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Abstract

In current information systems, information is passive.
People act upon it, either sending it to known
destinations or pulling it from known sources.
InformANTS makes information active, enabling it to
move actively from one user to another. This paper
introduces the InformANTS vision and describes one of
its major system components, the Information
Matching System. Particular emphasis is placed on the
distinctive self-organizing processes from which
emerge the information exploration and exploitation
capabilities of InformANTS,

1 Introduction

InformANTS (Information Agents for Networked
Teaming Support) is a research prototype system
currently developed under funding by the Disruptive
Technology Office (DTO), for deployment in the US
Intelligence Community (IC). It supports groups of
analysts who are independently performing
intelligence gathering and dissemination tasks by
identifying collaboration opportunities based on
overlapping interest and by actively routing relevant
information to and between analysts.

of a user. Users may be anything from intelligence
analysts to databases. InformANTS thus removes one
distinction that traditionally hampers information
transfer: the distinction between sources and recipients
of information.

This paper is organized as follows. Section 2
provides a general overview of the InformANTS
architecture. The Information Matching System (IMS)
is discussed in detail in section 3. Section 4 introduces
ActiveWiki as atestbed for InformANTS and section 5
highlights short and long term challenges for this
project.

2 Architecture Overview

Three main components make up InformANTS
(see Figure 1): a Knowledge Organizing Environment
(KOrE), a Usar Modeling System (UMS) and an
Information Matching System (IMS). This paper
focuses on the IMS with its various self-organizing
processes.

Documents and users are represented in the KOrE
as Information Packages, or InfoPacks. A series of
Didtillers is responsible for extracting InfoPacks from
user actions and document contents.

InNformANTS' User Modeling System (UMS) isan
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Figure 1: InformANTS Components

example of a Digtiller, and
constructs InfoPacks
representing human users by
observing the interactions of
those users with contents
already present in the KOrE.
InfoPacks comprise three
data containers. The “Head’
functions as the anchor to the
external source and holds the
basic identifying information
about an InfoPack (time of
origin, type of user
represented by this InfoPack).




It is also the target and origin for links to/from other
InfoPacks. The “Body” houses the “raw” content of an
InfoPack, concepts and relations in the form of
speciaized concept maps. The “Chest” is the location
of metadata such as summaries, tags, keywords.

We distill incoming user information or document
contents into Specialized Concept Maps. These maps
comprise specific types of concepts (currently “Place”,
“Person”, “Action”, and “Thing") and a (small) set of
relations among these concept types. In a previous
project we used generic concept maps [6] to represent
the contents of documents or analyst interest and
gueries, but without the specialization and restriction
of concepts and relations, our reasoning tasks would
quickly explode in complexity. Here we essentially
restrict ourselves to represent geographic networks,
social networks, hierarchical task networks, object
ontologies, and events that link specific instances
across these topologies.

3 Information Matching System (IMYS)

The primary function of the Information Matching
System (IMS) is to continuously maintain, for each
user and each document represented by an InfoPack in
the dynamically changing KOrE, a set of pointers to
other relevant InfoPacks. Thus, the IMS links users to
users (Virtual Interest Group identification), users to
documents (information pull), documents to users
(information push), and documents to documents
(Topic Group identification).

The IMS achieves this functionality through a
layered set of self-organizing processes that are linked
through positive and negative feedback loops,
exchanging information in a shared environment. We
group these processes into two major classes. The
Information Exploration processes maintain a task-
independent organization of the (components of the)
InfoPacks in the KOrE, while the Information
Exploitation processes use this organization to
establish the relevance relationships between specific
InfoPacks. In other words, the function of the
Information Exploitation processes is to make
significant relevance relations between InfoPacks
explicit for possible presentation to human users.

These two classes of processes are symbiotic.
Without the Information Exploration processes,
Information Exploitation would have a very low

performance since it would operate essentialy in a
random information space, and without Information
Exploitation, Information Exploration would get no
performance feedback.

Our design of the Information Exploration and
Exploitation processes follows our approach to
engineering swarming systems [4] that we have
successfully applied in domains as diverse as
battlefield prediction, control of autonomous robotic
vehicles, or problem-pattern matching for decision
support in automotive design. In our approach, we
design self-organizing populations of simple individual
agents that act and interact only locally in a shared
dynamical environment and the desired complex
system-level functionalities are then an emergent
property of these swarming agent systems.

In the following, we discuss our design for the
Information Exploration and Exploitation processes
that we are currently implementing for the Information
Matching System.

3.1 Information Exploration

InfoPacks are still very complex constructs and
thus inappropriate to serve as the atomic building
blocks in the self-organizing processes that seek to
create an organized information landscape which can
be exploited efficiently. Therefore, we base our lowest
layer of self-organization on the concepts and relations
contained in the “Body” of InfoPacks.

It is our goal in the IMS to find InfoPacks that are
closely related to each other, and thus we need to
organize them in a common space in which relevance
is expressed by distance, using the information
contained in the InfoPack’s Body. The Information
Exploitation processes will then search the InfoPack
Proximity Space (IPS) to establish the desired explicit
links.

