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ABSTRACT

As an Al programmer working in the games industry I
(SLT) was recently asked to advise on a computer games
course at a local University. It was then that I found that
the non industry Al practitioner may have a different
perspective on game Al. This view was enhanced by my
recent experience of middleware products for game Al.
This paper seeks to reduce this gap by looking at some of
the tasks an industry Al programmer may become involved
with. This paper will not discuss individual technologies in
detail, although some sources are noted for further reading.
Instead it focuses on what kind of technology is used in the
games industry, what is not used, and why. The paper also
illustrates that the issues which face the programmer are
often at a more subtle design level, rather than in
technology implementation. The paper is primarily directed
at a student audience who might be considering the games
industry as a career, although more senior researchers may
also find it interesting and suggestive of certain directions
of research.

INTRODUCTION - A CURRICULUM VITAE

As the title suggests this paper is something of a personal
review of my experiences of working in the UK computer
games industry, although I (SLT) hope it is in some way
representative of the type and breadth of work an Al
programmer may be required to undertake in producing
commercially successful games.

The first thing to understand is that an Al programmer in
a typical UK games company spends only a minority of
his/her time actually doing Al. An Al programmer will
often also be involved with core maths, level geometry,
collision physics, tools programming, vehicle dynamics and
animation systems, as well as simply getting the Al objects
to think. It therefore pays to have a range of skills, and my
particular case is a good example. My first degree was in

Physics and I also have a PhD in Electrical Engineering.
However most of my seven year academic career was spent
writing computer simulations in the theory of condensed
matter. My first job in the games industry brought me into
Al with no formal training in the subject, a situation which
has been quite common until recently. This was to work on
the Al for a Pool game, and later also for Snooker. Since
then I have moved companies a couple of times and worked
on games including flight simulations, Formula 1 racing,
first person shooters and space combat.

The situation is changing though. As the game buyer
becomes more technologically aware and demands more
immersive experiences (and therefore more complex
games) development teams are getting larger, and
individuals more specialised. When I began I worked with a
team of around 10 — over half of which were programmers
and the remainder were artists. In my most recent project
there were well in excess of 40 staff, with roughly one third
each programmers, artists and designers/level architects.
This expansion of game scope and team size is altering the
way Al is dealt with. On my first project I coded, designed
and balanced most aspects of the Al characters, training
exercises and commentary triggers. But now many projects
have a significant number of ‘designers’ who are
responsible for building and balancing the game levels.
Thus the Al programmer must provide an increasing level
of access to his system. The boundary between what is in-
game Al and what is scripted can vary enormously across
the industry and between game genres. A first person
shooter such as Mace Griffin: Bounty Hunter (MGBH) may
be heavily story-lined and require a large amount of
scripting to direct the game flow. In a Formula 1 racing
game the Al may be more autonomous, but the sheer
volume of data may still require design assistance for data
entry and balancing.

Before moving on with some points and examples, I’d
like to emphasise that the objective of this paper is not to
denigrate academic Al research, quite the contrary. I, and



my company, believe that the academic community must
play an important role in both training our future staff to
produce ground breaking and entertaining games, and by
working on Al problems that we in the industry cannot due
to constraint of time and the cost-centred (project-centred)
nature of the way we work.

This paper will proceed by looking at some general issues
facing the Al games programmer using working examples,
and will then examine some case studies of my experiences
in the games industry to illustrate how technology is used.

SIMPLICITY RULES

The principle of keeping code simple should go without
saying in any project, but it’s surprising how easily a
games’ complexity can get out of hand. We like to use the
KISS principle (Keep it simple, stupid!). It’s important here
not to confuse scope (the volume or number of features in
the game) with the complexity of the individual
components. If the game scope does not increase with the
computing power then the game buying public is not
getting full value for money. The issue is that the Al does
not become more complex than necessary to do the job
required by the game design. When a new component is
suggested, I ask the question ‘“What value does this give to
the game player ?°. If the feature is unlikely to be seen by
the player, and has little other direct impact on the game,
then it is clearly not worth doing. As a rule the code
complexity required for a feature should be commensurate
with the impact that it will have on the player. Valve, the
producers of Half-Life express a similar rule (and indeed an
entire design philosophy): ‘Avoid all one-shot technical
elements. Anything that requires engineering work must be
used in more than one spot in the game. Engineers are
really slow. It takes them months to get anything done. If
what they do is only used once, it’s a waste of a limited
resource. Their main goal should always be to create tools
and features that can be used everywhere. If they can spend
a month and make everyone more productive, then it’s a
win. If they spend a week for ten seconds of game play, it’s
a waste.” (Birdwell 1999).

The converse, that simple features can’t have a large
impact on the game, is not true. An example of this on
MGBH is the camera-shake due to the stomp of the
‘Mechs’, which can give prior notice of their presence even
when they are not visible. An example from Halo is the
way the enemy Al recognises a grenade and shouts a
warning, thus increasing the ‘suspension of disbelief’
experienced by the player. A degree of design flair is an
important skill for a games programmer.

In order to demonstrate the kind of design decisions a
working Al programmer will need to make, let’s consider
the use of navigation grids which are common to many first
and third person games. Many games define a set of nodes

connected with arcs to form a Delauney mesh or some other
triangulation (Weisstein 2003). This is usually two
dimensional and arranged in connected sub-sections called
manifolds. Such a grid is very flexible as it can represent
most shapes to any level of resolution. This type of
approach was used on MGBH, using an off-line tool to
analyse the level geometry and generate the grid. An
alternative is the simple square grid which has the
advantage that the connectivity is implicit, and hence for
the same number of nodes less memory is required. It can
still be used with manifolds, each of which may have a
different node separation for geometry with varying degrees
of scale and detail. Representing fine detail is more difficult
for a square grid, but this does not matter if the difference
(spatial error) is not observable by the player. But there is
still a question as to which grid has the better storage
characteristics overall, since the Delauney grid has the
flexibility to concentrate nodes in areas requiring a high
resolution, and minimise node density elsewhere. However
the largest permissible distance between nodes is not just a
function of the level geometry: the navigation grid must
also hold implicit and explicit Al information. A detailed
look at the issues is beyond the scope of this paper, but it’s
sufficient to say that it is often necessary in practice to add
nodes to provide a variety of routes and/or to affect Al
movement behaviours. So we are left with a question, ‘Is
the ability of a Delauney mesh to reduce the number of
nodes, using variable grid density, mitigated in practice to
such an extent that a simple square mesh is preferred?’. I
don’t know the answer, but it is an interesting question.

The second point about the choice of the navigation grid
is how to produce it. As I have said, one approach is a
geometry analysis tool to produce a triangulation grid.
However the problem is that the resulting grid contains
many small (even degenerate) or high aspect ratio polygons
due to the arbitrary nature of the geometry. The complex
solution to this problem is to constantly improve the
analysis tool in an attempt to favour geometry of a certain
shape and produce an optimum grid. This is fine as an
interesting problem for the Al programmer, but has
consequences elsewhere. As the algorithm complexity
increases, so does the pre-processing time, with the
production nightmare that a last minute art change in the
geometry might require wholesale reprocessing of the
navigation data taking many hours. The ‘simple’ strategy is
to give the generation of the navigation mesh over to the
designers, as part of their level building tool. Although a
“first guess’ might be generated automatically, it will be
generally up to the designer to place navigation nodes, and
assign any Al significance to them. Small last minutes
changes to art require only simple changes to the grid. The
job of the AI programmer then becomes a simpler one of
validation, and education (of the designer as to his design
options). There is another somewhat unfortunate lesson
here: solutions which might be interesting to the Al
programmer may not be the best approach commercially.



It has been demonstrated that the production of a simple
Al system is often not a simple task, requiring much
thought and a thorough knowledge of game requirements
and the make-up of the production team.

CODING FOR CONSOLES

The majority of games sales are for dedicated games
consoles. This presents a number of problems for the Al
programmer (and the entire team). Certainly for the
Playstation2 and Game Cube (and to a lesser extent the
Xbox) the optimised hardware of the console must be
properly accounted for to get the most from the gaming
experience. There is insufficient space here to look at the
issues in detail, but they can be summarised as limited
memory, cache compliance and dedicated processors. The
main point about caching is to avoid code which regularly
spans large segments of memory or code. The Playstation2
architecture has a GPU, CPU and two vector units. One
vector unit is tightly coupled to the GPU, but the second
acts as a co-processor for the CPU, and if code is written
well (tight loops and small memory blocks), VU2 can be
used to significantly improve computational performance.
Applications which might reap such benefits could include
integrators and neural networks. In fact console
programming requires a significant amount of discipline
with pointer use and other code indirection: simple code
usually works best. An interesting tutorial on cache
performance optimisation can be found in (Ericson 2003).

Even experienced games programmers can fall into traps
when using consoles. Developers for PCs tend to have a
fairly loose target hardware specification, on the basis that
the technology is constantly improving and the software
can effectively be held back until the hardware catches up.
Thus PC games can be developed optimistically from above
the ‘performance curve’. This is not true for consoles which
are a fixed resource, and while console developers often do
over-specify in the early stages, much cutting back is often
required in the latter stages of development as a result. This
can sometimes result in a dilution of the game-play, so it’s
usually important to consider the finite nature of the
hardware right from the early design stages of a game, and
concentrate on the high value low cost features.

SMOKE AND MIRRORS

In my first job in the games industry I was told that much
of the game Al is ‘smoke and mirrors’, that is we use a
simple piece of code to make something appear more
complex than it is, in effect cheating the player.

As an example I would like to consider a specific case of
misdirection. An Al character, let’s call him Eddy, is
walking towards a door at the edge of a room following a
path to some distant point, you (the player avatar) are
following so Eddy’s actions are open to the player’s full

scrutiny. The door suddenly closes, with Eddy only inches
away. Let’s assume he stops successfully, by no means a
simple feat (see below). But in order to find an alternate
route the path finder must time slice over the next 20
frames for the long range path, so there is a delay. Eddy just
stands there, nose to the door, dumb for all to see. It doesn’t
look good. The trick here is to make sure Eddy reacts to the
situation. It doesn’t matter how, as long as he does. He can
turn round and look at you, thump the door or kneel and put
his ear next to the keyhole. He can just step to one side and
turn 90 degrees with the implicit invitation for you to do
something. The point here is that the action does not have
to be the ‘right’ action, as long as there is some sort of
action it will be interpreted as intelligent by the player.
Similarly guards should not stand stock still, but should
fidget, look around, change gun positions and so on. If a
guard becomes alert — has he seen you, or was it just a
mouse. You don’t need to code a complex sensory system -
just use proximity and a random roll of the dice to try to
provoke the player. In MGBH the Al had an almost perfect
knowledge of the player, with a few simple time-outs when
out of sight to simulate loss of sensory contact. On the other
hand if such sensory systems are fundamental to the game
(such as the Thief series for example), then include them,
but make sure the player has visual or auditory clues that
such senses are operating e.g. a guard shouts “I can hear
someone over there.”

Path finding can often be over-used or misused, and is
therefore another area where there are opportunities to cut
corners in the implementation. Long range path finding is
of dubious use where the time taken to traverse the path is
so long that the strategic situation will change in the mean
time and the solution will not be fully used. A hierarchical
system where the low level detail of the path is only
resolved on a just in time basis can help with this. However
the smoke and mirrors solution is to simply record a set of
fixed patrol routes. These might be temporarily blocked (as
in Eddy’s case) but as long as this is dealt with using
apparent intelligence then it is not a problem.

As long as this card is not over-played a few simple
behaviours can produce a significant improvement in the
perceived intelligence of the Al character. An
understanding of the player’s psychology and perspective is
essential to do this. Similarly engineering the environment
to affect the behaviour of the Al can be a very effective
approach. Game Al is not about finding the perfect
solution, just any believable one.

EMERGENT BEHAVIOUR

It’s possible to take the theme of getting something for
nothing a little further, by using techniques which promote
emergent behaviour. An issue with short range path finding
is consistency; A* will usually find the best path between
two points, which will not vary significantly if the heuristic



and nodal costs are fixed. This is not always what is
required. Where we have a group of soldiers for example,
the player would not expect them all to follow the same
route. Randomisation can help with this, but there are other
methods. One idea is that when a path solution is found, the
nodes on that path are reserved for a time, so that
subsequent queries must take a different route. More nodes
are needed, but thoughtful placement can allow squad-like
behaviour emerge. As long as the Al character is observed
to act sensibly when it’s route is unavailable, for example
by taking a fire position and looking for a target, such a
strategy can actually add to the appearance of intelligence,
not reduce it.

The technique known as flocking (Reynolds 1995) is a
another primary example of emergent behaviour — a set of
simple rules which when applied repeatedly to a multitude
of objects produces the apparently highly complicated
behaviour of a group of living creatures. Flocking was
successfully used for both fish and birds in MGBH.

PHYSICS AND AI: CASE STUDIES

The implementation of an Al system is often closely
entangled with game physics. This section looks at four
cases were a knowledge of physics and how to co-operate
with it, was essential to the Al solution.

Space Combat

Short range obstacle avoidance for Al characters can be
implemented using non-planning solutions such as flocking
or direct geometry tests (more of a robotics sensory
approach). Such techniques are particularly useful were the
target is constantly changing, such as a space craft chasing
another craft. In it’s basic form flocking sums a set of
forces which then accelerates an object. But in most games
the object will have it’s own dynamics model with
associated constraints. Thus the result of the flocking is
only a target objective (position rather than force) for the
space craft to achieve. But this approach has problems. If
the dynamic object does not obey the orders of the flocking
algorithm immediately (which it won’t) the system can
contain undesirable feedback loops which result in
oscillations of the object. The solution is to alter the form of
the flocking forces to be more attuned to the constraints of
the dynamic system, without having to tune so closely that
the inter-dependency becomes unmanageable. The MGBH
specification required the ships to move in formation, and
so the primary component of the flocking force was a
position defined by a separate formation object which
determined the overall activity of the group of ships. Other
forces included close range separation (between formation
buddies), short range collision avoidance (effectively
defined from the forward arc of movement) and large object
collision avoidance (the most difficult term to calculate). In
practice the Al and the dynamics were implemented in

tandem. This is very sensible, since it provided both the
ability to understand the space craft physics, and also to
adapt the physics to compliment the Al rather than fighting
against it. To complete the space Al for MGBH, a
knowledge of basic mechanics was useful in dealing with
collision reaction. I won’t discuss collision detection here,
suffice to say that it’s probably one of the most difficult
issues in many games, as it eats up a large proportion of the
non-rendering processor time (around 50% on MGBH).

Formula 1 Racing

Many early racing games planted the vehicles on a fixed
slot around the track, with only one or two slots and a few
change points for overtaking (another classic smoke and
mirrors solution). This worked fine, until players
expectations increased. Players now expect the Al to drive
as they do, making mistakes, and reacting with character.
The implication is that the Al must learn to drive cars with
real physics. This is the approach used in a Formula 1 game
for Videosystem (now defunct). In order to deal with the Al
it was necessary to fully understand the physics of the car
and the implications for the driver. Indeed some companies
(Codemasters for TOCA) actually send the development
team out on race driving. The solution was to use a process
control system (an Electrical Engineering approach) to
measure the metrics of the car (speed, direction, tyre grip)
and not only match these to target values, but also to react
to things like the imminent loss of grip and potential
catastrophic failure. But this is not a simple approach — so
why do it ? The reason is that this solution allows ‘artificial
stupidity’ to be introduced. If the data is interpreted slightly
incautiously, or error is percolated within the process
control system, the Al driver will make mistakes, and
because he is driving a full physics car, the observation by
the player will be realistic twitches or even spins and
crashes. The target data was difficult to generate, and I
found the best method was to use a simple rule system as an
initial guess for a given track, and then an off-line genetic
algorithm to improve the large volume of data to a point
where the Al driver was pushing his car to the limit. Using
the GA off-line in this case is an acceptable risk, because it
is very unlikely that the input data (real life tracks and cars)
will alter substantially during the production cycle. If
necessary level of detail (LOD) could have been used to
revert the cars to ‘slot mode’ when out of sight of the player
to save processing, but in practice this system was very
efficient in-game as most of the hard work was done off-
line. Incidentally a flocking based system was also used in
the F1 game for collision avoidance and over-taking.

Walkers

Previously I mentioned that bringing Eddy to a stop was
not easy. The reason for this is dynamics rules. If Eddy
goes from a brisk walk to a dead stop in one frame, that will
look bad. The dynamics of the actor (or animation system)



needs a little time to sort out the required deceleration. One
way of dealing with this is to employ ‘walkers’. Walkers
are agents which follow the path in front of the Al
character, which follows at a distance such that if the
walker stops dead, the character can decelerate neatly to a
stop. Walkers also smooth the movement of the character to
some extent, but there is a cost. On a curve the character
will tend to take a short cut across the inside of the curve,
and may intersect geometry as a result. However the larger
the speed, the larger the stopping distance required, and the
more difficult it becomes to accurately predict the resulting
path of the character. Further in our example above we
could still shut the door when the walker has passed over
the threshold and Eddy will be in trouble again. In practice
we need a rule to say that the door should never shut when
it might cause such an embarrassing case, which we can
apply with the walker, or without. So the door shutting
example alone would not be sufficient to consider including
walkers in the code. Other aspects, such as hot swapping
walkers for behaviour changes, or where the dynamics of
stopping is much more visible or complex, could make
walkers a valuable addition to the game code.

