homonyms make it impossble to
perform a perfect semming. Without knowing the context of the sentence the mechanism
is kind of logt, because a semming dgorithm can not differ between words having the
same writing but different meaning. A basic gpproach of underdanding the context of
sentences has been described in the project CycOrg above [cyc].

Another problem might be the use of irregular verbs or declensons. Especidly German
has variety of verbs or nouns which do not follow a declenson rule. To stem these kind
of words a very sophigticated adgorithm has to be used which discovers the irregularities.

Until know, it is had to find an dgorithm which meets this requirements without a
certan error raie. The dternative way is to use a dictionary to compare the irregularities
and to find the dem of the word. This dterndive is very time intensve and should only
be used if the avoidance of errors is an important factor of the system, conddering that

this leads to higher needs of system and time resources. Without using a dictionary to
compare the words, every semming agorithm produces some erors. It is the am to keep
the error rate as low as possble. Even the best dgorithm cannot avoid that some words
do not follow the typica declension rules and in fact produces errors.

In the prototype being produces, it is relatively unimportant if the error rate is close to

zero. It is essentid that the results will be returned fast. The quedtion is, if the error rae is
low enough to accept the result. In most casesthisis the fact.

In the first step, characters- or certain groups of characters- will be replaced in each word

which will be semmed. The second step cuts of the suffixes regardless of the context of
the sentence. The problem could be, that different words map to the same stem. In our
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case this problem causes only more results to a question as the same stem leads to a
higher match of answers. Moreover the error rate is reatively low, especidly consdering
that the use of the quedion answering sysem is usudly used in an technicd domain.
When consdering technica text, those terms are often abstract, so that they rardly cause
the same stem.

3.2.6 Character Substitution

While gemming is mainly based on prefix and suffix sripping which will be described in
the next section, another important procedure is the subgtitution of characters. Straight
Geaman builds many plurd forms by changing vocds in the middle of the word. For
example “Haus’ (house) will change to “Hauser” (houses) in plurd. This effect can only
be handled by changing the umlaut to a common form. For that reason every Umlaut will
be transformed in it's assodated vowel. The same happens with the character “(3. It will
be trandformed to an “ss’. Another problem is the occurrence of irregular verbs like
“haten” (hold) and “hidt’(hdd). The irregularity can only be managed by changing
certain character combinations into a common form, o0 that the irregularity will be
circumvented. Characters that belong together because they build a single sound like
“soh’, "ig’, "e” are it gpart and will be cut off by the agorithm. These characters will
be subdtituted by specid characters. “sch” changes into “$’, “ch” will be transformed
into “§”, “@” into “%" and “i€’ into “&”. If double characters occur like “ss’ or “tt”, the
second character will be changed into a “*”. All these character substitutions are done to
save them from pre- or suffix dripping. The main advantage of this subgtitution process
is, that mogt plurd forms will be semmed correctly and correspond with their semmed
form in dngular. The man drawback is that some words usudly not belonging together
now build a common sem. To name one example the word “Eisb&” (polar bear) will be
subgtituted to “Eisbar” (ice bar), which definitely is not the same. But these errors are 0
little that one can eadily forget about it in most applications.

If wanted some other subdtitutions can be implemented with little effort. By recognising
that a certain word or more words will permanently build the wrong stem, a character
subdtitution might help to avoid this dripping-error.

The only requirement for any subgtitution is, that the new word should either result in

another morphological form of the same word or produce a completely new word. If that

fact is not met sooner or later a stemming error occurs.

Subdtitution can be a very useful procedure as it can capture linguisic rules and
datigtical heurigtics. If for ingance, “g€’ within the character sequence “ige’ can never
be an infix dencting participle, “ig” should be subdituted from being split. Mogt of the
subdtitutions are short and can be implemented easly and efficiently.

3.2.7 Suffix-Stripping

A technique which is usad in dmost every semming agorithm is suffix-dripping. By
usng uffix-dripping each word is matched againg a list of suffixes. One sarts with the
longest suffixes fird, 0 the longest suffix matching the word's end will be cut off. For
ingance the word “waking” would match the suffix “ing” which would be cut off, 0
that walking will be transformed to “wak”. As we do not care about the context of any
sentences this method is cdled context free suffix dripping. Of course this method of
course is not very new and is claimed to be very eror prone. With some additions( which
will be explained later on), it will be tried to reduce this errors to a minimum. The point
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is that removing the suffixes sometimes or even more often does not map the origind
dem of a word. As long as the semming agorithm is only semming this particular word
and it's declensons to the specific form the word is uniquely comparable and fulfils the
requirements completdy. For ingance “equd” will be semmed to “eq’” which definitey
is not the origind stem of “equd”. Anyway there should be no other word which leads to
theform of “eq”, so that “eq” isuseful for comparing it with other words.
To remove the suffixes we have to find dl the suffixes avalable in a language. The
German language has the fallowinf suffixes

7 for nouns (s, es, g en, n, er, ern)

16 for adjectives (e, er, en, em, ere, erer, eren, erem, de, stersten, stem)

48 for verbs (e, est, &, €, t, em, ete, te, etedt, test, eten, ten etet, tet, end, nd...).

By ,adding‘ end or nd at the end of averb it will be turned into an adverb.

After a verb was turned into an adverb any of the suffixes of an adjective can follow so
that 48 possihilities @n be created. To speed up the process it might be possible to forget
about some auffixes which will be used little, especidly those which incude each other.
The gain of it might be big, compared to the new error rate. Findly any occurrence of
“ge’ both as prefix or suffix will be cut of.

To make the dgorithm more sufficient some context base condderation will be made.
Especidly the length should be taken in consderation as it makes no sense to cut of a
letter from a word existing only of two letters. For that reason words not longer than four
characters will be left done and further stripping will not occur. The second redtriction is
thet if a term is shorter than five characters nather “em” nor “e” will be removed. The
third redriction is that if a term is shorter than sx characters no “nd” will be removed.
The fourth redriction says that “t” will not be removed from terms dating with an
uppercase letter. The lagt rule is smple to explain, as “t” is an verb suffix the removd of
that character is of no use for nouns. One has to know of course that al nouns in German
dart with an uppercase letter. The negative Sde effect of the four rules is that words with
two letters will be ignored by the dgorithm. As there are only a few of this wordsin
German this effect does not play an important role at dl.

3.2.8 Evaluation

Two problems that occur with every stemming agorithm. They have been mentioned
before and are the problems of over- and underemming. If oversemming took place
two different wards which normdly do not belong together where stemmed to one
common sem. On the other hand undersemming happens when two words origindly
derived from a common stem were not semmed two a common sem. It is the am of the
dgorithm to find the right semming method to minimize or baance unde- and
overgemming.

3.29 Undersemming

Mogt of the time, the introduced adgorithm dgrips of too many characters of a certan
word. This is not a disadvantage as the singularity of the stem will be preserved. There is
also a specid group of words where the dgorithm tends to the error of not removing the
whole declenson suffix. One appearance of that words are irregular verbs and al of their
compoundings. Most of these irregularities lead to different stems. For ingance in
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German there are about 173 irregular words which are being used frequently. This error
can only be avoided by using adictionary which of course might be very time intensive.

Another representative sample is the femae form of a professon. Mogt of the time this
fooms do not lead to the same discriminator. An example would be the word
“Schauspiderin”  (actress).  This word  will not be demmed a dl  while
“Schauspieerinnen” will be derived to “ Schauspieerin”.

Another category of words causng an stemming error are words with a Greek or Latin
origin. Two examples are “Dramd’ (drama) where the plurd is “Dramen” (dramas) or
“Minimum”  (minimum) where the plurd is “Minima’. Both words do not have a
common gem &ter the agorithm was used on them. This effect agan can dso be
avoided by looking up in adictionary for the right form.

The same counts for many inhabitants of countries, for ingance “Spanierin” and
“Spanierinnen”.  The same with inhabitants of cities To counteract againgt the error
caused by femde forms of words, one can subditute the ending “erinn” with that of
“erin”. Especidly because in our days the femde form of a professon is more polite than
naming the mae form, one should decide if the subditution causes a befter Semming
result, consdering thet the little effort uses certain amount of computing time.

It is mentioned that cases where two different morphologica forms of the same adjective
or noun are semmed to different discriminators are very seldom. Most of the verbs we
use are regular and for that easy to stem. The problem about the irregular verbs is, that
they are very common in the German language, both spoken and written. While taking
into account the percentage of verbs being irregular we notice that only five percent of dl
the German verbs are irregular, but while looking & a common text sometimes those
words are used up to 50 percent.

3.2.10 Overstemming Nouns

Overgemming occurs when different words are being derived to the same sem athough
they have a different meanings. Hereby some examples should be listed which regularly
could cause oversemming erors. Known and difficult problems ae names like
“Albrecht Direr”. This name will be semmed to “Dur’. This migake is very had to
avoid adso with more sophigticated approaches, as not every proper name is liged in a
dictionary and names do not follow any declenson or suffix rules.

Other difficulties occur by words with overlgoping stems like “Rind’(beef) and
“Rinde’(rind) or “Eis’(ice) and "Eisen’(iron). Especidly stems ending on “e” tend to
cause oversdemming errors. This words with a overlapping sem can only be handled
correctly if the gender is known. As in our case no context detection will be used a
gender recognition is impossble especidly because gender dripping is extiremey
difficult in the German language.

Derived forms from the same sem ae a potentid error prone. “Tanz’ (dance) and
“Tanzer” (dancer) are words of that category.

