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Abstract

We present Logical Information Systems (LIS). A LIS
can be viewed as a schema-less database whose ob-
jects are described by logical formulas. Objects are
automatically organized according to their logical de-
scription, and logical formulas can be used for rep-
resenting both queries and navigation links. The key
feature of a LIS is that it answers a query with a set
of navigation links expressed in the same logic as the
query. As navigation links are dynamically computed
from any query, and can be used as query increments,
it follows that querying and navigation steps can be
combined in any order.

We then present LISFS, a file-system implementa-
tion of a LIS, where objects are files or parts of files.
This has the benefit to make LIS features available
right now to existing applications. This implementa-
tion can easily be extended and specialized through a
plug-in mechanism.

Finally, we present some applications in the field of
personal databases (e.g., music, images, emails), and
demonstrate that building specialized interfaces for vi-
sualizing databases can be done easily through LISFS
navigation.
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1 Logical Information System

The framework of Logical Information Systems (LIS)
manages data in a generic and flexible way [5].
This framework offers an alternative to hierarchical
systems (e.g., UNIX file-system), boolean systems
(e.g., Google) and relational systems (e.g., relational
databases). It relies on a variant of formal concept
analysis 7, 4].

The storage structure, called formal context, holds
objects that are described by logical formulas. A con-
text can be queried or seen as a navigation medium at
any time. Interrogation answers to a query, expressed
as a logical formula, by computing the set of objects
whose description entails the query. Navigation intro-
duces the notion of a place, also expressed as a logical
formula, and computes both the set of places accessi-
ble from the current place and the set of objects located
in the current place. This amounts to computing the
difference between a formula (the current place) and
the formulas describing accessible places. If such dif-
ferences are carefully computed, they form the basis
of a progressive navigation tool.

In a LIS, an object can have two kinds of properties.
Intrinsic properties are computed from the content of
the object, whereas extrinsic properties are given by
the user on the basis of criteria that cannot be com-
puted from the object.

A LIS behaves like a schema-less database, the
organization structure being computed dynamically
from the logical descriptions of the objects.

In a database system as in a LIS, queries are in-
tentional. The most striking difference between a
database system and a LIS is the nature of the answer.
Whereas it is extensional in a database system, i.e. ob-
jects, in a LIS the answer to a query is also intentional,
i.e. formulas. Therefore, the search can be progressive
through an iteration process: ask for a query, pick up
an answer to complement the query, etc. This is anal-
ogous to a dialog between a customer (C) and a shop
assistant (SA):

C.

: I want to buy flowers! What do you have?
SA:

Do you have any idea of the color, kind of flower
or size of bouquet?

I want a big bouquet! What color do you have?
Red, white or yellow.

C:
SA:



Figure 1 LISFS architecture
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2 Logic File System

LISFS (Logical Information System File System) im-
plements the principles of a LIS at the system-level
under the interface of a file system [13, 14]. Objects
are files or parts of files, and places are presented as
directories. Such a system approach makes logical ac-
cess to files a commonplace, regardless of their types
and whatever application is used [3, 13].

Modern OSes consider a file system as a set of meth-
ods that allows to manage files and directories. Under
Linux, VFS (Virtual File System) acts as an interface
of which every method is virtual. A file system is just
an implementation of those methods; this is the case of
LISFES, which runs over the Linux kernel. As shown
in Figure 1, LISFS has a plug-in mechanism. There
are two kinds of plug-ins: logics are used to describe,
query and classify objects; transducers compute in-
trinsic properties of files.

With LISES, paths are seen as formulas. LISFS
embeds boolean querying: / reads “and”, | reads
“or” and ! reads “not”. For instance, the query
cd /music/!bad/disco|rock would select disco or
rock music files that are not tagged as bad.

It should be emphasized that LISFS operates on two
levels. At the first level, called inter-file, objects are
files. At the second level, called intra-file, objects are
parts of files [14].

By design, querying and navigation within LISFS
must be compatible with an interactive use. Current
experiments show that it is the case up to an order of
100 000 objects. While the stress is put on a fast an-
swering to queries, indexing might take longer. How-
ever, only the initial indexing of large data might take
long. Once it is done, the index is stored persistently
on disk. If the data changes, re-indexing is incremental

and faster.

To achieve speed, LISFS uses inverted indexes to
manage its meta-data. The indexes are hash tables,
which are accessed with the Berkeley DB library [12].
The indexes are persistently stored as B-trees [2].
Moreover, LISFS takes advantage of the atomic trans-
actions of the Berkeley DB library to offer journal-
ing [15].