This is a very focussed example of the way that an Al
programmer must deal with the requirements of an
animation system for ‘walking’ characters. In practice
controlling smooth changes in the animations is a
significant problem, which has been studied at Warthog by
one the authors (SA). There are principally two solutions,
the first is to blend from one animation to another, the
second is to schedule animation sequences and insert
suitable transition animations to piece the main elements
together. In MGBH a little of both methods were used.
Sequencing generally produces more satisfactory results in
normal circumstances where the Al characters actions are
planned for a reasonable period of time in advance of the
action, but where an immediate reaction is required (such as
being thrown by an explosion or bullet impact) a blended or
‘rag doll physics’ approach is necessary.

Billiards Games

For the final case I will look at how Snooker and Pool
games (Pool Shark and World Championship Snooker)
have been developed. Such ball games are a fascinating Al
problem because of the sheer number of shot permutations
available. When I began I was developing for the original
Playstation console with severely limited memory and
processor power. Although the physics system was fully
optimised, the required accuracy of integration meant that it
was impractical to test candidate shots using the full
physics. As a result a cut down analytic physics system was
integrated into the Al. The shot selection system was based
on breaking shots into components, sorting them using
simple analysis and strategy metrics, and re-combining to
find a set of shots to be evaluated in the order most likely to
succeed. Within this system the Al had to display distinct

playing styles. Thus there were around 650 attributes
throughout the system to control strategy. In a way this was
bad coding, as it breaks the simplicity rule. However a lot
of the AI pseudo-physics relied on parametric models
which could be quickly evaluated, and so this volume of
data was almost unavoidable. In practice I used a
spreadsheet system to manage this complexity, which
reduced the number of distinct player characteristics to
around 30.

More recent generations of the code use a neural network
approach (Gartland, Blade Interactive, 2003, personal
communication) . A small network of a few tens of nodes
acts as an intermediate stage between strategic shot
selection and the final physics checking in order to validate
candidate shots. The network is presented with the current
position and desired post-shot position and returns the
details of the shot input. Neural networks require a certain
amount of caution: the problem with a neural net is that the
knowledge is somewhat hidden from the developer, making
the game potentially difficult to tune, balance and debug.
However this can be mitigated by careful choice of the
training data. The main point to remember is that a neural
network only works properly when interpolating, rather
than extrapolating into regions of the search space where
the network is not only untrained, but where the result can
be highly non-linear. Gartland’s strategy is to use a training
set which is statistically analysed to ensure the data fully
represents the search space. The trained network is then
verified using a second data set in comparison with the
network output. In general small neural networks, treated
with care, can be used in games, although it is clearly not
sensibly to risk using a neural network where another more
transparent method can produce equally good results.

One further comment to illustrate the diversity of the Al
developer’s work. World Championship Snooker included
an extensive in-game commentary system. The context
triggers for the commentary system were extracted during
the execution of the Al This is just another side-line that a
working Al programmer may be asked to deal with.

TO SCRIPT OR NOT TO SCRIPT

One of the most significant issues of modern development
is scripting. As I have said many games use a high level of
scripting in lieu of Al. This is not only done to maintain
story flow, but for a number of other reasons, such as
predictability. An Al system in which the experience is
different every time is a great goal, but when debugging the
inability to reproduce a situation can be crippling, although
this also an issue of controlling randomisation in the game.
But the principal reason for scripting is probably a
production one. While it is feasible for a team of well
trained Al programmers to produce a game were the
majority of the activity is emergent from the code, this is a
distant goal for many companies. It is often significantly
easier to allow level architects to make decisions which



simulate high level strategy, using placement, areas of
influence, triggers and so on. A good example is a sniper
high on a cliff, when should he give away his position and
risk a shot? We could write a set of complex Al rules to
deal with this — but an intelligent designer is far better able
to analyse the situation and condense this to a set of
scripted trigger-action relationships.

However the extended use of scripting raises another
production issue, what level of technology can we expect
the designer to cope with ? In MGBH the script was a C-
like language which was parsed off-line. In other
companies scripting languages such as Lua and Python
have been tried, but the in-game overhead is sometimes
undesirable. At Warthog only about 50% of designers have
any coding background, the remainder have a more artistic
skill set. So if the scripting becomes too technical and the
designer’s learning curve becomes significant, they will not
be able to fully utilise the full functionality of the scripted
Al This has led us to consider what type of scripting
language should be used in future games. One possible
solution is that use on Warthog’s Star Lancer and Battlestar
games. The scripting language is embedded in the editor
using pull down menus, so the designer does not have to
worry about issues of syntax. However the designer still has
a learning curve to access the script functionality. In
practice there is no clear solution; a compromise between
different strategies is usually required based on the range of
skills of both the design team and the programming team

MIDDLEWARE - THE FINITE STATE OF THE ART

In the past few years various Middleware solutions have
become available for various elements of the computer
game. Havok (Havok 2003) for example has made a huge
impact on in-game physics. The situation is slightly less
clear for Al however. A detailed review of current Al
Middleware was recently conducted by Eric Dybsand
(Dybsand 2003a). Although many elements of Middleware
are undoubtedly well written and theoretically robust, it’s
not quite in a form we would want to use in a game. This is
because the need to make the Middleware generic, with a
well defined API, means that the code may not be optimum
efficiency. For example if the Middleware representation of
the environment does not match that of the developers
game engine, an overhead of conversion will be incurred, as
will duplication of data structures. Further the Middleware
developer is unlikely to be able to take advantage of the
details of the game implementation which could lead to
optimisation. The FSM is probably one of the most
common techniques used in game Al coding. Programmers
new to the industry will often begin by writing a generic
FSM system and indeed we did have such a state object in
MGBH. However in many applications states will be
implicit, coded as simple enumerators, jumps and switch
statements with no dedicated state objects. Such code is
often simpler and more compact when compiled. It does not

require data memory access to operate the FSM, and so
minimises potential data ‘cache thrashing’ that might be
present with dynamically registered state objects. This
mismatch typifies the reasons behind the industry
reluctance to use Al Middleware.

Of those reviewed by Dybsand, Symbionic is probably the
most useful, being a finite state machine (FSM) supported
by a graphical development tool, which could be of use
where very complex state diagrams are to be implemented.
The others tend to fill niches, but don’t really provide a
broad solution, and can be categorised intended for use by
either designers or programmers.

As a working Al programmer I would welcome being
able to take elements of the game Al from 3™ party sources.
However I recognise that every game is different in it’s Al
requirements, physics and the skill set of the development
team. Therefore Middleware needs to be more focussed on
specific problems and thus more optimised to the solution
of that problem. Of course the difficulty with this is that
such a product, probably taking more the form of a
consultancy than a software library, may not be
commercially viable. Ultimately the decision as to whether
to use Al Middleware may be due to production issues:
code efficiency (and hence overall game content) may be
traded against reduced development times; skills available
may dictate which Middleware solution the best for the job.
From the perspective of an Al programmer, if Middleware
only offers a product based and readily understood
techniques, it must excel in terms of reduced production
time with minimal cost to game-play. Physics Middleware
(Havok) is in a slightly different position: dynamics and
mechanics are a ring-fenced subject area (in that the physics
is well defined and common to all moving objects) and
therefore one product can be used in a wide variety of
games.

THE ROLE OF PIZZA

In the early stages of most modern games a small core of
designers will begin by laying down the general concepts of
the game. However these can be vague, blue sky,
impractical to implement or in some cases just plain wrong.
This is not really because they are not doing their job, quite
the contrary — they are the ideas people on the team. The
role of the lead designer during production is to iterate the
concept, removing poor ideas and perhaps adding new ones
as opportunities for game play; but this has consequences
for the Al programmer. The second source of potential
production conflict is the publisher (effectively the client).
Publishers view games in a very different way to the
developer, and will often make demands of the team based
purely on marketing or economic reasoning. Because the
publisher is not as close to the game technology as the
development team, they will often require changes which
appear small to them, but cut to the core of the way the Al
is implemented, and replying that the ‘small’ change is in



fact going to require substantial re-coding will often be
viewed as uncooperative or evasive.

Thus the working Al programmer should expect many
long nights, and a substantial reliance on the local pizza
delivery services. But there are actions that can be taken to
ameliorate the effects of late changes to the game. Try not
to permanently remove cancelled features, there is a good
chance that they will return. Also when designing code
always try to avoid committing to implementations which
will be difficult to adapt later, another example of the KISS
principle. Having said that a balance is always required.
Don’t spend too much time trying to anticipate features that
might be required in the future: one of the best ways of
dealing with the design-programmer relationship during
production is to get demonstrable Al as early as possible.
Code for everything you know about and nothing that you
don’t.

CONCLUSION

In commercial computer game development, it’s not
enough to have a range of complex Al algorithms in your
skill set. In a typical computer game written for a console
the Al may get less than 10% of the (limited) processing
power and memory (MGBH specified 20%, but half of this
was collision management and physics), so it is vital that
the programmer maximises the value of the Al code in
terms of observable game play. The simpler and more
efficient each component of the Al is, the more Al features
that can be added to produce a greater degree of
characterisation and engagement of the player. Each game
is different: while a strategy game such as Command and
Conquer will need strong path finding and strategic and
tactical intelligence, platform games and shooters rely more
on simple set pieces, scripts and ‘smoke and mirror’
emergent behaviour. It is not true to say academic Al
research is not useful to industry, but that perhaps we are
more interested in an engineering perspective than a pure
mathematical one.

This paper has looked at current (see also Dybsand et al
2003b) and past practices, the future is another matter. As
computers become more powerful, game Al can and will
evolve, but we will still need to ask the question as to
whether the Al produces observable value. The problems
for the programmer will change from one of extracting the
maximum value from a limited resource, to one of dealing
with a large volume of varied Al behaviours. While Al
Middleware perhaps needs to develop a little further, it is
certainly likely that in the future a project based Al
developer may become less of a coder and more of a
designer, using tools to build bespoke AI behaviours.
Indeed the IGDA (International Game Developers
Association) have already formed a committee to look at
standardisation in computer game Al (Nareyek et al 2003).
Other Al developers will move into less project oriented,
more centralised R&D roles; as game Al becomes more

complex it will be necessary to look further into the future
to progress game Al and this probably cannot be achieved
with a narrow project focussed remit. This has already
taken place at companies like Warthog in graphics and
other core technologies and Al and physics should soon
follow. Challenges are likely to include massively parallel
games and Sony’s Cell technology (Miller 2003; SCEI
2003).

In the short to medium term though an AI developer
working in a computer games company like Warthog will
need to continue to have a broad range of skills. He must be
a programmer with a grasp of how code structure can be
optimised for specific hardware platforms, while at the
same time managing multi-platform development. He must
use psychology to try to find ways of fooling the player into
believing the Al character is more intelligent than perhaps it
is. He must understand physics, not only to allow him to
control dynamic objects properly, but also where necessary
to tailor the physics to favour the operation of the Al. The
Al programmer must work as part of a large team,
contributing to systems outside Al such as maths,
networking and collision detection. He must also facilitate
the game production process by providing a suitable
interface to the Al for non-technical designers and level
architects. Finally he must be able to evaluate Al
algorithms and methodologies and adapt them for use in
computer game code. Computer game Al will continue to
grow, and offer interesting intellectual and practical
challenges to the enthusiastic developer.
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ABSTRACT

To try to foresee the XXI century media evolution,
we consider one of the most mature fields, of the
interactive media domain: the computer game
industry. We first make a short presentation of the
current practices in game design mainly focussed
on one player games. From our point of view, the
game community has defined a new genre of audio
visual contents. In the second section we analyze
Massively Multiplayer On Line Games and the
evolution to persuasive (pro active) games. This
will open numerous windows on the media
evolution leading both to naive dreams or psychotic
nightmares. In the third section we present a post
graduate training on computer games which relies
on the principles of cinema high schools. Another
question is opened by the conclusion: Is there any
chance that computer games and more generally
interactive media will lead to a new form of artistic
creation?

ONE PLAYER GAMES DESIGN
Introduction

From a cultural point of view, one of the main
aspects of the last century is the development of
communication  networks:  telephone, radio,
television. The consequences of this development
are tremendous. From an individual point of view,
our uses of communications have completely
changed. From a worldwide point of view, the
omnipresence of broadcast media and more
generally of mass media, is the crossed influences
between culture and the predominance of the US
way of life. At the end of the century, the growth of
the Internet Network suggests a new
communication revolution relying on interactive
media. But, which type of sociological relations and
which type of new contents will be induced by
interactive networks? Those are still widely opened
questions. The crash of the new economy shows
that, between the design of a new technology and
the creation of new practices and cultural contents,
there is a big gap: the sociological maturation time.

To try to foresee this media evolution, we consider
one of the most mature fields, in terms of market,
design practice, production process, of the
interactive media domain: the computer game
industry. The computer game industry is the third
field of the media industry (after TV and
CD+DVD). Due to the market size, the game
industry generates efficient and low cost tools
which are used in other fields: images and sounds
synthesis, network technology for collaborative
work, interactive writing, e-learning, artificial
intelligence...

The goal of this section is not to provide a detailed
analysis of the game industry, the game
development process or of the game design
principles (see (Rollins, 2000),(Gal, 2002)). Its aim
is to show that, in contrast to the Web design
principles, the game industry and the game
designers have some rather clear ideas on: what is a
computer game, which public is aimed, how to
design a game and how to produce it. From our
point of view, the game community has defined a
new genre of audio visual production even if one
may consider that, up to know, there are a few
computer game masterpieces.

Writing for games

Writing for games is a rather difficult task. Of
course it is an interactive composition and, as in
other fields of open work, the author must leave a
controlled freedom to the player. But, in the
opposite of the art installation field or interactive
music composition, marketing goals drives the
game industry. Game is mainly entertainment;
hence, the player must solve non-trivial but not too
complex problems, leading to a succession of goals
in a reasonable amount of time. The player must
feel in an open interactive work, but should be
driven to the game solution. To solve this paradox
the game industry has invented several techniques
derived from game theory and object oriented
specification. It is, up to now, mainly a practice.
One may argue the low aesthetic qualities of many
commercial games. But, we think that these
techniques are the source of a new fundamental
approach of interactive narration. A new theory,
based on the understanding of the game practices,



must be developed. In the sequel, we point out four
main aspects of the game definition: immersion
techniques, Game Design principles, Scenario and
level design, Gameplay.

The feeling of immersion is explicitly the main
narrative goal of games. To increase the feeling of
immersion, the game design is a subtle mix of three
domains. The two first ones are directly related to
linear storytelling and cinema: dramatic principles
of scenario design (tension and climax), qualities of
the visual and sound universe. The last one inherits
from classical games: challenges of the gameplay.
In multi-player games, a source of immersion is the
challenge between players, the design of which is
more or less related to sport rules definition.

A game is first and foremost an imaginary universe.
In the opposite of classical narration, the universe
can neither be revealed nor created through the
linear statements of the story. Then the first step of
the game specification (Game Design) is to define
the main aspects of this universe: The context of the
game, all the objects of the game from the topology
of the world to the virtual camera, including
characters, materials, weather ... The concept of
object in the game design must be understood as in
object oriented specifications: it includes narrative
aspects (the past of the hero), perceptual features
(graphics and sounds) and action that can be
produced by the object or which can modify the
object. It will be directly translated in the game
programming. This method of construction, is, from
a narrative point of view a revolution. For example,
in a film the music is associated with the image
through the synchronous exposition of the story.
This relationship is materialized in the editing
phase. There are no fundamental or technical
reasons to associate the same music to the same
object. In the opposite the music in a game is
mainly associated with an object: a place, a
character...Each time the player enter the dark
room of the castle, he gets the ghost’s music. Most
of the design tools for games use this object
association principle.

There is an open discussion in the world of game
design about scenario. The notion of scenario
comes from the movie world and is related in one
hand to the idea of story telling and in the other to a
sequence (and time driven) of scenes. A game can
not be only a scenario, as the player must always be
the main actor of the scene. The level design is the
main step where the scenario takes place. It induces
a partially ordered set of actions that the player
must perform to end the level, defines the goals
assigned to the player and limits the number of
possible effective actions of the player. Level
design is the only constructive way to simulate, in a
game, a classical narrative construction scheme.

