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Chapter 1 
 

Introduction 
 
Conversation is a collaboration.  The sequence of utterances, “How are you today?” “Table for 
one please,” only makes sense because we understand the social and cultural context.  This 
verbal exchange conjures images of a greeting between a customer and an employee of a 
restaurant.  Taken out of context, these words appear to be a non sequitur, yet we understand 
them in the context of the “script” that we’ve all learned through myriad trips to a restaurant.  
These scripts serve as the common ground for the collaborative activity of dialogue, which 
allows the two actors in the script to move jointly towards common sub-goals, which may 
ultimately contribute to different role-dependent goals.  In this case, the goal for the customer is 
to have a nice a meal at the restaurant, while the waitresses’ goal is to sell a meal at good price. 
 
We look forward to a future where robots collaborate with humans in the home and workplace, 
and virtual agents collaborate with humans in games and training simulations.  A representation 
of common ground for everyday scenarios is essential for these agents if they are to be effective 
collaborators and communicators.  Effective collaborators can infer a partner’s goals and predict 
future actions.  Effective communicators can infer the meaning of utterances based on semantic 
context.  This thesis introduces a computational cognitive model of common ground called a 
Plan Network.  A Plan Network is a statistical model that provides representations of social 
roles, object affordances, and expected patterns of behavior and language.  I describe a 
methodology for unsupervised learning of a Plan Network using a multiplayer video game, 
visualization of this network, and evaluation of the learned model with respect to human 
judgment of typical behavior.  Specifically, I describe learning the Restaurant Plan Network 
from data collected from over 5,000 players of an online game called The Restaurant Game. 
 



22 

 
Figure 1-1: The Restaurant Game was developed with the Torque game engine, and content from The Sims 2. 
 

1.1  Motivation 
 
Schank and Abelson (1977) were the first to recognize that providing machines with 
representations of common ground is essential for their understanding of everyday scenarios, but 
in 1977 they were ahead of their time.  With the technological limits of the 1970’s, they could 
only provide common ground in the form of hand crafted scripts.  It would be a simple enough 
task to handcraft a restaurant script where a customer sits down and says “Bring me a steak”, a 
waitress brings a steak, and the customer pays the bill.  In reality, however, there is an infinite 
variety of action and dialogue sequences that take place in this scenario.  There are limits to the 
range of behavior that human scripters can possibly anticipate.  Hand crafted scripts are brittle in 
the face of unanticipated behavior, and are unlikely to cover appropriate responses for the wide 
range of behaviors exhibited when players are given minimal instructions to play roles in an 
open ended environment.  Furthermore, scripted characters have no means of detecting unusual 
behavior.  Today we can do much better. 
 
Today, there are millions of people playing video games together online.  Von Ahn recognized 
this potential, which he leveraged with The ESP Game (2004) to collect a large image labeling 
corpus.  With The Restaurant Game, I have harnessed the power of the internet to quickly 
capture an identical scenario played by thousands of pairs of people.  In four months, The 
Restaurant Game has generated a corpus of over 5,000 examples of dramatic role-play in a 



23 

restaurant environment.  Each gameplay session takes an average of 10 minutes, and consists of 
about 85 physical actions and 40 lines of dialogue produced through the interaction of two 
human players.  It’s safe to assume that any English speaking on-line game player is familiar 
with the social conventions followed in a restaurant, and subconsciously maintains a script for 
expected behavior in such an establishment.  Over many games, we see that a Plan Network 
emerges, consisting of a common collection of goals, and a variety of utterances contributing to 
jointly satisfying these goals. 
 

1.2  Learning Plan Networks 
 
A plan refers to a sequence of actions taken to satisfy some goal.  In the classical description of 
logical planning found in Artificial Intelligence text books like Russell and Norvig (1995), a goal 
is defined as some state of the world that an agent is trying to reach, and an action is an operation 
that changes the state of the world.  The restaurant scenario consists of two agents (a customer 
and waitress) reaching a series of goal states.  Social conventions require collaboration between 
the agents to reach many of these states.  The first goal state is satisfied when a customer is 
sitting in a chair holding a menu.  Social conventions require the waitress to show the customer 
to a table, and hand him a menu.  Following goal states include the customer having eaten one or 
more dishes, the waitress collecting a paid bill, and the customer exiting the restaurant.  A 
collaborative plan is formulated by the agents to accomplish each goal, and the restaurant 
scenario as a whole is accomplished through an ordered sequence of plans.  The ordering of 
plans is not governed by physical dependencies -- a customer could choose to pay his bill before 
eating anything, however social conventions say that the waitress brings the bill after the 
customer has consumed his meal. 
 
Each play session of The Restaurant Game produces a log file containing a trace of plan 
execution for the sequence of plans carried out by one pair of players.  The trace provides a 
perfect record of actions taken by each player, and resulting changes to the state of the world.  
Since the initial state of the restaurant is the same for every game, and all state changes during 
gameplay are recorded, it is possible to learn the preconditions and effects of actions from the 
execution traces.  Merging the execution traces from multiple gameplay sessions produces a 
graph-like network of actions, linked to one another by preconditions and effects.  An agent who 
wishes to play one of the roles in the restaurant scenario can follow one of the paths in this 
network to guide his or her actions.   
 
From a traditional A.I. planning perspective, what is learned from the execution traces is really 
an action network, because there is no explicit representation of the goals that the actors are 
trying to achieve.  In this work, I am making the assumption that all behavior is intentional, and 
all state changes lead to a world state that is a goal or a sub-goal for the actors.  In an 
unsupervised system that learns solely by observing physical behavior it is not possible to 
capture an actor’s intentions, but by computing the frequencies of action sequences, the system 
can filter out many of the world states that are unlikely to be goals of the actors.  Given this 
assumption of intentional behavior, what was once an execution trace for a human player now 
becomes a plan to be followed by an agent.  From an agent’s perspective, the network of actions 
is a network of potential plans, hence the name Plan Network.  Merging the execution traces into 
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a graph of shared nodes provides agents with better coverage of the possibility space than could 
be achieved by selecting any single execution trace to follow. 
 
Each node of the learned Plan Network is a physical action taken by either the waitress or the 
customer.  By computing the statistics of actions taken by actors, the system learns social roles.  
For example, it learns that waitresses carry food from the kitchen to tables, and customers eat 
food while sitting at tables.  Similarly, computing statistic of actions taken on objects allows 
learning role-specific affordances of objects.  Chairs and stools are for customers to sit on.  Steak 
and salad are carried by waitresses to tables, where they are eaten by customers.  Automatically 
clustering objects by affordances into concepts like food and dirty dishes allows merging of 
action nodes that refer to these objects, producing a more generalized Plan Network. 
 
Between each pair of action nodes in the Plan Network, there is a directed edge.  An edge 
indicates that the system has observed one action following another.  There is a probability 
associated with each edge, and a probability distribution at each node over all outgoing edges.  
Moving along an edge implies the passage of some amount of time, during which it is possible 
that the actors engaged in dialogue.  The Plan Network stores all dialogue sequences observed 
between two actions with the associated edge.  In effect, these dialogue sequences are clustered 
and grounded by the semantic context provided by the surrounding physical actions.  The Plan 
Network provides a model of context that can encode different meanings of the same behavior 
given the physical positions of actors, the role of the agent, and the interaction history.  For 
example, a waitress picking up a half-eaten steak from the table after the customer has eaten 
dessert, stood up, and paid the check is different from a waitress picking up the steak while the 
customer is still sitting and has just taken his first bite of steak.  In the first case, the waitress is 
cleaning up a dirty table after the customer finished his meal.  In the second, the waitress is 
probably bringing the steak back to kitchen because it was not cooked to the customer’s liking.  
 

1.3  Evaluating Plan Networks 
 
Learning a Plan Network from data is only a worthwhile pursuit if the learned model is of high 
quality.  Quality is measured by how well the model’s assessment of likelihood for observed 
behavior and language correlates with human judgment of typicality, and how well the Plan 
Network covers the possibility space of what people will do in the restaurant environment.  
Graph visualizations of physical behavior and an interactive conversation browser alleviate the 
difficult problem of qualitatively evaluating such a large corpus.  Quality can be measured 
quantitatively by borrowing modeling techniques from the field of Natural Language Processing.  
Chapter 5 demonstrates that the learned Plan Network does correlate well with human judgment 
of typical restaurant behavior by applying n-gram modeling techniques to estimate the likelihood 
of sequences of actions and words, and comparing these estimates to human ratings of 300 log 
files. 
 



25 

1.4  Outline of the Thesis 
 
Chapter 2 reviews related work in the fields of cognitive science, chat bots, video games, and 
natural language processing.  Chapter 3 describes data collection with The Restaurant Game, 
including details on the design and development of the game.  Chapter 4 describes how Plan 
Networks are built and visualized from the raw game log data.  Chapter 5 describes the 
evaluation methodology, and presents the results of the evaluation.  Chapter 6 concludes with 
contributions of the thesis and a plan for future work. 
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Chapter 2 
 

Related Work 
 
 
This thesis draws from a range of influences, beginning with early work in cognitive psychology 
and chatbots, continuing through the latest innovations in computer games, language 
understanding, and learning plans. 
 

2.1  Cognitive Psychology 
 
Schank and Abelson (1977) introduced the idea that the human ability to understand stories and 
infer the missing details relies on the scripts that we’ve learned from childhood.  Scripts consist 
of roles for people and objects in the story, entry conditions, and a sequence of scenes that 
capture a chain of dependent events at an abstract level.  When we read that “John went to a 
restaurant.  He ordered chicken.  He left a large tip”, we can infer that he also sat down, looked at 
a menu, ate his chicken, and was pleased with it.  These ideas were implemented in computer 
programs that relied on hand written scripts, and thus could only make inferences for questions 
predetermined by their programmers.  Current computer game technology allows us to simulate a 
restaurant at a high level-of-detail, and exploit the gameplay experiences of thousands of players 
to capture a wider coverage of knowledge than could be hand crafted by a team of researchers 
decades ago. 
 
Clark (1996) has theorized that language is a form of joint action.  The actors in a dialogue can 
infer each other’s meaning because they are taking part in a joint project with a common goal, 
and shared common ground.  Shank’s scripts are one example of common ground; knowledge of 
the situation that we can assume everyone shares.  Within the script for dining in a restaurant, 
there are a number of joint projects, such as seating customers, taking orders for food, and 
paying the check.  These joint projects are collaborative activities that require participation and 
communication from both the customer(s) and the waiter. 
 
Clark views conversations as sequences of paired actions.  Garrod and Pickering (2004) discuss a 
similar mechanism, and they argue that the existence of these paired actions reflects the fact that 
humans are designed for dialogue, rather than monologue.  The conversation browser described 
in Chapter 4 demonstrates how the Plan Network captures and clusters paired actions, including 
speech acts in response to physical actions, and speech acts in response to other speech acts. 
 
Bruner (1977) describes how two years olds acquire language through participating in social 
interaction language games.  Through repeated interaction, an infant learns the social situation, 
which acts as scaffolding for language.  Initially the language is redundant with the physical 
interaction.  Over time, the child learns to predict actions, and is able to swap roles with the 
caregiver, and eventually substitute the redundant language for physical action.  In a similar 
spirit, The Restaurant Game provides many examples of repeated interactions in the same social 
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scenario.  These interactions provide scaffolding for the language that players use between 
actions, and allow the Plan Network to learn the semantic context of utterances.  Chapter 4 
demonstrates how this scaffolding can be leveraged for interactive browsing of learned 
conversations. 
 

2.2  Chatbots and Video Games 
 
The first chatbot was a virtual therapist named ELIZA (1966).  While ELIZA’s memoryless, 
purely associative, bag-of-words conversational system was able to fool people in the 1960s, 
today’s audience is more sophisticated and demands more than templated, formulaic, canned 
responses. 
 
Recently, an experimental game Façade (2005) has revisited the natural language problem, and 
has cast it within the context of a strong narrative.  The human in Façade plays the role of a 
guest invited to a couple’s apartment for cocktails, and witnesses the breakup of their marriage.  
The player can interact with the environment and freely type conversational text.  It took two 
researchers five years to handcraft scripts for Façade, and the game takes about 15 minutes to 
complete.  In Schank’s work, hand crafted scripts lead to brittleness in handling unanticipated 
events.  Hand crafted scripts in Façade force the narrative down one of the preconceived paths.  
In either case, the experience of a user interacting with the system will be limited by the range of 
user behaviors that the human script authors anticipated.  This thesis takes first step towards 
automatically authoring a similar experience in dramatically less time by capturing human input 
and responses.  Capturing what players actually choose to do in the environment, rather than 
what designers expect them to do, will provide responses to a wider range of player behaviors 
than a small number of script authors could anticipate. 
 
The Sims (2000) designer Will Wright has coined the term massively single player game to 
describe his upcoming creation Spore (2008).  As opposed to a massively multiplayer game, like 
World of Warcraft (2004), where thousands of humans play on-line together, in a massively 
single player game, each person plays the game alone, but benefits from the participation of 
potentially millions of other players on the internet.  As players of Spore create unique creatures 
and environments, everything they create will be automatically uploaded to centralized servers, 
and shared with all other players.  In this way, the game is constantly evolving on the player’s 
desktop. 
 
Wright’s approach bears parallels to the Web2.0 movement, where users of MySpace.com and 
Flickr.com are empowered with tools to create shared content that benefit all other users.  Luis 
von Ahn’s ESPGame (2004) is another multiplayer game that entices people to do Human 
Computation, where people do work that is difficult for machines but easy for humans, such as 
labeling images.  Similarly, here we are trying to harness the power of the internet to attack the 
difficult problem of natural language.  Like Spore, a game powered by a learned Plan Network 
would evolve and improve as people provided new conversational content by playing the game. 
 
Orkin (2004, 2005, 2006) introduced the application of logical planning systems to video games 
to give agents adaptive reasoning capabilities in combat scenarios.  In this planning system, plan 
operators were hand coded by an engineer, and communication and collaboration of agents was 
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implemented in an ad hoc layer above the planning system.  This approach to planning for 
characters with a handful of goal, actions, and utterances worked well for a first person shooter 
genred game, but would be impractical for modeling the behavior and dialogue of multiple actors 
in a social situation.  Chapter 4 provides data documenting the enormous potential plan space of 
the restaurant scenario that dwarfs any plan space found in a current generation shooter. 
 
Many of the points raised by Barbara Grosz (1994) about collaborative systems are still yet to be 
addressed in computer games.  Grosz describes how agents in collaborative systems need to plan 
jointly with a commitment to mutually supporting one another.  The collaborative plan is not the 
sum of the individual plans.  Agents need to assume an attitude of intending-that in respect to a 
coloration partner, in addition to the attitude of intending-to do things itself.  A customer intends-
to eat food, which is accomplished by intending-that the waitress will bring the meal that he 
ordered.  Neither actor can complete the goals that make up the restaurant scenario on their own; 
at least not without breaking accepted social conventions.  The role-specific visualizations in 
Chapter 4 illustrate how Plan Networks can equip agents with models of other minds.  These 
models provide perspectives into the interleaved collaborative plan, guiding decisions of action 
selection that will lead to mutual support.   
 

2.3  Language Understanding 
 
Gorin, Riccardi & Wright (1997) demonstrated unsupervised language acquisition for the AT&T 
How May I Help You call routing system.  Their system generated a database of utterances from 
10,000 spoken transactions, and computed mutual information to extract salient phrases with 
high likelihoods of indicating a particular type of call; for example, distinguishing between 
customers with billing questions, and those wanting directory assistance.   
 
Gorniak and Roy (2005) used Neverwinter Nights (2002) to demonstrate the effect of plan 
recognition on understanding language in the context of a physical situation.  This study 
collected language from pairs of humans solving a puzzle involving movement between rooms, 
and unlocking doors.  Gorniak and Roy demonstrated that a probabilistic plan grammar can be 
used to recognize affordances and predict the next human action.  Their system could 
successfully handle underspecified, ambiguous language such as “Do it now!” 
 
The Open Mind Common Sense (2003) project uses the internet to collect common sense facts 
expressed in plain English from a large number of people.  GloBuddy (2004) is one OMCS 
application, where the user describes a situation in text, and the system offers potentially relevant 
phrases in a foreign language.  This thesis combines these ideas, learning a Plan Network that 
combines action and language in a statistical model of common ground that associates relevant 
utterances with semantic context. 
 

2.4  Learning Plans 
 
There has been previous work on learning plans.  Nilsson (1998) describes how Minton’s 
Explanation-Based Generalization (EBG) (1989) can be used to learn new STRIPS rules based 
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on previously existing STRIPS rules.  EBG is a technique for generating new rules by composing 
existing rules with known facts about the world, and generalizing these rules for maximum 
utility.  A number of researchers including Shen (1994), Gil (1992), Wang (1995), and Benson 
(1997) have explored learning action models for agents that have a large number of available 
actions, but do not know their preconditions and effects a priori.  The process of building a Plan 
Network involves learning the action lexicon itself in an unsupervised, bottom-up manner 
directly from data.  Zettlemoyer, Pasula, and Kaelbling (2005) learn STRIPS rules from training 
data in a stochastic 3D simulated blocks world with realistic physics.  The Restaurant Game is 
not a stochastic environment.  Effects of actions are deterministic, however the language used in 
dialogue between actors affects the probabilities of next actions.  Furthermore, what separates 
this thesis from previous work on learning plans is that a Plan Network goes beyond learning 
planning rules by also learning socially acceptable sequences of plans. 
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Chapter 3 
 

Data Collection with The Restaurant Game 
 
The Restaurant Game launched online on February 21, 2007.  3,355 unique players have 
completed 5,200 games between February 21 and June 25, 2007.  A game is considered complete 
if two players joined, both players typed chat text, and at least one player filled out the after-
game survey.  This chapter describes The Restaurant Game as a data collection device, and 
details the flow and sources of the data. 
 

3.1  What is The Restaurant Game? 
 
The Restaurant Game is a 3D simulation which anonymously pairs players online to play the 
roles of a customer and a waitress in a virtual restaurant.  Each player is given a vague objective; 
the waitress tries to earn money, while the customer has dinner to satisfy his hunger.  Players 
control characters from a first person perspective, and can manipulate objects in the 
environment, and type open-ended chat text to one another.   
 

 
Figure 3-1: Vague objectives for the waitress. 
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Figure 3-2: Vague objectives for the customer. 
 
The Restaurant Game affords players an unusual amount of freedom, compared to other games.  
While many players do what would expected of people in a restaurant, players are free to take 
the story in any direction they choose, including stealing the cash register, eating the flowers, 
biting other players, and spinning around on the counter while holding the microwave.  In spite 
of this apparent freedom, this thesis relies on shared assumptions of what one does in a restaurant 
to limit freedom in natural ways. 
 
Within approximately 10 minutes, a pair of players play through a typical (or atypical) restaurant 
experience, including reading a menu, ordering food and drinks, eating, and paying the bill.  All 
physical actions and chat text is logged on centralized game servers.  The game concludes with a 
brief survey that asks players to describe the customer or waitress, and to speculate on the 
personality of the real person playing the opposite role. 
 

3.2  Development of The Restaurant Game 
 
I developed The Restaurant Game over the course of about five months.  The game is built on 
top of the Torque game engine from Garage Games (2005, 2006).  Torque was chosen for its 
cross platform support, networking capabilities, active online community, and its inexpensive 
licensing fee.  The game runs on Windows and Mac OSX. 
 
Most of the content (3D models, textures, and audio) in the game was exported from EA’s The 
Sims 2 (2004) with the help of a modding tool called SimPE (2004).  I used Chumbalum Soft’s 
Milkshape3D (1996) to animate Sims models and to export models in Torque’s DTS format, and 
the QuArK (Quake Army Knife) (2001) level editor to construct the shell of the restaurant. 