The mapping of an InfoPack from the unorganized
(and dynamically changing) set of InfoPacks in the
KOrE to the IPS is performed by three processes
(concept-to-CPS mapping, CPS adjustment, CPS-to-
IPS mapping) that execute in parallel and draw on the
three sources of information available in the Body of
an InfoPack — concept characteristics, concept
relations, and overall map composition. For simplicity
of exposition, we consider these processes as though
they are three steps in a sequence (Figure 2).
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Space (CPS). In the second
step, we adjust a concept’s
location in its CPS by the
relations it has to other
concepts in the InfoPack.
Finally, in the third step, we
combine the adjusted
locations of al concepts in
the Body of the InfoPack in
their respective CPS into a
unique location of the
InfoPack itself in the IPS.
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repulsive forces of different
kinds that are computed
between particles. The particles
find an “energy-minimizing”
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finite speed aong the force
vector that is the sum of al
component forces. In the IMS,
particles are individual concepts
located in the low-dimensiona
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Figure 2: Derived InfoPack Location in

CPS. We initially consider two
kinds of forces that affect the

point to specific locations or
regions in a high-dimensional abstract space that is
generally non-metric and non-normalized. Consider,
for instance, the “Person” concept that points into a
space spanned by attributes, such as gender, age,
nationality, name(s), or ethnicity. Though it may be
possible to construct a similarity measure between
such concepts using a subset of these attributes,
typically it is very hard to usefully explore this space
with sub-symbolic means, and it is computationally
prohibitive to explore this space with symbolic means
at the scale of our application. Thus, we need a
mapping from the space of concepts of asingle class as
they currently occur in the InfoPacks to a low-
dimensional, metric, and normalized space.

We selected Self-Organizing Maps (SOMs) [2],
embedded in a 2-dimensional 1-unit-by-1-unit box and
trained against the current set of concepts of one class,
as our vehicle for the initial concept-to-CPS mapping.
With a well-trained SOM, we are able to preserve the
relative distance of concepts aong the principa
components of the high-dimensional space while, at
the same time, embedding the concepts into a low-
dimensional space that is most suitable for further
swarming adjustment.

This SOM mapping, while it preserves the relative
distance of concepts according to their specific
characteristics (attribute settings), does not take into
account the rich network of relationships that may
exist between concepts. Therefore, we need to adjust
the arrangements of concepts in each of the four CPSs
to reflect these rel ationships.

The second step of the Information Exploration’s
mapping process uses Force-Based Clustering (FBC)
[1] as a generic sub-symbolic method for the dynamic
integration of guidance coming from different

concepts’ locations. The
“home” force pulls a concept back to the location
suggested by its SOM mapping, while the “relation”
force attracts concepts to the current location of other
concepts if they are linked in the InfoPack.

3.2 Information Exploitation

The  Information Exploration processes
dynamically form rich landscapes that can be searched
efficiently and adjusted by performance feedback from
the Information Exploitation processes. These
landscapes are the Concept and InfoPack Proximity
Spaces (several CPS and one IPS).

In our current system concept for the IMS we are
drawing on our Polyagent construct (a single
“complex” agent called an Avatar that uses “simple’
probabilistic agents called Ghosts to explore complex
spaces) [3] to establish useful links among InfoPacks.

The Avatar of an InfoPack’'s Polyagent
continuously sends out Ghosts to explore the various
information landscapes the InfoPack is embedded in.
Some Ghosts explore the IPS, looking directly for
nearby InfoPacks. Other Ghosts select specific
concepts in the Body of the InfoPack and look for
concepts of other (potentially related) InfoPacks in the
concept’s CPS. The Avatar collects and dynamically
ranks the InfoPacks that have been identified by its
Ghosts and thus maintains the desired list of relevant
InfoPacks. As users assess this list, the Avatar may
receive performance feedback, which it will
communicate to the Information Exploration processes
that provided the current ordering of InfoPacks.



4 Testbed: ActiveWiki

As atestbed for InformANTS, we intend to apply
it to a Wiki, forming an “ActiveWiki’. We are
exploring an in-house Wikipedia server that will be
augmented with the developing InformANTS system.
The Wiki will initially be seeded with a full copy of
the English version of Wikipedia.

In the ActiveWiki, the UMS observes users
operating the Wiki interface and creates adaptive user
model InfoPacks. These user models are stored in the
KOrg, where the IMS enables the information to
organize itself using swarming algorithms and
dynamically identifies highly-relevant InfoPacks. The
UMS processes these clusters to generate personalized
virtual interest groups and data recommendations that
the Wiki interface presentsto the user.

5 Challenges

This paper has laid out a vision and a research
agenda; there are many short- and long-term
challenges that will have to be addressed to implement
thisvision.

51 Short Term

In the context of information exploration we must
identify a function that will compute a meaningful
location for an InfoPack in the IPS from the locations
of each of its congtituent concepts in their CPSs.
Another short-term challenge is to fine-tune the
relative strengths of the SOM and FBC in computing
the location of a concept. Finaly, we must develop
meaningful non-numerical metric spaces for such
conceptsas “role”.

52 LongTerm

In the first stage of InformANTS implementation
we concentrate on clustering InfoPacks according to
the content of their bodies. Information exploration
based on “Chest” content (meta-information) of
InfoPacks is planned for the second stage. Self-
Organizing Data and Search (SODAYS) is a technology
for dynamic, decentralized, any-time hierarchical
clustering of objects, based on a defined set of object
features [5]. We plan to integrate SODAS with
InformANTS in order to produce multiple hierarchical
cluster trees of InfoPacks, based on the features or tags
contained in the InfoPacks chests. Each cluster tree
would provide a different “view” of the InfoPacks,
clustered according to different criteria; these trees

congtitute a third type of space in addition to the CPSs
and the InfoPack space.

6 Conclusion

In this paper we have presented our initial design
for the IMS as a main component of the InformANTS
architecture. The IMS comprises a synergistically
linked set of self-organizing processes which
dynamically maintain relevance relations between
InfoPacks, representing information about users or
documents outside the InformANTS system.
Specifically, we distinguish between Information
Exploration processes that produce an organized
information landscape and Information Exploitation
processes that search this landscape and link InfoPacks
that are relevant to each other.
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