But it cannot be based on the time driven
presentation of media, playing with the memory
and the emotion of the spectator through passive
perceptions. It must use the mix of immersion
factors and rely not on time but on space and logic
constructions. A level of the game is a mix of a
virtual space, a set of puzzle to be solved in this
space, the main actions to be done by the player to
reach a given goal. Generally the level is first
defined by the geometry of the space: a given maze,
a race circuit. Then the level designer chooses the
positions and actions associated with the objects in
this level. To keep the sensation of freedom, several
solutions are used: first, a set of independent
actions can be performed in any order, in more
complex games the player can pursue, in the same
space, several goals in parallel. There is an open
research questions about scenario design: how to
keep and manage tension and climax mechanisms
(Szinlas, 2001).

Gameplay is of course the immersive factor which
makes game different than other media. But the
gameplay of computer games is generally very
simple compared to the one of classical games (go,
chess, cards, Monopoly and even deck role playing
games). Chess and Go rules have taken several
hundred of years of experiments to become stable.
The life time of a computer game is generally less
than two years. Games designers do not have
enough tuning time to design complex rules. A
game is perceived as complex or difficult because
the player does not know the rules and the
computer can change these rules at any time. There
are more and more exceptions to the previous
principle. First some strategic games have been
experimented through several versions during more
than ten years (Sim City, Warcraft...). The
simulation which defines the game play rules is
becoming really complex. Multi-players games
(Doom like or strategic games played in LAN
arena) are played as sports in numerous and
worldwide championships. This allows a tuning and
improvements of rules and team strategy. Persistent
on line games will change the nature of this
problem (see next section).

MASSIVELY MULTI PLAYERS ON LINE
GAMES

Even if the history of the Internet networks contents
from its beginning some aspects of on line games
(MOD’s, textual version of Dungeons and Dragons
was already available on the net in the early
eighties), the first real persistent on line universe
are  Meridian, EverQuest, Ultima OnLine and
Asheron’s Call. The first versions of these games
were released in the late nineties. Most of the
games available on a commercial basis still rely on
the same principles, even if performances and



interfaces have considerably evolved from the first
versions of these games.

The main characteristics of these games are the
following:

e A MMOG is a persistent world. Thousands
of players share a huge virtual landscape
including villages, cities, with numerous
non playing characters... So it is based on
a Game Design, according to the previous
section definition: It is a virtual universe
defined by the properties of its objects.

e A MMOG is a shared virtual society which
rules are initially defined by the game
designers but which evolves with the
demand of player’s community. The rules
allow to create and to manage permanent
or temporary grouping and include a trade
system.

e The ability to create and to improve each
player avatar, to develop social skills and
to get a recognized position in the game
community is an essential feature of the
gameplay.

e More generally, a MMOG is in constant
evolution. It is necessary to revive interest
of the players, to cope with undesirable
social behaviours, to correct bugs. The
game provider modifies periodically the
game either in the universe (new version
or patches to the game code) or in the user
(social) rules.

e Scenario, Goals, quest and levels, in the
meaning of one player adventure or role
playing games, are anecdotal aspects of the
game. The feeling of freedom in social
relationships is the main interest of the
players.

e Player unpredictable uses of the game
objects have to be forecasted and even
encouraged, as long as it does not put into
danger the “correct” social structure of the
community.

e Undesirable player behaviours must be
constantly detected and corrected. The
game provider supply social rules and a
police services (such as in Internet chats)
bases on programmed intelligent agents
but also on human intervention.

e Negative social impacts of MMOG have
been observed. When each night your
avatar is a king of a virtual universe and
each day you are a second-rate employee
in a big company, which part of your life
will become the main one?

e  From an economical point of view, on line
games can be seen more as a service or a
periodical publishing (newspaper, radio,
Web site) than a product or a one shot

publishing (books, CD or DVD, classical
games).

If the design and development of new generation
MMOG and proactive games lay down several
unsolved design, scientific and technical problems
(Natkin, 2003), it can be forecasted that these
problems will be solved in the next twenty years

Design methods for one player games are still in an
emerging stage compared to the cultural heritage of
literature, drama and cinema. Hence, how to design
MMOG is complex open problem. The current
practice relies on experimentations and the
inventiveness of game design teams. The
development of a corpus in this field will need to
cross our knowledge on storytelling, game theory,
one player game design but also sociology,
economy and political sciences.

Create and keep alive an always renewed huge
virtual universe is a difficult task. A solution is to
define this universe not as an assembly of static data
but as a probabilistic algorithm which can generate
an almost infinite number of outputs in real time. It
is called the generative approach (www.generative
.net). Graphics (landscape, characters), but also
scripted scenario, dialog, behaviour of Non Player
Characters (NPC), artificial life, sound and music
can be created by generative algorithms (Lecky,
2002). Numerous experiments in the artistic and
simulation domain have been experimented in the
last twenty years. The game goal is to blend all these
ideas in a program which generates an “interesting
and meaningful” virtual world. But MMOG allows
taking risky gamble in terms of design and
technology. If something does not work, the
provider can roll back to a previous version of the
game. Hence complex gameplay and Artificial
Intelligence technology, not in use for one player
games, will probably be experimented on MMOG.

The design of a computer architecture able to cope
with all the constraint of real time MMOG leads to
solve some of the most difficult problems of
distributed computing (Natkin, 2003), (Smed,
2002). Players, accessing to the game all over the
Internet, must see coherent states of the game under
strong real time constraints. This leads to
investigate how to distribute the game state over the
network  (semantic  filtering, synchronous
coherence) or to anticipate locally the evolution of
the game (dead reckoning). Intellectual properties
protection and right management in the virtual
world leads also to difficult security challenges.

The viability of on line games economy is, as for all
aspects of Internet services, far to be determined.
Eladhari (Eladhari, 2003) listed 51 operational and
140 MMOG in development. But they are
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numerous indications which may think that the
market is saturated (Carooe, 2002), (Woodcock,
2003) and that many MMOG will disappear and
many projects will be cancelled. Most of the
MMOG are designed for the same class of
customers and share the same kind of fantastic or
science fiction universe. Most of these universes
rely on a huge 3D landscape and complex features,
which induces high development costs. Much
simpler On Line Games which offer the same level
complexity of social gameplay, with a simpler
interface can be found for free or at lower price on
the net. Managing the computer infrastructure to
allow several hundred of players to be
simultaneously connected is also very expensive.
Some study shows that generally the game universe
and the group of peoples which meets together are
split in smaller parts (INT, 2002).

What are the main economic actors of this field is
still an open question. Telecommunication
operators will probably take a part of the market,
with low service prices as they sell the
communication bandwidth. This is true in particular
for games that can be played on cellular phones
(see next sections). Cinema and TV producer are
trying to use worldwide movie licenses to be the
leader of the MMOG market (Star War for
example). Game Publishers and even studio
(Lejade, 2002) hope that MMOG is a chance to get
out of the current structure of the game market
(leadership of retailers and console manufacturers
against all the others, leadership of publisher
against independent studios), but it is not sure that
they will have the business capacities to take this
chance.
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Those pessimistic features take into account the
current production. When the current technical,
design and social gaps will be filled, the next
generation of on line games will offer virtual
environments for almost everybody. MMOG are
the premises of pro active games and of the new
generation of interactive media. More generally one
who can built a game for one million gamers is able
to built a virtual school for one million students, an
efficient cooperative work environment
(Constantini, 2001) and a distributed concert with
one million players and auditors (Bouillot, 2002)...

NEXT GENERATION GAMES

The unified cross media platform

The next generation game relies on the cross media
uniform platform. The principle is rather simple:
the user may interact with the same interactive
media environment using all possible devices:
home cinema, computers, interactive TV sets, PDA,
mobile phone... The media interface will be
automatically adapted to the device. A rather simple
(and poor) vision of this platform is the automatic
transformation of a web page from a computer
interface to a mobile phone one. A much more
advanced understanding of the unified platform can
be forecast in terms of possible contents and in
particular the next generation of games. Figure 2
presents a possible architecture for this new
generation of games (Natkin, 2003). The most
advance feature of the uniform platform is the
ability to mix broadcast passive media and active
media in a unified one.
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Network Data Synchronization
protocols

Game Consistency and Game
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Pro active games

To understand the potential of proactive games we
will describe some possible applications. A
proactive game must first be thought as a
relationship between two universes: the “real
universe” and a “virtual universe”. The quality of
the game is mainly defined by the intermingling of
these universes. Assume, for example, that, as in
Half Life or in every day news, a group of terrorists
is trying to cause a great disaster. At a given time of
the reality or the game, the player may be unable
(or does not want) to know if the terrorists are real
or virtual, if he is a passive spectator or a possible
hero...

Our practice of information shows that we are
already playing such games. Generally, we get
information from mass media more as a show than
as an objective analysis of facts. The difference
between a movie/TV and games is the position of
the spectator/player. If you can switch from CNN to
VCNN (Virtual CNN), if a call on your mobile or a
mail on your computer can be issued either by a
friend, which knows you as Stephane Natkin
professor, or a NPC which knows you as 007, you
are in a proactive game. In the virtual universe 007
can save the planet with the help of the player’s
community. In the real world Stephane Natkin can
write papers on computer sciences and the
evolution of interactive media.

There are unlimited possibilities for pro active
games. On line tamagoshi (virtual pets or babies)
are already in services. One can offer you a virtual
family which will be much more attentive than the
real one. They will never forget your anniversary,
and will automatically answer to your loving mails.
At a given time you may be unable to know if your
virtual children are NPC generated by an Al
program or the avatar of other players.

From a more formal point of view, we can define
pro active game by the following properties:

e A pro active game has almost all the
properties of MMOG, with the exception
of the community size (which may be
smaller) and the interface (which is
generally not a 3D heroic fantasy world).

e The interaction between the virtual
universe and the player are can not be
formally  distinguished from  the
interactions between the real world and the
player through broadcast (radio, TV, Web
even newspapers) and active media
(phone, mail, videoconferences...)

e Many pro active games will not be
anymore games, as the feeling of winning

or loosing the game will be as uncertain
than in the real world (It is already the case
for many MMOG)

The examples given previously lead to a
nightmarish vision of the future. One may think to
much more positive applications. A pro active game
can be seen as an extension of augmented reality
systems: the virtual world can provide practical or
emotional help to people. It can be the basis of new
social relationship (INT,2002), (Mayra, 2001) and
the kernel of worldwide social exchanges. It is also,
potentially, the ability to develop new art forms.

TRAINING IN COMPUTER GAMES

As a consequence of the previous sections, we think
that computer game is one of the main key domains
of the XXIth society, both from social, economical
and creative point of view. So it is essential to
develop high level training on all the aspects of
game design and development.

The DESS (Diplome d’Etude Supérieur de
Spécialité) JVMI “Video Games and Interactive
Media” is a unique European high level (post
graduate) formation to the video game professions
(deptinfo.cnam.fr/Enseignement/DESSJEUX/). It is
the result of the collaboration between six
institutions: La Rochelle and Poitiers universities,
CNAM, IRCAM, CNBDI and CNAM Poitou
Charentes. The DESS JVMI is a one year formation
opened to students with a master degree or a
bachelor degree and five years of professional
experience in one of the field of Audiovisual, Visual
Arts, Sound and Music Design, Computer Science,
Psycho-perception and Cognition. They are selected
for their background, their creativity and their
passion for video games. The structure of the
education is highly inspired from Cinema high
school in cinema creation (FEMIS,INSAS, NYFA,
Lodz Film School ...). The two main goals of this
training are:

e To train people to a multidisciplinary work
in team of production according to the
processes and the technologies of the game
industry

e To complete each student’s technical
knowledge in his/her/its original discipline
(story telling, audiovisuals, computer
graphics, sound and music design,
computer engineering) by the concept,
methods and tools used the design and
realization of the computer games.

Students are accepted in one of five specialties:
Game Design and Project Management, Computer
Graphics, Sound Design, Programming,
Ergonomics) according to the following table.



Students initial domain of
formation or experience

Profession in the video Game
industry aimed

JVMI Specialty

Scenario and scripting

Game Design, Level Design

Game Design and Process

(audiovisual), literature, management

information and communication...

Computer Science Programmers (basic engine, Al, Programming
graphic, sound, physics, network...)

Music, Sound Engineering, Sound | Sound Designer, Composer Sound Design

in audiovisuals...

With some knowledge on audio

numeric

Arts, Graphics, Animation, Artist, animators, Computer Graphics

Cinema, photography...
with some knowledge on computer

graphics

Ergonomic, Psychology, Cognition | Interface Design, Game Evaluation and | Ergonomic and Man Machine
Testing, Interface

All previous backgrounds and a Project Manager, Editor Game Design and Process

good knowledge on economy, management

accounting and marketing

This formation relies on courses, conferences,
projects that allow students to:

e Discover the world of the video games:
history, vocabulary, economy, methods
and production processes

e Know the bases of the profession of the
other intervening parties in the conception
of a game to be able to work together: for
example to teach the bases of the
programming or the synthesis of picture to
a sound engineer

e Learn, by domain of specialty, the
methods and the technologies used today
and those of tomorrow in the realization of
the video games

e Achieve and to document in team of
production (5 to 8 students of all
specialties) a game pre production. The
documentation includes the game design,
the graphic and sound design, the
interface, the software architecture, the
validation plan, the planning, and the costs
of production evaluation. A prototype of
the game is realized industrial design tools
for games (Renderware/Virtools, 3DS
Max, Direct Music Producer, Protools,
Direct X...).

e To practice his future profession in the
setting of an enterprise of the domain
(Practicum of 4 to 6 months)

Course are given both by academics and
professionals (60% of interventions).

At the end of the year the students gets a national
level degree.

The DESS will be included in the European School
of Games and Interactive Media announced by the
French Prime Minister in May 2003. This school
will open in June 2004. The program of the DESS
will be spread over two year, allowing the students
to spend eight months on their projects which will
become a real game pre production. The school will
include fundamental research training for students
who want to make a thesis. This evolution is needed
to have the same level and means than the one
available in high level film schools. In particular
the school will be able to invite international games
professionals and researchers as lecturers.

CONCLUSION

Computer games seem to be the more advanced
field of interactive media. In the opposite of Web
sites, a game is a well define work for a given
public. This allows the game community to define
rather precise methods of design and production, to
create a cultural background and a memory of its
main pieces. Even if game culture is still far from
older media, the ability to create game played all
over the world is the proof of a young maturity. The
future of games, through MMOG and proactive
games, is a paradigm for the development on the
On Line Interactive Media.

Will some game be considered as art pieces and
will a game art appear? There are numerous
opposite answers to this question. They are already
several artists who have design works based on
game technology (Genvo, 2003), but these works
are generally “art about games” than game art, in
the same meaning than many pieces of Nam June




Paik are more art works which subjects are the
television and video media. One may argue that
broadcast media (telephone, TV, radio) produced a
few art pieces...If we consider On Line Games are
the future of broadcast media, the chance to see the
birth of a game art seems to be small. But if we
think about game as an evolution of cinema, the
ability to create art games and to revive the contents
of games depends on the emergence of authors
games. Authors movies are a small market, but it is
the main genre in which the cinema renew its
inspiration. The birth of author games relies on the
birth of alternate production systems, government
helps and the appearance of a new generation of
game designers with provocative ideas.
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ABSTRACT

A novel 3-D sound synthesis system is developed for real-
time synthesis of moving sound. This system is equipped
with GUI-based control input for handling sound image
movement in realtime. With the use of a high perfor-
mance floating point DSP, our system can process mul-
tiple sound sources simultaneously. While this DSP per-
forms dedicatedly main process of sound synthesis, PC
software covers user interface and control of the DSP.
Since sound processing and control are separated, our
system is valuable as a reference platform for various
implementation of 3-D sound synthesis systems includ-
ing video game platforms and mobile equipments. Our
system itself is also useful for sound content production
and various experiments on spatial audio.

INTRODUCTION

3-D sound effects are widely used in the fields of com-
puter game, entertainment, broadcasting, and mobile
computing.  Especially, virtual 3-D sound with 2-
channel stereo is becoming popular. In the synthe-
sis of such 3-D sound, head related transfer functions
(HRTFs) are often utilized (Brown and Duda 1998; Min-
naar, Olesen, Christensen and Moller 2001).

An HRTF is a transfer function of sound from a
specific position to left or right external ear. Repro-
ducing the characteristics of HRTFs by means of digi-
tal signal processing creates 3-D sound effect. In order
to realize this reproduction in realtime, a 3-D sound
synthesis algorithm has been proposed, which reduces
the computational cost based on the analysis of hu-
man spatial hearing (Kobayashi, Sakamoto, Onoye and
Shirakawa 2001). A realtime implementation of this al-
gorithm with single fixed point DSP is also reported
for embedded application (Sakamoto, Kobayashi, Onoye
and Shirakawa 2001).