32 

 
Multiple dedicated server processes are running on multiple machines.  A dedicated server is a 
lightweight non-graphical application that hosts two players in a stand-alone instance of the 
restaurant.  10 or 20 of these server processes run on each machine.  Over the course of the 
project a total of between 30 and 80 server processes have been running on between three and six 
machines; mostly Windows boxes with one Mac G5.  With 80 servers running at the height of 
the project, 160 players could be accommodated in 80 simultaneous games.  In reality, the traffic 
peaked at 16 simultaneous games, but running an array of servers provided redundancy in the 
event of server failure, and helped balance the load.  Garage Games runs a Master Server that 
allows Torque client applications to find Torque servers over the internet.   
 

3.3  Design Considerations for The Restaurant Game 
 
The desire to capture an accurate model of conversational behavior in the restaurant scenario 
dictated a number of design requirements.  The game needed to be accessible to a wide audience, 
encourage natural conversation, provide freedom for dramatic role-playing, and hold players 
interest long enough to complete one or more games.  Following are the considerations taken 
into account to meet each of these requirements. 
 

3.3.1  Accessibility to a Wide Audience 
 
The game needed to be simple to play for people with any level of gaming experience in order to 
maximize the number of potential players, and to ensure capturing data from a large cross-
section of the population.  All interaction is mouse-driven with a point-and-click interface, and a 
pop-up interaction menu.  The left mouse button selects objects to interact with, and the right 
mouse button moves the character.  (Players with one-button mice can use the arrow keys to 
move).  Moving the mouse controls the viewpoint of the player.  Prior to joining a multiplayer 
game, a 5-10 minute tutorial walks the player through instructions on how to interact with the 
world, without assuming any particular role (waitress or customer).  Players learn to pick up, sit 
on, eat, inspect, and touch things, and to create bills, chat, and order food. 
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Figure 3-3: Interface for interacting with objects with icons inspired by The Elephant’s Memory visual 
language (1994). 
 

3.3.2  Player Retention 
 
Once a player with capable hardware has been enticed to install the game and complete the 
tutorial, there are a number of measures in place to encourage this player to complete a game 
online one or more times.  Players are informed that will be credited as Game Designers on a 
future game generated with the data collected from completed online games.  The open-ended 
nature of the game keeps the experience fresh.  The post game survey also acts as a motivator to 
play multiple times.  The survey asks players to speculate on the personality of the real person 
playing the other role, rating their intelligence, sense of humor, honesty, consideration, 
eloquence, and patience, and to guess their occupation, geographic location, gender, age, and 
what they eat for breakfast.  Results of the survey are presented to the other player, accumulated 
and averaged over all games played.  Players are motivated to see their cumulative survey evolve 
over several games; people love to hear about themselves.  Finally, the amount of virtual money 
in each player’s account persists.  Players start with $50, and usually spend this money as a 
customer and earn money as a waitress.  The intent is to encourage playing multiple times in 
different roles, under different financial constraints. 
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Figure 3-4: Post-game survey. 
 

3.3.3  Natural Conversation 
 
It is important to ensure there are no interface obstacles to players conversing, in alignment with 
the goal of capturing conversation in context.  Any keyboard input is treated as chat text, 
allowing players to freely type open-ended text to each other at any time, without having to press 
any buttons first.  The first-person perspective was a deliberate design decision to encourage 
natural situated and embodied dialogue, with players facing each other.  Players can only hear 
one another when the speaker is facing the listener.  Otherwise, the listener receives a message 
that the other player is speaking with his or her back turned, or is speaking to the staff.  The 
scripted chef and bartender will only acknowledge orders for food and drinks if the speaker is 
facing the staff member, and within a reasonable proximity. 
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3.3.4  Freedom for Dramatic Role-Playing 
 
The premise of this thesis is that modeling behavior by observing thousands of players will 
capture behavior that human scripters would have never anticipated.  To demonstrate that this is 
the case, players are given the freedom to play through the scenario any way they choose.  Video 
games typically offer players context-sensitive interactions with objects, and many objects in the 
world are purely decorative and non-interactive.  The Restaurant Game does not presuppose 
desired interactions, and instead allows the player to interact in a consistent way with every 
object in the game world.  Players get satisfying responses from every object when they try to 
pickup, inspect, touch, eat, or sit on them.  The effect of these actions on the world varies 
depending on the type of action.  For example, food visually diminishes when eaten, while eating 
a chair produces a chomping sound with no visual change.  Touching (or operating) the cash 
register produces a bill, touching the microwave results in beeping sounds, touching a plate of 
food rotates it on the table.  The other player receives narration to clarify events that do not 
visually change the world (e.g. “Waitress bit the chair”).   
 
The open-ended design of The Restaurant Game subscribes to Will Wright’s definition of “good 
game aesthetics.”  As Wright describes in Feldman’s Gamespot interview (2003) about 
designing The Sims 2: 
 

Players obviously enjoy being subversive to some degree.  And so we want to provide 
that and let them know that we’re on their side in that way […].  It’s just another form of a 
player taking control.  I think for most people, their kind of general aesthetic with games is 
that the more I control this experience, the better the game is […] in terms of [finding that] 
I can choose to go off into an interesting path, and the game will support that path.  This 
animal we’re calling subversion is really just empowering the players to not hit walls as 
often […].  At a fundamental level it’s kind of convergent with what I would call “good 
game aesthetics.” 

 
Players have, in fact, surprised me with unanticipated behavior, such as making a margarita by 
carrying the fruit bowl from the kitchen to the bar and using the blender.  More than a few 
players have chosen to dramatize what happens when the customer steals the cash register.  In 
The Restaurant Game, the social scenario is known a priori, but this will not always be the case.  
As user-created content in virtual worlds like Second Life (2003) become more prevalent, agents 
in the future will require the ability to learn expected social behavior in novel situations.   
 
Other than their outfits, the game does not enforce any assumptions about social roles.  The 
waitress does wear a uniform, but either player can eat food, request menu items from the staff, 
and operate the cash register to create or deposit bills. 
 
The open-ended nature of the game provides a challenge in knowing when to consider a game 
complete, as opposed to prematurely aborted, intentionally or unintentionally.  For instance, 
relying on detecting that the customer has eaten some food and paid a bill presupposes 
assumptions about this scenario.  Initiation of the post game survey provides a good indicator 
that at least one player feels that the scenario has concluded.  The survey also helps screen out 
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data from troublemakers who are not interested in contributing to research, because these abusive 
players often choose not to fill out the survey. 
 

3.4  Where Does Data Come From? 
 
This project began with many concerns.  Will anyone actually play this game?  Will people be 
willing to install a unique stand-alone application?  Will people manage to find partners online at 
the same time?  I originally aimed to collect 1,000 completed games.  To my surprise, this goal 
was achieved in under two weeks, and the project continued on to collect over 5,000 games.  The 
servers are still up, and over 100 games continue to trickle in every week.  Who are these people, 
and how did they find out about The Restaurant Game? 
 

3.4.1  Rallying the Masses 
 
On February 21, I started the servers and posted the project web page, 
http://theRestaurantGame.net, consisting of a brief description of the project and downloadable 
installers for Windows and OSX.  The page encourages people to participate with the following 
enticement: 
 

Contribute to the first collaboratively authored computer game and earn Game Designer 
credit!  
 
The Restaurant Game is a research project at the MIT Media Lab that will algorithmically 
combine the gameplay experiences of thousands of players to create a new game. In a 
few months, we will apply machine learning algorithms to data collected through the 
multiplayer Restaurant Game, and produce a new single-player game that we will enter 
into the 2008 Independent Games Festival. Everyone who plays The Restaurant Game 
will be credited as a Game Designer. 

 
I announced the project quietly on Game/AI, a blog shared by game industry AI developers with 
a small readership (bloglines.com reports 67 subscribers).  Within the week, several other 
gaming-related blogs posted about the project, including Grand Text Auto and TerraNova.  This 
provided a good crop of players for beta testing and tweaking/bug fixing before announcing the 
project to wider audience a week later. 
 
Once all major issues were resolved, word went out via email to six game industry websites, five 
Mac websites, and acquaintances at 24 software companies and 12 universities with game 
development programs.  In addition, I listed the game on two shareware download sites, and two 
friends distributed fliers at conferences (the Game Developers Conference, and Human Robot 
Interaction).  The flier at HRI caught the eye of a reporter from New Scientist magazine who 
wrote a short article in March (2007).  Digg.com and Del.icio.us icons on the project webpage 
also helped spread the word through social bookmarking.  More recently, a PCWorld.com review 
of the game was highlighted on MSN.com, drawing another wave of players.   
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Table 3-1 details various gameplay statistics.  A total of 5,602 players logged into the game, but 
many failed to find a partner online at the same time, and never tried again.  The first player to 
join a server is always the waitress, who must wait for a customer to show up.   
 
Total Players Logged In 5,602   
Players Who Completed Games 3,355   
    
 Mean Median Max 
Game Duration 11.18 min 9.82 min 94.2 min 
Waitress Wait Time 2.41 min 1.12 min 78.31 min 
Games Played Per Person 3 2 77 
    
Games Over 20 min 427   
Waitress Wait Times Over 20 min 31   
Table 3-1: Gameplay statistics from 5,200 games. 
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Below is a graph of the number of games completed per week.  The peaks correspond to weeks 
when The Restaurant Game was featured on popular video game news sites, or on MSN.  The 
March 24th New Scientist article was one of the biggest draws of players, but does not correspond 
to a peak on this graph; rather it lead to a longer lasting steady stream of new players. 
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Figure 3-5: Games completed per week. 
 
The next graph illustrates the number of page hits to the project webpage per week, as reported 
by Google Analytics.  Between February 21 and June 25, Google reports that the page has been 
hit a total of 49,343 times by 42,358 unique visitors.   
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Figure 3-6: Project web page hits per week. 
 
In addition, 7,501 people have downloaded the game from shareware download websites.  So, in 
total the project attracted an audience of 42,358 + 7,501 = 49,859 people (who either read about 
and/or played the game).  Dividing the 5,602 unique players who logged in by the audience of 
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49,859 people yields that about 11% of the audience actually played the game.  The 3,355 
players who completed games account for about 60% of those who logged in, and about 7% of 
the total audience. 
 

3.4.2  Player Demographics 
 
Other than confirming that they are over 18, the game does not request any personal information 
from players.  A bit of information about players can be gleaned through volunteered 
information, Google Analytics, and automatic platform detection. 
 
The game’s login process allows players to voluntarily self-report where they heard about the 
game.  87% of the players who completed games reported, and the results of the survey are 
below.  “Game Industry Sites” encompasses 22 different game industry news and blog sites.  
“Word of Mouth” covers everyone who reported hearing about the game through friends, family, 
instructors, or colleagues.  “Other” combines counts from 353 unique responses that did not fit 
any other category. 
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Figure 3-7: Where players heard about The Restaurant Game. 
 
The client application detects the hardware and OS it is running on, and reports this to the server.  
The pie chart below details the number of games completed on each platform.  Note that each 
game is played on two clients at once, so the total is 10,400 for the 5,200 completed games. 
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Figure 3-8: Games played per platform. 
 
Google Analytics provides the geographic breakdown of where viewers of the project web page 
are located in the world.  A significant number of players come from non-English speaking 
countries.  The account creation process requires players to report their level of English 
proficiency, so that non-native speakers can be screened out if desired.  The experiments in this 
thesis do not screen out anyone, but the results in Chapter 5 demonstrate that the statistical 
models are able to identify gameplay sessions containing foreign languages or broken English. 
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Figure 3-9: Geographic distribution of players as reported by Google Analytics. 
 
 

3.5  Lessons Learned About Game-Based Data Collection 
 
There are many factors to consider when designing an online game for collecting data in the wild 
of the internet, and it is unlikely that the first iteration of the system will be perfect.  This section 
describes lessons learned from the experience of launching The Restaurant Game; the first 
iteration of a data collection platform. 
 



42 

The design considerations detailed in section 3.3 contributed to the success of the data collection 
effort.  The simple installation and user interface were amenable to a wide audience of thousands 
of players.  Players seemed to enjoy open ended dramatic role playing and learning about others’ 
impressions of themselves through post-game survey.  It is difficult to tell how much impact the 
enticement of Game Designer credentials on a future game had on players, but this gimmick 
certainly helped attract attention from blogs and news web sites.  However, the first lesson 
learned was the danger of promising the public a deliverable based on novel research by a 
specific date.  The project web page promises Game Designer credit on a new game that will be 
entered into the 2008 Independent Games Festival (IGF 2008).  The goal of automating 
characters with the learned Plan Network remains, but this will not be achieved in time for the 
IGF 2008 deadline. 
 

3.5.1  Lessons Learned About Publicity 
 
Regardless of the outcome, the promise of entry into the IGF proved newsworthy.  New versions 
of The Restaurant Game and support for additional platforms also provided newsworthy 
information to report, and re-generate excitement and awareness of the project.  Updated 
versions were necessary to fix minor bugs and expand supported platforms, but were equally 
useful in generating press.  Blogs and web sites only re-post about a project if there is something 
new to report.  While the great majority of players were Windows-based, supporting multiple 
platforms was worthwhile for broadening press coverage.  The Mac community greets cross-
platform supported software with enthusiasm, and there are a variety of Mac web sites that reach 
a heterogeneous cross-section of the public. 
 
The Mac web sites reached audiences for The Restaurant Game that I did not realize existed, like 
the food service and hospitality industries.  The project attracted interest from producers of a 
BBC production about restaurant management, a blog devoted to hotel technology, and the 
National Restaurant Association.  How the word of a project like this spreads is unpredictable.  I 
learned two lessons from missed publicity opportunities. 
 
Word of the project reached a journalist writing an article about AI in games for The Boston 
Globe.  The article ran in June, and mentioned The Restaurant Game, but neglected to print the 
URL.  It is best to explicitly ask that press coverage includes information necessary for readers 
who wish to participate in the research. 
 
The second missed opportunity was related to the social bookmarking sites Digg.com and 
Del.icio.us.  Unfortunately, the biggest spike in activity came early in the project when two video 
game news sites posted about it, before I had added the Digg and Del.icio.us badges to the 
project web page.  Visitors who click these badges increment the count of the number of people 
bookmarking the page.  Prominent link placement on the main Digg and Del.icio.us pages 
depends on the rate of increase of people clicking these badges.  Had I added the badges from the 
start of the project, these social bookmarking sites may have helped the project reach a much 
wider audience. 
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3.5.2  Lessons Learned About Third Party Technology 
 
When activity does spike, it is useful to know the source of the spike.  I relied on Google 
Analytics to find referring sources of web traffic.  This information is not only useful for 
planning where to advertise in the future, but also for observing what information players are 
sharing with one another, some of which may be malicious.  I learned of a number of issues by 
reading forum posts to video game news sites that reported on the project.   
 
Players were teaching each other to exploit a bug that allowed waitresses and customers to 
literally fly through the roof by picking up the object that the player was sitting on.  Players 
familiar with the Torque game engine were able to open the console and type commands such as 
suicide, to kill and re-spawn a player, wreaking havoc on the scenario.  Most alarming, some of 
these players were aware that the same Torque executable is used for the client and server, and 
were attempting to run their own servers.  This would have been a disaster, as I would never 
have access to the data collected by these rogue servers.  Fortunately, these deviants never 
figured out all of the command-line parameters required to start a server, and gave up.  The 
lesson learned is that extra precautions need to be taken when using third party technologies.  
The Restaurant Game should have been released with the command console disabled, and server 
functionality removed. 
 

3.5.3  Old Habits Die Hard 
 
The video game press attracts many capable players with an interest in novel games, however 
these players bring habits learned from previous gaming experiences.  The data reveals a number 
of prevalent habits such as trying to move the character with the AWSD keys (the standard 
control scheme for first person shooters), and beginning each line of chat text with the word text, 
as some online games require.  These patterns are easy to detect and screen out of the dialogue 
data.  Other habits highlight missing features that multiplayer gamers expect, and may be 
desirable in future data collection games.  Players often try to augment the limited set of 
animations by typing World of Warcraft-style emotes, such as /wave, /weep, /kiss, /burp, or 
/applaud.  These emotes do not currently result in any animations, but adding some of these 
animations might enhance the interaction, and allow the system to learn gestures and body 
language as well as spoken language.  Additional interface problems were related to foreign 
keyboards, and one-button mice. 
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Chapter 4 
 

Building and Visualizing Plan Networks 
 
The Restaurant Game has captured a large quantity of data, but in its raw form, it’s not of much 
use to a human and much less to an agent.  Following is an excerpt from a log file exported from 
one gameplay session. 
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[COGLOG] 6061977 EVENT CUSTOMER(Player) ENTERED doorTrigger(RegionTrigger) 
[COGLOG] 6062055 STATECHANGE CUSTOMER(Player) ATPOS=”(321.146 358.792 240.541)” 
[COGLOG] 6063446 EVENT WAITRESS(Player) FACING CUSTOMER(Player) 
[COGLOG] 6063446 STATECHANGE WAITRESS(Player) FORWARDDIR=”(0.989292 -0.145949 0)” 
[COGLOG] 6063446 STATECHANGE WAITRESS(Player) ATPOS=”(314.443 359.182 240.54)” 
[COGLOG] 6063446 SPEECHACT WAITRESS(Player) “welcome” 
[COGLOG] 6066368 EVENT CUSTOMER(Player) FACING WAITRESS(Player) 
[COGLOG] 6066368 STATECHANGE CUSTOMER(Player) FORWARDDIR=”(-0.990476 0.137684 0)” 
[COGLOG] 6066368 STATECHANGE CUSTOMER(Player) ATPOS=”(320.765 358.845 240.541)” 
[COGLOG] 6066368 SPEECHACT CUSTOMER(Player) “hi” 
[COGLOG] 6069039 EVENT WAITRESS(Player) FACING CUSTOMER(Player) 
[COGLOG] 6069039 STATECHANGE WAITRESS(Player) FORWARDDIR=”(0.989292 -0.145949 0)” 
[COGLOG] 6069039 STATECHANGE WAITRESS(Player) ATPOS=”(314.443 359.182 240.54)” 
[COGLOG] 6069039 SPEECHACT WAITRESS(Player) “please have a seat” 
[COGLOG] 6074211 EVENT CUSTOMER(Player) FACING WAITRESS(Player) 
[COGLOG] 6074211 STATECHANGE CUSTOMER(Player) FORWARDDIR=”(-0.894119 0.440718 -0.0794913)” 
[COGLOG] 6074211 STATECHANGE CUSTOMER(Player) ATPOS=”(320.765 358.845 240.541)” 
[COGLOG] 6074211 SPEECHACT CUSTOMER(Player) “where?” 
[COGLOG] 6077489 STATECHANGE CUSTOMER(Player) ATPOS=”(319.976 359.222 240.542)” 
[COGLOG] 6077493 EVENT CUSTOMER(Player) EXITED doorTrigger(RegionTrigger) 
[COGLOG] 6083586 EVENT WAITRESS(Player) FACING CUSTOMER(Player) 
[COGLOG] 6083586 STATECHANGE WAITRESS(Player) FORWARDDIR=”(0.989292 -0.145949 0)” 
[COGLOG] 6083586 STATECHANGE WAITRESS(Player) ATPOS=”(314.443 359.182 240.54)” 
[COGLOG] 6083586 SPEECHACT WAITRESS(Player) “customers choice” 
[COGLOG] 6102211 EVENT WAITRESS(Player) FACING CUSTOMER(Player) 
[COGLOG] 6102211 STATECHANGE WAITRESS(Player) FORWARDDIR=”(0.989292 -0.145949 0)” 
[COGLOG] 6102211 STATECHANGE WAITRESS(Player) ATPOS=”(314.443 359.182 240.54)” 
[COGLOG] 6102211 SPEECHACT WAITRESS(Player) “you choose where you want to sit” 
[COGLOG] 6108927 STATECHANGE CUSTOMER(Player) ATPOS=”(318.712 359.725 240.542)” 
[COGLOG] 6108946 EVENT CUSTOMER(Player) ENTERED podiumTrigger(RegionTrigger) 