Umlaut subgtitution frequently can lead to amisnterpretation. The word “ Stiick” (peace)
isturned into “ Stuck” (stucco) aswell as“Béa” (bear) isturned into “Bar” (bar).

The last noticed oversemming error can be watched by words like “Wien”(Vienna) or
“Wies?? (meadow) as both have the same discriminator. The same  with
“Hafen” (harbour) and “Hafer” (oat).
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Most errors occur by words being shorter than six characters. It can be proved that the
longer the word the better the stemming success. In most cases the number of
oversemming earors is lower than the number of understemming errors. The reason for
this behaviour normdly is the high frequency of irregular verbs in written texts.

3.2.11 Improvements

Irregular verbs which lead to over- or underssemming errors can eesly be handled by
adding a irregular verb wordlig a the subgtitution part of the agorithm. This of course
causes extra computer resources and longer waiting periods, but by extending the
dgorithm with the most frequently used irregular words, the error improvement should
compensate this drawback. The idea is to reduce al morphologicd forms of an irregular
verb to one of these forms by usng a smdl wordlis. The common form should be the
most sgnificant character sequence of al forms. For ingance the discriminator form of
“kommen”(to come), “kam’(came) and “gekommen’(was coming) is “komm” wheress
the discriminator form of “laufen” (to run), “lief”(ran) and “gdaufen’(was running) is
“lief”. The word does not necessarily be smilar to the red stem it is more important that
the discriminator is unique.

The improvement is done by sSmple subgtitution of the associaled word. Even
occurrences in a compound word are treated like a irregular form. For instance the word
“ankam” (to arrive) will be changed to the discriminator “ankomm”. This makes sense as
irregularities do not only occur the norma word but also in al compounded words where
the irregular verb is included. By usng a smdl wordlig the undersemming error prone
can be reduced sgnificantly.

Tedts with the dgorithm showed, that the semming error rae is normdly less then five
percent. This should be acceptable for our prototype as wel as for many applications
[Rijsbergen].

A veay interesting part is aso the very low eror rate, compared to high sophigticated
dgorithms. When concerning that the dgorithm is very compact and fast this behaviour
seems dl the better. The dgorithm represented here can be implemented in its easest
form with round about hundred lines of source code. Compared to adgorithms which refer
to dictionaries of more or less 50,000 words the procedure introduced here his incredibly
workable. Furthermore the dgorithm could be used as a extenson to an existing wordlist
based approach.

Other dgorithms usng wordlists have the mayor drawback of being dow, but the
advantage to have an error rae close to zero. When trying to combine the described
dgorithm with a wordlig agorithm, while reducing the wordlig to one fifth of the most
used words an very low error rate with a much better pass-through time could be reached.

The mgor drawback of the described dgorithm is the high error rate for verbs and
adjectives. But on the other hand it is a good, compact and very fast dternative to
exiging high cogt dgorithms. This gpproach is optimdly gpplicable for the interactive
systems where usa enter questions in a natura language. In addition the dgorithm is free
of charge asit is part of the Jakarta Open Source Porject Lucene [lucene].
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3.3 Stemming The English Language

Semming the English language is much esser than dmost any other languages. The
Porter Stemming Algortihm [Porter 1997] is an easy and fast way to stem words or terms
written in English to a common form by suffix dripping. This dgorithm will dso be
supported in the Lucene project [lucene]. The main advantage of the agorithm is, that it
isvery smadl which means it does usudly not need more than 400 lines of code.

In any suffix dripping dgorithm for information retrievd work, two points should be
conddered when doing suffix dripping. Firdly, the suffixes are being removed smply to
improve information retrieva performance, and not as a linguidic exercise. This means
that it would not be at dl obvious, under what circumstances a suffix should be removed,
even if we could exactly determine the suffixes of aword by automatic means.

We dready described the problems that can occur while semming terms above when
having discussed the semming of the German language. Exceptions and problems are
amost language independent. For that reason only the characterigtics of the Porter
Stemming Algorithm will be described here.

3.3.1 Introduction to the Porter Stemming Algorithm

The dgorithm is based on suffix gripping. This may be done by removd of the various
auffixes like -ED, -ING, -ION, IONS. By using this easy form of suffix gripping the
terms. “connect”, “connected”, “connecting”, “connection” and “connections’ dl build
the same stem which is “connect”. An dde effect of that process is, that the gripping
process reduces the total number of terms which reduces the sze and complexity of the
data in the system. Of course the success of this gpproach , with the use of suffix lists
with various rules is dways dgnificatly less than 100% independent of how the
eva uation takes place.

Although the presented agorithm is easy and $iort does not automaticaly mean that it is
worse than more sophisticated programs. On the contrary, the presented procedure is
even faster and more efficient than high cost dternatives. The exact procedure how the
agorithm works can be seen at [PorterStemmer] and will be not explained in detail here
as the common methodology is Smilar to the German semming procedure.
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4

Managing the Information Flood

4.1 Finding and Preparing Information

When asking the chief information and technology executives & most companies about
what keeps them awake a night, the results might surprise you. They don't necessarily
toss and turn thinking about virus atacks or even e-commerce initigtives Ther red
nightmare is trying to manage an amog inconcevable flood of ungructured information,
a flood that is expected to grow 200 percent per year into the foreseesble future,
according to market research firm The Y ankee Group.

When a employee wants to search information in the Inter- or Intranet, information about
the company have to be found and collected. There are different posshilities how to find
and locate information in an IT-System, whereby a combination of different methods can
lead to good performances. If the fully automatic preparation is used, a program is
fdlowing, smilar like a user, hyperlinks on web-gtes or it scans incrementaly in
directories on a server. Those programs are called robots or spiders and they can process
dl found documents fully automatic. While processing a document or webpage the
program extracts relevant information like the name of the author, the title or some
keywords. [Knogler]

Rdevant information can be extracted from documents by usng an adgorithm which
prefers frequently used keywords ingtead of sddom used words. There is aso the
possbility to pay more atention to words which are a headline or which are bolded or
itdic. Some documents have cetan meta-tags which should be consdered as well.
Another posshility which is very time intensve is to process the whole information of
the text with an a uitable agorithm.
If a document management sysem is used metainformation about the document or
explanations can be added by the user. Some systems force the user to input some meta
information. Other information-syssems have an automatic search and indexing system.
Whenever a document is checked in or out the search index will be updated. This has the
advantage that the information is always up-to-date [Kndgler 1999].

Bascdly spoken, companies differ internd and externd information. To keep externd
information, especidly when a huge amount of documents will be used, up-to-date is
amog impossble. Mostly when usng the world wide web as an information source
anyone is depending on the particular search engine you being wsed. If one wants to
manage the actudity and the avalability of the informaion more sdf-responsble, she
can adminigrate the links of externd search engine sources on your own, which of
course means alot of administrative work for the company.
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4.2 Weak Pointsin Detecting I nformation

It is important for the user who works with a knowledgebase, that the search engine
offers its documents completdly and newsworthy. While the view is redricted to an
intranet here , an IT-system can handle this problem, huit the search engines in the world
wide web do not aspire this completeness as it would need too much effort. The
enormous technical effort it would need to keep al documents up to date can not be
managed even by the biggest search engines on the web, so that the operator companies
try to offer a partiad completeness. When looking a the Structure of links in the www it
can be concluded that a completeness of dl documents and its links can never be
reached, as there is never a centra point of entry whereto begin. [Kndgler 1999]

The same condderaions daffect the actudity of dready indexed documents which
contexts have been modified. Without a document-management-system in use, the
modified documents won't be recognized. If the collection of meta-tags circulaies in a
certan time period there is a possbility to recognize the change after a while If the
collection takes days or weeks there is no chance to find an new aticle. A chance of
solution is to launch many File Spiders without fixed intervds ad the frequently
updating of folders or files which changed proportiondly often in the past. With that
technique the speed of the information updating can be adapted dynamicaly.

Ancther problem might be the deleting or moving of existing documents. The Inks to the
search results do not have a vdid reference anymore. There are different solutions
agang this weakness. One is a veification of a reference by the system itsdf, before
offering a search result. In the prototype which arises out of this thess the question
answering system offers the user to delete so called dead links manudly.

Information systems which consider the named problems need a powerful hardware. An
big disadvantage of today's search engines is the multiple scanning of the internet by
many sarvices which causes a high traffic on the net. The updating of information by dl
kind of services is responsble that many files are being trandferred over the net which
are requested by engines and which cause a lot of costs by the web servers. Of course;
the same problem occurs in the intranet of huge companies due to the fact, that many
companies use the internet for trangportation and connecting other departments, too.

4.3 Quality of Information

The importance of qudity and reliability of retrieved information rises potentidly with
the amount of documents in the intra- or internet. The rating of documents can be done in
cooperation with the content offerer or by the user feedback. It is obvious that fully
automdtic informetion finding dways has a lack of qudity, as the content and the
information can only be reviewed supeficidly. For ingance if a keyword has a wrong
meaning, it can only be detected by an user. To manage those problems an intdligent
information agorithm has to be used. Developers of search engines recognized the fact
and try to implement intelligent agorithms[Kndgler 1999].

It is aso obvious that especidly big companies are enormoudy effected by the named
problems. The intranet-system of such a company has to take care of the adminidration
of it's documents and has to insure the condgtency of the same sources. Without
exigence of metainformation, a search for an specific information in a knowledge base
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of a big company would be dmost impossible. On the other hand, hyperlinks which leed
to logt information have to be checked as well as other qudity features have to be
renewed from time to time. For instance a document about the “computer society in our
days’ from 1980 might probably not be the right thing somebody searches for in 2004,
dthough sheisinterested in the subject.