Based on this algorithm, we have developed a new
realtime 3-D sound synthesis system, which consists
of an Intel architecture PC and Texas Instruments’
high performance floating point DSP (Tsujino, Shigiya,
Kobayashi, Izumi, Onoye and Nakamura 2003). Since
the DSP is dedicatedly used for filter operation, low-
latency realtime processing of multiple sound sources is
facilitated. Authoring software on PC in our system has
a graphical user interface so that a user can give realtime
control on the sound movement through a joystick.

3-D SOUND SYNTHESIS

Head Related Transfer Function (HRTF)

Characteristics of an HRTF are closely related to diffrac-
tion and reflection by pinna, head, and shoulder, which
include important information about human spatial
hearing. The difference of HRTF's between left and right
ears also includes important information. Since convo-
lution with HRTF's gives this information to sound, we
can produce stereo sound with 3-D sound effect using a
pair of HRTFs each corresponding to a left/right ear.

However, HRTFs indicate complicated frequency
characteristics, therefore accurate reproduction of the
characteristics of an HRTF requires high computational
cost and considerable memory space. To cope with this
difficulty, we use a low cost algorithm, details of which
are described in the following section.

3-D Sound Synthesis Algorithm

Degree of diffraction by human pinna, head, and shoul-
der largely depends on wavelength of the sound, as its
HRTF shows different characteristics among frequency
bands. For example, the graph of HRTF is relatively
flat in low frequency band since the diffraction in this
band is weak. In contrast, the diffraction at pinna cre-
ates a number of peaks and dips of the graph in high
frequency band.

Based on these analysis, signal processing filter or-
ganization for 3-D sound synthesis is designated as il-
lustrated in Fig. 1 (Kobayashi et al. 2001).

First, input sound is divided into three frequency
bands. Then each subband is processed with dedicated
filter structure according to the degree of diffraction
and reflection in the band. Finally, three subbands are
mixed with appropriate gain and delay adjustment so as
to produce the sound with 3-D effect.
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Figure 1: Block Diagram of Filter



Moving Sound Synthesis

In our 3-D sound synthesis algorithm, filter parame-
ters must be prepared for each localized point. Due to
the limitation of memory capacity, actual systems can
hold the parameters only for representative points in 3-
D space. Hence, for smooth moving sound synthesis,
the filter parameters for adjoining representative points
have to be interpolated in realtime.

We placed such representative points based on the
spherical coordinate system whose origin is the center
of the head, as illustrated in Fig. 2. Several values of
distance r are chosen, and then the representative points
are placed at regular intervals of azimuth 6 and elevation
¢ for each r.

° .
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o
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Figure 2: Spherical Coordinate System

At run time, we interpolate filter parameters be-
tween different values of # and ¢, and interpolate only
gain and delay of each subband for r. Continuous
change of interpolation ratios realizes smooth movement
of sound. Since frequency characteristics of HRTF's
mainly depend on the directions of sound sources, this
method gives relatively good approximation.

SYSTEM IMPLEMENTATION

System Structure

Fig. 3 ilustrates the overall structure of our 3-D sound
synthesis system. Our system consists of an authoring
part and a processing part, which cover user interface
and sound processing, respectively.
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Figure 3: Block Diagram of System

For implementing this system de facto components
are used, i.e. Intel architecture PC with Microsoft Win-
dows operating system and Texas Instruments’ DSP,

TMS320C6713. The use of this high performance
DSP gives our system high processing power and high
programmability at the same time, which cannot be
achieved using conventional sound devices.

Authoring Software

We implemented the authoring part as an application
on Microsoft Windows. This authoring software com-
municates with the DSP and controls sound movement
according to realtime instruction given by a user. As il-
lustrated in Fig. 4, the authoring software has a graph-
ical user interface and joystick input with two analog
sticks. One of the sticks controls sound movement in
the horizontal plane, while the other corresponds to the
movement in vertical height. A user can control 3-D
sound movement using both of them at the same time.
The authoring software also has a graphical user inter-
face using 3-D CG, which supports monitoring of sound
position.
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Figure 4: Authoring Software

Record, edit, and playback of sound movement infor-
mation are also possible in the authoring software. The
movement information is recorded as a sequence of fine
movement in a 3-D coodinate system. Since this format
is independent of the implementation of the processing
part, it is easy to exploit this movement information
in different processing systems by using files or through
networks.

DSP Board and Program

For our system, we newly designed a DSP board with a
PCI interface as illustrated in Fig. 5. The designed DSP
board receives up to four digital audio streams through
four Cirrus Logic’s digital audio receiver chips, CS8415.
Then the received streams are processed by the Texas
Instruments’ DSP, TMS320C6713, which performs sin-
gle and double precision floating point operations. Af-
ter finishing 3-D processing, the DSP outputs streams
through four digital audio transmission channels.

The DSP processes four audio streams one by one
according to the movement information sent from the
authoring software. The movement information is sent
from the authoring software every 33.3ms for each audio
stream. In the DSP, filter parameters are recalculated
and updated for every 32 samples (0.73ms at 44.1kHz)



of input in order to realize smooth moving sound syn-
thesis.
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EVALUATION

Computational Load

In this section, we evaluate the computational load
of the DSP. Our 3-D sound synthesis algorithm re-
quires 312 multiplications to process one sample of in-
put sound. On the other hand, the DSP we adopted
achieves 300MFLOPS in the case of single precision
floating point multiplication. When sampling frequency
is 44.1kHz, the DSP can ideally deal with more than
10 streams. Thus, the DSP board can easily process
all of the four input streams since the overhead of
data transfer and other miscellaneous functions is about
10% in this case (Reference Frameworks for eXpress-
DSP Software: RF3, A Flexible, Multi-Channel, Multi-
Algorithm, Static System 2003).

Latency

When our system is used for sound content production,
sufficiently low latency is demanded between input and
output of the DSP board. The buffer size of input and
output sound stream is 32 samples and the latency of
filter operation is less than 150 samples. Hence, the la-
tency between sound input and sound output is about
0.5ms at a sampling frequency of 44.1kHz. This is much
lower than PC-software based systems, and is hardly
perceived through human auditory sense.

Along with sound latency, response of control input
from the joystick is also important in sound content pro-
duction. When one command of movement information
is queued in the DSP, the latency becomes about 33.3ms
at the worst case. However, this is still comparable to
the perceptual threshold and is sufficiently small.

Comparison with Conventional Systems

Some of recent commercial sound cards have the func-
tionality of 3-D sound synthesis. However, they are usu-
ally implemented in hardware, in which cases their ef-
fect cannot be modified by a user. In contrast, since our
system is DSP-based, we can implement our 3-D sound
synthesis algorithm as a DSP program. With the use of
our own algorithm, our system realizes high quality 3-
D effect at lower computational cost than conventional
methods. This facilitates realtime processing of multi-
ple sound streams with single DSP. In addition, update
of processing algorithm is easy on our system with high
programmability of a general-purpose DSP, which is to-
tally impossible in commercial systems.

CONCLUSION

In this paper, the design of a realtime 3-D sound synthe-
sis system with an Intel architecture PC and a floating
point DSP is presented. Our system enables realtime
control on sound movement through a graphical user
interface and joystick input, and can also process mul-
tiple sound streams in realtime. Our system is useful
for sound content production for computer game and
entertainment.

Moreover, various implemetation of 3-D sound syn-
thesis system is possible based on our concept. By port-
ing our system to an embedded DSP or an ASIC, mov-
ing sound synthesis can be performed in portable audio
players, portable game machines, or mobile phones in
realtime. This dramatically expands the application of
3-D sound and achives rich multimedia environment in
various consumer electronic devices in the future.
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ABSTRACT

This paper reviews current research and practices in the
fields of usability, eye-tracking and Computer/Video Game
(CVG) evaluation, and examines whether eye-movement
metrics can be used to effectively evaluate CVGs.
Productivity software has to be usable, i.e. efficient,
effective and satisfying, when enabling a user to achieve a
particular goal or outcome. However, games are bought to
be fun and provide a challenge. This study examines how
traditional usability criteria can be applied when evaluating
CVGs and discusses whether eye-movement metrics can
provide practical information regarding the game-interface,
game-mechanics and game-play.

INTRODUCTION

By their very nature, Computer/Video Games (CVGs)
require a high degree of Human-Computer Interaction
(HCI). Carroll (2002) defines HCI as the study and practice
of usability and 1SO 9241 — Ergonomic requirements for
office work and visual display terminals - defines usability
in terms of the effectiveness, efficiency and satisfaction with
which specified users can achieve specified goals in
particular environments. However, unlike productivity
software, CVGs are bought voluntarily by consumers for
the sole purpose of having fun. Federoff (2002) asserts that,
in the case of video games usability, effectiveness and
efficiency are secondary considerations in relation to
satisfaction, but argues that the implementation of formal
usability techniques during the game design process could
better guarantee the satisfaction of game players. However,
Blythe and Wright (2003) contend that, in practice, the
satisfaction element of usability testing often amounts to
investigating whether the product frustrates or not. They
argue that, when examining interactive software products
generally, traditional usability approaches are too limited
and must be extended to encompass enjoyment. This view
has been echoed by authors within the game industry who
question the applicability of usability evaluation techniques
for assessing the user—experience in CVGs.

Eye-tracking is an evolving discipline within the field of
HCI and a number of studies have examined its potential
for measuring the usability of human-computer interfaces.
Goldberg and Kovtal (1999) evaluate a collection of
metrics, based on eye movement locations and scanpaths, to
assess their validity for measuring the quality of user
interfaces. Goldberg (2000) identifies common evaluation
criteria and suggests how eye-tracking data can be related
to each of these criteria.

This study builds on an earlier study (Allen ef al, 2001) and
reviews current work that investigates the concept of fun
and issues of usability in CVGs and the use of eye-
movement metrics for usability evaluation of interface
designs. The paper concludes with a discussion which
proposes how eye-tracking could be applied in the
evaluation of CVGs.

USABILITY AND COMPUTER/VIDEO GAMES

The ultimate test of a product’s usability is based on
measurements of users’ experience with that product.
Consequently, when adopting a user-centred design
approach the evaluation of a user’s experience when using
an interactive product is required as part of the software-
development-cycle. Although the users direct experience of
a product is with the user interface, the interactive process
involves more than just the surface features and, therefore,
the whole functional architecture of a system and the
cognitive resources of the user should be observed to arrive
at meaningful metrics (Dix ef al, 1997).

If a CVG frustrates or confuses the target players then it
will detract from the game-experience, e.g. problems should
be part of the game-play and not in the game-mechanics or
the interface (Clanton, 1998). Consequently, CVGs have
generally been at the leading edge of usability, so much so,
that ideas that have succeeded in CVGs have been
incorporated into productivity software packages (Seebach,
2002). However, as discussed above, the game-experience
has to be enjoyed and therefore issues of evaluation
surrounding CVGs are more complex than those associated
with the usability testing of their productivity counterparts.
CVGs endeavour to create an immersive and challenging
environment where interaction is fun. Unlike productivity
packages, CVGs do not have to be efficient and effective in
enabling the user (gamer) to a achieve a particular goal (a
goal often personal to the gamer). Conversely, a well
judged level of difficulty is introduced to provide the
challenge. Slater (2002) identifies fun as a key element of
the immersive experience along with the story, sound,
graphics, artificial intelligence, the interface and level
design. However, the survey by Federoff (2002) “What is
fun?”, implies that immersion relates to the interactive
medium (i.e. the user interface) whereas fun relates directly
to game-play. A similar division can be found in Kim et al
(1999) where the fun-game is broken down into different
factors of design and represented using a hierarchical
structure. At the highest levels of the hierarchy, the fun-
game is subdivided into perceptive fun (game-interface)
and cognitive fun (game-mechanics/game-play). At the
lowest level of the hierarchy the specific features of
perceptive and cognitive fun are presented:

e  Perceptive fun - sound, animation, range of view,
character appearance, setting up a time metaphor,
setting up orientation and 3D representation.

o Cognitive fun — progression of turns, hints, upgrade
characters ability, degree of freedom, diplomacy,
determining initial state, relationship between gamers,
selection of goal and relationship between opponents.

Garneau (2001) asks “What kind of things are fun?” and

“What type of activities are fun?” and identifies fourteen

forms of fun:- beauty, immersion, intellectual problem

solving, competition, social interaction, comedy, thrill of
danger, physical activity, love, creation, power, discovery,
advancement and completion, and the application of ability.



The author assesses how these forms of fun can be
combined effectively to make CVGs more interesting and
concludes by proposing that a game would be a “confusing
mix” if it tried to combine all the forms of fun and
speculated that a more interesting game would concentrate
on a few of the forms. It is proposed here that the forms of
fun targeted in a particular CVG will be influenced by the
target group (age, gender), game genre (strategy, action or
adventure) and the type of engagement (platform and time
commitment). However, issues such as immersion,
intellectual problem solving, competition, advancement and
completion, and the application of ability, appear to be
applicable to CVGs generally. Of these general factors only
immersion relates to perceptive fun (the game interface)
whereas the others relate to cognitive fun (game-mechanics
and game-play).
ISO 9241 was not compiled to address the issues relating
directly to CVGs and, as a result, the definition of usability
provided in the standard is incomplete for evaluating fun in
CVGs. Consequently, when discussing user-testing groups,
Fulton (2002), proposes the adoption of separate tests for
usability (to discover problems that the development team
are not aware of, to understand the thoughts and beliefs of
the participants and to assess how the users interact with the
game) and playtesting (to gauge participants’ attitudes,
preferences and discern kinds of behaviour). As Fulton and
Steury (2002) advocate, usability methods are useful but
insufficient for evaluating CVGs and propose that:
e a fresh perspective is required on how to think about
user-experiences,
e standard HCI methods should be adapted for assessing
entertainment software, and
e new methods to address the design goals of
entertainment should be devised.
This view is echoed in Federoff (2002) which examines
how usability heuristics can be applied when evaluating

CVGs. 30 heuristics of game design are identified from
previous work and categorised, i.e. 10 concern the game-
interface, 1 relates exclusively to the game-mechanics, 1
concerns game-mechanics and game-play and 18 relate
exclusively to game-play. After an evaluation of the ten
usability heuristics put forward by Neilson, 8§ are a
considered to related to the game design heuristics — see
Table 1. As the study points out, the usability heuristics
were not developed with CVGs in mind and, consequently,
only 14 of the 30 design heuristics can be classified in this
way. Although 19 of the 30 design heuristics related to
game-play only 3 of the 14 game-play related heuristics
could be associated with the usability heuristics. Needless
to say, in its conclusions, the study highlights that, if game
usability is to be assessed, then it must also address game-
mechanics and game-play. However, the study does
emphasise the usefulness of the usability evaluations for
assessing the game-interface - the usability heuristics could
be associated with all of the game design principles related
to the game-interface. Goldberg (2000) identifies eight
universal evaluation criteria for interface usability:
1. Consistency - Similar tasks should be performed in
similar ways.
2. Compatibility - Interface operation must match user
expectations.
3. Locus of Control - Users must feel they are in control.
4. Feedback - Every interface must provide feedback for
the user.
5. Minimum Resources - User resource demands must be
controlled.
6. Error Handling - Errors must be minimised and easily
handled.
7. Visual Clarity - Visual characters must be easily and
rapidly identified.
8. Flexibility - Interaction must accommodate a broad
range of users.

Usability Heuristics

Number of related Game heuristics

Visibility of System Status | A player should always be able to identify their score/status in the game (Game-Interface).
Use of sound to provide meaningful feedback (Game-Interface).
Feedback should be given immediately to display user control (Game-Mechanics).

Match between the system
and the real world

The interface should be as non-intrusive as possible (Game-Interface).
Get player involved quickly and easily (Game-Mechanics and Play).

User Control and Freedom

Controls should be customisable and default to industry standards (Game-Interface).
Feedback should be given immediately to display user control (Game-Mechanics).

Interface).

Consistency and Standards | Follow the trends set by the game community to shorten learning curve (Game-Interface).
Interfaces should be consistent in control, colour, typography and dialog design (Game-

Error Prevention None

Recognition rather than

Do not expect a user to read a manual (Game-Interface).
recall Get player involved quickly and easily (Game-Mechanics and Play).

Flexibility and efficiency
of use

There should be variable difficulty level (Game-Play).

Aesthetic and minimalist

Interface).

The interface should be as non-intrusive as possible (Game-Interface).
design For PC games, consider hiding the main computer interface during game play (Game-

Minimise the menu layers of the interface (Game-Interface).
Minimise control options (Game-Interface).

Help users recognize, None
diagnose and recover from
errors

Help and Documentation

Provide a testing and absorbing tutorial (Game-Play).

Table 1: How Usability Heuristics relate to Game Design Heuristics (Federoff, 2002)



Predictably, relationships can be drawn between these
usability evaluation criteria and wusability heuristics
proposed by Neilson (Table 1), i.e.:

o Consistency — Consistency and Standards.

o Cognitive Resources — Recognition and recall.

o Visual Clarity — Visibility of System status and
Aesthetic and minimalist design.

o Flexibility — Flexibility and efficiency of use.