. . . 
[COGLOG] 6132664 STATECHANGE CUSTOMER(Player) FORWARDDIR=”(0.345101 0.930914 0.119601)” 
[COGLOG] 6132664 STATECHANGE CUSTOMER(Player) ATPOS=”(314.176 362.945 240.543)” 
[COGLOG] 6132664 SPEECHACT CUSTOMER(Player) “ummmm let’s see” 
[COGLOG] 6135196 STATECHANGE CUSTOMER(Player) ATPOS=”(314.176 362.945 240.543)” 
[COGLOG] 6135296 STATECHANGE CUSTOMER(Player) ATPOS=”(313.693 362.944 240.544)” 
[COGLOG] 6135352 EVENT CUSTOMER(Player) ENTERED table3Trigger(RegionTrigger) 

. . . 
[COGLOG] 6139930 STATECHANGE CUSTOMER(Player) ATPOS=”(307.938 362.384 240.546)” 
[COGLOG] 6139930 ACTION CUSTOMER(Player) SITON chair6(DBChair) 
[COGLOG] 6139930 STATECHANGE CUSTOMER(Player) SITTINGON=”chair6(DBChair)” 
[COGLOG] 6142821 STATECHANGE WAITRESS(Player) ATPOS=”(314.443 359.182 240.54)” 
[COGLOG] 6142821 STATECHANGE WAITRESS(Player) DEST=”(309.925 360.189 240.632)” 
[COGLOG] 6142821 ACTION WAITRESS(Player) GOTO table3(DBTable) 
[COGLOG] 6142993 EVENT WAITRESS(Player) ENTERED table3Trigger(RegionTrigger) 
[COGLOG] 6143039 STATECHANGE WAITRESS(Player) ATPOS=”(313.318 359.394 240.541)” 
[COGLOG] 6143039 ACTION WAITRESS(Player) PUTDOWN dynamic2753(DBMenu) 
[COGLOG] 6143039 STATECHANGE dynamic2753(DBMenu) ATTACHEDTO=”NULL” 
[COGLOG] 6143039 STATECHANGE dynamic2753(DBMenu) ON=”table3(DBTable)” 
[COGLOG] 6143039 STATECHANGE dynamic2753(DBMenu) ATPOS=”(311.177 360.455 242.635)” 
[COGLOG] 6145123 STATECHANGE CUSTOMER(Player) ATPOS=”(309.952 361.922 240.773)” 
[COGLOG] 6145123 ACTION CUSTOMER(Player) PICKUP dynamic2753(DBMenu) 
[COGLOG] 6145123 STATECHANGE dynamic2753(DBMenu) ON=”NULL” 
[COGLOG] 6145123 STATECHANGE dynamic2753(DBMenu) ATTACHEDTO=”CUSTOMER(Player)” 
[COGLOG] 6147118 ACTION CUSTOMER(Player) LOOKAT dynamic2753(DBMenu) 
[COGLOG] 6147571 EVENT WAITRESS(Player) FACING CUSTOMER(Player) 
[COGLOG] 6147571 STATECHANGE WAITRESS(Player) FORWARDDIR=”(-0.89335 0.291024 -0.342391)” 
[COGLOG] 6147571 STATECHANGE WAITRESS(Player) ATPOS=”(312.704 359.534 240.541)” 
[COGLOG] 6147571 SPEECHACT WAITRESS(Player) “here’s a menu.  Take your time” 
Figure 4-1: A raw log file from a gameplay session. 
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These raw log files are difficult to interpret.  It is straight forward to write a program that distills 
the logs into something that is more human-readable.  Figure 4-2 shows the log file for the same 
game distilled into a script, which reads more like a theatrical script to a film or a play. 
 

6044508                WAITRESS WALKS TO podium 
6044993                WAITRESS PICKSUP Menu 
6058118                CUSTOMER WALKS TO door 
 
6063446   [CONVERSATION BETWEEN WAITRESS AND CUSTOMER] 
6063446   WAITRESS: “welcome” 
6066368   CUSTOMER: “hi” 
6069039   WAITRESS: “please have a seat” 
6074211   CUSTOMER: “where?” 
6083586   WAITRESS: “customers choice” 
6102211   WAITRESS: “you choose where you want to sit” 
 
6108727                CUSTOMER WALKS TO podium 
 
6132664   [CONVERSATION BETWEEN CUSTOMER AND WAITRESS 
6132664   CUSTOMER: “ummmm let’s see” 
 
6135196                CUSTOMER WALKS TO table3 
6139930                CUSTOMER SITSON chair6 
6142821                WAITRESS WALKS TO table3 
6143039                WAITRESS PUTSDOWN Menu ON table3 
6144661                CUSTOMER PICKSUP Menu 
6147118                CUSTOMER LOOKSAT Menu 
 
6147571   [CONVERSATION BETWEEN WAITRESS AND CUSTOMER] 
6147571   WAITRESS: “here’s a menu. Take your time” 
6150633   CUSTOMER: “I’ll have vegetable soup and the nectarine tart” 
 
6200711                WAITRESS WALKS TO counter 
 
6216133   [CONVERSATION BETWEEN WAITRESS AND CHEF] 
6216133   WAITRESS: “one soup please” 
 
6217133                Soup APPEARS ON Counter 
6221461                WAITRESS PICKSUP Soup 
6222149                WAITRESS WALKS TO table3 
6225368                WAITRESS PUTSDOWN Soup ON table3 
6225430                WAITRESS PICKSUP Menu 
6226196                WAITRESS WALKS BETWEEN counter AND table2 
6228086                CUSTOMER EATS Soup 
6242774                WAITRESS PUTSDOWN Menu ON MenuBox 
6242774                Menu DISAPPEARS 
6245743                WAITRESS WALKS TO table3 
 
6301211   [CONVERSATION BETWEEN WAITRESS AND CUSTOMER] 
6301211   WAITRESS: “anything for drink” 
6309711   CUSTOMER: “water” 
6315243   WAITRESS: “coming right up” 
 
6316743                WAITRESS WALKS TO bar 
 
6320508   [CONVERSATION BETWEEN WAITRESS AND BARTENDER] 
6320508   WAITRESS: “one water” 
 
6321508                Water APPEARS ON Bar 
6324633                WAITRESS PICKSUP Water 
6325649                WAITRESS WALKS TO table3 
6328743                WAITRESS PUTSDOWN Water ON table3 

Figure 4-2: A filtered script, generated from a raw log file. 
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A human can read through an entire game in a few minutes.  These scripts are useful for spot 
checking the data, but are not a practical solution to understanding our corpus as a whole.  
Reading 5,000 games would take over ten days, but more importantly, merely reading the scripts 
is not equivalent to understanding their commonalities and differences.  A Plan Network 
provides a generalized representation that incorporates everything observed in all gameplay 
sessions.  This representation gives humans the gist of the behavior in the restaurant scenario, 
and provides a means of predicting future actions and recognizing when things are going off-
script.  The next section looks at ways to visualize a Plan Network, before delving into the 
details of how to build such a model in section 4.2. 
 

4.1  Visualizing Plan Networks 
 
Each gameplay session is composed of interleaved sequences of physical actions and speech acts 
performed by multiple characters in various social roles.  Pulling apart the data based on these 
categories will provide perspectives into the data that are easier for humans to comprehend, and 
more powerful for planning and recognition by an agent. 
 

4.1.1  Graphing Physical Actions 
 
Figure 4-3 re-renders the log file seen previously in Figure 4-1 as a directed graph of physical 
actions.  For the most part, the graph follows a linear path from START to END, with just a few 
loops for repeated behavior such as the customer eating multiple bites of an entrée.  I created this 
graph automatically by exporting actions as nodes, and edges representing observed sequences of 
actions.  In section 4.2, I will describe the process of creating a lexicon of actions, and clustering 
similar actions (e.g. eating salmon and eating pie are clustered as eating food). 
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Figure 4-4 depicts another gameplay session.  The behavior is this session is similar to that in 
Figure 4-3, with a few minor variations.  In the second game, the waitress gives the menu to the 
customer, rather than placing it on the table.  The customer stands up before paying the bill in the 
first game, and pays while sitting at the table in the second. 
 

 
Figure 4-4: Graph visualization of a second game. 
 
Multiple logs can be combined into the same graph, where the paths for each log share nodes for 
actions that occur in both gameplay sessions.  Below are the results of incorporating a second 
log’s sequence into the original graph from Figure 4-3.  Nodes and edges are colored red or blue 
depending on whether they came from the first or second gameplay session.  Nodes and edges 
appearing in both sessions are purple.   
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Figure 4-7 zooms in for closer inspection of a portion of the complete graph from Figure 4-6.  
The graph includes expected restaurant behavior such as waitresses giving drinks to the 
customers, and depositing bills in the cash registers, and atypical behavior like customers sitting 
on tables and picking up flower vases.  The variety in ordering of actions results in a dense mesh 
of edges between nodes. 
 

 
Figure 4-7: Zoomed-in portion of graph visualization merging 5,000 games. 
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This graph is quite complex, illustrating the huge amount of variation in the way pairs of people 
choose to play the game.  The graph is so complex, in fact, that it is difficult to assess whether it 
is an accurate depiction of what people normally do in a restaurant.  Leveraging the Plan 
Network’s learned statistical models and understanding of social roles can greatly improve these 
visualizations.   
 
The likelihood of any action can be computed by counting the frequency with which it occurs 
across all gameplay sessions.  Setting a threshold on the likelihood allows filtering out of 
unlikely nodes and branches in the graph.  Chapter 5 describes estimating likelihoods of entire 
gameplay sessions, which is useful for filtering atypical sessions out of the graph entirely. 
 
Interleaving the actions of the two actors produces a lot of noise, due to the fact that much of the 
time these two are acting in parallel, and one’s next action does not depend on the other.  Below 
is a graph of behavior for a single social role, the waitress, with statistically unlikely actions 
filtered out. 
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This graph of filtered waitress behavior is much simpler than the previous graph, yet still gives 
the gist of behavior learned from 5,000 games.  Beyond visualization, filtering gives the system a 
sense of typical behavior, and equipping an agent with separate models of social roles provides a 
mental model of others, useful for inferring goals of a collaboration partner.  Zooming in on a 
few portions of the graph allows verification that the learned behavior is what one would expect 
from a waitress in a restaurant.   
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This section has shown that the learned statistics and social roles benefit visualization for 
humans.  The evaluation in Chapter 5 demonstrates that these techniques are also beneficial in 
building a cognitive model that correlates well with human conceptualization of typical 
restaurant behavior.   
 

4.1.2  Browsing Conversations 
 
Graphing models of physical behavior give humans the gist of the behavior captured in our data.  
This section explores how to get a similar view of linguistic data.  Taking inspiration from 
Bruner’s theory, the graphical model of physical behavior can provide the scaffolding that lends 
meaning to utterances.  Between any two physical action nodes, all conversations uttered 
between players can be clustered.  Following is a screenshot of the conversation browser 
application that runs alongside The Restaurant Game.  The browser is networked with the game, 
tracking events through messages sent via TCP/IP.  Each time either player takes a physical 
action, the browser updates a display of the likelihood of the current action, and a sorted list of 
the most likely next actions.  If the user clicks on any of the potential next actions, the browser 
displays a list of all conversations observed in between these two actions in the 5,000 captured 
games.  Each speech act within a conversation is automatically labeled with a speech act 
classifier.1 
 
In the first example, a waitress picks up some filet mignon from the counter.  The interface 
reports that picking up filet mignon is not highly likely on its own, due to the variety of foods 
waitresses may pick up, but when clustered with all other food this action is recognized as highly 
likely.  There is a long list of potential next actions, but the system has a strong preference for 
one action – the waitress putting the food down on a table.  Clicking on the most likely action 
generates a list of 1,593 unique examples of conversations that the system has observed between 
the time a waitress picks up a dish and puts it down on a table.   
 

                                                
1 Prior to the online study, I conducted an in-lab pilot study with 50 pairs of people.  Data from the pilot study was 
used to train an HMM-based speech act classifier, implemented using Joachim’s SVMlight HMM package (2004).  
HMMs have been shown to be effective speech act classifiers previously in Jurafsky (2003).  Classification 
performance on the online corpus has not been formally evaluated. 
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Figure 4-13: Browsing conversations after picking up food, captured from 5,000 games. 
 
Once the waitress puts down the dish, the next action is less certain, and language plays a larger 
role in determining which branch of the physical graph is taken.  Similar to the role-specific 
filtering of physical behavior graphs, the browser allows the user to focus on one social role 
when browsing conversations.  Focusing on the waitress, there are several highly likely branches.  
She might clean up some dirty dishes, pick up a drink from the bar, bring more food, or ring up 
the customer at the register.  If the user selects touching the cash register (to create a bill) as the 
next action, the browser displays 316 unique examples of conversations that precede the waitress 
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getting the bill.  These conversations typically include directives from the customer referring to a 
check or bill. 
 

 
Figure 4-14: Browsing conversations after putting down food, captured from 5,000 games. 
 
Equally as interesting as the conversations clustered within the likely branches of the physical 
action model are those that exist within unlikely branches.  The following example bolsters the 
claim that capturing behavior from human players produces a more robust model than hand 
authored scripts.  There is a fruit bowl in the back of the kitchen sitting on the dish washer.  This 
is a purely decorative prop that would be non-interactive in most games, or at best physically 
simulated to fall down when pushed.  The following screenshot shows that the system recognizes 
that the waitress picking up the fruit bowl is highly unlikely.  However, in the event that she does 
pick it up, the system predicts that she is most likely going to place it on a table, and displays 37 
examples of conversations that occur when she does. 
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Figure 4-15: Browsing conversations after picking up fruit bowl, captured from 5,000 games. 
 
In one game the customer compliments the bananas.  In others the waitress offers a 
complimentary bowl of fruit.  The Plan Network captures dialogue that human scripters are 
unlikely to include, because the Plan Network captures what people really do, rather than 
scripting in anticipation of what they are likely to do. 
 

4.2  Building Plan Networks 
 
I will now describe the process of constructing a Plan Network.  The first step is to compile a 
lexicon of physical actions and a lexicon of words.  Next physical actions are automatically 
clustered to simplify the network.  Finally, frequencies are computed for atoms in both of the 
lexicons, where an atom refers to an individual action or word, and for transitions between 
atoms. 
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4.2.1  Terminology and Representation 
 
We need to define the terms action, action lexicon, language lexicon, and word before we can 
proceed.  An action is a manipulation of the world performed by an agent, the structure of which 
will be examined shortly.  An action lexicon is a catalogue of all unique actions observed in 
5,000 games.  We define word in the usual way, as an atomic unit of language with which 
players construct speech acts.  A language lexicon is a catalogue of all unique words we have 
observed in 5,000 games, including slang, typos, abbreviations, and multiple tenses. 
 
An action is represented in a logical format similar to a STRIPS operator, as described in Russell 
and Norvig (1995).  Each action is defined by a set of preconditions and effects, where 
preconditions are world state variable criteria that must be met to activate this action, and effects 
are assignments to world state variables upon completion.  In addition, each action has a social 
role requirement, and an interaction object.  Actions are typically initiated through the user 
interface when a player (of some social role) clicks on an object and selects an action from the 
pop-up menu.  Actions represent preconditions with a short list of variables localized to 
describing only the actor and the interaction object. 
 
Here is an example of an action representing a customer picking up a salad (with one bite taken) 
from a table while sitting in a chair: 
 
 ACTION:  PICKUP 
    REQUIREMENTS: 
       ROLE = CUSTOMER 
       OBJECT = Salad 
    PRECONDITIONS: 
       ACTOR::SITTINGON = Chair 
       OBJECT::ATTACHEDTO = NULL 
       OBJECT::DELETED = FALSE 
       OBJECT::ON = Table 
       OBJECT::SHAPE = Bite1 
    EFFECTS: 
       OBJECT::ATTACHEDTO = CUSTOMER 
       OBJECT::ON = NULL 
 
Actions are learned automatically from data, and preconditions are assigned based on the current 
state of the world at the time the action’s execution was observed.  The scope of the world state 
considered for preconditions is limited to the acting agent and the object being acted upon.  This 
agent-centric world state representation is similar to that described in Orkin (2004, 2005, 2006).  
No assumptions are made about which subset of preconditions are required for each type of 
action.  In other words, every action includes preconditions for SittingOn, AttachedTo, Deleted, 
On, and Shape.  The system does not have any prior knowledge of these actions, or restaurant 
behavior in general.  Learning restaurant behavior should be no different to the system than 
learning behavior for hospitals, banks, or grocery stores.  This leads to under-generalization, 
meaning that the above action is unique from another action where the customer picks up the 
salad while sitting on a stool, or standing, or picks up a salad with two bites taken.  I will explain 
shortly how opportunities can be exploited to cluster actions. 
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4.2.2  Building an Action Lexicon 
 
As each gameplay log file is processed, unique actions that we have not previously observed are 
added to the action lexicon.  The first action observed is index one, the next non-identical action 
is index 2 and so on.  The action lexicon indices are used to compile gameplay logs down to a 
compact form, more convenient for statistic analysis.  Below is a graph of how the size of the 
action lexicon grows as the system processes 5,000 games. 
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  Figure 4-16: Growth of action lexicon over 5,000 games. 
 
After 5,000 games the action lexicon grows to 11,206 unique actions, and has not plateaued in 
size.  The maximum action lexicon size is 107,468, due to all possible combinations of variables 
(e.g. eating salmon while sitting on a chair vs. eating salmon sitting on the microwave vs. eating 
salmon sitting on the counter, etc).  Details of calculating the maximum action lexicon size can 
be found in Appendix B.  After 5,000 games the action lexicon has only covered about 10% of 
the possibility space (computed by dividing the observed 11,206 by the maximum 107,468).  
Fortunately, social conventions lead the majority of combinations to be statistically unlikely, 
hence the less than linear growth.  Table 4-1 gives some statistics of game length. 
 

 Mean Median Mode Max 
Actions per Game 84.96 77 75 919 

   Table 4-1: Game length statistics, based on 5,000 games. 
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4.2.3  Clustering Actions 
 
Many of the objects in the world of the restaurant are functionally similar.  If these objects can 
be clustered, then the actions that refer to those objects can also be clustered, greatly reducing the 
size of our action lexicon. 
 
Objects are clustered in a bottom-up fashion following these steps:  First, count how many games 
include someone interacting with each object.  Next, tabulate in how many games each action is 
applied to each object.  For example, count how many times a customer eats steak while sitting 
at the table.  Finally, count how many times an object provides context for an action taken on 
another object.  In the previous example, the table and chair are providing context for the action 
of eating steak.  Dividing the action and context counts by the total interaction count gives the 
probability of an action being taken on an object, or an object providing context for an action.  
Actions with probabilities above some chosen threshold are considered to be the affordances of 
the object.  Objects that have an identical list of affordances are clustered.  For instance, chairs 
are clustered with stools because customers sit on them, and salmon with steak because 
customers eat them and waitresses pick them up from the counter.  Keep in mind that actions 
themselves are role-dependent, allowing the system to learn role-dependent affordances.  Once 
the clustering process is complete, clusters are manually inspected and assigned labels for 
visualization purposes.  Labels include concepts such as food, drinks, chairs, and dirty dishes. 
 
