Protohuman Project

Introduction

Artificial Intelligence is an evolving aspect of computer science. One thing that makes humans intelligent is
our ability to learn from experience. Not only can we learn from our own experience, but also from
experiences told to us by other people. In order to decide how much to trust this information, people need to
form long-term relationships with each other. This is a first step toward forming communities.

The focus of the proposed research is to develop a virtual world that contains autonomous agents that form
relationships with each other and with people. These agents will be capable of simple communication with
each other, passing information between the agents. This combination of social relationships and information
passing will help form a community of autonomous agents inside the virtual world. Once it is developed, this
virtual community may be used to study how humans form relationships.

The software installation will be based on an existing research project called the Making Friends Project. The
Making Friends Project uses a code base developed by the Synthetics Characters Group at the MIT Media
Lab, with significant modifications by my faculty mentor and me. It is mostly written in Java and has a thin
layer of C and C++ to communicate with the DirectX graphics.

The Protohuman Project contributes to the areas of multi-agent systems, human-computer interaction, and
interactive animation.

Program Plan

The project will be divided into the following four main components:

1) Generalization of relationships in a multi-agent system:

The focus of this part of the research is to develop algorithms for the autonomous agents to form social
relationships with each other in a multi-agent community. It will explore how people generalize from previous
relationships and other information when originating a new relationship. This project will involve the
implementation of a novel construct that we call a Generalizing Emotional Memory (GEM). It is derived
from the Context-Specific Emotional Memory (CSEM) [15]. Specific attention will be paid to the
phenomenon of negative stereotyping, a pathological phenomenon that appears to be caused by humans’
broader abilities to generalize and to learn from the experiences of others. This project will consult previous
research in multi-agent systems [2, 10, 15], artificial intelligence [16], psychology [4], and animal behavior [8],
among others.

The Generalizing Emotional Memory mechanism involves models of emotion, perception and learning. This
implementation uses a very simple model of emotion. Each autonomous agent will have a single floating-
point value for valence, which varies from 0.0 to 1.0. The system blends between example animations to give
an expressive range to the behavior of the characters [3]. The characters disambiguate among their social
partners by perceiving several attributes, which include a unique identification tag, color and size. The first
thing that the autonomous agents perceive will be the attributes color and size. Then they will notice the
identification tag. Finally, they will be able to perceive the Object of Attention of the partner. Each character
may have one other character as its Object of Attention. Mutual attention (when two characters have each
other as their Objects of Attention) defines the start and end of an interaction episode. After each interaction
the character will revise the emotion and confidence values that are stored in its Generalizing Emotional
Memories for each of the attributes — color, size and unique ID. When a character encounters a new social
partner, it will begin a relationship with it based on the values in the GEMs for the correct color and size,
even though it does not yet know anything about that partner’s unique ID.

The implementation of the GEM system will be my primary research goal in this project.



2) Information passing in a multi-agent systemr and interface design:

This part of the research is to develop a system that allows agents to pass information to other agents in the
multi-agent system. The ability to exchange previously learned information is one of the ways in which
humans exceed other animal species. The implementation of information exchange between agents will turn
the system to from a group of agents to a community of agents. It will also develop a human computer interface
by which people may interact with the community of agents. The interface for the project will be designed to
operate on a handheld computing device to allow the interaction between human participants and the agents
in the virtual world. This effort will be informed by previous work in multi-agent systems[18], artificial
intelligence[7], information theory[12], philosophy of language [17] and the evolution of communication[5],
among others.

3) Interactive animation:

This part of the research involves the creation of the set of animations for the autonomous agents. These
animations will be designed to give an expressive dynamic range of behavior to the agents. Rather than
focusing on a scientific research goal, this project is an aesthetic undertaking in its own right. This effort will
draw on previous work in animation[13], 3D computer graphics[3], computer game design [1] and affective
computing[11], among others.

4) Integration and coordination:

As the Protohuman Project is a large-scale project, the integration portion is very important. All the student
researchers will be collocated in the same room during the development process, and will be encouraged to
collaborate closely. Research has shown this extreme programming style of yield successful results [9] and a
positive educational experience [6]. This software engineering paradigm has been successful in previous
projects [14], and will hopefully lead to a very high quality final product and a significant positive learning
experience for all of the students involved.