As a result, they can be correlated with the design heuristics

compiled by Federoff (2002). Five of these universal

criteria are also applicable to the “Hook ‘em Fast and

Hard” and “Keep ‘em Hooked” game design principles put

forward by Clanton (1998), e.g.:

e minimum resources - (problem solving, overcoming
obstacles, avoiding confusion, antonym: frustration can
be fun),

e Jocus of control - (giving hints),

e visual clarity - (keeping problems within game-play
and not in the interface or the mechanics),

e feedback - (reward game-play with media)

e consistency - (antonym: game levels, fresh
environments with new and harder challenges).

This section highlights the importance of usability to games
but concedes that, at present, usability evaluation
techniques are insufficient to assess the whole game
experience — particularly game-play. However, the
usefulness of the current usability evaluation techniques for
assessing game-interface design was considered but it is
difficult to assess from this review whether current usability
techniques are able to measure immersion.

INTERFACE EVALUATION USING EYE TRACKNG

When viewing a scene (or computer display), the human
eye constantly enacts a series of fixations (periods when the
point-of-regard is relatively still) and saccades (periods
when the eye moves the point-of-regard from one spatial
position to another) to focus areas of interest onto the fovea
which is the only area of the retina that is capable of
resolving fine detail. In their review, Hendersen and
Hollingworth (1998) cite a number of studies that indicate
that scene viewing is non-random and fixations cluster on

informative scene regions, i.e. areas that are visually

informative (discontinuities in texture, colour or

luminance) and semantically informative (the meaning of a

region). The review also identifies other factors that may

influence eye movement patterns, e.g. image size, viewing
task, viewing time, and image content and type.

Consequently, research suggests that visual attention is

drawn towards areas of a scene that have visual or semantic

importance. Stark ef al (2001) and McPeek et al (1999)

observe that eye movements and attention shifts are very

closely linked. Therefore, although covert shifts of attention

can also be made by the viewer without instigating a

saccade (i.e. the spotlight of attention is focussed on a

peripheral part of the retina), a fixation does indicate that a

particular area has visual or semantic importance because a

shift in attention has directed the eye towards it. Narayanan

and Schrimpsher (2000) contend that traditional qualitative
and quantitative data gathered for interface evaluation do
not provide any indications of how the user attends to the
different visual elements contained within the interface(s).
The authors argue that combining the fine-grained view
provided by eye-movement data with the more traditional
approaches creates a richer and more complete source of
data on the interactive process. A number of studies have
examined how raw eye-movement data can be applied to
interface usability evaluation (Cowen et al, 2002; Goldberg,

2000; Goldberg and Kovtal, 1999; Goldberg et al, 2002;

Narayanan and Schrimpsher, 2000; Narayanan and Crowe,

2002). Based on an examination of this previous work, five

distinct stages in the procedure can be established:-

1. Data capture - to monitor and record the raw eye-
movement data captured by the eye-tracker, i.e. the
points-of regard of the eye.

2. Data processing (Data Reduction) - to reduce the vast
amount of raw data generated by the eye-tracker by
identifying and logging specific events, e.g. fixations
and smooth pursuits.

3. Data mapping - relating eye-movement data with
objects or areas-of-interest on the screen, i.e. the
elements of the user interface.

4. Data analysis - measuring aspects of the eye-

Metrics Description

Interpretation

Scanpath Length the scanpath (pixels or millimetres).

Sum of the saccadic amplitudes that make up

Long scanpaths indicate inefficient search behaviour.

Convex Hull area

Enclosed area of screen defined by scanpath.

Combined with scanpath length to identify if lengthy
search patterns cover localized areas or large areas.

Spatial Density The density of fixations.

Even density across screen as opposed to small dense
areas reflect inefficient search.

Transition Matrix .
Stho interest to another.

Transitions of attention from one area of

Frequent changes from one area to another indicates
extensive search and inefficient scanning.

Number of . A large number of saccades implies a greater amount
Number of saccades in scanpath. .
Saccades of search activity.
Saccadic . . Longer saccades could indicate more efficient
) Mean of saccadic amplitudes. .
Amplitudes scanning.

Scanpath Duration and saccades (seconds).

Duration of the scanpath including fixations

A measure of processing complexity.

Number of
Fixations

The number of fixations in a scanpath.

Many fixations when searching for a specific target
indicates difficulty in target identification.

Fixation Duration | Mean fixation duration.

Long fixations imply that user is spending longer
interpreting screen components

Fixation/Saccade
Ratio searching.

Ratio of time spent processing to time spent

High ratios indicate that there is a relatively high
degree of either search or processing.

Table 2: Metrics of Eye-movement Data (Goldberg and Kovtal, 1999)




movement behaviour using predetermined metrics.

5. Data interpretation - relating the eye-movement
metrics to usability criteria to generate practical
usability information.

In the previous section it was proposed that usability
evaluation techniques were useful for assessing the game-
interface. The studies listed above used a number of
approaches to examine eye-movement behaviour during the
HCI process, however, none used a game scenario.
Narayanan and Schrimpsher (2000) developed a software
routine for processing and evaluating eye-movements
gathered from participants interacting with an educational
software package - Narayanan and Crowe (2002) built on
this work to incorporate haptic movements into the
evaluation. Goldberg and Kotval (1999) evaluate a
collection of eye-movement metrics based on eye-
movement locations and scanpaths. The measures included
in this research are measures of visual search and
processing (Table 2) collected from twelve participants
when examining two simple interfaces that exhibit good
and poor examples of component grouping. Goldberg
(2000) speculates how eye-movement metrics can be
associated with established usability criteria. In this work,
eye metrics are categorised into three classes:- scanpaths,
cumulative time in areas of interest and transitions among
areas of interest. The assessment highlights the following
as usability criteria that have potentially strong
relationships with eye-tracking data:

o Consistency — consistent interfaces should result in
similar cumulative area of interest times.

o Cognitive Resources - Longer fixation durations will
indicate more complex decisions and more focussed
attention.

e Visual Clarity — High visual clarity should result in
directed scanpaths, sparse area of interest matrices and
little unnecessary coverage of a display.

o Flexibility — Given that poor visual clarity has been ruled
out, a flexible interface should result in a large variance
of scanpaths and display coverage between users.

Two studies, Goldberg et al (2002) and Cowen et al (2002)

utilised a selection of eye-movement metrics to evaluate

more complex interface designs with eye-movement data
captured from users as they performed a set of specific
tasks. Goldberg et al (2002) employed eye-movement
metrics to evaluate a prototype web portal application at
three levels:- task (data gathered during each of six tasks),
screen (data gathered from the screen during each task) and
object (individual areas of interest within each interface).
The report asserts the utility of eye tracking as an additional
source of usability information but noted that evaluating
presentations with multiple screens presents great
challenges. Cowen et al (2002) applied four eye movement
metrics to evaluate four different commercial sites when
performing two different tasks. Each task was performed on
a single screen.

Eye-tracking is now starting to establish itself as a
technique for evaluating the usability of user interfaces but
a number of challenges still lie ahead. Eye-movement
metrics have been proposed and work has begun to interpret
these measures as pointers to usability. Studies are looking
beyond the evaluation of single experimental screen designs

to commercial sites with multiple screens and the influence
of the participant task is also being explored.

DISCUSSION

Although this study is not an exhaustive review, it has
sought to identify the attraction of CVGs, the importance of
usability within games, the applicability of usability
evaluations and, consequently, the applicability of eye-
tracking research. It becomes apparent very quickly that the
definition of usability, in terms of efficiency, effectiveness
and satisfaction, provided in ISO 9241 falls far short for
assessing the entire game experience. However, if the goal
of a CVG is to provide enjoyment then it must be efficient
and effective in fulfilling this mandate. Consequently, good
usability is an essential part of the CVG, e.g. gamers do not
want to spend hours reading instruction manuals or
wrestling with complex interfaces. However, to assess the
whole game experience, i.e. immersion and fun, new
metrics have to be developed.

The study by Federoff (2002) related usability heuristics to
game design heuristics. Goldberg (2000) speculated how
different features of eye-movement behaviour could be
related to universal wusability evaluation criteria.
Consequently, by establishing associations between the
universal evaluation criteria identified by Goldberg (2000)
and the usability heuristics proposed by Neilson, a
speculative link can be made between eye-movements and
game design heuristics compiled by Federoff (2002). For
example, could the spatial density of fixations (see Table
2), as a measure of consistency (Goldberg, 2000), be used
to evaluate if a CVG interface follows the trends set by the
game community to shorten the learning curve or is
consistent in control, colour, typography and dialog design
(see Table 1)? Evaluations of this kind would require
further research to confirm the speculation put forward by
Goldberg (2000) regarding the links between eye-
movement behaviour and established evaluation criteria, to
establish that these criteria were applicable to games (i.e.
with the presence of dynamic as opposed to static screen)
objects and the development of routines to map eye-
positions to dynamic on-screen objects. Establishing the
link between eye-movement metrics and traditional
usability evaluation criteria is clearly a worthwhile line of
research but the value of relating them to CVGs maybe
questionable. For evaluating CVGs, it appears that it would
be more productive to link eye-movement metrics to
bespoke criteria developed specifically for CVG
assessment. The metrics and interpreted behaviour
proposed in Table 2 may already provide useful information
to a game design team. For example, does the player exhibit
frequent eye-movements from one area of the screen to
another indicating extensive search and inefficient
scanning. This would be undesirable in productivity
software but may be highly desirable in certain CVG
scenarios. If eye-movements are reacting in a predictable
manner (i.e. high level of search activity), as opposed to
staring at a single point or even away from the screen for
long periods, could this be used to measure levels of
immersion?

Previous research indicates that the eye is drawn towards
regions that are visually or semantically informative and
factors such as image size, viewing task, viewing time, and
image content and type, may influence eye movement



patterns (Hendersen and Hollingworth, 1998). These factors
all appear to have implications for the evaluation of CVGs.
The ability of a game player to predict areas of semantic
importance on a screen during interaction could have
implications for interface design and game-play, e.g. if a
hostile non-player character always appears in the same
place at the same time the player may concentrate on that
part of the screen in anticipation. Will larger screen sizes or
wrap-around screens have an affect on the players ability to
read the game environment? The viewing task and the
viewing time in CVGs will not only differ from
productivity software but also from game to game
depending on genre. Research to establish how viewing
patterns change under stress (due to the nature of task
and/or time constraints) could provide useful data on how
interfaces should be designed to accommodate this change
in behaviour, e.g. what information regarding status is
flashed onto the screen and when.

Eye-tracking is not proposed here as a panacea for solving
the issues surrounding the evaluation of the game
experience. However, it could potentially provide detailed
data for the evaluation of game interfaces. Fulton and
Steury (2002) call for new methods to address design goals
of entertainment. Whether eye-tracking can aid with
assessing game-play — Clanton (1998) states that game
designers and publishers believe that game-play is the
deciding ingredient of a good game - is unclear. However,
Karn et al (2000) reports on outcomes of a Workshop at the
ACM SIGCHI (Special Interest Group for Computer
Human Interaction) Conference on Human Factors in
Computing Systems that discussed how to extract
information about product usability from eye-movement
data. In the discussion related to the desired attributes and
specifications for future eye-trackers, some of the issues
were particularly applicable to this area, e.g. the
correspondence between the position of the eye and the
deployment of attention and fusion of eye, mouse, facial
expressions and voice input.

CONCLUSIONS

The CVG industry appears to offer an exciting field of
research for those involved with eye-movement technology.
Whether the reverse is true is still not clear. There is
evidence that eye-tracking may provide detailed data for
evaluating the interface in the future. However, a means of
mapping eye-fixations to dynamic on-screen objects needs
to be developed and the applicability of existing studies into
usability evaluations conducted with eye-movements to
CVGs needs to be examined. With the fine grain of detail
that eye-tracking can potentially provide regarding the
interactive process, it maybe that eye-tracking could
provide an answer to the issue of evaluating factors such as
fun, immersion and enjoyment. However, this may require
a greater understanding of how eye-movement and visual
attention are related.
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ABSTRACT

In this article, we are interested in providing a framework
to develop games for visually impaired or blind children.
In this context, we propose a tool set to ease the creation of
such games based on an actor metaphor. As the possible out-
puts are multimodals (mostly not graphical) we provide an
abstract library. The architecture is composed of an engine
and a 1/O layer. These concepts have led to the achievement
of several games. This work is part of the european project
TiM (Tactile Interactive Multimedia).

GOALS

Computers are tools successfully used even by young peo-
ple with blindness or a severe degree of visual impairment.
Games are a powerful way to learn for children (Svensson
and al., 2002). Furthermore, a growing number of homes
are computer-equipped. Despite this fact, very few games
designed for visually impaired and blind children do exist.
In addition, already existing games are dedicated to specific
peripherals and most of them are quite expensive. Then
users have to buy both the game and the device.

The aim of TiM project is to provide multimodal games
(Archambault and Burger, 2000) which are adapted to
the available hardware. TiM also furnishes a generic
development library and a methodology suitable for game
creators (whatever be their computer skills).

In this article we propose a framework that fulfill these goals
and requirements. The architecture is made of an 1/O layer
whose role is to render games to the player, an engine aiming
at running the games and a language that allows to specify
games to the engine. Games are designed in a abstract way
using the TiM Language (TL) (Archambault et al., 2002),
and run by the engine using actors (Terna, 1998). Then

the 1/O layer renders the running game in a way suiting the
needs, disabilities and computer environment of the player.

ARCHITECTURE

We use the language described in (Bertelle et al., 2002). As
shown in the figure 1, Game links several scenes, several
actors or classes.

Actor Actor Actor Game
Representation
Communication | NS Facilitator
E n g | ne Game Domain
Mapping
I/O Layer
Mobility
Braille . Tactile
Terminal Joystick Board

Figure 1: Architecture

There are two main types of objects in the engine: actors
and passive objects. The actors have a behavior (Mataric,
1992) and a life cycle (Perception-Reaction), meaning it is
perceiving its local environment and then reacting according
to its goals. The passive objects only respond to external
stimuli in a fixed way. As an example, actors can be non
player characters, players or an active environment. Passive
objects can be a door, a wall...



Every object has a model and a representation. The model
contains the characteristics of the objects in the engine (for
example: coordinates, size...). The behavior defines the
way it is reacting to stimuli. For active objects, the stimuli
comes from the environment or from its perception. For
passive objects, stimuli are only external.

The environment is a special actor containing all other
objects as well as the global model representing the layout
of a scene. It also has to define the rules of the game by
restraining objects acts (for example, actor movement in
a scene). A scene contains an environment as well as a
transition rules to other scenes. The set of scenes describe
the scenario.

Every interaction between objects is based on communi-
cations and they can be synchronized or not. Observers
convert the model of every object into a representable form
for the 1/0 layer.

The architecture allows two types of communications: a
synchronous and an asynchronous one. The asynchronous
one lays on a letterbox defined in the naming service. The
synchronous one relies on a direct communication between
objects.

GAMES

The main objectives of the TiM project are both to design
new games and to adapt existing games. The second part
is more difficult since it forces us to convert visually based
games into games suited for blind children.

Tim Journey

Many games have already been designed for distinct age
categories. TiM Journey concerns 7 years old children. In
this game, the player is lost in a mysterious island (figure
2) and have to find and collect sounds spread out in the
landscape and gather them in a secret place. The island is
divided in many parts, each one having a specific audio
environment.

During its quest the player encounters several objects and
actors. For example the player finds one of a Rune stones
which tells him a part of the history of the seven sounds
and gives a clue to solve the final puzzle. We create an
audio layout using spatially localized sounds that allows the
player to know where he is. The footsteps sounds allow the
player to recognize the surface he is crossing (sand, forest,
etc.).

As an additional help, the player must find a sonar that
will allow him to highlight the very important sounds. An
external narrator gives hints to the player when this one
doesn’t know what to do.

In the Tim Journey game, the player controls an avatar
(representation of the player in the game) implemented as

an actor (representation of the player in the engine). Runes
Stones, doors ... are passive objects playing sounds when
they are in your area of perception. They have no behavior,
they just react to the player’s needs.

Figure 2: Map of the Tim Journey island

The model is a 2D grid. A cell can contain a passive object
or/and an avatar. A scene maps to an area of the island
(and thus to an specific environment). A scene can also
correspond to a main menu, an option menu or a cinematic
scene (opening, transition, ending).

A menu contains many items with text. The blind children
can use a braille terminal  (figure 3) in order to know what
is written on the menu items. The words are displayed on
the braille keys.