Discriminating between the counter and the bar presents a problem for the method described thus 
far.  The system will not recognize that we pick up food from the counter and drinks from the 
bar.  The problem is that there are six types of beverages and nine types of food.  The probability 
of the bar or counter providing context is roughly equal for each of these items, and when 
divided six or nine ways the probability of picking up any single item is low.  To remedy this, 
the action probabilities are normalized by the probability of the most likely interaction.  The 
most frequent interaction becomes 100% likely, and the rest are scaled proportionately.  Now the 
system can recognize that the bar provides context for picking up drinks, and the counter 
provides context for food.  This works because it is the relative frequencies of interaction that are 
important in clustering.   
 
There are still some objects that do not cluster well due to lack of data, such as pots and pans, 
blenders and food processors.  This is not much of a problem, because the lack of data indicates 
that these items are less significant to the scenario we are trying to learn. 
 
The benefit of clustering is that the number actions in our action lexicon can now be greatly 
reduced by referencing clusters rather than individual items.  A clustered action is a new action 
that has a number of children, where the child actions are the original unclustered actions.  
Eating salmon at the table is clustered with eating steak at the table, as children of a new action 
for eating food at the table.  After 5,000 games the clustered action lexicon has 7,086 actions.  
The maximum possible action lexicon size is now 31,014 actions, as calculated in Appendix B.  
Coverage of the possibility space has doubled to over 20% (computed by dividing the observed 
7,086 by the maximum 31,014).  The graph below illustrates the benefit of clustering on action 
lexicon size. 
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  Figure 4-17: Growth of action lexicon, clustered and unclustered, over 5,000 games. 
 

4.2.4  Building a Language Lexicon 
 
Building a language lexicon is a more straight forward process.  As new words are encountered 
while processing gameplay logs, these words are added to the language lexicon.  After 5,000 
games, the language lexicon has 23,691 words.  The maximum language lexicon size is literally 
infinite due to slang, typos, abbreviations, tenses, and multiple languages.  However, the growth 
is less than linear due to some limitation on the range of words people typically use in a 
restaurant scenario. 
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  Figure 4-18: Growth of language lexicon over 5,000 games. 
 
Table 4-2 details statistics about speech acts and words in 5,000 games.  The number of words 
per speech act is limited by the interface’s limit on the number of characters typed.   
 

 Mean Median Mode Max 
Speech Acts per Game (All) 40.28 32 22 438 
Speech Acts per Game (Waitress) 20.71 21 13 271 
Speech Acts per Game (Customer) 19.72 15 8 320 
Words per Speech Act (All) 4.07 3 1 31 
Words per Speech Act (Waitress) 4.16 4 1 21 
Words per Speech Act (Customer) 3.97 3 1 31 
     
Total Number of Speech Acts 244,845    

   Table 4-2: Speech act statistics, based on 5,000 games. 
 

4.2.5  N-gram Models of Language and Behavior 
 
N-gram models refer to a statistical modeling technique from the field of Natural Language 
Processing.  Borrowing this technique, and applying it to both the language lexicon and action 
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lexicon gives a means of estimating the likelihood of new gameplay sessions, and quantitatively 
evaluating how well the learned model of restaurant behavior and language correlates with 
humans’. 
 
An n-gram model estimates the likelihood of a sequence of words of length N by counting the 
frequency of this sequence in a training corpus, and dividing by the total number of unique n-
grams.  Unigrams estimate the likelihood of atomic words.  Bigrams estimate the likelihood of 
pairs of words.  Trigram estimate triplets and so on.  The likelihood of an entire sentence can be 
estimated by iterating over every sequence of N words, and multiplying the n-gram probabilities 
together.  For example, estimating the likelihood of the sentence “The dog laughs.” with trigrams 
looks like this: 
 

P(the, dog, laughs) = P(the | START) 
x P(dog | START, the) 
x P(laughs | the, dog) 
x P(STOP | dog, laughs) 

 
The trigram P(laughs | the, dog) is the probability of seeing “laughs” given that we have already 
seen “the dog”.  Enclosing each sentence in START and STOP markers captures the probability 
of starting or ending a sentence with a particular n-gram.  In practice, instead of looking at the 
product of probabilities, looking at the sum of the log probabilities keeps the likelihood from 
going to zero.  The above example becomes: 
 

log P(the, dog, laughs) = log P(the | START) 
   + log P(dog | START, the) 
   + log P(laughs | the, dog) 
   + log P(STOP | dog, laughs) 

 
If all of the actions in an entire gameplay session are treated as one sentence, an n-gram model 
can be used to estimate the likelihood of this sequence.  Similarly, all of the words in all of the 
speech acts in one gameplay session can be concatenated into one long sentence, to estimate the 
likelihood of the sequence of words in one game.  This provides two lenses through which new 
gameplay sessions can be examined to assess their typicality.  If the likelihoods assigned by the 
action and language models correlate well with ratings of typicality by humans, then this 
quantitatively shows that the learned Plan Network is a good representation of how humans think 
about the restaurant scenario. 
 
As illustrated by the figures this section, even after 5,000 games, the action lexicon and language 
lexicon are still growing.  Words could be clustered by lexical similarity, or by leveraging an 
external source such as WordNet (1998), to gain similar benefits to those achieved in clustering 
actions.  This would decrease the rate of growth of the language lexicon, but would not eliminate 
the growth.  The probability calculations need to incorporate discounting and smoothing 
techniques to counter the effects of data sparsity.  In order to estimate the likelihood of 
previously unseen action or word sequences or atoms, true counts are discounted in some way, 
and the missing probability mass is distributed among previously unseen n-grams.  I 
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implemented Katz Back-Off smoothing as described in Jurafsky & Martin (2000) and Manning 
& Schütze (1999). 
 
The Katz method computes a discounted maximum likelihood estimate for bigrams that do exist 
in the corpus, and backs-off to an estimate defined in terms of unigram maximum likelihoods for 
previously unseen bigrams.  In the Katz formula, Count* refers to the true count discounted by 
subtracting some discount factor. 
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Figure 4-19: Katz back-off model for bigrams. 
 
Similarly, the Katz method computes a discounted maximum likelihood estimate for existing 
trigrams, and backs-off to an estimate defined in terms of Katz bigrams for previously unseen 
trigrams.  This back-off technique continues up to the desired length of n-grams, each backing-
off to an estimate defined in terms of Katz n-grams one word smaller. 
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Figure 4-20: Katz back-off model for trigrams. 
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Chapter 5 
 

Evaluation, Results, and Discussion 
 
I evaluated the system quantitatively by computing likelihood estimates for gameplay sessions 
based on a combination of physical actions and words, and correlating these scores with human 
ratings of the same sessions.  The intuition is that if the system has learned a high quality Plan 
Network for the restaurant scenario, it should exhibit a human-like ability to judge typical and 
atypical behavior in the restaurant environment.  The ability to judge typicality is a powerful 
asset of a Plan Network that enables users of the system to automatically detect off-script 
behavior; irregularities which would be undetectable with a hand crafted script.  Behavior and 
language estimated to be highly likely by the Plan Network represents the behavior and language 
that can be expected from an agent driven by the learned model.  Behavior and language 
estimated to be unlikely provides a red flag, indicating that some action may be required on the 
part of an agent to direct the scenario back towards typical behavior. 
 

5.1  Tuning the System for Optimal Correlation 
 
I randomly selected 200 log files that I set aside for validation and testing, and trained the system 
on the remaining 5,000.  I created a validation set by rating 100 of the set aside files on a one to 
seven scale indicating how typical I felt the interaction was, with respect to typical restaurant 
behavior and language in an English speaking country.  Below are the guidelines I set for 
evaluating typicality. 
 
Rating Description 

7 Perfect example of what you would expect to witness in a restaurant. 
6 Pretty good example, with a couple of out of the ordinary events. 
5 Generally what happens in a restaurant, with a handful of out of the ordinary events. 
4 A fair amount of out of the ordinary behavior, while generally going through expected events. 
3 Lots of out of the ordinary behavior, while generally going through expected events 
2 Very little ordinary behavior for a restaurant 
1 Not at all what people do in a restaurant 

Table 5-1: Descriptions of typicality ratings given to raters. 
 
I rated the games by reading the filtered log files, which look like the script illustrated in Figure 
4-2, and assigning a single rating between one and seven.  It took about six hours to rate 100 
games.  Below is a histogram of the ratings that I assigned. 
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Figure 5-1: Histogram of human ratings for validation set. 
 
I computed likelihood scores for games by building an n-gram action model from the action 
lexicon and an n-gram language model from the language lexicon, based on the 5,000 games in 
the training set.  The n-gram models estimated likelihood scores with Katz Back-Off smoothing 
and a constant discount factor.  I interpolated between the scores from the action model and the 
language model to find an overall likelihood estimate for each game.  I ran a number of 
experiments to find the best combination of action and word n-grams of various lengths, and to 
select the discount factor.  The goal of the experiments was to maximize the correlation between 
the likelihood scores and my ratings for the 100 games.  Correlation was measured by computing 
the Pearson’s R correlation coefficient. 
 
Figure 5-2 illustrates the effect of different discount factors on the correlation for various lengths 
of n-grams of physical actions.  I found that a discount of subtracting 0.5 from the true count 
gave the best correlation over the variety of n-gram lengths.  I used the discount factor of 0.5 in 
all experiments from this point on in validation and testing. 
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Effect of Discount Factor on Correlation
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Figure 5-2: Effect of discount factor on correlation. 
 
I estimated the likelihood of each game three times for each length of action model n-grams.  
First, I estimated the likelihood based on the interleaved model containing actions from both the 
customer and waitress.  Next, I estimated the likelihood based on the role-specific model for 
each social role, once ignoring customer actions and next ignoring waitress actions.  Figure 5-3 
shows that averaging the likelihoods of the separate models leads to a better correlation than can 
be achieved with the interleaved model.  Much of the time the two actors are engaging in 
behavior in parallel, so the interleaved model is subjected to a great deal of noise in the transition 
probabilities between actions.  The separate models identify strange behavior on the part of 
either character, and averaging the likelihoods from each separate model yields the best overall 
perspective on typicality.  The best correlation found overall was R = 0.633, based on averaging 
likelihoods of action model 4-grams from separate waitress and customer models. 
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Correlation Between Action Model Likelihoods and Human Ratings

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

n-grams

P
e
a
rs

o
n

's
 R

Interleaved Model

Waitress Model

Customer Model

Waitress & Customer Models Averaged

Interleaved Model 0.58316 0.45939 0.53593 0.5428 0.57502 0.54769

Waitress Model 0.5354 0.48681 0.47682 0.56411 0.54673 0.50171

Customer Model 0.39493 0.51289 0.50808 0.49638 0.4899 0.51587

Waitress & Customer

Models Averaged

0.53719 0.60382 0.59729 0.63305 0.61 0.60286

1-grams 2-grams 3-grams 4-grams 5-grams 6-grams

 
Figure 5-3: Correlation between action model likelihoods and human ratings. 
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Figure 5-4 contains the top 20 action 4-gram plan fragments for the waitress found in the 
validation set, and Figure 5-5 contains the top 20 action 4-gram plan fragments for the customer. 
 
Waitress 4-gram Plan Fragments 
PUTDOWN_OldFood(Counter) EAT_OldFood(Counter) PICKUP_OldFood(Counter) PUTDOWN_OldFood(Counter)  
PICKUP_OldFood(Counter) PUTDOWN_OldFood(Counter) EAT_OldFood(Counter) PICKUP_OldFood(Counter)  
PUTDOWN_Beverage(Table) LOOKAT_MenuBox(Floor) PICKUP_Food(Counter) PUTDOWN_Food(Table)  
EAT_OldFood(Counter) EAT_OldFood(Counter) EAT_OldFood(Counter) EAT_OldFood(Counter)  
PICKUP_Flower(Table) PUTDOWN_Flower(Table) PICKUP_Food(Counter) PUTDOWN_Food(Table)  
TOUCH_Fridge(Floor) PICKUP_DirtyDish(Table) EAT_DirtyDish(WAITRESS) PUTDOWN_DirtyDish(Counter)  
PICKUP_DirtyDish(Counter) PUTDOWN_DirtyDish(Counter) EAT_OldFood(Counter) EAT_OldFood(Counter)  
PICKUP_Beverage(Table) PUTDOWN_Beverage(Counter) PICKUP_DirtyDish(Table) PUTDOWN_DirtyDish(Counter)  
PICKUP_DirtyDish(Table) PUTDOWN_DirtyDish(Counter) PICKUP_DirtyDish(Table) PUTDOWN_DirtyDish(Counter)  
PUTDOWN_DirtyDish(Counter) PICKUP_DirtyDish(Table) PICKUP_Counter(Floor) PUTDOWN_DirtyDish(Counter)  
PUTDOWN_DirtyDish(Counter) EAT_OldFood(Counter) EAT_OldFood(Counter) EAT_OldFood(Counter)  
PUTDOWN_Food(Table) PUTDOWN_Menu(MenuBox) PICKUP_Food(Counter) PUTDOWN_Food(Table)  
PICKUP_Food(Table) PUTDOWN_Food(Table) PICKUP_Food(Counter) PUTDOWN_Food(Table)  
GIVE_Bill(Hand, UNPAID) PUTDOWN_Bill(Register, PAID) PICKUP_Menu(Table) PUTDOWN_Menu(MenuBox)  
EAT_OldFood(Counter) EAT_OldFood(Counter) EAT_Food(Counter) EAT_Food(Counter)  
TOUCH_Microwave(DishWasher) PUTDOWN_Flower(Table) PICKUP_Food(Counter) PUTDOWN_Food(Table)  
PICKUP_DirtyDish(Table) PUTDOWN_DirtyDish(Counter) EAT_DirtyDish(Table) PICKUP_DirtyDish(Table)  
EAT_Food(Counter) EAT_Food(Counter) EAT_OldFood(Counter) EAT_OldFood(Counter)  
PICKUP_Beverage(Bar) PUTDOWN_Beverage(Floor) PICKUP_Food(Counter) PUTDOWN_Food(Table)  
PICKUP_DirtyDish(Bar) PUTDOWN_DirtyDish(Counter) EAT_OldFood(Counter) EAT_OldFood(Counter)  
Figure 5-4: Top 20 waitress 4-gram plan fragments. 
 
Customer 4-gram Plan Fragments 
EAT_Beverage(Table) EAT_Beverage(Table) PICKUP_Food(Table) PUTDOWN_Food(Table)  
EAT_Food(Table) EAT_Beverage(Table) LOOKAT_Bill(Hand, UNPAID) PAY_Bill(Hand, PAID)  
EAT_Chef(Floor) EAT_Fruit(DishWasher) EAT_FoodPrep(TrashCompactor) EAT_FoodPrep(TrashCompactor)  
EAT_Fruit(DishWasher) EAT_FoodPrep(TrashCompactor) EAT_FoodPrep(TrashCompactor) EAT_FoodPrep(TrashCompactor)  
PICKUP_DirtyDish(Table) PUTDOWN_DirtyDish(Table) PICKUP_Food(Table) PUTDOWN_Food(Table)  
EAT_Beverage(Table) PICKUP_Food(Hand) PUTDOWN_Food(Table) EAT_Food(Table)  
GIVE_Bill(WAITRESS, UNPAID) EAT_Trash(Hand) EAT_Trash(Hand) EAT_Trash(Hand)  
EAT_Food(Table) EAT_Food(Table) PICKUP_Bill(Table, UNPAID) LOOKAT_Bill(Hand, UNPAID)  
GETOFF_Chair(Floor) SITON_Menu(Table, Menu) GETOFF_Menu(Table, Menu) SITON_Chair(Floor)  
EAT_DirtyDish(Counter) EAT_Microwave(DishWasher) EAT_FoodPrep(TrashCompactor) EAT_FoodPrep(TrashCompactor)  
TOUCH_Fridge(Floor) TOUCH_Counter(Floor) EAT_FoodPrep(TrashCompactor) EAT_FoodPrep(TrashCompactor)  
EAT_Beverage(Hand) PUTDOWN_DirtyDish(Table) PICKUP_Bill(Table, UNPAID) LOOKAT_Bill(Hand, UNPAID)  
EAT_DirtyDish(Table) EAT_DirtyDish(Table) EAT_Food(Table) EAT_Food(Table)  
EAT_OldFood(Counter) EAT_Wine(Bar) EAT_Wine(Bar) EAT_Wine(Bar)  
EAT_Beverage(Hand) GIVE_DirtyDish(WAITRESS) LOOKAT_Bill(Hand, UNPAID) PAY_Bill(Hand, PAID)  
EAT_DirtyDish(Table) EAT_DirtyDish(Table) EAT_Food(DirtyDish) EAT_Food(DirtyDish)  
EAT_Counter(Floor) EAT_OldFood(Counter) EAT_OldFood(Counter) EAT_OldFood(Counter)  
PICKUP_OldFood(Counter) EAT_OldFood(Hand) EAT_OldFood(Hand) EAT_OldFood(Hand)  
LOOKAT_Food(Table) EAT_Beverage(Table) PICKUP_Food(Table) PUTDOWN_Food(Table)  
EAT_Wine(Table) EAT_Beverage(Table) PICKUP_Food(Table) PUTDOWN_Food(Table)  
Figure 5-5: Top 20 customer 4-gram plan fragments. 
 
I repeated these experiments with the language model, and again found that averaging the 
likelihoods from separate models yields a better correlation than that achieved by the interleaved 
model.  The average of the likelihoods from separate bigram models yields the best combined 
correlation with R = 0.546.  Interestingly, this is slightly lower than the best correlation for the 
waitress-only bigram model, possibly indicating that the waitress’s speech is more informative 
than the customer’s or their combined dialogue.  However, due to the tiny discrepancy between 
the two best R values, I chose to continue using the averaged bigram model for future 
experiments to ensure that the customer speech was being taken into account. 
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Correlation Between Language Model Likelihoods and Human Ratings
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Figure 5-6: Correlation between language model likelihoods and human ratings. 
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Table 5-2 lists the top 40 most probable bigrams for waitresses and customers found in the 
validation set.  Note that punctuation has been removed, all words have been forced to 
lowercase, and misspellings come directly from the data. 
 

 Waitress Bigrams Customer Bigrams 
 folow me  

follow me  
supposed to  
thank you  
excuse me  
restrount plz  
trying to  
vegetable soup  
nectarine tart  
interest you  
berry pie  
por favor  
let me  
du jour  
sort of  
cobb salad  
grilled salmon  
youd like  
hold on  
anyhting else  
twilight zone  
blueberry pie  
white wine  
red wine  
anyting else  
would you  
may i  
show you  
glass of  
woud you  
shut up  
help you  
main course  
serving you  
such a  
helo thar  
anything else  
cup of  
calling the  
united states 

excuse me  
supposed to  
thank you  
berry pie  
du jour  
followed by  
cobb salad  
grilled salmon  
vegetable soup  
trying to  
nectarine tart  
piece of  
may i  
glass of  
iced tea  
veg soup  
let me  
slice of  
cob salad  
id like  
cup of  
white wine  
shut up  
de jour  
refuse to  
red wine  
thatll be  
allergic to  
charge me  
kind of  
bring me  
cheese cake  
filet mignon  
worked here  
r u  
meet you  
main course  
can i  
going to  
cherry cheesecake 

   Table 5-2: Top 40 bigrams for waitresses and customers. 
 
Next I ran experiments to investigate the effect of averaging the likelihoods from the action and 
language models.  The likelihoods for each model are themselves computed by averaging the 
likelihoods of the separate role-specific models.  Figure 5-7 illustrates that for any length of n-
grams, averaging the action and language models leads to better correlation with human ratings 
than either model alone. 
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Correlation Between n-gram Model Likelihoods and Human Ratings
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Figure 5-7: Correlation between n-gram model likelihoods and human ratings. 
 