4.4 Structureof Data

One of the mogt important attitudes of an knowledge- or document management system
is the ability to store information in a structured way. By doing so knowledge assets can
be categorized easly which helps again when trying to identify knowledge.

4.5 Usability

A specid agpect for the success of knowledge is the consderation of the usability when
building a information sysem. A common dektop, ease of use, consgtency of
representation of the content as well as a fast access are basic conditions which have to
be fulfilled, so thet a system will be used.

4.6 Metadata

By means of meta data as well as raing by experts the qudity of knowledge, stored in
documents, can be improved evidentidly. A specid aspect in a huge and didributed
company is the use of groups of meta data. In doing so the same information can be

dlocated to different quaity criteriain different departments or aress.
To improve the qudity of information or knowledge it should be obligating in every KM-

system to add meta information to a new object.

4.7 Access Control

An important factor when digtributing knowledge is the access-control, so that sensible
data can not be seen from dl employees or externd clients which are connected to the
intranet. Another advantage of an access control is that the quality of data improves
when usng such a controlsystem as the quantity of information will be reduced and
documents, which are being used in the same departmert show up first.

4.8 Multilanguage

For a company tha domiciled in many countries the multilanguage of the knowledge
management sysem and the information saved in it is important for the qudity of
information. Furthermore a user interface language has to be defined and rules if
documents and information can be inserted in different languages.

4.9 Filtering Information

The use of filtering is another posshility to reduce the amount of results from search by
usng additiond information. The search process can be more efident if a meaningful
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filtering system is in use. As soon as the amount of information or documents rises,
filtering itself has become a criticadl condition. This is paticulaly true for knowledge
workers, which are confronted with a flood of information every day, whenever they
have to accessinternd or externd resources like the world wide web.

An intdligent mechanism which is suitable for the intranet would be a sysem which
saves individud profiles. These profiles take the user’s long term interests into account.
With that kind of profile the meaning of the information, which results from a search, can
be measured and the documents can be restricted to essentia information.

With tha method the information-overhead of a specific query, which includes a lot of
relevant words, can be avoided easly. It is important that the profiles can be changed, so
that they are dynamicaly as the interests of the user and its function can change, too.
With that method an IT-system would be flexible and could react to the users wishes and
could favour the context and requirements of the specific categories of the knowledge
worker. [Borghoff 1997]

The use of user profiles can be combined additiondly with the conventiond techniques
of information finding. In doing so other components for the information filtering can be
used which send smple queries with a higher speed. A pefect sysem should offer the
possibility to search as a standard or to search as an advanced user with filtering.

Another interesting point is the automatic updatiing of the user profile while fulfilling
activities. Such a sysem is cdled Intdligent Agent System and can be used in Workflow
Systems. Those agents learn and optimize their own behaviour during the users activities.
[Borghoff 1997]

In distributed companies we have, additionaly to that, points above the aspect of loca
dependencies of information. For instance it is possible to capture metainformation
where or in which location on eath the rdevant document is stored and to which
department it belongs. Or sometimes documents ae only reevant in a cetan
environment. A document about the law of taxes is only useful in the country it belongs
to. Another important meta information could be the group the file belongs to. All this
could help to make the information finding more efficient.

If a document has a limitation by the range of vdidity and its recavers, the knowledge
finding can be made fundamentdly more efficient. In this case, documents can only be
found by its defined departments and the persons who have access to it. A possble way
to redize this is to use the meta-information of the document and to decide to which
group the owner belongs. After that access can be redtricted only to persons of the same

group.

4.10 Improvements by the Prototype

The implemented prototype takes into account some of the discussed issues above. For
ingtance the obligate input of meta data is being redlised. Users have to enter a additiond
explanation to their question as wel as a category to which it belongs to. Furthermore the
date and the person who asked and answered the question are being stored with the
guestion answer set. Out of it, one can contact these personsif he has a similar problem.

In the prototype there is no automatic detection if a link is a broken or dead link. But as
soon as a user follows a broken link she can ddete the link in the knowledge
management system, 0 that the qudity of data is being retained over the time. This has
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the advantage that traffic on the net is kept very low, as no locd files or web resources
ae being scanned automaticaly. This qudity mix guaranties high performance one the
one hand and a ease of use on the other.

the structure of data and the access rules collaborate in the prototype. Every new object
or better every new question being asked in our question answering system has to have a
certain category. Every resource that can be accessed for answering questions needs
certain access rules for groups of users. Only web resources like Google do have globa
access rights. With the described mechanism two dructure schemas are implemented.
Data will be dructured by Category and Access Right which makes it esser to
adminigrate.

Another aspect of the prototype is it's Multilanguage. The systems supports German and
English. An Adminidrator can decide if resources are being scanned in German or
English. A feature that is not supported by many systems.

So far the quedions answering system disclams any filtering, as a good filtering system
would cost to much programming effort.

411 Concluson

The problem of informaion overload concerns huge and geogrgphicd companies in
many cases. On the one hand the information aise in the intranet of a company can
quickly rise. On the other hand as documents are being stored on different servers in
different places redundancies can occur. If documents exigt in different languages the
problem of redundancies becomes even worse as wel as the informaion handling.
Sometimes the metainformation usage vaies from one depatment to another
department. All these problems finaly cause more information to be administrated.

Another source of externa information we have not mentioned yet, are essentia externd
resources like knowledge experts. If a company wants to use these experts, an individua
drategy has to be made, or the company provides their own resources to administrate
externd resources. A well suited globd player dways has the posshility to acquire
important externa knowledge owners like experts or innovative enterprises.
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Description of the Implemented

Prototype

5.1 Description of the User Interaction Scenario

5.1.1 Introduction

In this section, the concrete scenario of a user query will be described in detal as a
combination of the incduson process of different internd and externd information
sources and  on the other hand the building of a knowledge repostory following the users
interaction with the system.

The users view is ample, should contain a “Google’ like user interface and a step-by-
dep “wizard’ interaction with the sysem to evduate the qudity of the answers and
possibly proceed from Step 1 up to Step 5 with increasing complexity until the problem
is solved.

In a way this “wizard” like system could aso be regarded as a knowledge proxy, that
guides the usars through various leves of interaction with different systems, darting
from the smplest and chegpest gpproach (internd knowledge repodtory) and ending
with the most expensive (query of other users, or externa assistance).

5.1.2 Stepl: Answer given directly by Knowledge Database

The diagram in step one shows a typica case scenario a which a user’s query is being
answered by the knowledge base (1.). After the initid ingdlation and setup of the
system, the knowledge base is empty. Over the time the knowledge base is filled with a
st of questions and answers. Evidently, the larger the database the better is the expected
hit ratio for an answer to a certain question. The user’s query will be processed by the
guestion management engine (no other resources are involved in o far). This software
module decomposes the question to a common form, so that every declenson of a word
has one common stem. This process is known as ssemming (e.g., Braschler et.a 2003).

After decomposing the query the question management engine searches in its knowledge
database for an appropricte answer (2.). The system evauates matching answers by
comparing the questions, which dready have been answered, with the current question. If
a catan gmilaity is given the database delivers the relevant data back to the engine
which passes it to the user (3. and 4.). A amilaity is given when words build the same
sem as described in chapter 3. The grade of accordance has to be defined by the
software.
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Fndly the user evauates the answers ddivered by the system. If the user appraises the
answer to be a solution to his or her problem, the question (as long as it differs from
other questions linked to the answer) will be added as a further possble quegtion to this
patticular answer. For that reason the knowledge base grows dthough no direct
knowledge is added. The users might aso come to the conclusion, that the given answers
were not sufficient. This would lead the sysem to sep two, to refine the information
retrieval process.

Step 1: answer given directly by database

Local Resources

Question Answering System

T &k queston > Network File System
(addresses,
< ) yellow pages)

4. return answer . . 8
| Question Management Engine 5
i<
[ 5.evaluate answer -

User Global Resources

J/' Mailing | ists

Low Cost External Resource
like www.google.com

High Cost External Resource
like Consulting Firm

3.return answer

2.search for answer

trusted Users [ Database System )

Image 5.1: Stepl answer process

513 Step 22 Answer given by Local I nformation Resour ce

The scenario is dmost the same as in step one. By now the knowledge base offers no
appropriate answer to the question. This means that either the overlgpping percentage of
the decomposed question, asked by the user, compared to the questions in the knowledge
base is too low (2. and 3.), or the answer given by the question management system is
rejected by the user. The procedure of rgecting an answer is not explicitly shown in the
diagram as it would unnecessarily complicate the whole graphic. In our approach another
software module, establishes a connection to other resources to find a good answer to the
question (4.). (Thefunction of thisinterface and its structure will be described later on.)

A loca resource can beimagined as an extension of the knowledge- database system.
Loca resources can be arbitrary in type, e.g., databases, file systems, XML repositories
and so on. However, the local resources should be catalogued or indexed before they can
be used (at least, when they do not offer a powerful searching capability like a database
system itsdlf.). This cata ogue content (index) has to be saved in the knowledge- database
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system and has to be updated regularly asfile or web pages change or move from timeto
time. From that point of view sequence 4. and 5. in the diagram just show the accessto
thelocd file system whereas the keywords for detecting the local resource are stored in
the database system itself. But till the procedure of how to accesslocal resources, which
aso could be another database, is a question of software design. The design is planed to
be relatively open so that every programmer can implement anew module for the
interface based on his own requirements.