3 Application Examples

Managing a music database. Music files are easily
managed within LISFS. As a matter of fact, music files
generally come with meta-data; e.g., MP3 files embed
the name of the artist, the title of the song and so forth.
Such meta-data can be extracted by a transducer and
used do describe a music file.

Using a traditional UNIX shell as an interface, the
cd command queries the database and the 1s com-
mand lists the navigation links, as shown in the ex-
ample below:

[1] cd /1fs/music/year:[1980..1990]
[2] cd !genre:Comedy

[3] cd time:<7min

[4] cd .ext

(5] playmp3 *

[6] cd /1fs/music/genre:Disco/

[7] 1s

artist:BeeGees/ artist:DonnaSummer/

[...]

year:1976/ year:1977/

[...]

Command 1 selects music files from the *80s (using an
interval logic for years), command 2 excludes comedy



Figure 2 Graphical interface over LISFS for music database
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from the selected files (! denotes negation) and com-
mand 3 selects only short songs (using a time logic).
From then, the user can switch to the extension of
its query (command 4) and listen to it (command 5).
Command 6 selects disco music and command 7 then
asks for navigation links. It can be seen that they can
be used as legitimate queries so as to refine the current
query.

Those who prefer to use a graphical interface, as
can be seen in popular tools such as iTunes, may find
the use of command-line in the above example awk-
ward. This is not really a problem: since LISFS is
implemented as a real file system, every application
can benefit from it. Therefore, a music manager a la
iTunes comes for free: it is barely a specialized inter-
face over LISFS. Such an interface was written; see
Figure 2 for a screenshot. This approach has two ad-
vantages. First, the code of the interface is very sim-
ple, since the hard work of indexing, querying and an-
swering relies entirely on LISFS. Second, the resulting
application is more powerful than most popular tools.
For instance, iTunes allows the user to browse a music
library by genre then by artist but not the contrary; this
is no problem with our application.

Managing a bibliography database. The intra-file
mode of LISFS can be used to manage a bibliography
database stored in a BibTgX file. In this case, the ob-
jects are the entries of the BibTgX file, and a transducer
extracts properties such as author, title, etc. LISFS was
successfully used to manage a 100,000 line BibTgX
file.

Navigation inside a BibTgX file is close to some
data-mining work. For example, the navigation links
resulting from a query can easily be used to look for
frequent co-authors of a given author.

Moreover, after performing some query, the user is
presented a partial view of the original file, showing
only the relevant entries. This view can not only be
further queried, but also edited. Changes are propa-
gated to the original file in a consistent way, and the
view is consequently updated.

Managing e-mails. E-mails can also be managed
within LISFS. Experiments were achieved on repos-
itories holding up to 160,000 messages. A transducer
extracts author, subject, thread, date, etc., from a mes-
sage and this information is used to index e-mails.

By assigning extrinsic properties to the e-mails, the



user can organize its messages with some kind of vir-
tual folders. It should be noticed this allows e-mails to
naturally belong to several virtual folders.

In such a context, a user is likely to be looking for
an old e-mail. Therefore, full-text indexing of mes-
sages seems to be a good idea. However, doing it
naively in LISFS would lack efficiency, since there
would be too many navigation links available. To al-
leviate this problem, Glimpse[11] is used for full-text
indexing of the messages, and the file system interacts
with Glimpse to process some queries. Queries of the
form cd contains:foo call Glimpse and select files
that contain the text “foo”’; however, rather than show-
ing these files, navigation links that lead to them are
computed. Please note that the integration of exter-
nal tools in the query/navigation process is not part of
the LIS theory, but comes as a practical extension of
LISFS.

Homedir. Apart from the few examples described
above, LISFS is used to managed many other kinds
of files such as source code of programs, man pages,
IAIEX files, etc. From then, the idea of managing a
user’s entire home directory, which is nothing more
than a collection of numerous and heterogeneous files,
sounds appealing. As we saw in previous examples,
the user benefits from the different applications of
LISFS on various kinds of files.

Moreover, LISFS allows him to perform transver-
sal queries on different kinds of data. For example,
let us consider a user looking for files that contain the
word “synchronization” but who does not remember
exactly their types nor their places. With a home di-
rectory managed under LISFS, he will be able to use
the query cd contains:synchronization to select
every data that mention the word “synchronization”,
regardless whether it is in an e-mail, a documentation,
a program, etc. Then, the system itself will propose
navigation links for the user to complement the query.