Responsibility of team members

There are four team members in this research project and each member is responsible for an individual
component described in the previous section. I am responsible for the generalization of relationship in a multi-agent
system. Student #2 is responsible for the znformation passing in a multi-agent system and interface design. Student #3 is
responsible for the interactive animation. My faculty mentor is responsible for the zutegration and coordination.

Timeline

Week 1-2: Background reading, group planning

Week 2: Prototyping of multi-agent system, interface design and the animation
Week 3-5: Development of the actual system based on the prototype

Week 6: Overall integration

Week 7-8: Testing, revision and integration

Week 9-10: Documentation

Deliverables
The target end results of this effort are:

e a paper on the generalized social relationship mechanism for the Autonomous Agents and Multi-
Agent Systems conference (deadline: Jan.)

e apaper on the design of the interface for the CHI conference (deadline: Sep./Oct.)

e 2 paper on the design of the system for the Game Developet’s Conference (deadline: Jul./Aug.)

e an installation exhibited in the Emerging Technologies program at SIGGRAPH (deadline: Jan./Feb.)

e an installation exhibited at Ars Electronica (deadline: Mar.)



References

1.

2.

11.
12.

13.
14.
15.
16.

17.
18.

Burke, R., et al., CreatureSmarts: The Art and Architecture of a Virtual Brain. Proceedings of the Game
Developers Conference, 2001: p. 147-160.

Castelfranchi, C., R. Falcone, and G. Pezzulo, Trust in information sources as a source for trust: a fu3zy approach,
in Proceedings of the second international joint conference on Autonomons agents and multiagent systems. 2003, ACM
Press. p. 89--96.

Downie, M., behavior, animation, music: the music and movement of synthetic characters, in Media Arts & Sciences.
2001, MIT: Cambridge, MA.

Hamilton, D.L. and J.W. Sherman, Stereotypes, in Handbook of Social Cognition, 2nd Edition, R.S. Wyer and
T.K. Srull, Editors. 1994, Earlbaum: Hillsdale, NJ. p. 1 ?68.

Hauser, M.D., The Evolution of Communication. 1998, Cambridge, MA: MIT Press.

Hedin, G., L. Bendix, and B. Magnusson, lutroducing software engineering by means of Extreme Programming, in
Proceedings of the 251h international conference on Software engineering. 2003, IEEE Computer Society. p. 586--593.
Hewitt, C., Stereotypes as an actor approach towards solving the problem of procedural attachment in frame theories, in
Proceedings of the 1975 workshop on Theoretical issues in natural langnage processing. 1975, Association for
Computational Linguistics. p. 94--103.

Heyes, C.M. and B.G. Galef, Jr., eds. Social Learning in Animals. 1996, Academic Press: San Diego.
Knublauch, H., ed. Extreme programming of multi-agent systems. 2002, ACM Press.

. Lam, K.-m. and H.-f. Leung, Rational communication in multi-agent semi-competitive environments, in Proceedings of

the second international joint conference on Autonomons agents and multiagent systems. 2003, ACM Press. p. 1044--
1045.

Picard, R., Affective Computing. 1997, Cambridge, MA: MIT Press.

Shannon, C.E., A Mathematical Theory of Communication. The Bell System Technical Journal, 1948. 27(July,
October, 1948): p. 379-423, 623-656.

Thomas, F. and O. Johnson, Disney Animation: The 1llusion of Life. 1981, New York: Abbeville Press.
Tomlinson, B., et al. ApphaWolf. in Proceedings of SIGGRAPH 2001: conference abstracts and applications. 2001.
Tomlinson, W., Synthetic Social Relationships for Computational Entities, in Media Arts & Sciences. 2002,
Massachusetts Institute of Technology: Cambridge, MA. p. 202.

Velasquez, J., When Robots Weep: Emotional Memories and Decision-Making. Proceedings of the Fifteenth
National Conference on Artificial Intelligence, 1998.

Wittgenstein, L., Philosophical Investigations. 1958, Englewood Cliffs: Prentice Hall.

Zhang, Y., et al., A decision-theoretic approach for designing proactive communication in multi-agent teammmwork, in
Proceedings of the 2004 ACM symposium on Applied computing. 2004, ACM Press. p. 64--71.