Findly a set of answers or a link to a file will be returned to the question management
engine (5.) which again passes it over to the user. The user evduaes the returned
answer(s) by giving the system a pogtive or negative feedback. If an answer is satisfying
the st of questions and the links to the relevant resources will be saved in the knowledge
database. Periodicdly the system has to check if links to resources in the database are
dill vdid snce every dangling link deteriorates the usability of the whole question
answering system. If the user sends back a negative feedback or if no answer could be
found the question management engine has to proceed with step three.

Step 2: answer given by local resource

Local Resources

Question Answering System

1. ask question >

4 hand over question) Network File System
(addresses,
< g yellow pages)
6. hand over set of answers . . (o] rn set of answers
Question Management Engine 5
| N =
user | 7.evaluate answers [/ Global Resources

Low Cost External Resource
like www.google.com

2.search for answer
8. save new answer

trusted Users [ Database System

~

High Cost External Resource
like Consulting Firm

Image 5.2: Step2 answer process

514 Step 3: Answer given by a Global (External) Resource

The third gep is very amilar to the second step. Again the user formulates a query (1))
and the knowledge database has no appropriate answer (2. and 3.) or the answer is
rgected by the user as described above. Now the interface-module gets into the game
again. The scenario represented in step three shows the loca resource as not available
which could be caused by severd reasons. The smplest reason is, that the interface-
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module has not been implemented yet. Another could be that the user, asking the
question, has no right or no accessto the local resources being offered.

Anyhow, dnce the quedtion answering engine cannot find an answer in its database the
query is passed to the interface. The interface then “consults’ the module which handles
the globd resources like search engines, newsgroups or mailing lists (4.). It is important
to mention here, that new resources can be easly added: An interface has D be written
(&s described below) and this interface/resource has to be registered to the KM system.

As those globd resources usudly return a huge amount of answers (5.), it is the task of
the interface-module to screen the best answers offered and to forward them to the
guestion management engine. The engine sends the best answers back to the user (6.),
who possibly makes an evauation for one answer, which mesets his expectations best (7.).
In this pogtive case the question, the ranking and the link © the resource will be saved in
the knowledge database. It is up to the interface- module if just the link to the resource or
the whole resource will be saved for later use in the knowledge database. At the moment
the link should sufficient.

Often a web page changes its content or moves to ancther place after a while, which
makes it only temporarily avalable. As the database grows the checking of the links
could absorb a lot of computing capacity. Hence a link to a web resource looses
“dtraction” while it has not been verified for a certain time.

If the user responds to the system tha none of the answers being offered are solving his
problems the question management engine goes on with step four.

Step 3: answer given by global resource

Local Resources

Question Answering System

1. ask question >

$ Network File System
available, (addresses,
] w yellow pages)
SahandioverseHofANSWerS Question Management Engine “g \$
| AN = [
User | TEEEE S EE |/ &) Global Resources
2

Mailing | ists

Low Cost External Resource
like www.google.com

High Cost External Resource
like Consulting Firm

2.search for answer
8. save new answer

trusted Users [ Database System ]

Image 5.3: Step3 answer process
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5.1.5 Step 4: Answer given by Trusted User (s)

Step four in the question answering process might be of mogt interest of since for the first
time another person or user will be involved in the answering process. Firg of al the user
agan formulates a query (1.), which is neither registered in the knowledge database (2.
and 3.) nor answerable by the use of aglobal resource (4. and 5.). Obvioudy (as
described in step two) the answer can not be found in the local resources either. So far dl
“cheap” resources have been exploited which forces the question management engineto
transfer the question to human actors, e.g. agroup of users being part of the project, the
organisationa unit or the company. Every authorised participant of the system has now
the possibility to access these open questions.

As soon as another user adds a comment to a open question, provides an answer or puts
in any kind of feedback, the question answering engine will return that feedback to the
user(s), who had asked the origina query(8.). Right now the user can enter into a diaog
with the adequate person(s) by asking more details about the needed information or she is
just satified and evauates the answer as postive. It is dso possible that multiple staff
members take part in a discusson about an open question (even a notification that other
users are interested in this problem is an important fact, as will be noted later). As soon
as more comments are being added to the open question every user teking part in the
discusson will be notified that a new comment was added to the open question until the
problem is solved and the question will be closed.

Once a quedtion is forwarded to other staff members the user asking the question has to
attach points from his score account to it. Depending on the difficulty and his persond
interest he can add high or low scores. The score system will be described in details later.
If after a certain time the question will not be answered by any staff member and is dill
marked as open in the system, the question management engine proceeds with step five.
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Step 4: answer given by trusted user

Local Resources

Question Answering System

Network File System
(addresses,
yellow pages)

8. hand over set of answers

Question Management Engine

1. ask question >
|
[N

Interface

| 9.evaluate answers

Global Resources

Low Cost External Resource
like www.google.com

High Cost External Resource
like Consulting Firm

2.search for answer
10. save new answer

trusted Users [ Database System

Image 5.4: Step4 answer process

516 Step 5 Management Activities

If dl the steps above did not lead to a solution of the open query, this particular problem
becomes a management issue. Now the (project) manager or team leader has the
responsibility to evauate the severity of the problem. This process is aided by the points
attached to a problem as well as by the number of users that marked this problem as
“interesting”. Different solution drategies can be imagined, dating from explicit order
to internd dtaff to solve this very problem, up to the usage of externd consultants. Those
further steps have to be decided by management and cannot be automated by obvious
reasons.

Eventudly the answer to the problem has to be entered manudly afterwards, to save the
question and answer set in the knowledge base. If the problem is too complex to be
described textudly it might be a hdp for the questioners to find another staff member
who lastly solved the problem. The questioner can then contact this person to get some
hep from him or her. This leads to better networking and efficient communication. This
process of the last step goesin detail:

The user darts by asking a question to the question management system (1.). After
searching in the knowledge database for an adequate answer the engine passes the query
to the trusted users (4.). These users try now to help the questioner (5.). If after a certain
time period no fitting solution could be found the question management engine findly
contacts the (project) manager to eventudly consult a high cost externd resource like a
consulting company (6.) which is specidized on the problem. Idedly the “externd help”
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now solved this particular problem (7.). The solution is handed over to the user (8.), who
evauates it (9.). After that the solution and the question are stored in the knowledge
database (10.)

As described above the software-interface and its programmable modules are open. The
described seps here are just a default suggestion which makes sense for a normad
scenario. But the order when to consult external, internal resources or saff members
should be fredy sdectable in the implementation process and highly depends on the
sructure of the company or the project. For ingtance it might be unbearable for a project
which has a completion date of one month to wait two weeks for an answer. For that
reeson the software prototype is designed in that way that the order of the different
modules can be swapped eedily.

Step 5: answer given by external consulting firm

1. ask question
|

8. hand over set of answers
| [\ Question Management Engine

Local Resources

Question Answering System
etwork File System
(addresses,
yellow pages)

Interface

| 9.evaluate answers

User Global Resources

Mailinag | jst:
/'.r Newsaouns

ost External Resource
www.google.com

10. save new answer

2.search for answer

trusted Users Database System

High Cost External Resource
like Consulting Firm

Image 5.5: Step5 answer process

5.1.7 The Scoring System

The scoring system should be the main motivation factor to keep the “trading” of
questions and answers dive. Every new regisered member of the question answering
community receives periodicdly a cetan amount of points (which possbly can be
regarded as “virtua money”). These points can be used to rank questions. The more
important or difficult a question is the more points from the own account can be added.
But not only own questions can be donated. If a user detects a problem posed by others,
he or she may add points from the own account to demondtrate the importance of the
problem.
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If another user heps the questioner to find a solution to his problem, she should be
obliged to give him the points. If more users took part in the answering process the
questioner can aso decide to split her points up to more users or even increase them if he
appreciates their helpful work. As soon as her account of points approaches to zero, she
should be motivated to answer questions from other users as well. The fact that quetions
have to be scored and that points are used are economicaly good causes for the users to
deliver cogitated questions and reasonable contributions.

Using datigtica reports, managers can trace out which staff members have specid ills,
take pat in the sysem and where there is need for more training for individuad workers.
Moreover people can be detected and brought together who have the kills that are
needed in a specid project. To give the score sysem a podtiond vaue the acquired
points should be changeable in a kind of swap market. For instance one hundred points
could be used for a bonus or a day off. The ideas of how to use points in another way
than spending them for questions should not be given any limitations. In addition there
should be a periodicd ligt of the members with the highest score. To increase the amount
of points managers or superiors can contribute additional points for employees as an

incentive

55



5.1.8 SequenceDiagram
The following diagram will show the whole processin a sequence diagram

Question Answering Engine Stept-database Step 2 local resource: Step 3 glebal:resource Step 4 trusted-iser Step 5-consuiiant

user question I

search answer

no answer

search answer

not available

search answer J

not available

ask trusted users

not answer after certain time

-
ask external consultant

set of answers

answer

UML Sequence Diagram: timing of the system by including different resources for answering questions.

Image5.6: Sequencediagram
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5.1.9 System Integration — Technical Aspects

In this section the detals of the software interface modules will be explaned in more
detall as it plays an important role in the whole sysem. The term “ interface” used in this
paper should not be confused with the interface term used in the programming language
Javawhich is part of the heritage Srategy.