Having determined that averaging likelihoods from action model 4-grams, and language model 
bigrams yields the best respective correlations with human ratings, and averaging action and 
language models outperforms either model alone, my next goal was to find the best overall 
combination achievable by interpolating between likelihoods for actions and language.  Figure 5-
8 details various combinations of actions and language, with the peak at R = 0.782 with 25% 
physical actions and 75% words.  The extents of the graph show the correlation based on only 
language on the left and actions only on the right. 
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Correlation Between Interpolated Likelihoods Combining Actions and Language 

and Human Ratings
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Figure 5-8: Correlation between interpolated likelihoods combining actions and language and human ratings. 
 
Figure 5-9 re-presents these results more clearly, challenging the old adage that actions speak 
louder than words.  On their own, the likelihoods estimated by the action model do correlate 
better with human ratings than the language model, but the combination of the two correlates 
significantly better, with an interpolation that favors the language model 75 to 25.  This is an 
interesting counter-intuitive result, given that Figure 5-7 shows the action model consistently 
outperforming the language model. 
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Effect of Interpolating Action and Language Models on Correlation for the 

Validation Set
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Figure 5-9: Effect of interpolating action and language models on correlation for the validation set. 
 
The final figure in this section renders the scatter plot of the relationship between likelihood 
scores estimated by the best interpolated combination from above and human ratings.  Pearson’s 
R = 0.782 shows a strongly significant correlation for 100 games.  With 100 games, a correlation 
of .254 or greater is significant at the .01 level (p<.01). 
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Correlation Between Likelihoods and Human Ratings
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Figure 5-10: Scatter plot of correlation between likelihoods and human ratings. 
 
Based on the scatter plot, it looks like 0.04 is a good threshold for discriminating between typical 
and atypical gameplay sessions.  Ignoring the eight games that I rated as neutral, and considering 
anything above four to be typical, and below four atypical, the model’s binary classification 
results are presented in Table 5-3. 
 
 Rating > 4 (Typical) Rating < 4 (Atypical) 
Likelihood > 0.04   (Typical) 35  True Positives 11  False Positives 
Likelihood <= 0.04 (Atypical) 8    False Alarms 38  True Negatives 
Table 5-3: Binary classification matrix comparing estimated likelihoods to human ratings. 
 
If the likelihood threshold of 0.04 was used as the criteria for filtering which gameplay sessions 
to include in the visualization graphs described in Chapter 4, 81% of games that I rated as typical 
would be incorporated into the graphs, and 78% of atypical examples would be filtered out. 
 

5.2  Testing the System 
 
The evaluation demonstrated that the likelihood scores estimated by the Plan Network correlate 
well with my ratings of 100 games.  To test the system, I had 10 people who were not involved 
with the development of the project rate 300 games.  These ratings were compared to likelihoods 
estimated using the best parameters found in the evaluation. 
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I randomly selected 200 gameplay log files from the training set to add to the 100 I had 
originally set aside for testing, for a total of 300 test games.  I kept the 100 games from the 
validation set out completely so as not to introduce any bias during testing, and retrained a new 
Plan Network with the remaining 4,800 games.  None of the 300 games used for testing were 
included in the 4,800 games used to train the new Plan network.  Each of the ten raters received 
40 games to rate on a one to seven scale of typicality.  Everyone was given the same ten games 
from the validation set, and a unique set of 30 games from the test set.  I hand selected the ten 
games from the validation set to ensure raters were given an even spread of typical and atypical 
games.  The overlapping ratings of validation set games gave me some means of ensuring that all 
of the raters understood and followed instructions. 
 

5.2.1  Inter-Rater Agreement 
 
Figure 5-11 displays the ratings that each of the ten raters assigned to each of the ten games in 
the validation set.  Overall, the raters generally agreed within one unit of typicality.  Game four 
caused raters the most confusion due to people playing the game in a foreign language.  Despite 
explicit instructions to rate typicality based on expected behavior in a restaurant in an English 
speaking country, rating varied widely from two to six.  My own rating for this game was two. 
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Figure 5-11: Human inter-rater agreement. 
 
I formally measured inter-rater agreement with the R statistical package’s implementation of 
Light’s weighted Kappa for N raters.  This is a metric of inter-annotator agreement between 0.0 
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and 1.0 for non-categorical, real valued ratings.  I found Kappa = 0.8643515.  I also computed 
the average correlation between any pair of raters, and found the mean Pearson’s R = 0.899.   
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Figure 5-12: Rater agreement with my ratings, based on mode of 10 rater’s ratings. 
 
Figure 5-12 shows how well the ten raters agreed with my ratings.  Based on the mode of ten 
ratings for each game, the raters generally agree with my ratings.  However, comparing the 
histogram of ratings in Figure 5-13 to the histogram of my ratings in Figure 5-1 uncovers a 
discrepancy in the handling of neutral ratings for games.  I tended to rate games above or below 
four, choosing not to rate games as neutral, while the other raters chose neutral most often.  This 
is a notable difference in the way games were rated during validation and testing that may have 
contributed to a slight difference in the final correlation found between the system’s likelihood 
rating and human ratings of typicality during validation and testing. 
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Figure 5-13: Histogram of human ratings for test set. 
 

5.2.2  Test Results 
 
I computed the correlation between the human ratings for the 300 games in the test set, and the 
likelihood scores estimated with the parameters found experimentally in the evaluation – the 25 / 
75 combination of likelihoods from the action model and language model, with action 4-grams 
averaged over social roles, and language bigrams averaged over social roles.  The result was a 
Pearson’s R = 0.576 correlation coefficient, which is strongly significant for 300 games.  With 
300 games, a correlation of .147 or greater is significant at the .01 level (p<.01). 
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Figure 5-14: Scatter plot of correlation between likelihoods and human ratings. 
 
The correlation in the test set is slightly lower than in the validation set, which can be attributed 
to a number of causes.  The test set is three times as large, and may have contained more 
variation.  The raters were unfamiliar with the data, and did not share my intimate knowledge of 
the game and learning process.  Regardless of these issues, there was still a strong correlation, 
indicating that it is possible to learn a Plan Network from video game data that does reflect 
human judgment of typicality.  Figure 5-15 illustrates that the test set follows the same 
progression of improvement when comparing correlation with the language model, the action 
model, and the interpolated model. 
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Figure 5-15: Effect of interpolating action and language models on correlation for the test set. 
 
If the likelihood threshold of 0.04 is applied to the test set, Table 5-4 details the system’s 
performance on the binary classification task of identifying typical and atypical gameplay 
sessions.  The Plan Network correctly identifies 75% of the games that humans rated as typical, 
and filters out 75% of the games that humans found to be atypical. 
 
 Rating > 4 (Typical) Rating < 4 (Atypical) 
Likelihood > 0.04   (Typical) 99  True Positives 32  False Positives 
Likelihood <= 0.04 (Atypical) 33  False Alarms 85  True Negatives 
Table 5-4: Binary classification matrix comparing estimated likelihoods to human ratings. 
 

5.3  System Successes and Failures 
 
Figure 5-16 is a graph visualization of customer behavior in a game rated as a seven by a human, 
with a high likelihood estimate from the system (above 0.1).   The player’s actions are 
highlighted by the blue nodes, connected with bold edges.  The player’s actual behavior follows 
an existing path in the customer Plan Network. 
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The graph only represents the physical behavior.  It is possible to find games where the physical 
behavior is typical, but the language is not, and the system can successfully identify these as 
well.  Figure 5-17 contains an excerpt from a game where the waitress and customer engage in 
ordinary behavior such as eating food and paying bills, but the dialogue between them reveals 
that the customer is trying to leave without paying, and trying to take the waitress home with 
him.  Here the human rating is two, and the system estimates a likelihood of below 0.03.  The 
typicality of physical behavior is estimated as highly likely with a score over 0.09, but the 
unusual language forces the combined likelihood below the threshold of typical behavior.  In a 
similar manner, games played in a foreign language can be easily identified.  The system is also 
sensitive to out of the ordinary word ordering, allowing detection of games containing broken 
English.  
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39319352  [CONVERSATION BETWEEN WAITRESS AND CUSTOMER] 
39319352  WAITRESS: "welcome!!" 
39345836  CUSTOMER: "i wanna eat some food" 
39354274  CUSTOMER: "i havent eaten in eight days" 
39355633  WAITRESS: "have a sit... and enjoy!" 
39359992  CUSTOMER: "stupid heroin addiction" 
 
39361211                CUSTOMER WALKS TO table1 
39365742                CUSTOMER SITSON chair3 
39373102                WAITRESS PICKSUP Menu 
39374055                WAITRESS WALKS TO table1 
39379024                WAITRESS GIVES Menu TO CUSTOMER 
39383039                CUSTOMER LOOKSAT Menu 
 
39394539  [CONVERSATION BETWEEN WAITRESS AND CUSTOMER] 
39394539  WAITRESS: "hungry ah?" 
39403071  CUSTOMER: "gimme a filet mignon and six beers" 
39408461  WAITRESS: "six???" 
39411117  CUSTOMER: "yes i've had a very bad day" 
 
39422242                CUSTOMER GIVES Menu TO WAITRESS 
 
39428539  [CONVERSATION BETWEEN WAITRESS AND CUSTOMER] 
39428539  WAITRESS: "well.. ok... but it's better to drink one at a time..." 
39453727  CUSTOMER: "what are you, my mother" 
39456836  WAITRESS: "or they'll get warm!!!" 
. . . 
 
39777071  [CONVERSATION BETWEEN CUSTOMER AND WAITRESS] 
39784742  WAITRESS: "are leaving so fast???" 
39794430  CUSTOMER: "i'm an american baby, I do whatever I want" 
39808024  WAITRESS: "ok... but I thought... you... would want me to" 
39829117  WAITRESS: "come with you for a walk after work..." 
39833649  CUSTOMER: "I'll give you a ''tip,'' if thats what you're asking for" 
39856274  WAITRESS: "well... to be honest... you still have to pay the bill!" 
39865242  CUSTOMER: "lets go back inside so you can get paid, then you come home with m" 
 
39869227                CUSTOMER WALKS TO podium 
39871742                WAITRESS WALKS TO podium 
 
39881071  [CONVERSATION BETWEEN WAITRESS AND CUSTOMER] 
39881071  WAITRESS: "ok... wait a minute..." 
 
39895680                WAITRESS TOUCHES Register 
39917242                Bill APPEARS ON Podium 
39917242                        ITEM0="FILET MIGNON" 
39917242                        ITEM1="LOBSTER THERMADOR" 
39917242                        ITEM2="BERRY PIE" 
39917242                        ITEM3="BEER" 
 
39922352                WAITRESS PICKSUP Bill 
39926633                WAITRESS GIVES Bill TO CUSTOMER 
39937336                CUSTOMER UNDERPAYS Bill BY $0.29 
39945586                CUSTOMER GIVES Bill TO WAITRESS 
 
39945867  [CONVERSATION BETWEEN WAITRESS AND CUSTOMER] 
39957836  WAITRESS: "I think it's ok!" 
39964852  CUSTOMER: "look lady, you're hot to trot, and we're going to shower together now" 
39965992  WAITRESS: "you've been very kind..." 
 
39982649                WAITRESS WALKS TO podium 
39990117                WAITRESS PUTSDOWN Bill ON Register 
39990217                WAITRESS EARNS $25.28 
 
40054992  [CONVERSATION BETWEEN WAITRESS AND CUSTOMER] 
40054992  WAITRESS: "moron!!!!  I'm not coming with you..." 
40081321  WAITRESS: " it was a trick to convince you to PAY!!!" 
Figure 5-17: Game with typical physical behavior, but atypical language. 
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Figure 5-18 illustrates the Plan Network detecting off-script behavior in a game rated as a three 
by a human, and below 0.04 by the system.  The customer stands up after looking at the menu, 
then sits down again.  Even more alarming, the customer picks up the flower from his table, and 
then grabs the cash register before exiting the restaurant (without paying his bill)!  The off-script 
actions and decisions are illustrated with red nodes and edges inserted manually into the 
automatically generated visualization. 
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The figures above demonstrate system successes, however relying on statistics and Markovian 
assumptions will not always lead to successful detection of typical behavior.  There are a number 
of ways to confuse the system.  Sometimes players engage in conversation about topics outside 
of the scope of the scenario, introducing new vocabulary in an otherwise typical play through.  
The unrecognized words lead the system to assign a low likelihood to a game that humans rate as 
typical.  Other times, players repeat typical restaurant language and behavior an atypical number 
of times. 
 

7790428   [CONVERSATION BETWEEN WAITRESS AND CHEF] 
7790428   WAITRESS: "cherry pie" 

 
7791428                Pie APPEARS ON Counter 

 
7792398   [CONVERSATION BETWEEN WAITRESS AND CHEF] 
7792398   WAITRESS: "cherry pie" 

 
7793398                Pie APPEARS ON Counter 

 
7795368   [CONVERSATION BETWEEN WAITRESS AND CHEF] 
7795368   WAITRESS: "cherry pie" 

 
7796368                Pie APPEARS ON Counter  

 
7799388   [CONVERSATION BETWEEN CUSTOMER, WAITRESS, AND CHEF] 
7799388   CUSTOMER: "big fun. How about beer?" 
7805449   WAITRESS: "Sure" 

 
7806563                WAITRESS WALKS TO bar 
7808035                CUSTOMER WALKS TO bar 

 
7809897   [CONVERSATION BETWEEN WAITRESS AND BARTENDER] 
7809897   WAITRESS: "beer" 

 
7810897                Beer APPEARS ON Bar 

 
7814023   [CONVERSATION BETWEEN CUSTOMER, WAITRESS, AND BARTENDER] 
7814023   CUSTOMER: "beer" 
7815004   CUSTOMER: "beer" 

 
7815023                Beer APPEARS ON Bar 
7816004                Beer APPEARS ON Bar 

 
7816252   [CONVERSATION BETWEEN CUSTOMER, WAITRESS, AND BARTENDER] 
7816252   CUSTOMER: "beer" 

 
7817252                Beer APPEARS ON Bar 

Figure 5-19: Waitress and customer order lots of pie and beer. 
 
Figure 5-19 displays an excerpt from a game where the waitress and customer cooperatively fill 
the restaurant with pie and beer.  The human rater rated this game a two, but the system’s failure 
to assign a low likelihood supports Chomsky’s observation (1957) that statistics can never fully 
capture the potentially infinitely recursive nature of language.  The action model fails to 
recognize this odd behavior due to the fact that the repeated physical behavior is actually 
performed by the staff, placing items on the counter and bar, but the Plan Network only models 
the customer and waitress.  Even if the Plan Network incorporated a model of the staff, ordering 
several dishes or beverages is not out of the ordinary, but ordering the same item multiple, times 
is.  This is one case where the loss of precision due to clustering leads to a false positive. 
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The Plan Network also has trouble with games that are atypically short or truncated.  Figure 5-20 
contains an entire script for a short game. 
 

10276248                WAITRESS APPEARS ON Floor 
10290546                WAITRESS WALKS TO podium 
10314559                WAITRESS PICKSUP Menu 
10327579                WAITRESS PUTSDOWN Menu ON MenuBox 
10328814                WAITRESS WALKS TO table4 
10331098                CUSTOMER APPEARS ON Terrain 
10333102                WAITRESS PICKSUP OLD_Salad_Bite3 
10334051                WAITRESS WALKS BETWEEN counter AND table2 
10338177                WAITRESS PUTSDOWN OLD_Salad_Bite3 ON Counter 
10338646                CUSTOMER WALKS BETWEEN table1 AND table4 
10339216                WAITRESS WALKS TO table4 
10340177                OLD_Salad_Bite3 DISAPPEARS 
10343134                WAITRESS PICKSUP table4 

 
10349884   [CONVERSATION BETWEEN CUSTOMER AND WAITRESS] 
10349884   CUSTOMER: "hello?" 

 
10350317                WAITRESS PICKSUP OLD_Bill 
10351548                WAITRESS WALKS TO podium 
10354500                WAITRESS PUTSDOWN OLD_Bill ON Register 
10354600                WAITRESS EARNS $21.05 
10354600                OLD_Bill DISAPPEARS 
10357340                WAITRESS WALKS TO table4 
10363532                CUSTOMER SITSON chair3 

 
10372758   [CONVERSATION BETWEEN WAITRESS AND CUSTOMER] 
10372758   WAITRESS: "hi sir, can i get you a drink?" 
10385635   CUSTOMER: "hello?" 
10395154   WAITRESS: "can i get you a drink?" 
10401162   CUSTOMER: "no!" 
10406013   WAITRESS: "nice one" 

 
10414001                CUSTOMER STANDSUP FROM chair3 
10438580                CUSTOMER WALKS TO ExitTrigger(ExitTrigger) 

Figure 5-20: Complete script for a very short game. 
 
A human can recognize that this is not a typical restaurant experience, even though the actions 
and words it is composed of are typical.  Humans evaluate games based on both what did and 
what did not happen, and they are aware that this game is strange because the customer refused 
service and exited the restaurant without ordering, eating, or paying a bill.  The system needs 
some representation of the typical structure of a game to recognize that it is out of the ordinary 
for a customer to just stand up and exit without having a meal.  The current Plan Network 
implementation only has access to a local representation of the expected sequence of events.  It 
cannot identify gross absences.
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Chapter 6 
 

Contributions and Future Work 
 
This thesis has demonstrated that it is possible to not only collect a large quantity of data with a 
multiplayer video game, but also data of high quality that accurately reflects typical human 
behavior and language.  A methodology has been described to learn a Plan Network from this 
data that can be visualized as a graph, and interactively browsed to view conversations clustered 
by context.  A quantitative measure has been applied to a random selection of 300 games, 
positively correlating the Plan Network’s estimate of likelihood with ratings from ten humans. 
 
The Restaurant Game was quickly constructed for data collection purposes, and is hardly a game 
at all.  Yet, this restaurant simulation provided enough entertainment to capture behavior from 
over 5,000 people.  With hundreds of thousands of people online in Second Life, and millions 
playing The Sims and World of Warcraft, the potential for using games to learn about humans is 
enormous. 
 
The data analysis performed so far only scratches the surface of a rich research area.  The system 
failures in Chapter 5 illustrate the need for additional representations of learned behavior that 
capture the large scale structure of the narrative, possibly in the form of a plan grammar.  A 
context-sensitive grammar may be able to detect games with atypical omissions of behavior, 
such as exiting the restaurant without paying the bill.   
 
Even a perfect representation of the scenario learned from The Restaurant Game will not fully 
reflect all that humans know about restaurants.  The Plan Network only provides representations 
of observable intentions, such as eating food, and paying bills.  The data provided from log files 
does not explicitly indicate whether the customer left a large tip because he was trying to impress 
the waitress, or was just happy with his experience.  A more robust model would incorporate 
knowledge from other sources as well; perhaps transcripts from films and television shows, or 
text from web sites about restaurants.  These additional sources of knowledge could allow the 
system to make inferences about unobservable intentions. 
 
This thesis began with the statement that conversation is a collaboration, yet the best likelihood 
estimations are achieved by learning separate models for the two social roles.  Ultimately, an 
additional unified model of the interaction dynamics between the customer and waitress is 
desirable, because an agent who’s behavior is driven by the Plan Network will need to 
understand when to expect the other actor to take a turn.  The nodes of the Plan Network already 
contain the knowledge required to build the unified model, in the form of action preconditions.  
For example, the customer’s behavior model includes an edge from looking at the menu to eating 
food.  In between, a waitress must put food on the table for the customer to eat.  The 
preconditions of eating food require food to be on the table, providing the required knowledge 
that interaction between the waitress and customer is required between looking at the menu and 
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eating food.  Implementation of the unified model of interaction dynamics remains for future 
work.  Ideally the Plan Network will also scale to handle more than two simultaneous actors. 
 
