


a 15-billion-word encyclopedia [3, 12].  he signifi-
cant growth in size, access, and reach of the WWW
make it vital that new systems are enhancements
of the WWW instead of competitive replacements.

ddition of the above features to the WWW is dif-
ficult. Write access is a nightmare for security. at-
ing and moderation is di cult because ratings are
highly individual and depend on a personal point of
view. istribution is an ambitious step compared
to the current WWW practice.

he basis of our
our belief in openness. nformation does not ap-
pear, but must be provided by someone. he ob-
stacles for adding information must be as small as
possible.  he organisation of this information must
be as open as possible everybody must be able to
contribute or copy content. With this openness we
are able to solve the three problems of the WWW.

concept is

his paper applies the ideas of pen ource soft-
ware to collections of structured information. he

pen ource idea is that software must be dis-
tributed as source code, enabling everybody to im-
prove and extend this software [ |.  ue to a spe-
cial clause in the copyright notice, often used
by much of the pen ource oftware community,
software under a copyright must remain in the
public domain.  he philosophy of keeping some-
thing open has been applied to other fields besides
software as well. or example, an initiative has been
started to keep web content open [25], and another
to publish hardware designs [2 ].

his paper proposes to create open information
pools, with the underlying philosophy that
. We define an
open information pool as

“ he struc-

tured pools of information are implemented as re-
lational databases. ach database contains infor-
mation about a specific topic in several tables. v-
erybody can contribute to such a database and also
copy the content, provided that added information
remains public. ating and moderation systems are
used to keep the content “clean”.  he open form
makes it possible to create information pools that
are impossible, or not cost effective, to create and
maintain by a firm. When a firm owns and main-
tains a database, the database can dissappear when
for example the firm goes out of business. ublic
information has a smaller risk of disappearance.

n[] aymond discusses the gift culture of pen
ource. With our open information pools we will
try to show that the same gift culture can also be
cultivated in the information domain, besides the
software domain. Within pen ource it has been
shown that people are willing to freely share their
work without any direct payment. he quality of
this shared work can even surpass the quality of the
work produced within firms that do not use this gift
culture. n the nternet people are willing to share
information freely, for example, within Usenet. eo-
ple can be motivated to share information for free
for the satisfaction of a good reputation amongst
their peers, the knowledge that a good reputation
can also pay-off in the real world, or pure altruism.

y using the nternet as the basis of the informa-
tion pools, world wide access is guaranteed. dding
information to nternet-based databases is already
possible [20, 21, 23, 24,25,26,2 ,2 |. he majority
of these databases do not contain scientific, medical,
historical, or cultural knowledge but “popular infor-
mation”, with a wide audience. Unfortunately, sev-
eral of these databases have been taken out of the
public domain for commercial reasons. Users cannot
copy the entire content of those non-public domain
databases. We believe that this protective commer-
cialism is a dangerous development that threatens
the free flow of information. he nternet movie
database [2 ] (about 200,000 entries), and the au-
dio database [21] (about 500,000 entries) were
open, but are now closed. he audio database is
popular, with more than 600 contributions of infor-
mation owever, the quality of the content is
low the number of duplicate records is measured to
be as high as 12 in some cases. lashdot.org, in con-
trast, is a good example of how an open information
pool should operate. lashdot.org is a web site with
an open news and discussion forum, it has public
write access, is based on a relation database, uses
an advanced moderation system, and has a large
user base. he pen irectory roject [26] is also
a good example, they have created a comprehensive
directory of over a million web pages, by relying on a
“vast army” of volunteer editors. he directory can
be freely copied, and is used by etscape, ycos,

ot ot, and others.
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We designed an architecture that supports open in-
formation pools and adds to the WWW the three
missing features discussed in ection 1.  he ar-
chitecture consists of several components, see ig-
ure 1. urrent nternet based writable databases
are tightly bound to the database content. n our
architecture, every component is independent of the
information pools content. With our generic archi-
tecture, the number of these open, nternet based
information pools could grow and software could be
re-used.

2.1 Users and submitters

he submitters are the key to the whole open pool
concept. he database must be of su cient interest
in order for them to freely submit the information
they have. eople that have bought a described
item, are fan of the subject, or do research on it
are especially motivated to submit. omputer liter-
acy also plays a role, computer related database en-
tries such as security vulnerabilities, 2 hand com-
puter adds, s, manuals, and computer science
encyclopedia could be popular. When information
is submitted it is also important to register the sub-
mitter as a form of recognition for his efforts. eople
with a high number of submissions build a certain
reputation with this work. he motivations behind
submission are thus not limited to pure altruism.

he influence of reputations in a gift culture are
explored by ric aymond in [ ].