Figure 3: Map of a braille terminal

1Tool build by Philippe Balin in 1978



Reader Rabbit

The Reader Rabbit game is an adaptation of a french multi-
media game (*“Lapin Malin” 2) for children from 2 to 4 years
old. The child discovers four educational games helped by
animals and by music. This game is designed for using an-
other specific and common peripheral: the tactile board (fig-
ure 4).

Figure 4: Map of the tactile sheet

One of the four educational games is the Bingo Basket Ba-
bies (figure 5). The child must associate a baby animal with
its parent. In the original version, the child uses the mouse
to select one of the parents on the screen. In the adapted
version, the child uses the tabulation key at the bottom-left
of the tactile board.

For the tactile board, he can also use a specific touch (one
of the four up keys of the tactile board) to hear the sound
corresponding to the selected item. Here the texture tries to
translate the mental representation of the animal. Then, he
validates using the enter key at the bottom-right of the tactile
board.

b = |t

' 53 P 4

Figure 5: Screenshot of the Bingo Basket Babies game

Other games
Some other games have been designed for the TiM project:

e Hide and Seek is a version of TiM Journey for 3/4 year
old players.

2|apin Malin: Maternelle 1 - (TM) TLC Edusoft

e MudSplat is game where you have to kill evil aliens
(much like space invader).

e X-Tune is a game in order to create its own sounds.

e Magic Dictation contains many activities like find a let-
ter, spell a word, etc...

CONCLUSION

Many games have been developed using the framework de-
scribed above. It has been showed that already developed
games suit well to the visually impaired children needs.
Moreover, the architecture happens to be very efficient for
designing games. We provided games that use common pe-
ripherals in addition of dedicated devices. However, there
is a blatant need to research a new way to adapt peripherals
for the blind children. We still need to provide an authoring
tool that would allow people without programming skills to
create games easily.
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ABSTRACT

The feeling of realism in computer games not only
depends on the game play, but also on the properties of its
background environment and the level of interaction withiit.
This aspect of games is too often developed
deterministically, and has very little to offer in terms of
increasing the feeling of realism in the game.

This paper reports on emergent modelling of physical
objects, such as civil engineering and other structures,
which can be used either as objects of the game or as means
of providing interactive and redistic environment in which
the game takes place.

If these models are developed in a conventiona way,
they would require the developer to have a degree in civil
engineering or mechanical, as well as to be a proficient
games programmer. This would be very resource intensive
and unattractive for games devel opment companies.

However, using emergent methods, background
models can be developed in a much easier way, with
behaviour that obeys (or defies) laws of physics, and can
provide redlistic and interactive environment in which the
computer game takes place.

INTRODUCTION

Computer games are often set in a highly scripted
deterministic environment that does not give the sense of
realism to the game. Deterministic scripting needs to take
into account all possibilities in which the environment can
be and the number of these possibilities can be very large.

For instance, if there are 20 different environment
objects with which the game can interact simultaneoudly,
and if these objects can take 10 discrete positions, this
creates 10° possible states in the model. To understand the
size of this state space, it is worth mentioning that the
number of seconds since the beginning of time is estimated
a 4.7¢10". It is therefore clear that our example has a
hyper-astronomic space of possibilities and this does not
give the games developer a chance to script even a small
proportion of the total number of them.

However, if instead of using deterministic scripting, the
game environment is programmed using engineering
methods, the resource intensity of this approach quickly

becomes comparable with the resource intensity of the
deterministic scripting.

Conventional modelling of structures is based on
describing the structure as a system of algebraic equations,
and solving it simultaneoudly by iteration. Although the
definition of the equations is based on Newton's laws of
motion, the solution method wusualy requires a
simplification of the system of equations in order to be able
to compute the solution. Furthermore, the solution process
istypically based on matrix manipulation and inversion.

In atypical case, each structura component is defined
with a giffness matrix that is obtained by a Finite Element
Method to calculate the solution (Fig. 1a). The complexity
of the matrix increases considerably with the number of
components (Fig. 1b, Figlc). It can be argued that the
matrix calculus is an artificial process that is somewhat
removed from the underlying physica system that it

describes.
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Figure 1: Illustration of the Conventional Modelling
Method in Engineering
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Since the number of operations required to compute the
solution in Fig. 1 increases with the square of the number of
components, the computational intensity if the solution
method is O (n?).

Although commercialy available systems for creating
physics simulations, such as MathEngine engine, are



finding their way into thefield of games development, these
systems are computationally intensive and tie up a lot of
CPU time (Bongard & Paul 2000). This computational
intensity isthe consequence of the conventional approach to
modelling, which makes physics smulation prohibitive in
games development. There are other application
programming interfaces for physics modelling that suffer
from similar problems of computational intensity, or from
inaccuracy of the simulation due to oversimplification of
the underlying conventional method.

In addition to modelling engineering structures, similar
difficulties apply to modelling interactive terrain, trees, and
other environmental objects. It is therefore not surprising
that the background environment of computer games is
often considered to be of secondary importance.

EMERGENT MODELLING

We refer again to our example from the previous
section, involving 20 objects which can interact
simultaneously, taking 10 discrete positions, and having the
size of the state space comparable to the number of seconds
since the Big Bang.

Traditional mathematics is often used to represent such
systems with equations. However, this approach has, in the
past few hundred years, only reproduced the simplest of
behaviours, covering only a negligible percentage of the
state space of these systems, and with a vast majority of
everyday systems left unexplained.

This is hardly surprising, considering that complex
systems are not reducible to mathematical equations, and
the only way to understand them is to build their equivalent
computer models. If the next state of a multi-component
system can be predicted with a simple mathematical
equation using its current state, such system is most
certainly not complex, but either uniform or repetitive.
According to Wolfram (2002), a complex system can only
be modelled with a system of equivalent complexity.

Models built on the principles of emergence will depict
the complexity of the system they represent by having the
same number of components, and the same methods for
interaction of these components. In this way, the system
behaviour that emerges will have the same hyper-
astronomic number of possible states as the real system,
and will be able to tell the user something about the system
behaviour that has not been explicitly programmed.

We have dready reported on the role of emergent
modelling in games development, as well as genera
principlesto stimulate a group of agents to exhibit emergent
behaviour  (Jankovic 2002; Jankovic 2000; Jankovic
2000a). In this paper we focus on emergent modelling of
dynamics of physical objects for games development,
inspired by our work on creating new solution methods for
professionals (Jankovic 2003).

EMERGENT MODELLING OF DYNAMICSOF
SOLID OBJECTS

Emergent behaviour occurs as result of interaction of
system components. These components are driven by

component-specific rules alone. Individual components are
not aware of the behaviour of the system as a whole. In
other words, the components know only about what their
neighbours are doing, but do not have a “big picture” of
what the entire system is doing.

In the case of modelling of interaction of a group of
agents, the component rules level may involve avoidance of
obstacles, and speed and distance matching, and consequent
adjustment of the component’s position (Reynolds 1987).
However, for simulation of dynamic behaviour of solid
objects the simple rules on the component level are based
on Newton's laws of motion. Position of each component is
therefore calculated as follows:

Pe=P+VX ?t 1)

where

p — position

t —current time

t+1 — future time one step after the current time

v =ax ?t- velocity

a=F/m - acceleration

?2t=t+1+

F — force acting on the component

m —mass of the component

In order to achieve emergent behaviour, components
must exchange inputs and outputs with other components
they are connected to.

In the case of simulation of the dynamic behaviour, the
force acting on the component is an input, and the
consequent change of the position is the component’s
output. Additionally, the component transfers the force that
acts upon it to other components, and receives positions of
other components. Therefore, forces and positions are both
inputs and outputs on a component level.

Equation (1) describes rules for linear movement of
objects. Similar principles apply to angular movement, if
position is substituted by angle, velocity by angular
velocity, acceleration by angular acceleration, and force by
momentum. Both linear and angular movement rules act on
individual components, and the interaction of these
components gives rise to emergent behaviour that depicts
the complexity of the corresponding physical system.

Considering that the above rules on the component level
are quite simple, the key to successful emergent modelling
is the connection topology, which the components use to
send inputs and outputs to other components and thus
through interaction build an emergent model. Basic
connection topologies for emergent mode s were described
by Jankovic (2002). A more elaborate anaysis of
component connectivity was reported by Watts (1999).

An example of an emergent model with parallél
independent processes is given in Fig. 2. The model
consists of a component class and environment class. The
component class runs an independent process (thread), and
has transition function rules for defining its state and the
interaction with other components in the system. The
environment class is used to instantiate a number of
working copies of the component class, which comprise the
system model. After the instantiation, individual processes



in the components are sufficient to drive a continuous
execution of the system model.

/' component cl ass nmodel s conponent functionality
public class nmyConponent inplenents Runnabl e

/1 define class variabl es
//dé{ine constructor
pubf{c nmyConponent ()

|/ some code here to transfer val ues of
//external variables into |ocal variables
//for this class

/linstantiate the |ocal thread
myThr ead=new Thr ead(t hi s)
running = true

//run nmethod gives each instance an active
/ /i ndependent process
public void run ()

{
whi le(!quit)
{
i f(running)

/linsert here conponent |eve
//processes to check for proximty
//of and interaction with the

/I nei ghbours through the

/1 Environnent class

//check for Java exceptions here

}
}//end of conponent class

//environment class instantiates a nunmber of
|/ component cl asses and provi des start up
|/ paraneters for them
public class Environnent extends JFrane inplenents
Runnabl e
{
/lcreate array of conponent instances
myConponent[] cell
/1 define environnment variables here
/1 define constructor for Environnment class

int noOCells = <sone nunber here>
publ i c Environnment()//constructor
{
/linstantiate nyConmponent class into
//an array using conponent constructor
cell = new myConponent[noCf Cel | s];
for (int i=0; i<noOkCells;i++)
cell[i] = new myConponent ()

for (int i=0; i<noOkCells;i++)
{
//start |ocal conponent process using
//start() which calls run() nethod
cell[i].myThread.start();
}

//main nmethod to invoke the program and
//the rest is up to the individual conponents
public static void main(String[] args)
{
Envi ronnent app=new Environnent ()
}
}

Figure 2: An emergent model examplein Java

An important comparison between conventional and
emergent systems is the difference in their computational
intensity. Since the emergent systems are typicaly
connected locally neighbour to neighbour, the exchange of
inputs and outputs between components will be linearly
proportional to the number of components. Therefore, the
computationa intensity of emergent systems will be O (n),
in comparison with the O (n®) computational intensity of
conventional systems, and has respective implications on
computational resources needed to run these systems.

Using inputs and outputs on the component level and
principles outlined in the example in Fig. 2, we have
produced a modelling system caled VR Objects, and have
applied it to development of other application specific and
discipline specific modelling systems. This is described in
the next section.

RESULTSAND APPLICATIONS

We describe here the results of using the emergent
modelling method and speculate on their possible
application in games development.

Structures

Figure 3 shows an interactive suspension bridge, before
and after application of load. The user can interact with the
bridge in the real time, and subject it to various
deformations. The dynamic behaviour of the bridge depicts

a) before application of load

\ A

b) after application of load
Figure 3: Interactive Suspension Bridge



the behaviour of a real bridge, except that this model can
easily be subjected to an artificial earthquake, or some other
disaster scenario.

i 7“*‘
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In the context of games development, this kind of object
can form a part of an interactive environment, or even one
of the elements of the game itself. Crossing a moving
bridge, or a bridge subjected to an earthquake, may be an
obstacle that the user needs to go through in order to reach
the next phase of the game.

Figure 4 shows an interactive dome, in various phases,
from an equilibrium state to states of smaller or larger
deformations interactively introduced by the user.

The dome will return to the equilibrium state if the
displacement applied by the user is not greater than a
certain threshold. Otherwise, the dome will stay deformed
permanently.

In the context of games development, this can form a
part of an interactive environment which must not be
deformed beyond a certain threshold or otherwise the user
will lose points. The bottom image in the sequence in Fig. 4
shows an object which can also be used as an interactive
fishing net.

Jelly-like Materials

Another application of emergent modelling that we
developed is a jelly-like material. The block of materia in
Fig. 5isnot only interactive, but also dueto low stiffnessiit
fluctuates for a period of time after the user has stopped
interacting with it. In the context of games development,
this can be applied as part of some unusua environment, or

Figure 4: Dynamic Behaviour of an Interactive Dome

Figure 5: A Jelly-like Material Before and After User
Interaction



as means of providing obstacles made of wobbly objects
that can increase the level of difficulty of the game.

Surfacesand Cloths
Surfaces and cloths are ancther type of application that

was developed with this method. Surfaces can be elastic, or
plastically deformable if their elasticity is set to zero. In the

Figure 6: Emergent Model of a Cloth Falling on a Solid
Object

former case, they can be used in games development to
represent the surface of water, or a “magic carpet” which
floats in the air. In the latter case, the surface can be
programmed to behave like a cloth, and to detect collision
with solid objects. Figure 6 shows a surface faling on a
solid object, and adjusting its shape accordingly. Thistype
of model can give more realism to a game, both as an object
of the game, or as part of the background environment.

CONCLUSIONS

The paper reported on emergent modelling to achieve
physics smulation for games development. It referred to
the lack of realism in the background environment of games
and explained the difficulty of creating convincing physics
simulation using conventional deterministic scripting.

It subsequently reported on our work on development of
dynamic emergent models. Using this approach, we
modelled civil engineering structures, cloths, jellies,
flexible surfaces and others. Application of these models to
games development was discussed, either as part of an
interactive background environment or object of the game.

One significant difference between our emergent models
and conventional models based on traditional mathematics
is the reduced computational intensity, which increases as
linear, rather than quadratic function, of the number of
components.

Another significant difference between this and other
approaches is the ability to search a very large state space
of the system efficiently, without explicit programming.

From what has been presented in the paper, it is possible
to conclude that this approach can increase the realism of
computer games, and can overcome the need for intensive
scripting that uses run time resources inefficiently.
Consequently, this reduces the requirement for extended
professional training of games devel opers.

We believe that in the future, our applications for
different disciplines can be consolidated into an application
programming interface suitable for games devel opment.

REFERENCES

Bongard, J. C., Paul, C. 2000. Investigating Morphologica
Symmetry and Locomotive Efficiency Using Virtual
Embodied Evolution. Proceedings of the Sxth International
Conference on Smulation of Adaptive Behaviour.

Jankovic, L. S. Jankovic, A.H.C. Chan, G. H. Little. 2003 Can
bottom-up modelling in virtual reality replace
conventional structural analysis methods? Automation in
Congtruction, Volume 12, Issue 2, Pages 133-138.

Jankovic, L. 2002 Emergent Modelling in Games Development. In
Proceedings of GAME-ON 2002. SCS Europe Bvba.

Jankovic, L. 2000. “Games development in VRML.” Virtual
Reality, Val. 4, No. 5, 195-203.

Jankovic, L. and J. Dumpleton. 2000a. Emergent modelling of
complex systems in VRML. In Proceedings of Eurographics
UK 2000, Swansea 4-6 April, 17-24.

Reynolds, C. W. 1987. Flocks, Herds, and Schools: A Distributed
Behavioral Model. Computer Graphics. Val. 21, No. 4, 25-34.

Wiatts, D. J. 1999. Small Worlds - The Dynamics of Networks
between Order and Randomness. Princeton University Press.

Wolfram, S. 2002. A New Kind of Science. Wolfram Media, Inc.

BIOGRAPHY

The author obtained his PhD (Mech. Eng.) from the
University of Birmingham in 1988. Heis Senior Lecturer at
the UCE, Honorary Lecturer at the University of
Birmingham, and the founding Director of InteSys Ltd. His
research is in modelling, smulation and analysis of
behaviour of complex systems.



STORYTELLING
AND
NATURAL
LANGUAGE
PROCESSING






A MULTIPLAYER CASE BASED STORY ENGINE

Chris R. Fairclough and Padraig Cunningham,
ML Group, Computer Science Dept.,
Trinity College Dublin,
Dublin 2, Ireland.
chris.fairclough@cs.tcd.ie, padraig.cunningham@dse

KEYWORDS
Interactive  story,
believable agents.

multiplayer, case based planning

ABSTRACT

This paper describes the development of an ex@ext-c
based character director system which dynamically
generates and controls a story, which is playediow
multiplayer networked game world. The system hasndle
multiple users in a game world and directs the player
characters therein to perform for the users paralle
storylines, interweaving character roles in eadhystThe
story is told through a ‘narrative of actions’ and
automatically generated dialogue. Much of the sedling
approach is based on the seminal work of VladimapB,

to which is applied the Al case based planning gigra.
Initial analysis of the system is based on a revidgwhe
system and its output, but future work will involve
developing a more objective format for analysis.

INTRODUCTION

The system described here is based on previous work

described in (Fairclough and Cunningham 2002). The
original implementation was limited to one playekihg
control of a hero in a simple scripted hero/villatory
structure, with no Al storygeneration capability.her
current system includes a story director (SD) sysiéhich
utilises the case based planning (CBP) paradigme Th
system also facilitates multiplayer stories, anchage of
different possible story structures are allowed ligr the
approach described in this paper.