INTERFACE

Local Resource Local Resource Local Resource | External Resource External Resource
File System other database staff list www.google.at Newsgoup

. Newsgroup
Harddisk Internal Excel Sheet Webpage: news.//
Network Database http://www.google.at

news.biz.at

Physical Appearance

Image5.7: Interface

The interface module in the question answering system is just a solid software module
upon which individua modules can be hooked-up to expand the functiondity of the
whole system. One of this modules could be the interface to the loca resources. Another
could be the interface to the globa resources, etc.. The graphic shows the interface with
its modules and the particular physicd gppearance of the information sources. The solid
interface sets up the guiddines for the individud modules being implemented. It is
important to find the right policy mix of routines which have to be implemented and
those given by the solid interface. On the one hand the system should be rdlatively open
and on the other hand the solid interface should represent a stable basis on which other
fredly sdectable modules can be linked without a big effort. Some modules like locd
resources need to pre-scan ther resources frequently while others like web search
engines cannot do that (as it makes no sense to scan the whole web). Only after locating a
web resource and saving the link in the knowledge database one can verify the resource
for its avalability. This two simple examples show cdealy that the complexity, of the
different requirements, needs to be caefully planed and will adways need some
COMpPromises.

So a least two types on interface specifications will be defined: One for resources tha
need to be indexed (like file systems, XML documents), and one for resources, that can
(or should) be queried directly (like WWW search engines, relaiona database systems).
Essentidly the interface specification describes methods that forward the query to the
specific subsystem, and amethod to return the result in a unified way.
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If a new resource needs to be added to the system, a programmer has to implement (in
the easiest case) those two methods for the specific information subsystem, add some
meta-information about the sysem and regider it to the KM main-gpplication. With the
next user queries, this new registered service will be included into the information poal.

5.1.10 Motivation and Cost Saving Factors

“Employees often do not have time to input or search for knowledge, do not want to give
away their knowledge, and do not want to reuse someone els€'s knowledge” [Russ
2002].

Participation of knowledge owners and future users is an important factor for the success
of knowledge management sysems. Many knowledge management systems failed,
because of their lack of participation. Knowledge owners did not have the time or the
intention to write down their skills. In many departments one person is the specidist of a
paticular domain. But that person is most probably the busiet and therefore the
bottleneck of information flow. If she leaves the firm dl her sills will accompany her.
Especidly these daff members often do not have time to do proper documentation of
processes. While they keep on developing software for ingtance, the amount of
undocumented software grows.

Finally one does not know where to dart as the time for the whole documentation is not
avalable. By choice people might not do any documentation at dl, snce there is no
direct benefit of doing s0. Exactly a this point a question answering system can be the
solution. The direct benefit is given as someone heps solving a problem. It is a
motivating process to see that one's skills are needed and it usudly does not take more
than five minutes to answer a question. The problem of documenting a huge amount of
processss is split up into little pieces which makes it more convenient for knowledge
owners to participate. And even more importantly, the process is problem driven, that
means, in this approach solely the kind of knowledge is documented that is really
needed! This is an important time saving factor as traditiondly documents have been
written that will never be used again. A software developer can now decide if it is
necessary to describe a routine or an operation more precisdy if other team members
permanently press him for help concerning this routine. In that case she writes an tutorid
on how to make use of an operation and sends the link as an answer to the users asking
for help.

In many companies the problem exigs, tha daff members are dissatidfied with busness
procedures. They complain that procedures are old fashioned, long winded and
untouchable in thelir execution. So it often hagppens that a question for improvement does
not reach the responsble person and will be forgotten or logst -a frusrating and little
motivating experience. Moreover, it is often overseen, that many users suffer under the
same problemd These effects could be leveraged by using a question answering system
based on a knowledge base. Questions or suggestions for improvements can be watched
by the managers and heads of departments in a “democratic’ way. After figuring out a
problem or innovation suggestion, suitable countermeasures have to be launched. The
systems shoud be able to act like an early detection system and should discover trends
and grievances in acompany.
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Paticularly the moativation of the employees and the idea that their help, innovations,
proposas and complaints are being heard is a main reason to judtify the use of a question
answering sysem like this. When thought further on, such a system leads to better
qudity management and fagter innovations. By now problems are documented and
especidly managers can teke ther time to have a look a it. Very often an employee
meets her superior on the floor and confronts him with a problem. The superior on the
other hand is on his way to an important meeting and has absolutely no understanding for
the employee's needs, as he is too busy with his own matters at this moment. The need
for amediation architecture is obvious and the suggested system can be seen as such.

And findly, a mentioned dready, the proposed sysem works like a
information/knowledge proxy. And when desgned and implemented properly, using the
sysem will increase productivity and lower cods, as (1) employees should find solutions
for problems faster (2) they will use avaladle (expensve) information resources only
when redly needed and (3) transparency in the problem/solving process s added, hence
tracegbility is incressed dramaicdly (4) communication between employees is
encouraged. Especidly dso the last point (not yet andysed in detail here) can increase
the productivity dramaticaly, as Abecker et. d . points out:

“Coordination and collaboration support must be a fird order citizen of KM [..]
information retrievd and management systems must deeply be interwoven with the
collaboration-oriented everyday work.” [Abecker 1999]

5.1.11 Access Control

Another important factor is the acoess control of resources. As web resources are
available for every user group, do file resource have to be restricted to a certain group.
Imagine that a secret document, which has helped to answer a question is access able for
everybody. This could harm a company enormoudy. For that a access control is
implemented in the prototype which alows an administrator to digtribute rights to user
groups. Before resources from the file system are inserted in the knowledge management
system the adminigtrator hasto give authority to the users.

5.2 Introduction to Lucene

Lucene is a high-performance, full-festured text search engine written entirdy in Java
Like dl of the Jakarta projects, Lucene is maintained by a group of dedicated volunteers.

It is a technology suitable for nearly any agpplication that requires full-text search,
egpecidly the programming in Java mekes it platform independent and furthermore
perfectly usable for the our prototype. Lucene started by Doug Cutting as an independent
project and around September 2001 it became an officid Jakarta project.

A man advantage of lucene is, that it support both German and English, which is an
important factor for our prototype. Lucene is free software and is governed by the
Apache Software License (ASL) and thus it isfree.

L ucene was designed quite open, so that it is not abig effort to implement interfaces and
code of hisown.

Lucene has scdegble high performance indexing system which indexes about 200MB  of
raw text per hour whereby the index is about 30% of the dze of the origind texts.

59



Moreover it needs little system resources and has a powerful search agorithm. Search
results will be ranked by the hit ratio, which means that the best result is offered fird.
While indexing a text file one can subdivide a document in different fidds like author,
content , date etc. Afterwards it is possble to search exclusvdy in that fidds. It should
be mentioned thet it is up to the design of the prototype which documents or which fieds
of a document have to be indexed, as one should not forget that a huge amount of
documents need a big harddisk for the indexing as well. Sometimes maybe the abstract or
amply the filename could be enough to retrieve the information again. It is not aways
necessary to index the whole content of afile.

Indexing is the process of credting the 'index. The index is a specid database tha
contains a compiled verson of the documents and is optimize for quick lookup for a list
of documents that contain certain words. Thiswords sometimes are also called terms.

Lucene APl provides exact control over the information stored in the index for each
document and how this information is used during indexing and searching. On one
extreme, it is possble to store just the location for each document, and index the content
of the document as a monoalithic piece of text. On the other extreme, one can store the
entire document as well as various attributes such as Author, Title, and Date and perform
searches that condder these attribute for matching and ranking. Typicdly, the index is
dored in a st of files that Lucene creastes in a directory of on€s choice It is dso
possible to save the index in any database.

It is pretty easy to index adirectory of text files. All one hasto do isto creste ainstance

of IndexWriter() and then iterate over the documentsin the directory. For each file one

has to create a L ucene Document object and add it to the IndexWriter. The IndexWriter

must be given aadgorithm how to tokenize the words found in the document. As

mentioned before this could be an dgorithm to slem words in German or English. The

used agorithm is dso responsble for deleting dl stop words like“a’,’the’, “and” etc. as

they are of no use. The following example should explain how an smpleindexing

process will be implemented.
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Creates a new index instance
class IndexFiles { in the directory ,index“ with a
public static void main(String[] args) { StandardAnalyzer
try {

Date start = new Date();

IndexWriter writer = new IndexWriter(“index", new StandardAnalyzer(), true);
indexDocs(writer, new Filg(args[0]));

writer.optimize(); Jumps down and iterates
writer.close(); over all files if a directory is
passed as parameter.

Date end = new Date();

System.out.print(end.getTime() - start.getTime());
System.out.printin(" total milliseconds");

} catch (Exception e) {
System.out.printin(" caught a " + e.getClass() +
"\n with message: " + e.getMessage());
}
}

public static void indexDocs(IndexWriter writer, File file) throws Exception {
if (file.isDirectory())

The object FileDocument

Stringf] files = file.list(); ] subdivides the document in
for (inti = 0; i < files.length; i++) different fields.

indexDocs(writer, new File(file, files[i])); (title,content, date)

}

{
System.out.printin(“adding " + file);

writer.addDogyment(FileDocument.Document(file));
} \
}} Adds the document to the

writer object which indexes it.

else

Source code example: how to index a directory

Image 5.8: Examplel Lucene

If one wants to update the index, because some documents change it is possble to either
re-index al files or just delete and re-index the documents which have been changed.

