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ABSTRACT

The development of the RDF[2] standard highlights the fact
that a great deal of useful information is in the form of
semistructured data—objects connected by relations fitting
no rigorous schema. To make use of this information it is
important to be able to search and browse semistructured
data repositories. In this paper, we present a framework,
system, and user interface supporting navigation in such
repositories. The system is general purpose, involving no
hard-coded assumptions about the structure of the repos-
itory. The focus is on providing users with helpful “next
steps” leading them to the information they are seeking.

Categories and Subject Descriptors

H.3 [Information Search]: Information Search and Re-
trieval; H.3.3 [Information Search and Retrieval]: Query
formulation; H.4.3 [Communications Applications]: In-
formation browsers
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1. INTRODUCTION

The Haystack project[1] seeks to help users visualize and
manage their information. To support the customizabil-
ity and flexibility needed to let users store and navigate
through information in the way they want, Haystack pro-
vides a semistructured data model in which objects are con-
nected to each other by arbitrary, user-specified relations.

This flexible and generic data model presents several op-
portunities for improving information retrieval. Searches for
information generally involve a dialogue between the user
and the computer. The user starts somewhere and follows
a sequence of navigation steps (e.g., issuing a query, looking
at the results, refining the search parameters, etc.) until the
desired information is found. A user interface can help this
navigation process by suggesting useful steps to be taken
next, such as specifying particular ways to refine the query.

In this paper, we describe a framework for such an assisted
navigation system within Haystack. Under this framework,
an architect needs not consider the user interface at all and
only needs to specify a set of possible navigation steps and
their outcomes. The Haystack user interface takes care of
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presenting these steps to the user and letting him or her
select one. Using this framework, we have built what we
believe to be a number of navigation experts:

select attribute. Given an item, present an object sum-
mary to allow navigation to other items that share a
particular attribute.

expand collection. Given a collection of items, present a
collection summary to allow an expansion to include
other items that are similar to those in the collection.

refine collection. Given a collection of items, narrow down
to the subset of items that share a common value on
a given attribute.

The experts are intelligent in their own way and represent
the various tasks of searching and browsing the user would
have to possibly accomplish while trying to reach his or her
information goals[5]. Since collections of objects are used
pervasively and have more metadata available, navigation
experts have also been implemented for collections.

Perhaps the most important aspect of the overall frame-
work is that it is completely agnostic as to the particular
metadata in the system; thus, it can continue to work un-
changed as users customize their own repositories with new
attributes and values they have created or imported from
elsewhere. For example, the framework can refine a collec-
tion of information based not only on the type of documents
or their due dates but also based on project—an attribute
that may not have been defined when the system was de-
veloped but should be available for navigation once it has
been introduced. In contrast, current systems[3] are only
designed to work with data whose structure is known at the
time of construction and are thus not concerned with issues
such as determining which properties associated with the
information are important.

2. AN EXAMPLE

Using this navigation framework, Haystack is able to pro-
vide a navigation interface for any information provided in
RDF[2], the W3C standard for representing semistructured
data as triples. As an example of the navigation system,
metadata was extracted from the recipes website Epicuri-
ous.com, in such a way that a recipe’s ingredients are ex-
pressed as properties of the recipe, where the property name
would be “ingredient” and the property values would be
“rice”, “egg”, etc.

When given a collection of recipes to the navigation frame-
work (Figure 1), the object summarizer suggests the user to



Suggested Links

Object Summary: type Collection (22)
Refine Collection
Contains Ingredient: apple (2), cheese (3), cream (30, ega (40, mil
Dish Type: biscuit (2} and kark (2]
Collection Summary: Contains Ingredient Flour £33, Contains Ingredie
Trail: Contains Ingredient Flour | Cooking Method bake | Epicurious., com

Figure 1: The output provided by the navigation
system in Haystack for a collection of recipes.

navigate to a list of objects of the same type, i.e., a col-
lection. The collection summarizer notices that all current
items have flour and rice as ingredients and therefore sug-
gests a super-collection of items having flour or rice as an
ingredient.

With reference to the collection the navigation framework
uses the collection refiner expert to recommend refining the
given recipes by dish types or ingredients. The goal is to
find metadata entries in the collection that split the collec-
tion along one of many possible orthogonal attributes avail-
able. This navigation expert finds all the metadata asso-
ciated with objects in the collection and then groups the
metadata together by the attribute names to suggest pos-
sible navigation steps, so that the user is able to get to
collections whose members share those metadata.

3. NAVIGATION FRAMEWORK

The navigation framework works by providing an interface
to the semistructured data graph as a collection of vectors,
such that traditional information seeking techniques from
the machine learning and information retrieval[4] commu-
nities can be applied in a straight forward manner. FEach
object gets a vector, with a coordinate for each metadata
attribute. Semistructured object attribute values are repre-
sented as unique identifiers, and long text strings are split
into constituent words and stored with their frequencies.

Annotations on the object properties are used to provide
additional information such as the object type, for exam-
ple, information about whether the properties refer to nu-
meric quantities or dates, so that the user interface can be
generated in a more intelligent fashion. Attribute values
having ranges are presented using sliders, and the query en-
gine has built-in support for supporting queries with ranges
beyond the usual functionality like conjunction, disjunction
and negation. Annotations can also be used to tell the navi-
gation framework to have virtual attributes which represent
going multiple links away.

Support for collection refinement thus is a direct adapta-
tion of the query refinement technique (cf. [6]).

4. RESULTS

The navigation system was first compared to Epicuri-
ous.com, a site run by the publisher of House and Garden.
The navigation options available on the website are hard-
wired into its hierarchy such that the navigation steps could
not be recommended for an arbitrary collection as obtained
when doing operations like advanced search. In contrast,
the resulting navigational application, shown in Figure 1,
had the advantage of analyzing the current collection in-
formation dynamically and was able to present navigation
options for any given collection of recipes. The navigation

framework did not need to be adapted to the data like those
in currently available systems[3].

When the navigation system was tested on the data avail-
able in Haystack, i.e., imported e-mail and collections of fa-
vorite documents, users were able to refine collections based
on the information available. Given a set of objects, docu-
ment types and user categorization information allowed the
refinement expert to suggest refinement by those attributes,
as well as more traditional refinement in the case of e-mail
where users’ were able to refine based on the documents
created by a given individual.

The system was also tested on two external datasets: a
collection of information about 50 states' provided as a
comma separated file and an RDF version of the 1999 CIA
World Factbook?. In both datasets, object properties are
encoded as human-readable strings rather than marked up
semantically. Thus, we did not expect any interesting re-
sults. However, the navigation system recommended navi-
gating to states that have the same birds or flowers, and,
from the World Factbook, countries which have the same
independence day or currencies. In both of these cases the
system would have been able to provide more helpful sup-
port for navigation had the data been made available with
more semantics. For example, instead of having encoded an
area as “114006 sq.mi”, it could have been marked up so
that its units were in square miles and that the area was
“114006”. Developing a system that can automatically do
these conversions and add structure by learning from the
data will make the system more powerful.
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!This dataset was extracted from http://www.50states.
com/ and converted by us into RDF.

2This dataset is available at http://www.ontoknowledge.
org/oil/case-studies.