4 Demo scenario

LISFS basics. The first part of the demo shows
LISFS basics over a context of MP3 music files.
Within a regular UNIX shell, we demonstrate the
query and navigation process:

e how to query LISFS and how to get help from
LISFS through navigation links;

e use of boolean query;

o use of additional logics (interval logic on numeric
properties).

We then show how to give extrinsic properties to ob-
jects and how to update the context.

A generic low-level implementation. On the same
MP3 music files context, we demonstrate how having
LISFS makes logical access to files a commonplace,
i.e how the low-level design of LISFS makes its tech-
nology available to every regular application. To this
effect, we replay the search of music files within a
standard file explorer and open the music file in reg-
ular music players.

Then, we show the ad hoc music player (see Fig-
ure 2) and emphasize that it is very easy to write such
an application. Only the interface has to be written,
the hard work of the query process being embedded in
LISFS.

Intra-file level. In the previous part of the demo,
only the inter-file level has been shown. We know
show how query and navigation at the intra-file level
allows to make partial views of a file. To this end, a
bibliographic database stored as a BibTEX file is used.
This amounts to:

o entering the file (lines of the file become objects);

e querying the content of the file to get a partial
view of the file;

o getting help from LISFS navigation links to form
a query;

e viewing a partial file;

e using boolean queries to select non-trivial views
of the file.

After this, editing and automatic re-indexing of the
file is presented. Next, we show how the intra-file
level apply to files that does not hold a database, such
as source code. For example, this allows the user to
extract a table of content of an article from its IXIEX
source.



Homedir management. Last, we present how
LISFS can be used to manage heterogeneous data in a
home directory with a particular emphasis on transver-
sal queries:

e using views to restrict the search space;

e using transversal queries, acting regardless of the
file type;

e using glimpse integration to process full-text
queries over documents in the homedir.

5 Related Works

Relational Databases LISFS distinguishes from re-
lational databases in several points. LISFS assets are
a schema-less organization of objects and a seamless
integration between querying and navigation. As nav-
igation links computed by LISFS are expressed in the
same language as queries, there is no need for the user
to learn a query language. Moreover, object descrip-
tions in LISFS are not limited to flat attributes; the use
of specialized logics (e.g. date logic, string logic, in-
terval logic, etc.) allows for rich descriptions.

We believe the low-level implementation as a file
system is another point for LISFS. Being standalone
applications, traditional databases are hard to interface
with. On the contrary, LISFS is totally integrated in the
operating system by design, thus LISFS technology is
made available to every single application.

However, LISFS does not fully handle relations be-
tween objects. Managing arbitrary relations is still on-
going work [6].

Advanced File Systems Non hierarchical file sys-
tems were already proposed, e.g. SFS [9], CATFS [8],
Nebula [1], HAC [10]. Each of them brings some
interesting features like automatic assignment of in-
trinsic properties, directories seen as queries, powerful
querying or the notion of view. Nevertheless, none of
them achieved to have all those features at once, nor
did they provide such a seamless integration of query-
ing and navigation as LISFS does.

Moreover, they do not provide an intra-file level. On
the contrary, LISFS successfully generalized the above
principles to the contents of files.

Personal Databases LISFS can be seen as an an-
swer to the problem of personal document retrieval.

This concern has recently been addressed by the com-
puter industry in two different ways. On the one hand,
tools like Google Desktop indexes documents in a
database; on the other hand, file system approaches,
as done in Apple’s Spotlight, store indexes as file sys-
tem attributes.

Both those approaches provide a searching tools in
the form of a user application. LISFS goes further in
the file system way in that not only the indexes are
stored in the file system, but also the file system is the
searching tool.

6 Conclusion

We presented Logical Information Systems that allow
a collection of objects to be organized within a schema
that is neither defined a priori nor hierarchical. The
collection can be browsed by combining querying and
navigation freely. Managing the collection is easy: in-
trinsic properties are automatically updated by trans-
ducers when a file content is changed, and extrinsic
properties can always be updated by the user. There-
fore, the collection is automatically and incrementally
re-organized.

LIS provides a highly expressive framework to nav-
igate, query, update and organize data. A file system
implementation allows every application to take ad-
vantage from it.

Future releases will provide relations between ob-
jects and data-mining operations.
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