2.2 Submissions, rating, and modera-
tion

he power of the open information pool is also its
greatest weakness the open form makes the infor-
mation pool vulnerable to errors and abuse. he
rating and moderation component ensures that the
database is kept clean. Users can submit informa-
tion into the pool with submission tools. ubmis-
sions can be of two types inserts and modifications.

or the storage of modifications within an informa-
tion pool there are two methods it is possible to
store the original database and the subsequent mod-
ifications, or to store only the latest updated ver-
sion. What method should be used depends on the
need for history within the information pool. if-
ferent rating and moderation policies can be used
for inserts and modifications. or example, an in-
formation pool in the form of an encyclopedia for
computer science can have the following policy ev-
ery nternet user can freely insert new terms and de-
scriptions, and a team of moderators is appointed to
modify and delete entries. With such an open pol-
icy of an information pool, attacks on integrity and
availability cannot be prevented. Write access could
be blocked for new users, users only obtain write ac-
cess after using the information pool for some time.

ome boundaries could be set on number of inserts
and modifications. When anonymous inserts are
not allowed, limits on the number of submissions
per user can be set. nother possibility is to limit
the number of these transactions per computer by
using the address. umerous, slightly different
policies can be constructed around an identical cen-
tral mechanism, several policies can also be mixed
to form a new, hybrid policy.

2.2.1 Submitter based

simple policy is to place the first submitter of the
content in control of subsequent modifications. ew
information may be freely inserted. With every in-
sert the e-mail address is requested. odifications
are allowed but have to be approved by the origi-
nal submitter, using e-mail. f the original submit-
ter does not respond within a reasonable amount of
time, he loses his approval rights. he original sub-
mitter is then automatically replaced by the sub-
mitter of the modification. his policy is the most
simple to use and implement, but it does not offer
strong protection against errors.



2.2.2 Reputation based

more advanced system is build around the rep-
utation of users. ach user is registered with a
(nick)name and a number that indicates his reputa-
tion.  reputation function calculates a reputation
based on several aspects of the user, like the amount
of activity of the user, number of retrievals of his
submitted information, the number of modifications
to his submissions, etc. ased on this reputation all
sorts of moderation methods become possible. or
example, a high reputation enables people to mod-
erate content submitted by people of significantly
lower reputation. his policy requires registration
and identification of the user with for example an
account and password. his gives a barrier for sub-
mission of information, but also more protection.
When a new account is requested the password is
e-mailed to the user, thus a valid e-mail adress is
required.  reputation-based system is more com-
plex, provides a small barrier, and offers stronger
protection against errors than the submitter based
policy.

2.2.3 Democratic based

With a rating mechanism the majority determines
what is considered “correct”. Users indicate the
quality of every insert and modification.  uality
ratings can consist of numbers that indicate the
level of accuracy, completeness, or grammatical cor-
rectness, it is also possible to rate quality with a
“better/worse than” indication. t is very di cult
to rate the content of a because the rat-
ing is strongly dependent of the point of view and
the purpose of the text, according to [10]. ecause
a database has more structure and a high level of
context, we belief accurate quality rating is possible.
When users search through the information pool the
ratings can be used to filter out information below
the desired quality level. he democratic and repu-
tation based policy can be combined into a system
where votes of users are weighted with their reputa-
tion, and (dis)agreements influence the reputation
of the submitter. problem with the democratic
policy is that users cannot always be objective and
independant, for example the majority can deter-
mine that false popular belief is true.

2.2.4 Expert based

xperts are (democratically) appointed users that
control all the inserts and modifications. Users can
freely submit inserts and modification, but the ex-
perts determine if they should be added to the open
information pool. variation of this policy is to
create a hierarchy of experts. Using the expert pol-
icy places a very large responsibility at the experts.

roblems may arise if experts do not have su cient
time for moderation, lack of interest for their task,
or if their objectivity is questionable. his policy is
used within the pen irectory roject [26].

