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Computer system users today are inundated with a flood of semi-
structured information, such as documents, electronic mail, pro-

grams, and images. Today, this information is typically stored in
filesystems that provide limited support for organizing, searching,
and operating upon this data, all operations that are vital to the
ability of users to effectively use this data. Database systemspro-
vide good function for organizing, searching, managing and writ-
ing applications on structured data. Current database systems are
inappropriate for semi-structured information becausemoving the

data into the database breaks all existing applications that use the
data. The Rufus system attacks the problems of semi-structured
information by using database function to help users manage semi-
structumd information without requiring that the user’s informa-
tion reside in the database.

OVERVIEW OF RUFUS

Rufus brings traditional databasefunction to the problems of semi-
structured information. Rufus uses an object oriented database
(OODB) to store descriptive information about a user’s data and a
full text retrieval database to provide accessto the textual content
of that data. We refer to these two databasesas “the Rufus data-
base.” When user data is to be described in a Rufus database,
Rufis automatically examines that data to determine its class. A
class-specific import method extracts and indexes structured infor-
mation about the user data, placing the results into the Rufus object
oriented database.The import method also extracts and indexes the
textual content of the file (indexing of non-textual eontent such as
images could be added). The underlying databasessupport fast

querying. The 00DB supporta fast accessto its objects. Rufus
provides various ways of structuring the objects to support brows-
ing. This object infrastructure is made available through a client-
server interface and forms the baais for a family of applications
that manage semi-structured information.

The Rufus data model represents, as an object, structured informa-
tion extracted from user data. The structured view describes what
the data is, interesting values determined about the data, and what
operations can be performed on it. We chose a single inheritance,
objeet-oriented data model supporting substitutability, as in Small-
talk[5]. Thus Rufus supports both subchwsing and object composi-
tion. The classesin the hierarchy are =ognizable to usersas types
of tiles and information that they use. At the root of the hierarchy
is a generic Object class. At intermediate nodes of the hierarchy
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are broad classessuch as Text, Binary and kfail. At the leaves are
specific classessuch as C-Sourre, RFC-822 &fail, and Usenet Am”-

cles.

Methods associated with Rufus classes encapsulate actions that a

user can take on the data represented in the Rufus database. There

is no need for the user to know the details of how to operate on the

dam the user need only tell Rufus what operation is desired.

When Rufus is presented with user data, it must determine its type

within the class hierarchy. Given the volumes of semi-structured

data, it is unreasonable to expect users to manually perform this

classification. Tbus, Rufus examines the user data and automati-

cally determines its class. This is the first piece of information that

Rufus supplies a user about a piece of data. The classifier is rea-
sonably accurate, but if it makes a mistake the user may override
its decision, Clmsification is fast enough to not be a bottleneck
during import.

Once some user data has been classified, Rufus calls the import
method for that class to extract and index information from the
data, Interesting class-specific attributes of the object are placed
into the 00DB, Any textual data is placed into the Rufus text
index. Rufus could be extended to support databasesof other con-
tents (e.g., images). The import process leaves the user &ta
unchanged, thus preserving the functionality of existing applica-
tions.

The Rufus query language provides content-based accessto semi-
structured &ta. Rufus queries look for objects based both upon
their extracted attributes and their unstructured content (i.e., text in
Rufus today). Attribute queries look for objects with certain
attribute values. Currently Rufus only pertnits the comparison of
attribute values to a constant. Text queries look for objects that
have certain words in their text content and feature tests for word
adjacency and nearness.Text queries may also take into account
word stems and capitalization. Arbitrary boolean combinations of
text and attribute query terms are possible in a single query.

Rufus provides collections, object composition, and hypertext
links[2] to represent inter-objwt structure. Collections are sets of
objects of mixed classes,and may include other collections. An
object can be in several collections at once. For each class, Rufus
maintains a class extent, a collection of rdl instances of the class.
When an object is created, Rufus automatically adds it to its class
extent and to the extent of each of its superclasses.Collections are
also used to store the results of queries. Since collections can be
used as the domain for a query, a limited form of query refinement
is possible. Rufus will discover some hyper-links between a user’s
objeets (e.g., a chain of mail messagesconnected via their “In-
Reply-To” fields), Collections and hyper-links assist the user in

browsing the objects in a Rufus database.
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Since users can accessmuch of their data through distributed tile
systems, the Rufus capabilities &scribed in the foregoing are
implemented by a client/server architecture to provide the same

connectivity to data. Each Rufus server mediates accessby multi-
ple simultaneous clients to a single Rufus database.A Rufus data-
basemay be public or private. We anticipate an environment in
which Rufus databasesthat describe information of interest to the
community are made available by members of the community.
Current clientk.rver functionality is limited in several important
ways. Client applications can connect to only a single Rufus server
at a time. Collections that cross server boundaries are not sup-
ported nor are queries acrossmultiple databases.