Despite the issues raised above, the Plan Network in its current form is already useful.  Plan 
Networks allow humans to visualize norms that emerge from thousands of people interacting in 
the same environment, and may expose unexpected behavior or user interface confusion.  A 
system that can predict and suggest socially appropriate actions and utterances could open the 
door to new types of communication aids, assisting people with Autism or other neurological 
disorders affecting social behavior.  The ability to recognize atypical behavior and language not 
only enhances visualizations, but can also filter data used to teach an agent appropriate behavior, 
and to recognize off-script behavior in real-time.  Perhaps the chef starts a small fire in the 
kitchen to distract a player who was detected taking the scenario in an atypical direction with 
erratic behavior or out of vocabulary language.  Course correction like this may improve games, 
but would be especially useful in training simulations; one of the many potential application 
areas for socially aware, conversational role-playing agents.  In the future, conversational agents 
powered by Plan Networks may provide new experiences in gameplay and training, allow new 
ways to practice foreign languages, and act as digital extras in animated films and machinima. 
 
Of course, there is more work to be done before Plan Networks can drive agents in interactive 
applications.  A future goal for this work is to automate conversational characters in a new 
single-player restaurant game, fulfilling the promise made to participants on the project web 
page. 
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Appendix A 
 

Clusters 
 
Below are the clusters found with the method described in section 4.2.3.  The cluster names in 
brackets after the items are assigned manually by inspecting the automatically generated clusters.  
These labels are only used for visualization purposes. 
 
Items that are created after the game starts are tagged as dynamic objects with the addition of 
“.dyn” to their names.  Note that the restaurant always starts in the same state, with one dirty 
table covered with half eaten salad, salmon, beer, and wine, and a paid bill.  Also, an old pie and 
lobster are always sitting on the counter when the game starts. 
 
This clustering technique does a good job of clustering the objects most commonly interacted 
with in the restaurant scenario:  food, drinks, and dirty dishes.  This technique also successfully 
distinguishes between the half eaten salad, salmon, beer and wine that are already on the dirty 
table from fresh items ordered from the chef. 
 
CLUSTER0=Brandy,Wine,Bottle [Liquor] 
CLUSTER1=DishWasher [DishWasher] 
CLUSTER2=Stove [Stove] 
CLUSTER3=Bar [Bar] 
CLUSTER4=Stool,Chair [Chair] 
CLUSTER5=Cuisinart [Cuisinart] 
CLUSTER6=FoodPrep [FoodPrep] 
CLUSTER7=Microwave [Microwave] 
CLUSTER8=Pan [Pan] 
CLUSTER9=Pot [Pot] 
CLUSTER10=Fridge [Fridge] 
CLUSTER11=TrashCompactor [TrashCompactor] 
CLUSTER12=Table [Table] 
CLUSTER13=Lobster,Pie [OldFood] 
CLUSTER14=Counter [Counter] 
CLUSTER15=Trash [Trash] 
CLUSTER16=Podium [Podium] 
CLUSTER17=Fruit [Fruit] 
CLUSTER18=Flower [Flower] 
CLUSTER19=Blender [Blender] 
CLUSTER20=Register [Register] 
CLUSTER21=Chef [Chef] 
CLUSTER22=Bartender [Bartender] 
CLUSTER23=Salmon,RedWine,Salad,Beer,Glass,Plate,WineGlass,Bowl,TeaCup,Mug [DirtyDish] 
CLUSTER24=Bill [OldBill] 
CLUSTER25=Interior [Interior] 
CLUSTER26=WAITRESS [WAITRESS] 
CLUSTER27=CUSTOMER [CUSTOMER] 
CLUSTER28=Menu.dyn [Menu] 
CLUSTER29=Vase [Vase] 
CLUSTER30=Filet.dyn,Spaghetti.dyn,Salmon.dyn,Salad.dyn,Lobster.dyn,Soup.dyn, 

         Cheesecake.dyn,Tart.dyn,Pie.dyn [Food] 
CLUSTER31=Beer.dyn,RedWine.dyn,Water.dyn,WhiteWine.dyn,Tea.dyn,Coffee.dyn [Beverage] 
CLUSTER32=Wine_Empty [Wine_Empty] 
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CLUSTER33=Bill.dyn [Bill] 
CLUSTER34=Trash_Empty,[Trash_Empty] 
CLUSTER35=Fruit_Bowl [Fruit_Bowl] 
CLUSTER36=Terrain [Terrain] 
CLUSTER37=FoodPrep_Empty [FoodPrep_Empty] 
CLUSTER38=Brandy_Empty [Brandy_Empty] 
CLUSTER39=Bottle_Empty [Bottle_Empty] 
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Appendix B 
 

Maximum Action Lexicon Size 
 
This appendix details the calculation of the total number of possible combinations and 
permutations of action types, roles, and variable assignments that define the maximum size of the 
action lexicon.  This process is repeated for unclustered and clustered actions. 
 
The full list of objects is available in Appendix A.  These objects can be divided into groups 
based on whether they are consumable, movable, or immovable.  Consumable objects change 
shape with each bite, and can also be moved. 
 
Players may take nine different actions:  PickUp, PutDown, Give, SitOn, GetOff, LookAt, Eat, 
Touch, and Pay.  PutDown and Give only apply to objects that can be picked up.  Pay only 
applied to bills.  The other six actions may be applied to any object. 
 

B.1  Unclustered Actions 
 
The restaurant has a total of 28 consumable objects, 50 moveable objects, and 14 immovable 
objects.  Any non-dynamic object may be treated as a surface to put something down on top of.  
There are 50 possible surfaces. 
 
 
Variations of PutDown and Give: 
Moveable:  2 roles x 50 objects x 50 surfaces = 5,000 
Consumable:  2 roles x 28 objects x 50 surfaces x 3 states = 8,400 
Total number of actions:  2 x (5,000 + 8,400) = 26,800 
 
Variations of PickUp, SitOn, GetOff, LookAt, Eat, and Touch: 
Immovable:  2 roles x 14 objects = 28 
Moveable:  2 roles x 50 objects x 50 surfaces = 5,000 
Consumable:  2 roles x 28 objects x 50 surfaces x 3 states = 8,400 
Total number of actions:  6 x (28 + 5,000 + 8,400) = 80,568 
 
Variations of Pay: 
Bills:  2 roles x 50 surfaces = 100 
 
Total number of possible actions: 
26,800 + 80,568 + 100 = 107,468 
 
The system observed 11,206 actions in 5,000 games, which covers 10.43% of the possibility 
space. 
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B.2  Clustered Actions 
 
Once objects are clustered, there are 9 clusters of consumable objects, 25 clusters of moveable 
objects, and 13 clusters of immovable objects.  There are 37 clusters for possible surfaces. 
 
Variations of PutDown and Give: 
Moveable:  2 roles x 25 clusters x 37 surface clusters = 1,850 
Consumable:  2 roles x 9 clusters x 37 surface clusters x 3 states = 1,998 
Total number of actions:  2 x (1,850 + 1,998) = 7,696 
 
Variations of PickUp, SitOn, GetOff, LookAt, Eat, and Touch: 
Immovable:  2 roles x 13 clusters = 26 
Moveable:  2 roles x 25 clusters x 37 surface clusters = 1,850 
Consumable:  2 roles x 9 clusters x 37 surface clusters x 3 states = 1,998 
Total number of actions:  6 x (26 + 1,850 + 1,998) = 23,244 
 
Variations of Pay: 
Bills:  2 roles x 37 surface clusters = 74 
 
Total number of possible actions: 
7,696 + 23,244 + 74 = 31,014 
 
The system observed 7,086 clustered actions in 5,000 games, which covers 22.85% of the 
possibility space.  The coverage of the possibility space has more than doubled by clustering. 
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Appendix C 
 

Learned Language Lexicon 
 
This appendix contains the complete learned language lexicon, sorted by word frequency.  
Words have been forced to lowercase, and punctuation has been stripped. 
 