With the IndexReader.delete() method one can delete an document from the index.

As shown in the example above a FileDocument object when caling the IndexWriter.add
method has to be passed. The congructor of The FileDocument class subdivides the
document in different filds and returns the subdivided document object. This class is
shown in the fallowing example.
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The document is subdivided in three fields:

path: for the path of the document

modified: which includes the last modification
public class FileDocument { content: which is the whole content

public static Document Document(File f)
throws java.io.FileNotFoundException {

Add the path of the file as a
field named "path”. Use a Text
field, so that the index stores
the path, and so that the path
is searchable

Document doc = new Document();

doc.add(Field.Text("path”, f.getPath()));

doc.add(Field.Keyword("modified", DateField.timeToString(f.lastModified())));

\ Add the last modified date of the file a
field named "modified".

Use a Keyword field, so that it's
searchable, but so that no attempt is
made to tokenize the field into words.

FileInputStream is = new FilelnputStream(f);
Reader reader = new BufferedReader(new InputStreamReader(is));

doc.add(Fijeld.Text("contents", reader));
\ Add the contents of the file a
return doc; field named "contents". Use a

Text field, specifying a Reader,
} so that the text of the file is
tokenized.

private FileDocument() {}

}

Source code example: how to subdivide a document into fields

Image5.9: Example2 Lucene

While we have seen in the lagt example how to subdivide a document in different fieds,
eech field can have a status how it should be stored for later use. Generaly each fidd can
have three attributes which can be combined.
Thethree attributes are;
- islndexed when true indicates that the content of the fidld may be used during
searches to locate desired documents.
isStored: when true indicates that the content of the field is stored in the index
such that a complete copy of the vaue is avalable when retrieving the hits. This
isuseful for example for an URL of a document or a changing web content.
isTokenized: applicable to indexed fields and indicates if the content of the fidd
is broken into terms (words) or used as a sngle indexing term. For the prototype
this means that a document will be semmed and stop words will be removed.

It is important to make a right decison on how the different fieds in a document should
be stored. For example, if you want to include in your hit list the document title then st
the title field to be stored. If you want to save disk space or if your documents are huge,
st your document content field to be tokenized and indexed but not stored. If you want
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to keep the document modification date, set the modification time field to stored but not
indexed, unless you want to search for documents of a pecific dete.

So far Lucene does not support the analyss of documents like PDF's from Adobe or
Microsoft Word or Excd. Only documents of the ASCIlI format can be indexed or
searched by Lucene. But there are solutions which make it possible to convert documents
in the named format in that way that lucene can handle them [lucene converter].

In the Lucene dextriprion it is referred to an andyzer which smply a semming
agorithm and a stop word remover as it was described before. For the prototype two
andyzers are used. One for the English language and the other for the German. One of
the fadest and essest andyzer in English is the Porter Stemmer which is implemented in
Lucene. One has to remember that the Porter Stemmer is only usable for the English
language and may give an unpredictable result for other languages [Porter 1999]. It is
important to know to use the same andyzer for indexing and searching as the question
will be andyzed the same way the index has been crested. A different andyzer object for
indexing and searching, likely returns no or some wrong results.

While 0 far we were deding with the indexing process we now shortly have a look a
how Lucene searches for documents being indexed before. Searching with Lucene is the
operation of locating a subsat of the documents that contain the desired content or their
attributes match some specification. The input for a search operation is a 'query’ that
specifies a criteria for sdecting the documents and its output is a list of documents that
matched that criteria The output is given a a hit ligt, where the best result is the firg in
thelist.

The search operdion is performed on the ‘index' which is a specidized data base tha
contains a pre compiled information of the document set as nentioned above. The index
data base is optimized for locating documents, which contain certain words or terms,
quickly. The index data base is being crested during the ‘indexing’ process as it was
explained before.

In generd, a query is a specification of the content and the properties of the desired
documents. Every search is done by matching a query againg the document index and
locating the ones that match the query.

A Lucene query is represented by an ingtance of the base class Query.

The smplest query specifies a single word which is cdled a term, that is to be matched
agang a sngle fidd of each of the documents in the index. This kind of query matches
any document that contains the term in the specified fidd. As described before every
document has different fidds For ingtance title, author or date. More complex queries
may now contain more words, which are connected trough “and” or “or”. Those words
are cdled Keywords. Some queries can aso match only agang a specia fidd of an
document, for ingtance it makes sense to find documents not older than ten days in the
date fiddd and not in the title field.

A specid dtribute while searching for content is the boost factor. When searching for
more than one word, a boost factor can be added to every word, meaning that the
occurrence of that word will be ranked higher or lower in the search result. Boost factors
are ussful when the query contains severd terms, possbly for different document fields,
and it is dedred to boost the scoring of document that contains specific terms. A boost
factor mugst be a number greater than 0.0 and is by default 1. The following example
shows an easy way how to search for aterm in the indexed database.
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Create a new —
IndexSearchObject

class SearchFiles {
public static void main(String[] args) {
try {
Searcher searcher = new IndexSearcher("index");
Analyzer analyzer = new StandardAnalyzer();

/ BufferedReader in = new BufferedReader(new InputStreamReader(System.in));

while (true) {

System.out.print("Query: "); . .

Use the same Analyzer Object String line = in.readLine(); Cv\rlﬁféitssegﬁg:){hoeblse:;rvgﬁ 'i%h
in indexing and searching the field .content”

if (line.length() == -1)
break;

Query query = QueryParser.parse(line, "contents", analyzer);
System.out.printin("Searching for: " + query.toString("contents"));

Hits hits = searcher.search(query);
System.out.printin(hits.length() + " total matching documents");

final int HITS_PER_PAGE = 10;
) for (int start = 0; start < hits.length(); start += HITS_PER_PAGE) {
The Searcher object proceeds int end = Math.min(hits.length(), start + HITS_PER_PAGE);

the query and returns the Hit for (int i = start; i < end; i++) {
list Document doc = hits.doc(i);
String path = doc.get("path”); The rest is only for presenting
if (path !=null) { the results
System.out.printIn(i + . " + path);
}else {

String url = doc.get("url");
if (url = null) {
System.out.printin(i +". " + url);
System.out.printin(" - " + doc.get("title"));
}else {
System.out.printin(i + ". " + "No path nor URL for this document");
}

}
}

if (hits.length() > end) {
System.out.print("more (y/n) ? ");
line = in.readLine();
if (line.length() == 0 || line.charAt(0) =='n")
break;
}
}

searcher.close();

} catch (Exception €) {
System.out.printin(" caught a " + e.getClass() +"\n with message: " + e.getMessage());
}
}
}

Source code example: how to search for content

Image 5.9: Example 3 Lucene
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It is possible to have afull functiona system with only these three source code examples.

To use Lucenein the question answering system alot of sophisticated changes have to be
congdered. Thiswill be explain in detail later.

L ucene describes an easy way to add a security schemato the returned files, so that some
users do not have accessto dl files. A smple way to protect documentsisto perform the
search, and then display only hits that match the security criteria. A more efficient

approach isto integrate the security filtering in the query itself. This can be done by

adding clauses to the query, which will make sure, that only documents are visble to the

current user, which are returned in the hit list. One can do that using negetive clauses that

will diminate not desired documents or positive clauses that will enable desired

documents. One just needs to make sure, that the document information in the index has
enough information to determine if it is visble to a specific user or naot.

A third approach is a combination of the two. Redtrict the search by adding the necessary
cdlauses and then run an addition security check on the returned hit ligt, just before
displaying it to the user. This way it is possble to have both, the performance benefit of
the second approach and the extra assurance that information is not lesked to
unauthorized users.

The combination gpproach is especidly useful when it is impossble to have clauses that
will redrict the hit lig to exactly the subset of authorized documents. In this case, you
redtrict the hit list to a super set of the authorized documents (for extra performance) and
then perform the find security filtering on the returned hit ligt.

5.3 Introduction to the Prototype of the Question Answering System

5.3.1 TheQuestion-Based Approach

Ore of the mgor gods for the question answering system is to offer a user with even
little computer knowledge a desktop where she can find her way to information that
might come from different heterogeneous sources. Every user with little IT knowledge
has his own methods to access information needed. Some scan the whole hard disk or the
network for a file, while others make copies of every file they need. Even by choosng
the right web search engine different preferences can be detected. And many users do not
even know how to find al reevant information sourced Hence to receve the
information needed one usualy hasto contact different sources.

In a working environment often quite smilar problems occur over and over again in such
a way that a sngle coherent system with only one user interface might endble to solve
these problems more easly and moreover smplify the search process. Consdering such
an “information portd”, tha centrdizes the information retrieva activities of dl users,
there is an important “Sde effect”: As questions are posed through one central system
and answers ae collected by this system, those question/answer activities can be
andysed and processed by this application. As a result those activities can be used to
build up knowledge that will be saved in a way that it can be accessed again. The
proposed sysem does not only delegate queries to other subsystems and collect the
answers, but in case that this procedure does not lead to a success (in terms of solving the
users problem), dso stores the open questions which are in the system and encourages
saff members to answer/solve open issues. To increase the workers motivation and to
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ensure the quaity of the knowledge base, a scoring system will be implemented. This
complex mechanism will be described in detail below.

As mentioned earlier, a meaningful knowledge management software must be embedded
in a worker's everyday practice. To atain a tool that will be used as the “standard
information finder” a user mug find her daly needs of information with “one click”. It
should be the top priority to make it comprehengble to the user, that using this sysem is
the mogt efficient way to obtain information from different sources.