2.3 Databases

database can contain text, pictures, music,
movies, and other data. xamples of possible
databases include a history database with people,
places and events, encyclopedia on various topics,
tutorials on various levels, consumer reviews on
products, medical information, product pricing per
(e-)store, stock market numbers, V listings, etc.

epresentation of information is a di cult subject.

he information stored by the WWW is not struc-
tured, hence the context of information is hard to
find. ecent WWW developments include adding
meta-tags or database extensions that describe the
context of WWW pages [6]. When a database is
used for storing the information the context is well
defined and the content is highly structured [1 ].
Using a relational database for the storage of web-
based information is more powerful than the method
of using standard files. he additional power of re-
lational databases is particularly strong when using
large pools of structured information.

he demands and properties of a database depend
on the class of information stored. he first sepa-
ration we make is between objective and subjective
information. he former is an unbiased truth about
subjects, phenomena, people, places, objects, com-
panies, etc.  he latter is a person’s belief or opin-
ion about some subject, people, etc. with a biased
truth.  he second separation we make is between
deterministic information and non-deterministic in-
formation. When there is only one answer and one
logical textual representation to a question we call
it deterministic information. or example the ques-
tion “ n what year was apoleon onaparte born ”
results in a single answer.  he question “What is the
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life story of apoleon onaparte ”, can be a com-
plete paragraph or book of non-deterministic infor-
mation.

bjective information is more easy to store and to
maintain in the database than subjective informa-
tion.  oderation is simplified when the content is
free of beliefs and opinions. When non-deterministic
information is stored in the database, the demands
on the rating and moderation tools are higher. on-
deterministic information is very hard to capture
and maintain in a value of a field in a database.

he reason for this is that modifications on non-
deterministic information in text form can be re-
placements of the whole text, small modifications
on several sentences, a new combination of several
other suggested modifications, a new structure of
the whole text without modification of sentences,
etc.

2.4 WWW extraction tools

pen information pools are not replacements of cur-
rent WWW pages. With WWW extraction tools we
can add context and structure to the WWW con-
tent and insert it into an open information pool.
xtraction tools are very useful to start a new in-
formation pool and re-use WWW based content.
everal extraction tools exist that can extract the
information from a WWW site [15, 1 |.  ost ex-
tractions tools use a for each WWW site.
is a program that extracts information
from a specific WWW page and presents this in-
formation to the user or inserts it into a database.
ecause each WWW site is different, wrappers are
unique to each WWW site. he extraction tools
can generate these wrappers after they are config-
ured for a particular WWW site by the user. his
user configuration is time consuming. n [5] software
is described that can detect the structure of a web
page automatically. his software does not require
user configuration, but the software is reported to
show “meaningful” results in only 0 % of the cases.
ven with these advanced WWW extraction tools,
submitters must find WWW sites that contain in-
formation missing in the information pools. When
automatic WWW extraction tools are used for sub-
mission, the submitter information must be present
to enable moderation. he extraction tools must
therefore be configured with information about the
submitter.  his, however is not necessary when
anonymous submissions are allowed.

2.5 Search tools

earch tools can help the user to search through the
information pools. earch tools are more effective
than the general nternet search engines because
the information is stored in a more structured way,
within a known context. n [13]a distinction is made
between used by WWW search
engines such as Yahoo, ltavista, etc. and
that are queries on a specific collection of
WWW pages (intranet) that are well maintained,
and have a known structure. WWW search engines
often fail to exploit the structure of such WWW
pages, because the exact semantics of links remain
invisible. ecause WWW search engines cannot ex-
ploit structure, they prefer indexing “flat” WWW

pages.

iscovery queries of nternet search engines ask key-
words to make a sorted list of relevant WWW pages.
ften these discovery queries result in a large num-
bers of matching pages. he coverage and recency
of nternet search engines ( ltavista, xcite, ot-
ot, nfoseek, ycos, othern ight) is extensively
analysed in [12]. his study, published in 1 | es-
timated that the lower bound for the number of
WWW pages is 320 million. ¢t is also shown that
no single nternet search engine indexes more than
one-third of the “indexable WWW?”. n contrast, re-
trieval queries on information pools do not suffer
from the effect that information is not “indexable”.
search is broken into two steps. irst, the ap-
propriate information pool is located. econd, this
single database is searched to answer the query.

2.6 Distribution tools

or performance and reliability the information
pools can be replicated. he openness of the in-
formation pools also dictates that there must be no
single person or organisation in control. nformation
must be freely shared among all interested users on
the nternet. Users must be able to download a
whole database and access it off-line. Updates must
be exchanged between different sites to keep them
synchronised. Updates must not be controlled by a
single site in a scalable distributed system. here
are several update mechanisms. (1) Updates can be
distributed in the form of a chain where each loca-
tion forward the received updates and his own up-
dates to the next location. (2) hierarchical system
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