[4649] you [4596] i [4543] a [4198] the [4192] please [3980] have [3918] to [3731] and [3434] like [3403] can [3284] me [3212] is [3189] for 
[3114] your [3010] would [3006] yes [2971] what [2965] no, thank [2956] hello [2914] are [2888] get [2839] that [2837] of [2780] it [2743] ok 
[2597] thanks [2571] im [2500] here [2453] do [2441] my [2435] ill [2430] sir [2383] wine [2376] be [2329] beer [2286] menu [2281] good 
[2255] this [2251] drink [2237] with [2187] anything [2112] just [2080] else [2057] on [2029] right [2005] water [1991] there [1987] how [1982] 
go [1975] will [1960] one [1946] bill [1932] in [1926] some [1902] soup [1880] take [1875] sure [1871] hi [1825] check [1819] sorry [1789] 
want [1784] table [1770] not [1738] was [1737] now [1726] so [1658] seat [1656] welcome [1615] dont [1592] red [1552] up [1547] nice [1540] 
its [1532] sit [1516] salad [1513] or [1475] oh, well [1459] all [1390] come [1370] very [1365] glass [1350] but [1328] we [1325] if [1321] order 
[1315] more [1308] lobster [1299] back [1276] may [1273] see [1260] eat [1256] pie [1238] where [1219] u [1202] know [1200] day [1191] then 
[1187] thats [1173] something [1169] too [1166] bye [1165] at [1160] am [1136] white [1113] think [1079] did [1068] great [1064] need [1056] 
could [1045] out [1040] ready [1037] much [1036] another, from [1034] start [1025] about [1014] pay [1010] again [982] hey [976] filet [971] 
dessert [960] coffee [955] spaghetti [954] follow [952] any [950] today [906] salmon [901] let [898] youre [894] enjoy [874] coming [872] give 
[871] tart [866] okay [842] time [834] fine, food [815] cheesecake [808] way [800] why [791] steak [789] lol [773] yeah [765] problem [760] 
away [753] course [752] look [743] cobb [730] down [722] mignon [717] tea [705] our [697] as [695] meal [689] help [688] off [685] when [665] 
id [651] didnt [646] berry [639] house [638] really [634] got [620] bring [615] first, going [610] evening [606] name [598] an, thing [590] hope, 
were [586] done [583] flowers, had [582] waitress [580] moment [579] cant [552] by [547] tip [544] whats [533] grilled, nectarine [531] alright, 
only [527] over [524] free [521] jour [519] money [515] wait [506] chef [505] make [504] try [496] tell [492] lets [491] say [485] vegetable [484] 
should [482] everything [479] looks [476] been [460] ya [455] put [453] specials [452] maybe [446] delicious [444] restaurant [440] they [436] 
du [431] leave [430] haha [424] hungry, wow [417] cake [415] cool [414] excuse [413] dinner [411] ah, heres [410] cherry, desert [402] game 
[399] anywhere [394] ive [392] love [390] ask [387] excellent [382] little [377] also, better, kind [373] doing [367] bit, sounds, work [363] old 
[361] hear [358] guess [357] soon [356] mean [354] place, though [353] he [350] choice [346] tonight [345] new [340] service, special [339] 
hmm [335] before [334] them [333] mind [332] certainly [331] main [325] still, ur [320] call [319] actually [318] while [317] night [315] must, 
said [314] marinara [312] o [310] bar [308] r [307] thankyou [305] other [303] long [301] yourself [300] customer, theres [298] two [293] cheese 
[288] care [287] shall, um [286] thought, yet [282] after, pretty [280] lovely [279] man [278] finished [277] these [275] pick [273] bad [268] 
wanna [265] quite [263] recommend [262] around, never [261] has, perhaps [260] minute [253] job [252] goodbye [251] cup [247] fun, real, 
wont [245] window [241] does [240] lot, nope [239] best, register [237] miss [236] ate, k [234] later [233] spagetti, those [232] second [230] 
wonderful [229] d, isnt [227] even, find [226] already, youd [224] who [223] last, people [222] big, bitch, us [221] de [220] yea [219] enjoyed, 
gonna [218] bottle [216] many [215] might, use [214] serve [213] plate [211] paid, than [210] eating [209] enough, hehe, next [208] mmm [207] 
ever, girl [206] made, nothing, talk [205] cash, coffe [204] beers [202] guy, hot, outside [201] trying [200] plz [199] feel [197] myself [196] 
bartender, stop [195] tasty [194] always, huh, show [193] play [192] wrong [191] doesnt [190] few [187] home [186] ha, same [185] maam [184] 
anyway [182] fuck [181] live [179] sweet [178] customers, having [177] forgot [176] because, drunk, glad [175] life [174] fruit, oops [173] 
funny, getting [172] full, hmmm, uh, wanted [171] ass, looking, things [170] decided, havent [169] him, indeed, working, yo [168] keep, meet, y 
[167] hows, left, starter [165] thermador, yep [164] refill, wish [163] youll [162] bite [161] drinks [160] join [158] wat [157] paying [155] which 
[154] boy [153] p, pleasure, umm, youve [152] finish [150] being, stuff, yours [149] hold [148] fresh [147] charge, seem [146] mine [145] clean, 
dear, t [144] afraid, move [143] dishes, offer, ordered, s, someone [142] gave, yummy [140] cheers, stay [139] ahh [137] believe, eh, hard, hurry 
[136] gotta [135] seems [134] into [133] god, yup [132] taste, wheres [131] cold, w [130] speak [129] baby, trash [128] slow [127] arent, fillet, 
nah, todays [126] hahaha, run [125] empty, his, most [124] fast, talking [123] behind [122] choose, hell, since [121] person [120] head, thx [119] 
busy, damn [118] board, both, mam, starters, walk [117] playing, sec [116] fish, leaving [115] perfect, prefer, whatever [114] cheescake, idea, 
once, waiting [113] clear, cook, happy, worry, yum [112] awesome, hes, read, shit [111] mmmm, watch [110] compliments, minutes [109] 
sitting, wasnt [108] english, ouch, understand, view, wherever [106] asked, grab, three, told, took [105] vase, whenever [104] chair, far [103] 
ahead, catch [102] heard, remember, seated, used, waiter, whine [101] flower, kitchen, says, sex, such [100] brandy, decide, glasses, pasta, started 
[99] rather, rude, theyre [98] crazy, e, interesting, m, own, years [97] buy, gimme, probably, suggest, tables, wouldnt [96] asking, forget [95] 
breakfast, her [94] friend, quick, survey [93] beautiful, instead, taking, without [92] lady, she, weird [91] afternoon, couldnt, microwave, woman 
[90] shortly, tried [89] bet, extra, question, rest [88] came, either, face, fantastic [87] open, server, thatll, through [86] bon, c, drinking, every, 
male, pleas, ty [85] dude, piece, police, went [84] cheque, friends, hand, kinda [83] alrighty, bowl, cute, thirsty [82] ago, alone, cause, end, room 
[81] heh, kidding, type [80] suppose, true [79] business, dollars, female, garbage, makes, set [78] bathroom, chance, floor, hit, interest, meat, part, 
year [77] bout, close, eaten [76] appetizer, lunch, morning, near, touch [75] b, change, counter, eyes, favorite, hate, school, stupid, wall [74] 
entree, guys, n, serving, town, ummm, vodka, world [73] anyone, ow, student, tastes, till, xd [72] almost, inside, sound, win [71] absolutely, 
computer, date, mistake, played, road, ta, texas [70] break, desserts, gone, hon, ice, sexy [69] anymore, bored, days, dish, least, lots, manager, 
ohh, side, thanx, trouble [68] add, babe, front, ooh, st, suck, wtf [67] age, dirty, england, fucking, hurt, pardon, seen, times [66] alot, fill, quiet, 
stand, supposed, whole [65] correct, er, expensive, meant, medium, rare, square, staff, starving [64] ahhh, beverage, college, drive, number, pls, 
saw [63] cream, deal, fat, kids, late, oi, omg, ones, poor [62] gets, hair, high, party, pass, repeat, shame, strange, their, usually, wines [61] 
followed, kill, liked, madam, missed, self, silly, top, wife [60] broke, click, comes, meeting, often, tree, yay [59] alcohol, goes, la, lost, phone, th, 
until [58] appreciate, aww, chat, found, heavy, hm, lobsters, saying, slice [57] aint, charged, dining, erm, honey, luck, matter, shouldnt [56] boss, 
brb, cannot, die, shift, sometimes [55] boring, different, games, hands, kk, mmmmm, possible, week, young [54] asshole, called, case, cheap, 
everyone, french, juice, making, plates, rush, wash, word, worked [53] allright, california, cooked, each, mr, resturant, under, usa, veggie, visit 
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[52] black, careful, country, crap, drank, fair, green, hang, hehehe, ll, problems, small, sucks, sweetie, thar, vegtable [51] allergic, beef, cob, dead, 
fancy, kiss, married, payed, terrible, toast [50] amazing, coke, complimentary, cya, exactly, finest, horrible, il, mm, point, prob, si, sire, sort, 
straight, uk, unfortunately [49] able, car, chefs, chicken, easy, happen, means, non, pies, round, sup, thinking, unless [48] bastard, cofee, helo, 
men, objective, questions, re, recomend, soda, sometime, stuffed, together [47] don, giving, l, milk, mother, np, served, weve, whiskey [46] 
afford, appetit, biting, champagne, city, cut, driving, martini, mom, return, stuck, sugar [45] anyways, apologize, bills, cops, dick, fly, liking, 
ofcourse, quit, tomorrow, treat, wonder, worries [44] allison, apologies, com, comming, dance, dog, door, dunno, enjoying, family, half, living, 
ring, turn [43] brought, da, five, gay, handsome, ho, min, names, ran, remove, restroom, running, sick, somewhere, stole, suit [42] agree, along, 
anytime, bucks, canada, company, g, gift, hah, hahahaha, met, ohhh, oo, seeing, shut, steal, uhh, weather [41] nd, nevermind, oooh, outta, sry, tab, 
tarts, teh, ugly [40] booze, buddy, feeling, figure, knew, lemme, odd, plus, whoa [39] aw, bear, body, burp, fact, fired, generous, happens, howdy, 
noticed, okey, prepare, reccomend, sad, spot, whoops, wondering, yellow [38] boyfriend, card, comin, doin, je, lmao, looked, mingon, mister, 
plese, serious, share, shes, single, smells, speaking, studying, teach, tips, women, write [37] answer, closed, cost, couple, dine, feed, girlfriend, 
girls, goodnight, greetings, hahah, liek, magic, minon, owe, pants, short, street, tanks, text, worth, yah [36] although, apple, area, butt, chocolate, 
dare, definitely, eggs, four, happened, hun, jk, less, light, ma, mate, needs, somethin, step, te [35] allowed, btw, calling, diner, hmmmm, honest, 
itll, joke, london, middle, needed, oke, send, trick, virtual [34] act, berr, complete, em, forward, goin, husband, idiot, lue, none, rich, smoking, 
soo, strong, thief, tired, wink, works, yeh [33] cafe, earlier, earn, f, listen, ou, sauce, sign, son, standing, taken, thermidor, wants, waters, zou [32] 
allow, delightful, dumb, edible, err, establishment, fire, fix, h, kindly, language, moved, personal, price, trust, veg, watching, wot, ye [31] 
apparently, appetite, blender, choices, email, especially, fridge, heart, hiya, hour, lucky, madame, okie, orange, seriously, teacher, terribly, ticket, 
touched, tough, vegatable [30] accident, american, bee, boo, carry, chop, cutie, dat, elementary, eles, jesus, joe, joking, learn, north, notice, pleae, 
sat, secret, sigh, smile, spend, srry, study, surely, wallet, warm, wil [29] available, between, darling, dollar, dropped, duh, except, expect, hallo, 
knows, large, likes, marry, menus, mess, mit, msn, music, older, plan, polite, reservation, restaurants, sald, samon, selection, sleep, telling, ther, 
throw, x, yer, york [28] alcoholic, beeer, besides, bin, brazil, corner, depends, fabulous, feet, floating, form, glas, hav, hide, iam, interested, jerk, 
merlot, migon, mouth, pee, ru, state, stealing, waitresses, werent [27] across, aim, bob, bother, comfortable, confused, cuz, florida, flying, fool, 
fuckin, grade, health, lie, lonely, merci, ordering, pleasant, smell, test, tho, toots, tutorial [26] ahhhh, america, awww, begin, children, gives, 
hahahahaha, huge, imagine, months, moving, obviously, ot, places, refills, safe, save, scared, shot, sister, smart, teeth, turned, uhm, vegetarian, 
waitressing, wats, woah, words [25] air, appears, aswell, bed, boobs, ciao, conversation, diet, double, fit, france, given, goodness, gosh, insist, 
items, kid, local, mood, occupation, prepared, sense, shoot, sims, somthing, super, sweetheart, university, whisky, whit, whos [24] ahem, blind, 
blue, burger, cents, dokey, education, experience, favor, however, nasty, nooo, peace, pei, personally, plant, quickly, reason, rock, six, sooo, stick, 
takes, vegetables, wear, yu [23] anybody, australia, banana, basket, belgium, ber, bought, box, bread, brother, character, cheapskate, child, closer, 
cmon, cock, cups, doctor, fucker, germany, gin, hic, holy, hopefully, human, important, lap, longer, lookin, month, opps, owner, paper, reach, 
redwine, seconds, sell, shout, skip, soups, starting, toilet, ugh, un, visiting, wearing, whore [22] aha, blood, bloody, blush, bug, changed, chez, 
chose, clothes, cunt, curious, dash, discount, disgusting, earned, eye, feels, freak, fruits, furniture, hola, holding, internet, jack, joining, jus, kick, 
killed, knife, laugh, loved, low, machine, mad, movie, normal, nowhere, nuts, online, ooo, pizza, pm, popular, putting, que, robbery, salade, 
screw, se, sink, specialty, spell, star, thatd, third, tonic, total, totally, voila, yr [21] agian, barman, birthday, coffie, count, definately, delay, 
delicous, deserts, during, early, farewell, finally, foods, friendly, future, gratuity, hee, helping, heya, highly, hours, italian, italy, james, john, legs, 
list, lord, management, neat, nobody, penis, pudding, rid, sam, sing, speghetti, surprise, tasted, touching, tu, ure, whatll [20] accent, adios, al, 
balls, button, byebye, cab, chairs, checking, cocktail, compliment, consider, cow, damnit, darlin, darn, deaf, degree, deserve, died, enter, ew, 
expecting, fall, fault, favourite, goodevening, jump, liquor, lived, mi, moments, naw, others, payment, pig, pleased, press, promise, rite, rofl, 
screen, sip, spanish, sweety, tank, ten, ti, twice, using, ways [19] ai, assume, bringing, buffet, butter, cry, custom, dad, etc, exit, fan, father, fetch, 
filled, hoping, ja, kinds, kno, margarita, meals, ne, neither, nicer, noooo, ook, orders, oyu, parents, pi, plenty, poop, pussy, rape, relax, report, 
roof, sea, south, states, sucker, wellcome, woo, worst [18] accept, against, attention, barkeep, beat, become, bigger, bud, building, bunch, burn, 
cereal, checks, chosen, clearly, closing, color, cooking, creepy, drop, easier, facing, faster, forgive, gorgeous, graders, ground, guest, invisible, 
joint, lake, le, loser, mention, na, note, nvm, policy, professional, refil, regular, rubbish, sandwich, seafood, settle, smoke, somebody, space, 
spaggetti, staring, style, superb, talked, tap, teaching, tempt, tender, tipsy, tracksuit, truth, twenty, urs, waste, yesterday, yh, yumm [17] aids, 
anthing, blowjob, brilliant, caught, christ, common, complements, dancing, demand, difficult, doubt, due, eater, fake, familiar, fell, fo, fries, 
graduated, hadnt, halo, handle, hay, helpful, hiding, honestly, ima, ohio, pan, past, paula, picked, pity, potatoes, refuse, research, ride, rocks, 
salads, san, smiles, som, soooo, speciality, stomach, stopping, tha, thaks, thin, thnx, tits, tnx, track, uhhh, vine, wa, weight, west, wit, worse, wud 
[16] ahhhhh, alive, appear, arm, art, bacon, born, british, broken, bus, ca, cashier, cat, chief, courses, dizzy, en, europe, figured, gracias, gross, 
hamburger, harder, hat, havnt, heat, holland, holler, ik, kisses, loves, lueshi, mighty, minion, myspace, needing, net, nick, noise, oui, particular, 
playin, pop, probs, proper, quality, random, raw, shoes, shop, shy, site, spit, splendid, story, tie, trashcan, vous, walking, weeks, wha, won [15] 
attitude, au, awsome, aye, band, bien, block, bottom, bum, carolina, certain, chips, class, coast, code, cola, completely, cough, cover, dammit, 
dogs, east, entire, excelent, fag, frank, freshly, giv, graduate, healthy, helps, hoe, hole, hug, ie, jsut, lead, liar, lying, mostly, mouse, nearly, 
nother, offering, opened, otherwise, oy, per, picking, piepie, piss, player, por, preference, pregnant, present, reading, realize, request, retarded, 
satisfaction, season, shell, sis, spagheti, spent, stack, sum, swear, tht, tooth, trip, typing, virginia, wel, welcom, whereever, whilst, woops [14] 
amanda, apetit, appreciated, awful, ay, beach, ben, blonde, blow, bonjour, bowtie, breasts, brings, build, byee, cani, chatting, cheff, china, choise, 
cleaning, comfy, costumer, credit, di, dutch, earth, ehm, ends, esle, explain, file, forgotten, further, hehehehe, kaila, lately, laughing, law, lives, 
marina, marvelous, meatballs, mignion, mo, monkey, necterine, nigga, office, oki, onto, plea, portuguese, position, problemo, processor, pull, 
rate, resist, restaraunt, restraunt, righto, rob, rough, russia, scotch, slap, slave, sou, soz, spegetti, sphagetti, sun, thermadore, tipper, ummmm, 
verry, wee, younger, yw [13] alas, ale, anyhow, anythin, appetizers, asl, awhile, balancing, bil, boat, bottles, brown, chease, chessecake, currently, 
decision, deposit, doll, dress, dressing, dry, escape, escort, following, goo, gotcha, grand, hahahah, heck, hellow, hottie, iced, idk, impressive, 
item, keeps, knock, kool, lame, leftovers, likewise, lose, maar, mac, manage, messed, mission, mmmmmm, nactarine, natural, naughty, news, 
noone, ny, oder, ol, options, originally, pain, pal, park, pas, pc, personality, phew, piep, pinot, plaese, poison, poo, pot, reccommend, refrain, 
replace, restuarant, resturaunt, robbing, roll, rules, sadly, salt, scary, science, scotland, scrumptious, seating, seats, shirt, sight, sky, slamon, slut, 
somehow, song, sory, soupe, steaks, stronger, sue, taht, tall, tasting, thak, tony, tower, uniform, usual, waht, wasted, wate, wen, wet, whered, 
wise, woud, woul, www, yoink [12] abouts, account, acting, address, advice, ahoy, angry, apetite, ar, assure, attractive, awkward, beerb, beg, 
behavior, belive, book, boys, cent, chesse, chinese, cleaned, clever, climb, club, clumsy, co, command, complain, considered, control, cum, dam, 
dan, dang, death, deciding, delectable, delish, desk, doo, ello, entre, euh, everywhere, eww, feast, felt, fight, folow, francais, gal, gee, gettin, 
gimmie, grew, grill, het, himself, horse, hum, immediately, include, keeping, key, known, lazy, leg, lemon, limit, lo, lolol, mcdonalds, million, 
motherfucker, nights, noo, nooooo, normally, object, oky, particularly, payin, physics, pint, plait, planning, portugal, possibly, pounds, pour, 
pronto, region, relationship, revoir, rly, robot, rum, sarah, saved, seemed, sent, several, shake, shitty, smoothie, snappy, soft, someday, spahgetti, 
spelling, sr, stock, store, sur, tag, thans, thinks, thnks, tis, tom, tonite, training, trapped, travel, turns, united, universe, vege, walls, willing, wnat, 
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wut, yikes [11] aah, added, afterwards, aight, amount, angel, annoying, apologise, arrive, babies, bag, basically, beverages, blame, blueberry, bot, 
bow, bro, buttsecks, buying, calm, charging, cheeky, cheesecakes, chest, chick, client, clue, comp, cooks, cos, costs, crab, cu, cyber, dis, docks, 
duty, een, egg, ending, ere, everybody, ewww, experiment, exquisite, faith, foot, fork, ga, gotten, grow, grub, guessing, hop, hte, hullo, included, 
j, jobs, jst, kay, keyboard, land, laws, lettuce, lift, lobter, lolz, maine, matt, mee, menue, missing, monsieur, mountains, movies, mum, naked, 
nervous, netherlands, niet, nite, nu, oooo, parts, peoples, pic, pieces, plase, plastic, players, power, program, project, q, race, rain, realy, 
recommendation, review, sa, scare, seeya, sexual, shove, shrimp, sil, similar, simply, snap, sob, software, soul, spare, specific, summer, system, 
tahnk, tar, thang, theyll, tomato, unusual, upset, valley, ve, vegitable, warn, wild, yknow, yor [10] acceptable, accidently, ahve, alse, anyting, 
anywere, apart, aware, awfully, bah, bank, beauty, berries, bottled, brasil, buh, cak, cali, cars, certianly, che, cheery, chris, clearing, clock, 
comeing, complementary, confusing, congratulations, controls, den, didn, difference, direct, download, dream, dreams, drugs, dump, ed, ehh, 
famous, fav, favorites, fellow, field, final, finding, flavor, force, francisco, freaking, fried, frozen, garden, gasp, geez, george, grown, guessed, 
gurl, gym, ham, hawt, heaven, heheh, helllo, helped, hihi, hill, hint, hotel, howd, ihave, insult, ipe, ir, issue, iv, joined, juicy, jumpsuit, kept, kewl, 
king, kinky, laughs, learned, legal, lied, lies, lik, limited, line, loose, loud, lousy, lueser, mains, mama, mark, mary, master, meh, meny, miles, 
mw, named, neck, nicely, noir, noodles, nop, nor, offended, offense, ooops, op, option, passed, passing, pays, pelase, pepper, pepsi, pretend, 
prices, profile, provide, punk, rd, reasonable, recently, regards, reminds, reservations, restrooms, retard, ridiculous, river, salada, salty, satisfied, 
senior, senor, shows, skills, sounded, spaghettie, spaguetti, starve, stove, sucked, sunday, supper, support, tak, takin, tequila, thnaks, thru, trees, 
tres, tryin, types, v, va, vacation, voice, walked, washington, wer, wher, whys, wierd, windows, workin, woudl, wrote, yuck, yummm [9] above, 
accountant, admit, allergies, arse, ashamed, av, bananas, beans, berrypie, bf, bi, blend, bless, brain, brains, brooke, browse, calls, canadian, cats, 
cell, cest, charming, cheat, cheating, chicago, crack, cross, crowded, crying, curse, czech, damage, das, data, daughter, decent, divine, dnt, doke, 
elese, els, enjoyable, everthing, exciting, extremely, exuse, fab, faggot, flat, fok, forever, gday, german, git, gmail, google, government, 
graduating, grass, gt, hahahahahaha, handy, heading, hmmmmm, holla, horny, hs, hurts, icecream, ich, ii, incredible, instant, interface, jeez, jeff, 
jor, judge, kan, kiddin, kl, lay, lemonade, lesbian, lil, listed, lob, los, magnon, meaning, message, messy, mins, moves, murder, nada, natalie, 
nectarines, nectorine, ohhhh, omfg, ops, organic, outfit, pancakes, patience, patient, paul, pe, peeing, pissed, plane, pleases, pocket, ppl, practice, 
prick, prove, punch, purpose, push, racist, reserved, rice, rip, rule, salamon, salas, salomon, satisfactory, services, shellfish, shucks, skirt, 
sleeping, soem, someones, someting, sos, sour, spagettie, spin, split, spoon, spring, stake, stalker, standard, starts, steve, stopped, strict, students, 
suggestion, suits, sushi, swing, tastey, taxi, tells, tes, theif, thi, thingy, thnk, throat, train, uni, vampire, variety, vases, vegan, version, vest, 
vintage, wanting, weirdo, whatcha, whew, wich, wind, wishes, wonderfull, ww, xx, yall, yess, yoiu, yuo [8] aaah, accidentally, advise, alabama, 
ant, anythign, arms, asks, assist, attend, ave, bang, bartenders, basic, bay, beats, behave, bend, berrie, biatch, brad, brew, budget, bull, burgers, 
bush, bze, cakes, carrots, cashed, certanly, charles, checked, cheer, cheeseburger, cherries, chew, chill, choosing, chrissy, circus, classic, closest, 
cobbsalad, colour, connection, cookie, correctly, corse, crappy, crashed, cuppa, cutting, dark, disappointed, dokie, driver, duck, dying, eats, el, 
ended, epie, et, everyday, everythings, evil, exams, fear, fed, filit, firm, forty, freedom, gaan, ge, gentleman, gots, greatly, grey, guide, hahahha, 
har, hardly, heheheh, hero, hier, hilarious, hire, hook, hospital, hospitality, hotmail, iget, imma, impossible, info, ingredients, ireland, irl, jacket, 
jersey, jogging, killing, laptop, lawyer, lick, lips, lke, lobser, loster, lovley, mail, major, manners, mature, melissa, memory, messing, mexico, 
mhmm, michigan, migion, mike, mingnon, mint, missy, mistakes, mix, momentarily, mountain, ms, mz, nao, ni, nl, nog, noon, noooooo, nose, 
nothin, objectives, okk, onion, ought, outrage, oven, oww, pease, perfection, perfectly, picture, pile, pink, pl, plans, plse, pork, prepares, properly, 
proud, public, raised, rat, realise, respect, rl, role, saled, sally, scuse, seek, ser, seven, sharing, sheesh, simple, singing, slad, smack, sold, spag, 
spaggeti, spagghetti, spinning, stat, stiff, stolen, strike, suprise, susan, switch, taller, team, teehee, tempting, tend, thirst, thnak, tight, tipped, 
token, tongue, tonights, tries, troubles, truly, tx, ull, understandable, understood, upon, urself, vagina, wan, washed, wath, wave, website, weed, 
weekends, whont, wht, wood, woohoo, worker, worried, yawn, yell, zealand [7] action, actress, advantage, alergic, als, americans, angeles, 
appropriate, argh, attack, bac, baked, balance, barely, baseball, bere, beside, biggest, bits, bord, britain, buisness, byeee, cancel, candy, carefull, 
cares, carried, celebrating, changes, cheak, chees, chery, chese, christine, cigarette, classy, clicked, clouds, coffeee, collect, como, considering, 
corn, cries, crust, cus, daily, danke, dave, david, dc, decoration, denmark, desser, distracted, disturbing, dock, dosent, drag, drin, drinker, drove, 
dull, dumbass, eachother, ear, eatin, edge, eighteen, energy, enything, error, errr, es, est, eten, evenin, excited, exist, expected, eyou, famished, 
farm, fatty, fifty, filling, filthy, finger, fingers, fist, flattered, flavour, flew, flies, foo, freakin, fro, fucked, garcon, gender, general, georgia, giant, 
goddamn, goodday, goody, grape, grazie, gtg, gulp, gun, gunna, habit, hablo, hahaa, hahahahah, hai, hanging, hasnt, hates, higher, hitting, hoped, 
hrm, humm, hunny, ignoring, imported, inappropriate, inspector, interact, invented, isn, jealous, jenny, jessica, jo, joes, jou, junior, kansas, 
kindness, kyrie, lack, lag, learning, lease, likely, loads, lobste, lololol, loss, lyk, magician, mais, mans, maria, marks, medication, meee, member, 
mentioned, mhm, michael, midnight, migno, mines, mints, mixed, moar, momma, moms, mug, muy, nectarin, nee, nine, nj, noes, ocean, 
offcourse, offered, outa, outrageous, pad, painful, parle, partner, peckish, pet, pets, pierre, placed, planet, plays, pleasse, plesae, plis, podium, 
pray, preferably, president, pricey, pushy, rachel, rawr, realised, recommendations, recommended, record, redo, redy, remind, respond, resteraunt, 
rigth, roast, safety, sake, salmo, sausage, sayin, screaming, security, servey, shane, showed, situation, size, skin, slight, slightly, sober, social, 
somemore, somewhat, spageti, spaghtti, spahetti, specialities, spicy, spotted, spy, squeeze, stare, stood, stool, studies, subject, suggested, suitable, 
sunny, tae, tail, talkative, tast, tat, teachers, technical, tempted, terrific, thankx, thee, til, tou, towards, trade, tray, tricks, trump, turning, twat, 
typical, uit, ummmmm, uncle, undercooked, une, unfortunate, unique, urine, vegas, virgin, waited, walmart, war, wassup, wasting, wating, waves, 
weak, weeee, weekend, welll, wench, weres, whether, whot, whyd, wi, wnt, yahoo, yeahh, yelling, yessir, yous, ys, yur, ze [6] aa, aaaa, abby, 
abeer, absolutley, according, ack, actual, actualy, ad, adds, agent, ages, ahaha, ahahahaha, alex, alice, analyst, animal, animals, anothe, anyhting, 
anywher, apoligize, arnt, arrow, artist, athletic, august, awake, awwww, bare, barossa, based, batch, bath, becky, becuase, beerr, beginning, bein, 
bey, bitches, bloke, boston, brand, bright, bucket, built, byeeeee, cabernet, chardonnay, cheaper, cheapest, cheif, chesecake, chianti, chow, 
chuckles, church, cleaner, clients, cn, cocktails, coffees, cognac, combination, comment, comped, completed, concept, contact, coob, cookies, 
costumers, critic, damned, dandy, dank, dating, dentist, department, design, desire, developer, devil, difficulties, dig, directly, disappeared, 
distance, dit, dive, doe, dolce, donald, dot, dough, dr, draft, dressed, dropping, drug, dumped, eatery, eer, eight, embarassed, emm, engaged, 
engineering, enought, entirely, espanol, european, ewwww, ex, example, explore, ey, fart, fastest, featuring, feelings, fella, fielt, fifteen, financial, 
finshed, fishing, flight, flirt, folks, forced, fortune, foul, frankly, fred, freezing, freshest, fruity, frying, gain, garlic, gd, gladly, glitch, gold, gr, 
graag, grr, guitar, hahha, harm, haw, headed, hearing, hearty, hebben, hehehehehe, helloooo, hellp, hence, heyy, hiccup, hired, history, 
homosexual, honor, hose, houses, howre, humor, hv, hve, ican, ight, ignore, ike, incase, including, inconvenience, incorrect, indiana, ine, inform, 
information, insane, intelligence, issues, ist, itd, jaja, jew, jiffy, jim, joel, jokes, joy, kelly, kwl, labor, lager, lapdance, lawl, level, license, lime, 
listening, lmfao, load, location, loll, lool, lover, luckily, mah, mall, maranara, mariana, maryland, mas, massive, matters, meanie, messenger, 
mexican, miami, mignons, mijn, mineral, minut, mirror, misunderstanding, mmmmmmm, mon, moron, mrs, mysterious, naar, nam, native, nc, 
nectar, nectartine, noe, nty, offence, og, okaz, okeydokey, opinion, orderd, orleans, orly, oz, paint, pair, parched, patronage, peek, pennsylvania, 
pervert, plain, pleaes, poie, porn, portion, post, posted, previous, pro, products, pub, purchase, pure, quest, range, reality, realized, recipe, reg, 
republic, requested, restart, robber, robots, ruin, runs, russian, ryt, sail, salat, sale, saturday, scene, schools, scientist, screwed, sed, seet, select, 