The planning and scheduling of stories, modealedases
in a case based planner, is the primary activitythaf
system. The game world is run and updated on a C++
server, and a C++ client connects to the serveptdrol a
character in the game world. The game type is a 3D
adventure game, where the player can use objeas an
interact with characters. The introduction of a tipldyer
element significantly increases the workload of #tery
director agent. It must handle the current situegtiof all
the players, dynamically identifying possible stargses
and assigning story goals that are relevant to pkfer.

The structure of the rest of the paper is aovid. The
second section, entitleackground’, is an overview of
the area of computer mediated storytelling, referen
previous work, and describing the genre of compgéne
that this project is aiming to facilitate. The thisection,

‘Design’, details the overall system design and shows how
the game mechanics and story mechanics work. Timghfo
section, Al elements, concerns the advanced Al
techniques utilised in the dynamic story generation
subsystem. In the fifth section, amalysis of the system
and its operation is made, and the paper ends with
description of future work and presentation of
conclusions

BACKGROUND

The structural analysis of stories has its earbastmple in
Aristotle’s ‘Poetics’ (Aristotle), and his basicrsttural
elements can still be recognised in popular stdcday.

Previous Work

Propp (Propp 1968) is the progenitor of modern yais|
and his structuralist approach is appropriate fanguter
mediated plot-based storytelling, as it charaatsrishe
story as a closed causal system, with the tempyavedlered
character functioras the primary building block of the plot.
This is the approach used in this project.

There are many modern approaches to story sgtitam
notably the OZ project in CMU, exemplified in Jokep
Bates’ work (Smith and Bates 1989) and other wodhsas
Brenda Laurel's drama management system (Laurel)199
and the work of John Laird’s group (Laird and vaent
2000). The division of the problem into believalalgent
research and plot management research has beem take
from the Oz project and incorporated into this worFkis
approach has correlations to Propp’s work, as Ilserts
that a character function is independent of theatdiar that
performs it.

Story Structure

Although it is technically limited in scope to fodites, a
number of authors have noted Propp’s structuralyaisés
remarkable flexibility in its applicability to popar stories.

In cinema, TV, and most computer games, a largebeum

of stories have a recognizable structure, hence the
predictable nature of a lot of that material. TieedAvillain
interplay is enriched with the other five charaatales in
Propp’s analysis, yet it remains a simple form. sThi
framework seems suitable for quest-type stories
computer games.

in

Propp’s work has been developed and augmenttéaf]yc
by Bremond (Bremond 1974), yet it is apparent thatigh



his morphology has been dissected by such authers a
Claude Levi Strauss (Levi-Strauss 1958), it remaans
outstanding work in the field and still has not tdally
explored for its use in computer mediated storiBsis
could be due to the structural complexity that eyasrin

the later chapters of the book, in contrast withiititial
apparent simplicity in the introduction, when theurf
principles are introduced. Grasbon’'s work (Graslaoml
Braun 2001) and Ana Paiva’s group (Machado et atlp0
demonstrate that varied approaches can be taken to
applying Proppian storytelling, each with a sucidsyet
very different, product.

Al in Story Generation

The use of Al techniques in story generation hasnbe
around since the seventies, and emphasis has lsebert
placed on goal and planning based agent technsldgie
NPCs (non player characters) (Cavazza et al 2@B2)zo

et al 1999). The earliest example of this gengrpt@ach is
found in Meehan’s classic (yet non-interactive) |EBpin’
(Meehan 1977), which worked by giving characteralgto
accomplish, and allowing them work past obstaclasqul

in their path, helped or hindered by other charactéhe
use of Al in an ‘omniscient’ agent which does natabit
the game world, which monitors and controls the BPC
and whose activity is directing a story, was sean i
(Sgourous et al 1996), and is found in an increasimber
of research projects (Mateas and Stern 2000), (Mage
2002), (Grasbon and Braun 2001), but not, to thbaas’
knowledge, in currently available commercial games.

MMORPGS

The massively multiplayer online role playing game
(MMORPG) is a very new form of game, and the gsal i
not simply shooting other players, but interactiimg a
complex, changing environment with teams of othenén
players. This is an environment which necessitaas
author constantly keeping track of the state of dhene,
and continuously writing a story that takes inteamt the
wishes of the player community, and the dictateghef
game world. This requires complex tools that atated to
the structure of stories, and it is this need ih&argeted by
the system in this paper. Although the SD systeinuitt
specifically for our game engine, continuation ligtwork
will be centred on the creation of tools for game
author/designers.

DESIGN
System Architecture

The system is designed to allow multiple users¢pdnto a
server and control a character avatar that inhéhb#game
world. The single player game was extended usings@dk
and a client-server architecture. The Server ugdéte
client’'s view of the game world, taking into accouhe
current location, within the world, of the client{dayer
character. Character states and story progregsdasted on
the server, and the player interface receives camis)a
which update the client character, and update rgesstr
this character are generated which are sent tediver.

Player

3
Story scripts Story director
« Case based planner Characters $
~ Character interface
Casting director :I:
J |:| Player character
Game world D
OOO . D H World Simulacrum
objects locations O
Connection manager} | J E__.
_. Connection manager

Server | | Client

Network using Sockets and messaging

Figure 1: Overall System Architecture
Game Mechanics

The game is based on interactions between chasacter
(NPCs and player characters (PCs) ), objects, @aratibns.
The PC has complete freedom of movement within the
world, except it may require certain story eventemnable
transport between locales. A locale is defined geoap of
connected locations, similar in concept to the efilay
nodes’ in the ‘StoryNet’ of (Swartout et al 200Z)he
NPCs are modelled in a layered structure, from level
behaviours to higher level targeted goals.

Character Modelling

- Low level - for example, collision detection whisteers
away from nearby objects and characters as theyoget
close.

- Social simulation - the NPCs use a basic gaagjprithm

and inform other characters of events that havedragd to
them. They store the order they have met the other
characters, and this ranking initially dictates whil be

the target of their gossiping.

- Idle behaviours - When an NPC does not haveah tgo
achieve, they can execute a behaviour such asllpagro
around a house or following another NPC. These
behaviours are assigned by the story author.

- Targeted behaviour - The SD agent assigns gioais to
characters, and the characters search for the tobjetbe
goal and execute it. When targeted, a charactdrnetl
execute idle behaviours.

- Attitudes - characters develop ratings for chema that
interact with them, and characters that they hbautavia
the gossip algorithm. They remember the eventsctnased
these rating changes, so they can gossip about them

Objects in the game world come in two differgyes,
background objects, and 'action objects' that @apibked
up by characters and enable specific actions. ¥ample, a
sword enables character A to injure character Bclwhi
causes a negative change in B’s rating for A. Mosam
around the world can also be achieved with the afse
certain 'action objects’, for example, a magic earffhe
game mechanics is primarily defined by the useabiba
objects, and a varied array of different objects baen



defined and each has a number of different useetiects.
A design goal of this project is to allow the preggion of
the story to be part of the gameplay, while allayfor a
variation of gameplay types.

Story Mechanics

The progression of the story must be influencedthsy
player's movements and actions in the world. Te #nd,
the story director notes character attitudes to glager,
which are changed every time a character intexaithsthe
PC, or hears about an interaction with the PC. &ftars
are each capable of fulfilling a range of storydiimns.

The story is conveyed through characters peifaggm
actions by using action objects and deliveringdite the
player. The dialogue is dynamically generated bynging
character names, verbs,
Witnessed actions are noted and if the player neede
informed of a certain event, a witness to that evah be
assigned the goal of informing them. The playegiien
choices on how to react to the NPCs. Using polytmiorp
functions (Grasbon and Braun 2001) is similarhig,tand
relates to some of Propp’s functions (e.g. countara - C,
reaction - E) where the outcome of the function ben
positive or negative, depending on the hero’'s astidn
example No. 113 in Propp’s appendix, there is @tigpn
of the Donor function, with the first hero reactifumction
being E-, and the second being E+, after whichhitre is
provided with the magical object in F+. In this w#&ropp
unintentionally provided a means for integratingaygr
agency into his model for use in an interactiveaeys

Al ELEMENTS

The term ‘Al' in games usually refers to the chasac
behaviour algorithms, but in this system, the Adneénts
reside for the most part in the story director agand the
characters use standard techniques found in mamega
available today, thus are not addressed in thisosec The
decision to limit the character Al while localisitige Al in
the SD is intended to focus the story-centred eatdirthis
work while allowing for its applicability to diffemt
character architectures, such as the Proactiveiskers

Agent Architecture (MacNamee and Cunningham 2001).

This approach is also in line with a new direction
interactive story, outlined in (Szilas 2001), whetee
importance of making sure the characters behavardiog
to the dictates of the plot, rather than purelyoading to
models of their own motivations, is emphasised.

Expert Knowledge

The expert knowledge represented is that from Psopp
work, and consists of a rule based system whictksvor
tandem with the case based system. For each o8%he
character functions that Propp defined, rules arplace
that put limits on how that function will be asséghand
played out. The character functions enumeratedudecl
Villainy, Guidance, Testing of the hero, and Retepa
magical (useful) object. The Interdiction functiofor
example, is when the hero receives (I) an ordeddo
something, or (Il) a warning not to do somethinge(s

and object names together.

Figure 2). This function, like a number of othésspaired
with another function, in this case Violation.
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Figure 2: An Interdiction Function in the Star Warsmo
Game

The rules consider whether to accept decisioadenby
role casting, or re-cast a certain story goal. Tassign the
current goal based on the casting director's rdese
below). They also take into account the user's@wimade
in feedback(hero reaction) functions. The rule Hagestem
effectively draws the decisions made by the other
components together, before the characters carthanot
out. An example using pseudo- code:

If (currentGoal.functiontype = Villainny )
And (currentmove.currentVillain.suitability > thiedd )
Assign ( currentGoal TO currentmove.currentVillain

Case-based Planning of Stories

Case based reasoning is a popular Al field whichsaio
solve problems by extrapolating from past, soly@dplem
situations to find solutions for new problems, adap
them, as needed, to the dictates of the currartsin. The
k-nearest neighbour algorithm is used to find cdisaesare
similar to the input case. This approach has beentified
as suitable for constructing story scripts from aseb of
authored scripts.

Each case in the case base representmoneof a story
(as defined by Propp), and consists of a script tha
interpreted and assigned by the SD. A script lima c
contain very abstract instructions, such as a owedw
‘Villainy’ instruction. This will trigger the SD tdinding
the character with the villain role, (or a characecially
close to the villain) and instruct it to perform ant of
villainy on the hero or a character close to thehsuch as
a murder. More specific instructions, such as aasigthe
mediator character the goal of notifying the heirfoao
villainy event can also be scripted. The casesaneerted
to a goal stack by the SD to be assigned to the INPC
Below is an example, from Propp, of a two move ystor
converted to script form. Each move is represertec
case in the case based planner.



No. 95 in Appendix 3 of (Propp68):

Move |
villainy (expel) ;
mediation (transport) ;
donor (test) ;
reaction ;
provision (wanted) ;
return ;

Move Il

lack ;

mediation (transport) ;
counteraction ;
departure ;

donor (test) ;

reaction ;

provision ;

return ;

Move | above requires the following resources] thus
when they are available it would have a good Iit@did of
being selected: a villain, a mediator, a donor rtadtiple
candidates), objects that can perform the actiexpel’,
‘transport’, and ‘test’, and an object that is ‘edli, e.g.
treasure. While carrying out the direction of th&sipt, the
SD will assign the goals to specific characters aijdcts.

There are 80 cases in the case base, from thaudt#
move story scripts given by Propp in his appendiln3he
k-nearest neighbour part of the algorithm, the sazee
compared to the current state of the story worléing the
best fit for a case from which to select the néstysgoal.
The comparison is based on an analysis of the ctearand
object resources needed to execute a story sangtalso

on past story functions, and how they were performe

Taking the sphere of action of the villain as aaregle, its
contribution to the suitability rating of an indilial story
case will be proportional to (i) the number of ftioos
involving the villain that exist in the case, (iije number of
characters that could perform as a villain in therent
locale of the PC, and (iii) their suitability level

In the story that the example above is abstdaftem,
move |l directly follows move |, and the link beterecases
that follow each other is preserved in the CBP eyst
Thus, move Il would be more likely to be executdigra

move | has completed than other candidate casesesCa

similar to move Il would also be considered. Theesain
this system are best described as story templatesse
details are filled in by the SD. This ‘filling ins done by
the casting component, as described below.

Casting

A character that is assigned a story goal takesof nine
roles. Propp defined the hero, the villain, the raed, the
donor, the helper, the false hero, and the prinessthe
seven ‘spheres of action’, and these are augmevitedhe
roles of the family and the king. The characterdhase
roles can be initially defined by the story authget are
dynamically reassigned by the story director agkning
the game, according to the relationships of theatdters.
Casting roles to characters, and finding objectt ttan

help fulfil goals is a task that is modelled byeslthat
encode the appropriate constraints. The trend ofemo
successful games is towards large, complex, sieulat
game worlds containing many objects and charactars.
this environment, for a dynamically generated dioeyto

be consistent, a mechanism must be provided for
identifying the appropriate object or character #ogiven
story goal. To find the right tool to achieve atagér goal,
the properties of each must be searched to fitcdnstraints
dictated by the current goal. In this game engtheyacters
and objects have properties which are matched ¢o th
dictates of the story function being carried out.

Each story function (of the 31) has a set ofst@ints for
a character to satisfy, and characters have soafialgs,
possessed objects, loyalties and a current loc#tiahare
matched as well as possible to the constraints. The
character that matches the constraints the best beil
assigned the goal. Objects also have differentstyped a
character can be assigned an intermediate goahdottie
right one, in order to perform a certain goal. Ekample, a
sword would be used to injure a character insted o
magic carpet, and if a character needs to acduer®lbject,
a goal to pick it up or be given it is added to ¢joal stack
for that move.

The example script from the previous section didee
played out after it has been selected. The chardictsetion
would adapt to any changes in the state of the gaontl.
For example, in the Donor test function in move the
connected provision function serves as a liquidatb the
initial lack, as there is no explicit liquidatioarfction. That
particular lacked object would change hands duting
course of the story until it coincides with a doobaracter.

Multiple Parallel Storylines

For a multiplayer environment, the SD handles tlweys
from multiple viewpoints. The main SD instantiatesiew
story director for each player, each looking afterst of the
planning and casting relevant to each. Two playerdd
both act as hero characters for two separate heres
using intersecting sets of NPCs. In this case gtlage two
SDs maintaining a set of roles and list of stonyctions for
each player’s hero story. Alternatively, one plageuld be
the villain or the false hero in the same storyttees first
player’'s hero. Ideally the SD could dynamically ogoise
the roles that each player wishes to adopt, basetheir
playing, but a set of options could also be preskmd the
player as they join the game world, to find out wéart of
character they want to portray. The latter apprdadieing
developed for use in an evaluation version of the
multiplayer game.

Even in the single player game, it has been dotivat
multiple parallel storylines need to be executad tb the
nature of a non-linear, free-roaming type of gamehsas
ours. A player may leave the locale of a story dasiag
executed, to enter a locale or situation whereferdnt
case would be more suitable. To account for this, $D
can plan and assign a number of different stonesas
once per player.



ANALYSIS

The primary task in analysing the usefulness o thork
consists of evaluating how the quality of the #®ri
generated by it is maintained, while allowing iaivity.
The structures described by Propp are derived fhign
study of folktales, and the stories generated b/ ghistem
are generated from those structures. The validitythe

whole approach relies on Propp’s assertion thasethe

structural features are the primary classifyingtdess of
the stories he analysed. This being true, the tstres
should form a good basis for the generation of swies.
Propp was careful in his work not to claim gengyadif his
morphology, yet even so, an engine that producgeeeific
genre of story in adaptive variations is still dable. To
enable more generality, a more complete narratotmyyd
be implemented, including the work of Bremond, G&s,
and Barthes, among others.

An emphasis in both Propp and Aristotle’'s warlthat of
the conception of the story as whole as a casgstem
Ideally, every event that happens in the story evdrhs
either an effect on some other story event, onisféect of
one. The system described here allows for this
abstracting the social, and action-object basedegewvents
from their context, effecting attitudes each chemabas for
the others. These ratings, along with the choiceslem
concerning preceding story events, are fed backtire SD

by

facilitated by a more interesting set of actioneatg. The
case based SD system is fully integrated with ¢aime,
‘Boniji's Adventures in Calabria’ (Figure 3).

Advantages

There are three main advantages of using a sysiemas
this in a game engine. Firstly, the ability to chedlifferent

paths through the same story is a powerful means to
increase replay value of a game. This is enabled by

allowing different characters to achieve the satogygoal
in their own ways.