The prototype of this question answering system is being implemented in a client/server
architecture with aweb-browser based user interface and a Java application server
backend. So it is possible that every user hasits own information portal.

5.3.2 TheUser Interface

The user-interfaces is embedded in the OSWP Open Science Workplace web GUI. The
frames are generated by the Struts Framework called Tiles. As soon asthe user clickson
the KNOWLEDGE button on the top bar the following site will be presented.

| Dubei Besbeten Arkht  Foumilen Exbas 7 Liks [ watthit (1l knowes o, webdient &

FWTER & QEESTION OPDE QUESTIONS OF THE MO

Tuemtion; whit 5 f Qoo jeen ook |
Mar Basmiln 5|
Pout i the

I il all sbeyut Java
FHR {1y FHT daveleper faoum

e [l fackivate: the checkbeabo open meny of fun) HTAL 0 HTML desekper foram

=]

NEWS
SVETEM ADW. BISTRATIN
(12 Tan 2004, 10:26
The user 300¢ has edded an enswer o your queshen
tast

02 Ton. 2004, 1302
The uter enthie sdded en smewer T your questist

[T

0% Tan. B0001d, 1458

The wier = b wdded an mnswer to yowr qoetien 4
whik 1o PHF

£

Image 5.10: Userinterface Mainpage

The webdte has two frames the |eft and the right one. Theright frame shows dll
categories, which can be manipulated in the administration areg, and a description to it.
The red number behind those categories Sgnifies the open questiors in this forum. A link
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on each category leads to the forum. If a user has adminigtration rights the link
“SYSTEM ADMINISTRATION” will be shown which leads to the adminigtration area.
The left frameis responsible for the search process. A user can add an question in the

OSWP

BPES SEIEWEE WOBE FLALE sdmin | m brafh | lsmaik

PROJECTS | HKHOWLEDGE | MAIL

et hack Lo ssarch

|t\:*__{) The guestion s sobred and in the database
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i E:D Freas thic button ff the assocaated docuewent solved your problem

|®  Delste the extry from the ndsx Physical existence will be maintained,

SEARCH FESULT INTEENAL ENOWLEDMGE DATABASE

|STATUS DOCUMENT [STMMARY
| .:,_;) Jiva bisak | Titel Inhalt Suchen Indesx DOC Handbuch der
‘=) Tava-Programmierung, 3 Auf

SEARCH RESULT FILESYSTEM
[STATUS  DOCUMENT [SUBBARY

Tieel Inhalt Suchen Indsw DOC Handbuch des
T"' Hamuch der Jooe® rogrsnmberong, 3, Aufisgs eve-Froganmic vy, 3 Adlage =< = = ==
X}

AP Hapiel 41 - Senalisierung 41 3 Anwendungen
41 3 Anwendungen 41 3.1 Ein emfacher Obj
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|SUMMARY

| ] J' Amagon.com: Listmania! Goad Jwa Books |m summany gren

HERZOPTIRER

Image 5.11: Userinterface Result Page

text field and press the search button to find a suitable answer. Right now the user asks
the question:” what is a good java book” and desires not more than 5 results. The fied
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max. Results holds the number of the desred maximum results given by the question
answering system.

The news area below gives individua information for the logged in user. As an example
the user can see here, if someone answered to his questions, if a user confirmed a
question in aforum he took part and so on.

If the user submits her search query a typicd page that shows up would look like Image
511

The result response page of the question: "what is a good java book” has four answers.
On top of every search result page aexplication of the symbols is shown in a teble. The

symbol S sgnifies that a question has been ether in the forum and is now answered or
was a hormd gquestion from an user which has found a document or other resource which
solved his problem. Only questions that have been answered and are now in the internd
knowledge database can have this symbol. If an question has been asked and put in the

forum the dollar bag appears ‘<) Every time a user wants to put a question in the forum
he is obliged to give a certain amount of points of his own account to encourage other
users to answer his question. The dollar bag shows that someone gill can earn points by
answering this question. On the other hand it makes the questioner clear, that someone
ds has a gmilar problem which has not been answvered o0 far. It gives him the
opportunity to take part in this discusson to solve his own problem. This symbol can
only be shown in the internal knowledge database results. In the picture above no open
guedtion in the forum is avallable.

Sometimes externd resources like files moved to another place or have been deleted. The

same may happen to

i m[nnmm I’efel‘ences tO
resources on the

Question:  what is & good java book postt world wide web. As

o o 20 mosttd(searcr; results
ae en from an
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tha links ae not
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Enter a detailed explanacion of the

Tcrkian other users everyone
can remove dead

links in the index if
he finds one by

o dicking the ' 2%)-
100 Enter the pomts  Your account has 710 Fonts. symbol.  After  that

the link will be
removed from the
index. The physcd
exigence of the

Image 5.12: Userinterface Forum
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document will be avalable, which means that the document will only be deeted from the
index.

The questioner can now scan through dl received documents. If one of these documents
solved his question he has the possbility b enter the answer in the internd knowledge

database by clicking on the Q-symbol. After that step, the question-answer-pair is
sored in the knowledge database. Another user who will ask a smilar question, receives
thefitting answer on the top of his search result page.

If, for ingtance, the user did not find a document which represents a suitable answer to his
question, the next step he can do is to post his question in the forum. So every member of
the community has the chance to participate and to rep him. The next image shows the
main page of the knowledge system again. It represents the same Satus as before with the
difference that by now the checkbox for posting a question in the forum is activated.
(marked by the red box). The news frame disappears and the FORUM frame comes into
the front. The questioner can choose a category which belongs to his question. In the text
fidd beow it a detalled explanation of the problem should be entered. Findly the user
adds the amount of points he wants to give for a good answer. To submit the question to
the forum the questioner smply has to press the “pogt it” button. The question is now

| AL EDeE Fosr l..' makaj & an
open question in
the forum and can
Java o whot 13 4 goed gava beok be seen by
what is a goed java leok a/aybOdy as
& mor, Diabee 066, Tan. 2006 Tione: 13:53 qu S It Wl" m
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T2EE buoeke? .
The next image
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appearance of the
Bort au new answes qlm|0n in the
d s forum. Other
Fia: whar 15 & gapd (e bock usrs can take
part in the
discusson and
post their
answvers. The bag
with the dollar
ggn gand for the
ET points the
guestioner  offers

for aconcrete
Image5.13: Forum

answer. Whenever one of the answerers posts a correct answer, which solves the
problem, the
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questioner can trandfer the points from his account to the answerers account. That
simulates the question-answer process.

The exemplary illugrations above are the most important parts of the user interface of
this system, but it dso seems important to explain the use of the Indexing mechaniam
shortly. The image on the following page shows the Fle-sysem Indexing in the
adminigtration area.

On the top of the page, the index directories are listed. Below these indices one can find
two functions. update and delete. The update should be done from an administrator from
time to time. For ingtance, if many files in an indexed directory have been deleted or
moved, the index is incomplete or inconsgtent. The result for the user could be that he
recaves answers as links for his questions which do not exis anymore. A regulaly
update could avoid this effect. A scheduler, which updates al files from time to time is
not implemented in the prototype. But this could be a meaningful addition in the future
Stll the user has the possibility to deete dead links so that they will not be shown any
longer.

If a directory has been deleted or if the administrator does not want to use the index
anymore he can Imply deleteiit.

To create a new index one can go to the bottom of the page and enter a directory to
which the server has access. This directory should include some files of interest which
are in a .txt, java, .htm, .html, .pdf or any other supported format. i the second text field
one can enter the directory where the index should be stored to, usualy the directory will

DHIHISTRATION FILESYSTEM

< back to menu

new index directory (will be created)
directory with textfiles (* html * pdf * t=t )
Stemming Analyzer uzed | English

pdate Delete

new mdex directory (will be created)
Lentary ot = Staleel bl ot Sy

O german texts and files
O english texts and files
O english technical files
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be created automatically. To understand how the system works, it is essentia to
understand how the indexing works. The indexing scheme will be explained in detail in
the following section. By pressing the creete button the new index will be crested. This
can take awhile depending on the on the size and amount of documentsin the
directories.

5.3.3 Indexing and Searching in Detail

As mentioned above the indexing of files can be done through the adminidration area
Every index can actudly be in English, German or technica English. For ingance if the
index will be in English dl the text files found in the directory and subdirectories are
being andyzed with the Porter Stemming dgorithm. Later on, when questions are asked,
the questions will be analyzed with the same andyzer as the indexed directory. This idea
makes it possble to index the same directory twice. On time in English and the other
time in German. This could make sense if in the same directory is a mixture of English
and German files. But one has to take care, because this leads to the effect that the same
document could be shown twice as an answer to one question.

After the indexing is done, the user can dat asking questions. The following image
makes clear how the search process is being done interndly.