A Rufus library is provided that permits the creation of applica-
tions that use and modify the information in one or more Rufus
databases.The library provides client accessto Rufus servers. An
application might simply provide accessto the information in a
Rufus databaseor it might use Rufus to provide additional func-
tionality beyond its pre-existing services.

RUFUS APPLICATIONS

The Rufus project has built three applications using the Rufus tool-

kiti xrufus, rajhstrn and ru#asxrn. The Rufus demonstration will
feature these three applications.

The xrufus application provides general purpose accessto a Rufus
database.Whh it, userscan causedata to be imported into a Rufus
database,browse the data in an object specific manner and search
for information of interest. In addition to a general purpose query
interface, xmfus also has a simple interface for queries on the tex-
tual content of objects, the most common queries. Finally, xmfus
provides accessto the methods on Rufus objects, thus giving the
user the ability to accessand manipulate the underlying objects
with their native applications,

The Rufus project has modified two newsreaders to make use of
Rufus capabilities. The Intemet Usenet news feed provides a great
deal of information organized in one particular way. Users who
browse Usenet are often looking for information on a particular
subjeet. This information frequently will not fall neatly into one of
the many “buckets” provided by Usenet. The user is faced with

either manually browsing this rather large newsfeed (over 7.5
megabytes of new data each day) or missing information of inter-
est. By placing the contents of the news feed into a Rufus database,
queries can be used to find desired information, As has been seen
before [3, 4], this is of great assistanceto the user.The rufustrn
application is an adaptation of the trn newsreader that allows the
user to use queries to &fine virtual newsgroups on topics of inter-
est. The rufusxm application brings virtual newsgroups to the Xl-
based xrn news reader.

STATUS and FUTURE WORK

Rufus is currently available to the Computer Science Department
at the Alma&n Research Center. The Rufus project is supporting
two public databases:one for the Usenet newsfeed and one for the
internal IBM newsfeed. In addition, a number of private databases
have appeared on our local network. Our user community is small

but growing.

1.X Window System is a trademark of the Massachu-
setts Institute of Twhnology.

Work is currently underway in the Rufus project in a number of
areas.This work will improve both the functionality and perfor-
mance of Rufus.

The current Rufus data model models many kinds of user data very
well. However, some data, such asPostScnp~ files, which are
simultaneously text, image and programs, do not fit into the single
inheritance data model. A new data model based upon confor-
mity 1] and the Melampus data model [6] is being implemented.
The new data model will enable Rufus to better model the data
actually found in computers as well as maldng it easier to add new
types to Rufus.

The current Rufus classifier is based upon decision trees. Although
it works very well, it is difficult to add new types due to the inter-
dependencies among the weighted answers returned by various
nodes in the tree, A more extensible classifier is being designed
and built, based upon statistical classification. Preliminary results
indicate that the new classifier will be much more extensible than
the old one and have better classification accuracy.

The current text databasehas very good query and update perfor-
mance up to about 15 megabytes of data. Up to about 45 mega-
bytes of data performance remains adequate. After that,
performance becomes increasingly unacceptable, New data struc-
tures and algorithms are being developed that should significantly
improve the spaceand time performance of the text database.

We are also working towards supporting a more general client-
server environment. We would like clients to be able to have col-
lections that span server boundaries, Clients should also be able to
execute queries against multiple databasessimultaneously.

We would also like a more general hyperlink facility. Finally, we
would like to have rules and agents in Rufus.

Rufus is using traditional database technologies to address the
important problem of managing semi-structured information. Ini-
tial experiences with this approach are very positive, Whh the
changes outlined here, Rufus will be even more valuable.
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