Secondly, allowing the player to influence thiegress of
the story is enabled by the use of a SD agent.et®ifit
story structures are brought into the game accgrdin
player choices and the world state using case bsteey
planning. The range of cases available can be sadhor
each game world, allowing the story author a higbeel
control of story events. Another advantage in usin§D
agent in a commercial game is that a lot of Al pssing
would be localised.

Thirdly, with a multiplayer option, and becauke story
generation is real-time, players can interact inrano
complex ways, playing with NPCs’ loyalties to gdime
upper hand over each other. This will allow for achure-
game type stories that remain consistent as playe®st

agent’s deliberations on generating the next sjosj. other players. A common element in RPGs is a tem o
characters under player control, and in multiplaygsions,

players can meet up with others to form a team. yMan
online MMORPG developers have had problems in
implementing a satisfying storyline in this type of
environment, as each player may take different ath

Completed Demo Games

Three demo games have been developed to datarsha f
simple original environment entitled ‘Bonji and theagic

peanut’. The other is based on the first half (" ‘Star

Wars — A new hope’, TM Lucasfilm, and features the

familiar characters in a more variable form of ttalitional
‘rescue the princess’ plot. The characters arevaelitbsome
autonomy and Luke is channelled through the stotyby
limiting his location, but by giving story goals teearby
characters.
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The third demo game incorporates the multiplaytion,
as well as a wider range of abilities in the playgerface,

through the game, teaming up when they see fit.
FUTURE WORK

Two future additions to the story engine are:

Learning — In case based systems, the ‘retaiep s
consists of storing the new solution that has tesapted
from the old case, or the combination of multiple cases.
This facilitates learning from experience, andifdo work
in the story engine, an algorithm for properly @cling to
certain rules) combining two or more cases is ngetlbe
SD would then be able to generate and learn neescasd
find good fits for new situations more easily.

Deception — When a NPC uses deception, theyrmthe
player of events that did not happen in the gamedw@he
fabricated events should be calculated to inducertain
reaction in the player. For instance, to make tleygy
think NPC1 is on the side of the villain, NPC2 abtgll the
player that NPC1 did an act of villainy on a chéeathat is
close to the player. Propp’s role of ‘false herastclose
links with deception and relates to the hero undagethe
deception of one who takes responsibility for thes &f the
hero. However, deception could also be used iargtarts
of the tale. Deception was used as a dramatic foctise
‘Brutus’ system (Bringsjord and Ferucci 1999).

The game engine, as is, is not scaleable foiruadarge
scale modern game world, but an important aim &f th



project was to make the architecture scaleabldagititate
the creation of tools for the incorporation of tektory
director system into other games, it has thus lesigned
with the complexity of a large-scale simulated doih
mind.

CONCLUSIONS

Currently, analysis of the system is based on ewewof the
system and its output. In the interest of a morgailve
analysis, the networked system will be combinedh vet
separate user interface for getting feedback onuters’
experiences with the game, based on story criticistaria.
The result of this will include an analysis of lestability,
consistency, drama, and the level of user intesigti

As Young notes in (Young 2000), character amd Iphve
a symbiotic relationship, and while this systemiesel
heavily on a plot based model of story, characéos is
seen as an aspect of interactive storytelling tledies
heavily on the designer/author of the story worlthe
characters in the story, although they can all §gmgaed
different roles by the SD, have behaviours thatraeso
assigned, and it is in these that an author camgbout
individual characteristics. The important thingtis make
sure that how a character performs a story functfon
consistent with its characteristics.

The system described here is unique in its coatlan of
Al techniques, software architecture, and gameestyl
However, there are other systems which take intowtt
emotional modelling, cinematography, and othersthaf
multitude of elements which make up compelling
storytelling. Magerko's work (Magerko 2002), and
Grasbon’s work (Grasbon and Braun 2001), amongrathe
are similar in approach to ours, and this is eraging as it
seems to be a useful approach to the problem. Térere
other, increasingly varied approaches to compusstiated
storytelling and storygeneration, and this is afidation of
the richness of the subject matter. Stories cartolik in
many ways and human imagination will always belibst
way to create them, but systems such as theserogit@
advanced tools for the creation of the next germrabf
story vehicles.

REFERENCES
Aristotle. Poetics.
Bremond, C. 19740gique du RecitSeuil.

Bringsjord, S. and Ferucci, D. 1998rtificial Intelligence and
Literary Creativity: Inside the Mind of Brutus, A Storytelling
Machine Laurence Erlbaum, Mahwah, NJ.

Cavazza, M., Charles, F., and Mead, S J. 2002. “CharactedBa
Interactive Storytelling” IEEE Intelligent Systems Vol 17-41f
24

Fairclough, C. and Cunningham, P. 2002. “An Interactive Story
Engine”, AICS 2002, LNAI 2464. Springer-Verlang. pp 171-176.

Grasbon, D. and Braun, N. 2001. “A Morphological Approach to
Interactive StorytellingProceedings of on Atrtificial Intelligence
and Interactive Entertainment. Cast \08ankt Augustin Germany

Laird, J. and van Lent, M. 2000. “Human level Al's killer
application - computer games” AAAI National Conference on
Artificial Intelligence.

Laurel, B. 1991Computers as Theatrdddison-Wesley.

Machado, I., Paiva, A., Brna, P., 2001. “Real Charactersrinal
Stories — Promoting Interactive Story Creation Activities”@$S\
2197 pp. 127 — 134.

MacNamee, B. and Cunningham, P. 2001. Poposal for an
Agent Architecture for Proactive Persistent Non Player
Characters”,Proceedings of the Twelfth Irish Conference on
Artificial Intelligence and Cognitive Sciengep. 221 - 232, 2001.

Magerko, B. 2002. “A Proposal for an Interactive Drama
Architecture”, AAAIl Spring Symposium on interactive
entertainment.

Mateas, M. and Stern, A. 2000. “Towards Integrating Plot and
Character for Interactive DramaWorking notes of the Social
Intelligent Agents: The Human in the Loop SymposiAdAl

Fall Symposium Series.

Meehan, J. 1977The Metanovel: writing stories on computer.
University microfilms international.

Propp, V. 1968Morphology of the FolktaleUniversity of Texas
Press.

Reilly, W. S. and Bates, J. 1992. “Building Emotional Agents”
Technical Report CMU-CS-92-143.

Rizzo, P., Veloso, M.V., Miceli, M. and Cesta, A. 1999 “Goal
based Personalities and Social Behaviours in Believable Agents.”
Applied Artificial Intelligence13:239-272.

Sgouros, N.M., Papakonstantinou, G. and Tsanakas, P., 1996. “A
Framework for Plot Control in Interactive Story Systems”,
Proceedings AAAI'96, Portland, AAAI Press.

Smith, S. and Bates, J. 1989. “Towards a Theory of Narrative for
Interactive Fiction”, Technical Report CMU-CS-89-121

Levi-Strauss, C. 1958nthropologie StructuralePlon.

Swartout, W., Hill, R., Gratch, J., Johnson, W.L., KyridkaC.,
LaBore, C., Lindheim, R., Marsella, S., Miraglia, Dlgore, B.,
Morie, J., Rickel, J., Thiebaux, M., Tuch, L., Whitney,aRd
Douglas, J., 2001. “Toward the Holodeck: Integrating Graphics,
Sound, Character and StoryProceedings of the Autonomous
Agents 2001 Conferendglontreal, Canada.

Szilas, N. 2001. “A New Approach to Interactive Drama: From
Intelligent Characters to an Intelligent Virtual Narrator”.
Proceedings of Spring Symposium on Narrative Intelligence,
AAAI press. Pp 72-76.

Young, R.M., 2000. “Creating Interactive Narrative Structures:
The Potential for Al ApproacchesAAAl Spring Symposium in
Artificial Intelligence and EntertainmenfAAl Press.



MIMICRY: ANOTHER APPROACH FOR INTERACTIVE COMEDY

Ruck Thawonmas, Hiroki Hassaku, and Keisuke Tanaka

Intelligent Computer Entertainment Laboratory

Department of Computer Science, Ritsumeikan University
Kusatsu, Shiga 525-8577, Japan
E-mail: ruck@cs.ritsumei.ac.jp

KEYWORDS

Interactive Comedy, Agent, Planning, Humor

ABSTRACT

In this paper, we discuss another approach based on
mimicry for interactive comedy, a relatively new genre
in interactive drama. An interactive comedy system is
proposed in which the main character agent tends to
mimic an agent controlled directly by the viewer. At
the same time, the main character agent plays its origi-
nal role through achieving its pre-assigned goal. Heuris-
tic Search Planner is used for dynamically planning of
the main character agent. We test the proposed system
with a visual comedy story similar to a sub-story of the
popular Mr. Bean™ series.

INTRODUCTION

Traditional movies or theaters provide each of their con-
tents uniformly to all viewers. Doing so might not sat-
isfy requirements of all viewers. In order to satisfy such
requirements, interactive drama technologies are having
important roles because they enable personalized con-
tents through interactions with the viewers.

In our study, among a variety of genres, we focus es-
pecially on comedy and thus pursue research on interac-
tive comedy. There are already a number of existing re-
searches on interactive drama [1-8]. However, compared
to other genres, the research activity on interactive com-
edy is still low. Recently, there has been increasing in-
terests on a positive link between laughter and immu-
nity [9] as well as on collaboration between health care
agencies and the entertainment industry [10]. Hence,
research on interactive comedy can be expected to play
an important role in health and entertainment business
area in very near future.

An example of the existing interactive comedy sys-
tems is the one developed by Cavazza et al [4]. In their
system, Heuristic Search Planner (HSP) [11] is used to

control the character agent in drama space and to unfold
the story. However, in their system, as well as most ex-
isting interactive drama systems, interactions with the
viewer are limited. This problem is resolved by the ap-
proach proposed in this paper, where the viewer can
have significantly higher interactions with the system.

In particular, as far as comedy is concerned, to have
free interactions with the system is crucial. It has
been reported in [12] that there is a correlation between
laughter generation and the level of viewer interest in the
story. Therefore, limiting viewer interactions decreases
the viewer-interest level. On the contrary, providing to
the viewer the function to interact freely with the system
will enhance the viewer’s interest and thus can extract
more laughter from him or her.

In the rest of the paper, we describe in more detail
our interactive comedy system that is based on mimicry.

EXISTING SYSTEMS AND THEIR PROB-
LEMS

Many of traditional interactive drama systems [1, 7, 8]
adopt plot-based storytelling where the story is gener-
ated from a set of smaller sub-stories or plots prepared in
advance. In plot-based storytelling, the story is unfolded
according to the viewer interactions at given story-
branching points. As a result, it is easy to maintain the
story while considering the viewer’s will. Since most
interactions are allowed at the given story-branching
points, they do not drastically change the story.
Another approach for developing interactive drama
systems is character-based storytelling [2-6]. In this ap-
proach, the story is unfolded according to actions of
multiple character agents who behave autonomously to
achieve their pre-assigned goal. Due to autonomous
behaviors of the agents, nontrivial relations between
the viewer and an agent or among agents themselves
are developed, leading to variations in the story. In
addition, the viewer can influence the story to a cer-
tain extent through interactions with a character agent,
which might change its actions. However, such interac-
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Figure 1: System architecture of the proposed interactive comedy system.

tions can not alter the pre-assigned goal of each agent.
In character-based storytelling, though relatively higher
story variations can be obtained, compared to the pre-
vious approach, the story is not drastically changed and
always unfolded to a pre-determined ending.

OUR APPROACH

To enable drastic changes in the story, we argue that
dynamically modifying the goal of a character agent is
necessary. For comedy, an effective way to do so is to
introduce a viewer character that the viewer directly
controls, and to include the present state of this charac-
ter into the goal state of a character agent of interest.
The viewer character is a semi-autonomous agent. The
viewer interacts with the character agent through his or
her viewer character.

Based on the above argument, we develop an interac-
tive comedy system in which the main character agent
attempts to mimic the viewer character and, at the
same time, to achieve its pre-assigned goal. The original
role of the main character agent is defined by the pre-
assigned goal, which ensures a continuation of the story
when there is no interaction from the viewer. We test
the system with a story similar to the sub-story ”Park
Bench” available in the second volume, The Exciting
Escapades of Mr. Bean, of the popular Mr. Bean™
series. Our story starts by having the main character
agent (henceforth called Mr. B) and an unlucky gen-
tleman, the viewer character, sit at the same bench in
a park. Laughter is extracted from the viewer through
scenes where Mr. B mimics viewer character’ actions in
a humorous fashion.

Operator:: sit_at(X)
Preconditions::

Effects:: sitting_at(X)
Operator:: relax()
Preconditions:: sitting_at(X)
Effects:: relaxed

Operator:: read(X)
Preconditions::

Effects:: enjoyed(X), sleepy
Operator:: make(X)
Preconditions::

Effects:: edible(X)
Operator:: eat(X)
Preconditions:: edible(X)
Effects:: eaten(X), sleepy
Operator:: sleep()
Preconditions:: sleepy, relaxed
Effects:: refreshed
Operator:: talk(X)
Preconditions::

Effects:: talked(X)

Figure 2: Example of operators used in the tested story.

The Interactive Comedy System

In the proposed system, HSP [11] is adopted for plan-
ning Mr. B agent. HSP fits our system because it allows
flexible and fast planning in dynamic environment.

Fig. 1 shows the system architecture. The goal state
of Mr. B agent consists of Story Goal assigned from
Story Manager and Interaction Goal from the viewer
character. The former controls the main story. The lat-
ter is generated due to interactions of the viewer. HSP
searches for a plan that satisfies both types of goals.



talk(over_phone)

sit_at(bench)

Current State::
Goal State:: refreshed

Figure 3: Example of a plan generated by HSP to achieve the goal state "refreshed” pre-assigned by Story Manager.

Planning Mechanism

HSP is based on a STRIPS-like representation for prob-
lem description. The viewer character and Mr. B agent
hold their own state. For each agent, once an operator
is executed, its state changes. Each operator is attached
with preconditions that must hold before execution of
the operator. An example of operators used in the tested
story is shown in Fig. 2.

Following a similar recipe in [5, 6], we adopt RTA*
[13] as a planning mechanism. It allows for interleaving
of searching and executing of a plan, and is thus suit-
able for a dynamic environment. In RTA*, the A* algo-
rithm is enhanced with MinMin Search so as to increase
the search speed by alpha-pruning. An algorithm called
PINCH ([14] is selected for calculation of heuristics. It
is a higher-speed variant of HSP that adopts two cal-
culating approaches, ordered updates and incremental
computation. A typical planning result to achieve the
goal state "refreshed”, pre-assigned by Story Manager,
is depicted in Fig. 3.

RESULTS

Below we show early results from our interactive comedy
system, the development of which is in progress.

Fig. 4 shows an example of a plan where a new propo-
sition ”eaten(sandwich)” has been newly added to the
goal state of Mr. B agent due to a viewer interaction

while state Sy of the plan in Fig. 3 is being executed.

Fig. 5 shows an example of a plan where new propo-
sitions ”enjoyed(book)” and ”talked(over_phone)” have
been newly added to the goal state due to viewer in-
teractions while state Sy of the plan in Fig. 4 is being
executed.

Fig. 6 shows the scenes, in which Mr. B is the left
person wearing the lighter-color suit, corresponding to
the plans in Figs. 3, 4, and 5. The description of each
scene is as follows:

(S2) Mr. B is relaxing at a bench.

(S3) Noticing that the viewer character is eating a
sandwich, Mr. B starts preparing his own sand-
wich.

(S4) Mr. B is eating his sandwich.

(S5) Noticing that the viewer character is reading a
book, Mr. B starts reading a picture book.

(S6) Mr. B is sleeping.

(S7) Noticing that the viewer character is using a mo-
bile phone, Mr. B also starts talking to his teddy
bear over a string phone.

CONCLUSIONS

There is a strong potential for the new type of media
called interactive drama where stories are generated dy-



sit_at(bench)

make(sandwich)

talk(over_phone)

Current State:: sitting_at(bench), relaxed
Goal State:: eaten(sandwich), refreshed

Figure 4: Example of a plan regenerated by HSP to achieve the modified goal state ”eaten(sandwich)” and ”refreshed”.

namically in react to viewer interactions. In this paper,
we have described an approach that allows for mimicry
in interactive comedy, a relatively new genre of interac-
tive drama. Humorous situations are caused by interac-
tions between the viewer character, a semi-autonomous
agent controlled by the viewer, and a character agent of
interest. The character agent plays its original role while
at the same time tending to mimic the viewer character.
In future, so as to more effectively extract laugher from
the viewer, we will study how to incorporate the quan-
titative measure for the degree of humor, based on for
example incongruity [15], into our heuristic function.
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Figure 6: Scenes corresponding the plans in Fig. 3, 4, and 5.
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