103 

serves, shabby, shack, shag, shifts, shocking, sittin, skinny, slide, slipped, slowly, snack, sniff, sod, sooooo, sopu, sorrz, sorts, spagehtti, spagetthi, 
spain, spam, speech, spelled, spice, spoke, sprite, stab, staek, staying, stea, steel, stew, studied, suicide, suis, surprised, suspect, sweetcheeks, 
swell, tah, tale, tally, teas, technically, tee, thanku, thansk, therefore, thick, threat, threw, thts, tim, tiny, tofu, toodles, tour, traditional, traffic, 
trained, treated, turbo, tv, unable, unreasonable, ups, useless, van, vc, veggies, vegi, vet, vie, vino, visited, wah, waiters, washing, wed, weee, 
whatd, whitewine, wicked, winw, wisconsin, witha, within, wo, woa, wooo, writing, yeap, yey, yoo, youa, ypu, yub, zone, zour [5] actor, 
addiction, ae, affect, agen, agreed, alan, alaska, alberta, alike, alles, allows, alternative, amen, amenu, amy, anna, answered, answers, anythink, 
apology, appetiser, appetizing, appologies, army, arrange, ash, assistance, atleast, atmosphere, auf, aussie, australian, automatically, avatar, avoid, 
avoiding, bak, beacuse, bears, beerplease, befor, below, bent, berrz, beter, beyond, bie, bier, billed, bites, bj, blah, blank, blast, bleu, blushing, 
bomb, boobies, bourbon, bowls, br, breast, brewed, brian, brick, brothers, bu, bub, buhbye, burned, burning, burnt, caffe, captain, carmen, 
caroline, cashregister, caused, ce, cerry, chalkboard, characters, chase, cheasecake, chec, cheeks, cheesecak, choosen, cliff, cna, coca, cockroach, 
cofe, combo, complicated, concerned, congrats, consume, contest, cooler, county, cours, couse, cracker, crunchy, cucumber, cuisine, curiosity, 
custumer, daffodils, daisy, dancer, dangerous, debt, dee, deep, deeply, depressed, dident, digits, dink, doh, dontt, downloaded, draw, dring, dum, 
dummy, dun, dus, dust, ea, easily, easter, eastern, ei, elses, entered, entertainment, enu, eny, equals, eu, evan, eve, exact, exchange, exellent, fail, 
falling, favour, fee, finnished, fits, float, fluently, focus, fond, fooi, freshen, friday, frm, froze, fuk, funds, galss, gas, geld, generally, gf, gg, 
gimmi, gnight, gnite, golden, golf, gona, goon, goood, grandma, gratitude, greece, greedy, growing, gues, guests, guns, habe, halp, harassment, 
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tub, tubby, tucson, tudo, tuely, tuen, tuesdays, tugging, tuggy, tuhle, tulip, tum, tumble, tummys, tun, tungsten, turbokinny, turckey, turds, turista, 
turkeys, turkish, turquoise, turtlepower, turtorial, tuscan, tuscon, tush, tutirla, tutoial, tutoral, tuts, tutto, tuturial, tuurlijk, tw, twait, twank, twats, 
twatty, tway, twee, tweke, tweleve, twenties, twentyfour, twentys, twentytwo, twentz, twhat, twhere, twilitgth, twinings, twins, twirling, tword, 
txd, tyalking, tyea, tyep, tyes, tyhe, tyme, tyou, tyought, tyourself, typeface, typicall, typisch, tyr, tyrant, tyumm, tyyou, tz, tzo, ua, uahauhauhaua, 
uahsuahsuhauhsa, uahuahauhauha, uahuhauhauhauhauhauahuahauhauhauahua, uaieaueahieuaheiahieha, uany, uare, uarrrhrhrhhrhhrr, 
uashauhsuahsuas, uau, uber, uberlandia, ucant, ucare, ucet, ucghhh, uchrissy, ucraine, ueah, uebel, ues, ufos, uggh, ughhghhh, ughhhh, ughhhhh, 
ugle, uglier, uglies, uglky, uglyu, uheueheuhe, uhhm, uhhuh, uhmm, uhnn, uhoh, uhot, uhuh, ui, uin, uitzicht, uitzoeken, uje, ujhy, ujse, ujyrt, 
ukdi, ulcer, ulgy, umay, umgestiegen, umim, umkc, umlaute, ummmh, ummmmmm, ummmnope, ummmyeah, ums, unabated, unadvertised, 
unaltra, unattractive, unavailable, unbelievable, unbutton, unbuttoning, unc, uncaring, uncertain, uncles, uncomfy, uncontrolable, unconventional, 
uncoopertive, uncultured, unda, undeer, undees, underagd, underbreath, undercover, underdone, underneith, underpaid, underpay, underrated, 
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undersand, underscores, understa, understandeable, understandful, understands, underswtand, undertand, undertant, undertrazten, undress, 
undrinked, unduly, uneasy, unemployed, unethical, unexceptional, unexperienced, unf, unfair, unfairly, unfinished, unfortuantely, unfortuitly, 
unfortunatel, unfortunatelty, unfortunelz, unfortunetly, unfotunately, unfreeze, unfriedly, unfriendly, unfroze, unfunfunfunfunf, ungf, 
ungghhghghghghhghghg, ungh, ungly, unhand, unholy, uniqe, univ, universities, universtiy, univesity, unkind, unknown, unles, unlike, unloved, 
unorthodox, unos, unpolite, unprecedented, unreachable, unrealistic, unresponsive, uns, unsafe, unsanitary, unsatisfying, unsingle, unspeakable, 
unspecific, unstable, unsupported, untied, untilli, unwanted, unwattery, unweighted, unwelcome, unwell, unwise, unwrapping, uoff, uomo, uor, 
uou, uow, upcoming, update, upfront, upgraded, upgrading, upmyself, uppppp, upratat, uprigh, upsetting, upside, upstate, urantia, uranus, 
urbanized, urchin, ureself, urgently, urinal, urk, urob, urry, uruguay, usage, usal, userfriendly, username, uses, ussr, ussually, ustomers, usualy, 
uthink, utilize, utmost, utre, utter, uu, uuh, uuhhmm, uuhm, uum, uuu, uuuum, uuuuuuha, uw, uwhere, uwhile, uy, uyea, uyh, uyp, uyrtey, uyt, 
uzdengsiu, uzsisakyti, uztex, vaaai, vacant, vacate, vace, vachier, vada, vado, vagatable, vaginer, vagrant, vais, vaistuku, vajay, valedictorian, 
valnila, vam, vamanos, vamonos, vampires, vampy, vanden, vandoor, vanessa, vanishing, vanmiddag, vanno, vapdame, vargas, variations, varied, 
vary, vas, vaza, vazio, vbee, vcera, vcs, vecer, veci, vedere, vedo, veeeeeeeeeeery, veeerry, veeery, vegable, vegans, vegatble, vegeble, vegelable, 
vegematerians, vegemite, vegerville, vegesoup, vegeta, vegetabe, vegetal, vegetalble, vegetatablesoup, vegetbale, vegeteable, vegeterian, vegge, 
veggi, vegiie, vegitarians, vegiterian, vegitible, vegs, vegstable, vegtabal, vegtebles, vegtetable, vegtible, vei, vein, vejetable, vejky, vel, velcome, 
velma, veloce, velour, vending, venessa, venir, vent, venu, venus, verdammt, verdiend, verefy, vergtable, veritas, vermin, vermont, vermouth, 
vero, verona, veronica, verpest, verre, verryyy, verschrikkelijk, versions, verspaten, versus, vertigo, vertipp, verw, verwijderen, verygood, 
verymuch, veryp, veryprofesional, verything, vetarnarian, veu, veuillez, veyr, vi, vibrated, vicinity, vicious, victims, victory, vidanya, viel, 
vielleicht, viene, viens, vies, vietnam, vietnamese, vijfeurow, viks, vile, vill, villagers, villain, villepin, villipin, vimoooooo, vindaloo, vineyard, 
vinho, vioce, violate, violating, violation, violations, violence, violently, violet, vira, viraid, vireja, virggginnnia, virgiia, virgina, virginity, 
virgins, virgo, virgule, virgy, virtral, visi, vision, visite, visitors, vist, visted, vistiek, visual, visuit, visuvieos, vitals, vitamines, vitual, vitvori, viu, 
vivian, vixen, vm, vn, vocalizing, vocational, voce, voda, vodca, vodkia, voglio, voices, voici, vois, vokale, vola, volcano, volcanoes, volcanos, 
volere, voll, volleyball, volume, volunteer, vom, vomits, vonner, voo, voodoo, vooraf, vooral, voovoo, vorrei, vos, vote, voted, votka, vou, 
vouais, vouvo, vouvoy, vouz, vpred, vraag, vrachtwagen, vragen, vraiment, vreau, vrouw, vsak, vuile, vuilnisbak, vulger, vulnaberable, 
vulnerable, vuo, vuol, vut, vvery, vvveeery, vvvv, vyber, vye, vyfajcit, vymet, vyno, vypada, vypadam, vypln, vystridame, vyzeru, waaaaaaah, 
waaaaaah, waaaaaahooooo, waaaaaatteeerrrrr, waaaah, waaaat, waaaattteeeeerrrrrrrr, waaaawww, waaaay, waaant, waah, waas, waater, waauw, 
wablieft, wac, waccamaw, wacha, wacht, wachten, wack, wacko, wackos, wacky, wada, wadadadd, wadda, waddupo, wadyw, waer, wafer, 
waffes, waft, wage, wager, waggle, wagon, wagtet, wahnting, wahter, wahtz, waiiitresss, waine, waintin, waistline, waistress, waita, waite, 
waiterss, waitert, waitin, waitnes, waitr, waitreessssss, waitrel, waitrese, waitresse, waitressssss, waitriss, waitrness, waits, waity, waka, 
wakakaka, wakakookoos, wakeboarding, waldo, walet, walkabouts, wallbanger, walled, waller, wallhax, wallop, wallpapers, wally, walnut, wals, 
wanana, wanb, wanda, wandered, wangsturbates, wanmt, wannabe, wannae, wanrt, wanst, wantd, wantg, wantin, wantme, wantn, wantsh, wantt, 
wantv, waqlcome, wardrobe, warer, wares, warlock, warner, warped, warrants, wars, wasa, wasabi, wasatch, wasdelivered, washin, washrooms, 
wasitress, wasn, wasnrt, wasre, wass, wasser, watches, watchin, watchoutt, watchu, watedr, wateer, watering, waterll, watermelon, waterrr, 
waterskiing, waterw, waterwater, watet, wathc, wati, watier, watiressing, watn, watning, watressing, watwater, waugh, wavelength, wawaw, 
wawwww, wayer, waygu, wayne, wayyyyy, wazit, wazup, wazzzzzup, wbats, wbeer, wd, wdaw, wddadsadwasdw, wdddddd, wdf, wea, weakk, 
weakling, weakly, weakness, weapon, weapons, wears, webdesigner, webkinz, webs, wecome, wedge, wedges, wedstrijdje, weeeeeeeee, 
weeeeeeeeeeee, weeewee, weekday, weell, weely, weep, weewee, wegetable, wegresto, wegwilt, wehave, weher, weighing, weighs, weighted, 
weiler, weill, weinerscnizel, weirdd, weirder, weirding, weirdly, weired, weit, weiter, weither, weitres, wekk, welc, welccome, welckome, 
welcolm, welcombe, welcomed, welcomer, welcomne, welcomw, welcomye, welecome, welkcome, welkom, welkome, welle, welli, welligton, 
wellington, wells, wellyour, welocome, welome, welsh, welsome, wendy, wene, wensen, wenu, weredid, werein, weren, werewolf, werk, werkt, 
weso, westham, westminster, weted, wether, weva, wfillet, wftr, wghat, wgrilled, whaddup, whadya, whagt, whahah, whahahahaha, whait, whao, 
whard, whare, whart, whassup, whast, whasup, whatcan, whatchu, whateever, whatev, whateva, whateverrr, whateves, whatis, whatkind, 
whatplease, whatsoever, whatss, whatta, whattaya, whatts, whatttt, whatup, whatw, wheaties, wheats, wheel, whehe, wheiihhuu, whel, whell, 
whello, whenevr, wheok, whereabouts, wheree, wherehey, wherere, wherethe, whereva, wherevers, wherez, whers, wherw, wheuai, whewwww, 
wheyyyyyy, whez, whhats, whhere, whia, whic, whight, whihc, whims, whin, whinecard, whinte, whiot, whiskee, whiskees, whiskeyy, whisper, 
whiteboy, whitehous, whitewater, whitie, whiz, whn, whoaaa, whoaaaaa, whoamg, whoe, whohoooooo, wholw, whom, whone, whoo, whoohoo, 
whooohooo, whoooohoooo, whoooooooo, whooper, whoopin, whooping, whoopsie, whoopsies, whoosh, whop, whoppers, whops, whorecake, 
whorehouse, whove, whrecd, whreever, whrit, whrre, whrrn, whte, whtie, whwite, whya, whyeah, whyll, whywhy, wiatress, wibne, wiccan, wice, 
widdower, widely, widen, wideset, wiedersen, wieeeeee, wien, wiener, wierdest, wierdos, wiet, wiew, wifes, wifey, wiggle, wiggling, wihe, 
wihte, wiiiii, wiiiiii, wiiiiiiii, wiiiiiiiiiiieiieieieieiie, wiiiine, wiill, wijne, wijss, wilbots, wile, wilkommen, willafter, willen, willfollo, willies, 
willkeep, willleave, willllll, willmove, willplease, wilting, wimminz, wimp, winbe, wince, winde, winding, windo, windowtable, winebeer, 
wineglass, winehehehe, winem, winenow, winewould, winey, winke, winkel, winking, winnebago, winnecone, winner, winnie, winnings, wins, 
wiper, wird, wiser, wishing, wiski, witchcraft, withdraw, wither, withh, withlocally, withmarinara, withme, withou, withour, witht, withthat, 
withu, witj, witnessed, witress, witty, wity, wityig, wiull, wiz, wizards, wjhere, wjite, wk, wkd, wl, wlcom, wld, wlecome, wll, wlw, wna, wnana, 
wnjoy, wnted, woh, wohaaa, wohne, woiuld, wojoo, wokaj, wokay, wokring, woldnt, wolverhamton, wolverhapton, womb, womon, wondeful, 
wong, wooden, woodridge, woofer, woogy, wooho, woohooooooo, woood, wooooooo, woooooooooahhhhhh, wooooooow, woooot, woooozy, 
wooops, woop, wooper, woould, woozie, woozily, woozy, wopuld, wor, worcheshire, wording, worgink, workd, workk, workmanship, worktop, 
worldfamous, worm, worn, worng, worrisome, worship, worshipped, worss, worte, worthwhile, wotcha, woter, wotr, wotu, wotumake, woudlnt, 
woulddo, woulde, wouldlike, wouldt, wouldu, wouled, woulf, woulld, wouold, wowould, woww, woyld, wqanted, wqater, wqith, wqould, wqqq, 
wraaaargh, wrap, wrapping, wrath, wred, wrench, wrestled, wrestling, wrinkled, wrinkly, writer, wrok, wron, wrond, wrongly, wrongthing, 
wroong, wrry, wrs, wrting, wsad, wsee, wsoup, wsswjsut, wtare, wtc, wtdlol, wtffffff, wtffffffff, wtffffffffffff, wtfhax, wtfomgbbqhungry, 
wthank, wtih, wtv, wudnt, wuise, wuit, wuite, wunderful, wurde, wurst, wuts, wuu, wuv, wve, wvegetable, wwahahhahahhahhahahhahahhahah, 
wwas, wwatter, wwelcome, wwwhy, wwwpardon, wwwthanks, wwww, wwwwaawdasdsa, wwwwww, wxcept, wz, xan, xant, xau, xc, xces, 
xchoice, xcomment, xcould, xczv, xiao, xie, xmm, xome, xomg, xoxoxox, xxxoxox, xxxxxxxxxxxxx, yae, yahear, yahoooooooo, yaknow, yale, 
yam, yammm, yan, yang, yankee, yankees, yao, yaq, yarbles, yarr, yarrr, yarrrr, yarrrrrr, yaty, yaya, yayayay, yayayayayay, yayyyy, ybe, ybeer, 
ycake, ycan, ycool, ycrydiang, ydamn, yeaaa, yeaaaa, yeaaaay, yeaarghh, yeaer, yeahdont, yeahhhhh, yeahlolz, yearold, yearssince, yech, 
yeeaaaayyyy, yeeah, yeeeah, yeeeeaaaaahhhhhh, yeeeeaaaahh, yeeeeeees, yeeeeees, yeeees, yeeeh, yeees, yeeess, yeehaw, yeep, yees, 
yegeshmesh, yehh, yehtr, yellin, yello, yellowtail, yells, yeowch, yepper, yeppers, yerba, yerr, yerrr, yers, yesa, yeserr, yeshh, yeshhh, yesiiree, 
yesits, yesj, yessm, yesssss, yessum, yesterdad, yesy, yesyyesyes, yetr, yew, yews, yez, yfine, yfirs, ygiqefy, ygood, ygot, yhaha, yhahaha, yhe, 
yhere, yhour, yin, ying, yipee, yippy, yits, yjanx, ykno, ylet, ymmmm, ymuch, yoe, yof, yoface, yoga, yoh, yok, yoor, yoou, yop, yorkies, yorself, 
yorur, yoshi, yot, yotch, youant, youanything, youbitch, youdont, youfor, youfoudnmeeeee, youhave, youhou, youir, youive, youj, youknowwhat, 



120 

youl, youlater, youlll, youmiss, youmuch, youmust, youn, younglady, youor, youqueer, yourbill, yourdinner, yourelf, youreready, yourflowers, 
yourjob, yourl, yourll, yourmeal, yourphone, yourr, yourselves, yourslef, yourslf, yourtself, youslf, yousoon, yousth, yout, youtr, youtrying, 
youur, youuuu, youuve, youv, youyes, youz, yow, yoyo, yoyooyoyoyooyoyoyooy, yoyoyo, yoyoyoyo, yozgyfpiejhak, yrah, yre, yrself, yse, ysee, 
yses, ysounds, yt, ytdh, yte, ythanks, ythanx, ythe, ything, ythose, ytou, ytr, ytre, ytyou, yuengling, yugfdrytrgurh, yugopslavia, yull, yuma, 
yumaro, yumi, yumme, yummers, yummmmmmm, yummu, yummyh, yummyz, yumo, yumy, yung, yuns, yuopu, yuore, yuour, yups, yurself, 
yvery, ywater, ywould, yyeaaargghhh, yyoull, yyour, yyum, yyuup, yyy, yyyeesss, yzes, zaak, zabiram, zac, zach, zadne, zadok, zahraju, 
zajebem, zakazni, zakaznika, zalm, zambia, zant, zaplaceny, zaratal, zat, zdrham, zdrhnul, zdrhol, zdrowie, zead, zee, zeeland, zeggen, zeke, 
zeker, zelda, zenska, zer, zerg, zergling, zest, zesty, zicht, zie, zien, zij, zillionth, zimbaweian, zin, zinc, zing, zinking, zip, zippers, zippy, zips, 
zis, zjem, znamena, znas, zober, zoek, zoltan, zomblebees, zon, zonder, zoo, zooom, zoooom, zorarastrian, zould, zours, zourself, zouuu, zowat, 
zozerem, zqit, zqter, zs, zu, zucchini, zullen, zune, zuppa, zuppes, zuvaj, zvietnam, zwaar, zweed, zxxoooooooooooooo, zzz, zzzz, zzzzz, zzzzzz, 
zzzzzzzz, zzzzzzzzzz, zzzzzzzzzzzzzzzzzzzz 
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