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Problem: The Intelligent Room is a project that seeks to improve human-computer interaction. Currently, how-
ever, the reactions of the Room to user behavior have been limited by a simple behavioral system. This project is
focused on the development of a behavioral system that can handle more complex behaviors.

Motivation: Inherent in the design of an Intelligent Space for Project Oxygen is the ability for the room to react
to user behavior: anthropocentric computing requires human-computer interaction. This paper extends the work
of the Metaglue system [2] in the Intelligent Room. The existing research in behaviors in the Intelligent Room has
involved the establishment of a software and physical architecture to allow the Room to respond to specific user
actions and commands on a one-to-one correspondence. If the Room were an intelligent robot, the past research
can be likened to the creation of a “body” that can react to external commands. New research needs to internalize
these commands; the Intelligent Room needs a “brain.”

Previous Work: Currently, the Intelligent Room can exhibit a set of straightforward behaviors to specific user
inputs. Imagine the following simple behavior: User enters Room; Room detects entry through visual or other
sensory cues; Room turns on the lights.

Such a behavior can already be performed – and is performed – with the current level of development through
an explicit set of rules.

The faults of such explicit behaviors are apparent: under certain circumstances the lights in the Room are turned
off purposefully, and even user entry should not turn them back on. For example, when the current users in the
Room are listening to a slideshow presentation or are watching a movie, turning on the lights on user entry would
disturb the presentation or movie. But under special circumstances – e.g., someone important enters the Room –
the lights should turn on despite the presentation or movie.

Again, these explicit behaviors can be performed with the current level of development through an explicit set of
overriding rules. This design would be similar to the Subsumption approach [1], where higher levels of behavior are
subsuming lower levels. This approach of explicitly hardcoding each situation brings forth scalability concerns. The
nature of the Intelligent Room subjects it to a variety of situations when a user might enter. Checking the conditions
for each specific scenario each time a user enters the Room introduces a great amount of logical reasoning. As the
robustness of the Room is proportional to the number of situations it can handle, the more robust the Room became,
the longer it would take to turn on the lights when a user entered the Room. Clearly, explicitly describing rules is
not an optimal approach for this problem.

Approach: A better solution can be drawn from previous work in self-configuring space systems. A spacecraft
system requires a reactive behavior that can withstand the hostile space environment. Livingstone [3] describes a
mode-transitions model with mode identification and reconfiguration that can be used for guidance.

The current implementation of the Reactive Behavioral System addresses most of the design criteria mentioned
earlier. In this system, a mode is represented by a Behavior, which is an organized collection of rules. A rule, in turn,
is represented by an Action in a Behavior. When information about the state of the Room is passed to the Behavior,
its Actions decide what do with that information. Each Behavior is an independent agent. This autonomy allows
for modular Behaviors that can be installed in some Rooms but not others.

A Behavior is connected to other Behaviors through child-parent relationships and action-dependencies. A
child-parent relationship exists between two Behaviors if the Room can transition from one Behavior (parent) to
the other (child). An action-dependency exists between two Behaviors if an Action of one Behavior can override
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the Action of another Behavior. The dependency diagram in Figure 1 displays a example set of Behaviors and their
connections. In this diagram, dashed-arrows denote child-parent relationships, and solid-arrows denote action-
dependencies.

Note that a connection stems from a child to the parent; the child has knowledge of the parent’s existence, but not
vice-versa. This quality of inter-Behavioral connections, combined with a readily modifiable dependency diagram,
facilitates the addition of new Behaviors to an already running Room.

While the diagram suggests a very complicated structure of Behaviors – and some seemingly contradictory
connections – at any given time, not all of these connections are active. These relations suggest potential connections.
Depending on the series of events in the Room, different Behaviors and connections will become active, allowing
for a hierarchical structure of layered Behaviors. (See Figure 2 for an example.)

The crux of the Reactive Behavioral System is embodied in the Behavior Coordinator. While a Behavior knows
about its own state and about the state of its parents, the Behavior Coordinator maintains the state of all Behaviors.
Specifically, the Behavior Coordinator serves as the connection between the Behaviors and the external perception
engine. An event sent from the perception engine is received by the Behavior Coordinator, which then passes the
event to the active Behaviors.
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