In that example the norma user asks the question:”what is a good java book”. By row
the searching process darts. The query is atacking the firgt index which is dways the
index of the interna knowledge database. The query will be semmed with the same
andyzer as the database index. By following that procedure it can be guaranteed, that the
query and the index can be compared in a meaningful way. If some suitable answers
were found, the program saves them to be shown in the result page. After that, the raw
query is atacking the file sysem indexes where again the query will be semmed
separately and compared with every file index which was created. All found answers are
being saved again. Findly the program looks up if any plugins have been inddled to
include other resources for the searching procedure. In our case, the Google search
engine has been implemented as a plugin using the web services interface. As Google has
it's own stemmer and analyzer the raw query is sent to the search engine. Responses are
being saved again. By the next sep dl saved answers are being sent to the user interface
which normaly is a web browser who visudly displays the responses. Now the user has
the opportunity to choose an answer which is correct, according to his opinion. By doing
0 the question and it's corresponding answer are being saved into the (knowledge-)
database. Immediatdy after inserting it in the database, the question will be added to the
index of the database, to make it again tracegble for another questioner.
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search query:
“what is a good java book"

STEMMER

'-----

SER INTERFACE

KNOWLEDGE
DATABASE

DATABASEINDEX

STEMMER

FILEINDEX 1

DIRECTORIES WITH STEMMER
FILES, DOCUMENTS, FILEINDEX 2
PDF...

STEMMER

FILEINDEX n

“'----- GOOGLE --------ﬂ‘

Image 5.15: Searchingin Index

5.4 ClassDiagram

To following dass diagram should help to get an overview of the program structure. The
whole code was written in Java [Java] based on the Java Struts Framework [Struts].
Queriesto the database are redlized via OJB [OJB]. OB stand for

ObjectRdationa Bridge and tries to build a bridge between an object modd and a
relationd database modd. Details will not be explained here. As one can seein the
diagram dl classes are derived from the PersstentObject.class. This class holds only
information about when and by whom an object was created. The class User isnot part of
my project, it belongs to the oswp-core-project, but as the prototype is part of the oswp-
project it will frequently use this class for identification of a person. The diagram is more
or less sdf describing.
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Image 5.16 Class Diagram

auser can ask severa questions.

aquestion has one category

aquestion has one or more answers

auser can answer severd questions

an answer has severa question (possible but will not be used so far)

5.5 Scenariofor a Tes

5.5.1 Testingthe Usability

The success of this software project will be measured through the eyes of the end users.
If the project does not meet the end users expectations, something has gone wrong. To
improve the qudity and the usability of the question answering sysem we need
information and facts from a working environment, which we do not have a the moment.
We need facts about the comfort using the QAS indead of other dternatives, like
searching files manudly or searching in Google itsdf. Usars have to accept the new
sysem and they have to integrate it in ther daily work. To see if the system reached the
consumer acceptance we need some datistics about frequentness of use or about the hit
rate of questions. It is possble the receive many datidics autometicdly by logging the
user behaviour and representing it in datigics. A smple implementation of that can be
found in the adminidtration area under daigtics. This page shows a datistic about every
user and it's participation in the system. But tha is just a train of thought whet is redly
possble In my opinion, a good teding environment is a mixture of collecting
automatically generated datistics and a polling which asks every user about his persond
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atitude to the system. It would be no problem to integrate a new web page which appears
for ingance automaticaly after one month snce the user has been registered. This
guestionnaire could include the following questions.
- Do you think the system is user-friendly ?

What do you think about the quality of the answers ?

How many answers did you ever find which solved your problems ?

How do you like the design of the platform ?

Do you use the system as your preferred tool to solve problems ?

Did you ever find somebody who shared the same problem with you ?

Whét is your average impression of the system ?

Of course there are much more ideas. These questions again can have answers from 1
(very good) to 10 (very bad). This makesit easer for the evauation.

To evduate a question answering system we choose six factors to judge a system, which
ae

The qudlity of the answer

the ability to expand the system

the ability to enter natura language as a question

the ability to learn automaticaly

the redtriction to one domain.

With that method we receive a convenient result if a system meets the requirements of a
modern question answering system.

But the more important fact is if the management is satisfied with the introduction of the
sysem. Do they have the feding that work processes have improved? The management
is dways concerned about the return of invesment. Are the cods of the new system are
redly worth its money? For that reason managers and decison-makers have to tak with
their employees about the knowledge management sysem and findly everything ends up
in the gatigics managers receive out of the sysem. Hence, the most important question
inthetest is, if decison-makers think that the system improved the productivity.

5.5.2 Tegingthe Code

There are two common test methods b discover errors in the source code itself. There are
Black-box and white-box are test design methods. Black-box test design treats the
sysem as a "black-box", so it doesn't explicitly use knowledge of the internd Structure.

Black-box test design is usudly described as focusing on testing functiona requirements.
White-box test design dlows one to peek indgde the "box", and it focuses specificdly on
usng internd knowledge of the software to guide the sdection of test data Synonyms
for white-box incdude dructurd, glass-box and clear-box. While black-box and white-
box are terms that are Hill in popular use, many people prefer the terms "behaviord™ and
"dructurd”.  Behaviourd test desgn is dightly different from black-box test design
because the use of internad knowledge isn't drictly forbidden, but it's still discouraged.  In
practice, it hasn't proven useful to use a gngle test design method. One has to use a
mixture of different methods so that they arent hindered by the limitatiors of a particular

74



one. Some cdl this "greybox" or "tranducent-box" test design. It is important to
understand that these methods are used during the test design phase, and ther influence
is hard to see in the tests once they are implemented.

To test the code of the prototype black-box testing might be sufficient. White box testing
in this case is too time intendgve and can hardly be done manudly. The am is to reech
every Action Class of the code once. This can easily be reached by dlicking on every
action-link and by asking various questions and answering it frequently.

5.6 The scientific discoveries and benefits of that paper

One of the mayor scientific discoveries is the integrative effect. This means, that a user
only needs one interface, in our case a web browser to access dl his resources being
used. The prototype has the capability to integrate different sources for the gain of knew
knowledge. The knowledge exiging in many different resources which dl have different
formats can now be accessed ard stay in their natura form. Databases can stay the same
way they are, the only thing one has to do is to build a plugin which attacks the database
to extract the desred information. A problem which usudly is managed by many
middlevare sysems, which build a bridge between exiding sysems and new
implementations. As mentioned before, it is important to have the information and the
knowledge in the right format so that it can be processed in a way which brings an
advantage and enrichment. In case of the prototype the right form is being redized in a
structured knowledge-database.

Ancther issue is the paticipation in a playfu manner usng “points’ which can be seen
as a subdtitute for money. By “trading” with knowledge, the offerer of the good receives
a virtua counter-vaue. Knowledge gets a new point of view, as soon as one redises, that
knowledge becomes a good which can be traded easily.

Ancther point which hopefully came out clearly in this paper is that companies have to
think about ther knowledge management strategy. Knowledge becomes besides other
resources a more important good. By now it has always been in the background, but it is
time to come into the front, and to make knowledge management one of the mayor tasks
of every ClO or even CEO.

But of course the exclusve scientific discoveries are embedded in the prototype. By
using the question answering system in operation the redl benefits will show up.
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5.7 10 Theses and Future Outlook

knowl edge management receives not enough attention

dthough 60% of al businesses are services knowledge still does not receive
enough atention. It is still seen as something intangible. Thiswork should
demondtrate that it does not have to be that way

knowl edge owners have the ledge towards their rival firms

one reason why consulting companies are successtul is, because they have awell
operating knowledge system.

Question answering will soon become reality
this work has shown that some question answering systems return usable results.
It won't take long until real-time systems even with voice recognition can be
found in our everyday life.

The problem of knowledge is not that it does not exist, the problemis the
accessibility

The problem today is the hdf-life period of information. Datathet has been
saved five years ago on afloppy disk is not accessible anymore. The fast
changing technologies without solid standards makes it dmost impossible to
access dl kind of informetion

Common knowledge is too complex to map it in a conventional database
asthe Cyc project has shown, it isto difficult to map our common knowledge to a
computer system. The fast successes at the beginning were followed by a not
conquerable border to the perfectibility

The development environment and framework JavaStruts will become a standard
the framework which has been used to implement the knowledge management
system JavaStruts is an Open Source project from the Apache Group. The struts
forum is one of the most discussed groups on the Apache sites. The framework
supports the MV C Framework which separates the businesslogic and the view.
Lucene builds a stable reasonable API which can be used for indexing and
searching data

Luceneis dso aproject from the Apache Group and open source aswdll. It has
an APl programmed in Java which can be used in own projects. With Luceneit is
possible to index documents fast and eadily. The option to use that APl was very
timesaving, when congdering that programming a slemming and indexing
software would cost alot of time to receive comparable results.

The internet is a huge collection of unstructured knowledge

Some companies try to structure the masses of information found in the internet.
For instance Google or AnswerBus, which are mentioned in the paper try to
discover answers or solutions to questions or problems. Other approaches like
RDF are trying to solve the disorder in the internet. Findly we will have a
mixture of both. Little order and alot of confusion

Before realizing a knowl edge management system with different sources one
should carefully think about a common format of all sources

one of the mogt difficult tasks to solve was, to bring dl kind of different formats
of information together to one format. Web-links, different fileslike PDF or TXT
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and discussionsin forums al had to come together to “find” spacein the
knowledge database. A word document, for instance, has another structure than a
HTML-file. Without acommon format it is just data and not knowledge.
Knowledge management systems can only be successful if usersare being
motivated to participate

The reason why many knowledge management systems did not succeed was,
because users did not see an advantage for themsel ves when they wrote down
their knowledge. Good approaches of software failed because of thelittle
motivation. New developments have to take into account the user participation. A
good knowledge management system starts a the individud.

5.8 Factsabout the Prototype

The redlized Java Code of the prototype has 6710 lines which, if you transfer it to aword
document withfont size 12, is 140 pages.
To program the whole question answering system | was occupied more than 4 month.
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