based CyberlLife is pioneering this new technology and claims that games will n ,‘
again. Next Generation met Wlth Steve Grand, CyberLife’s director of technol{;_
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prepares for a holiday in France by leaming a few
French phrases, parrot fashion, and someone who
actually sits down and learns the language from
scratch. The first person may appear to achieve the
more immediately impressive resuits, but in the long
term, the second person will prevail. In theory, at least.
Steve: Al is a top-down approach to the problem — it
tries to control the system and mimic effects. Whereas
Artificial Life is a bottom-up approach — it tries to
recreate the cause of the behavior, the underlying
structures of whatever life-form is being simulated, and
let the behavior occur naturally as a result.

NG: And in this way, you will achieve superior results
to a solution based on Al?

Steve: It is the only way to create truly lifelike
behavior, yes. If you approach the problem in the
normal Al way and try and mimic behavior without
considering or replicating the processes that determine
this behavior, you end up fudging all the time. You end
up bolting on rule after rule to try and explain all the

If you drop a chess computer in the bath-
tub, it isn‘t smart enough to call for help

little quirks. In this way, most attempts to create lifelike
behavior using Al suffer from immense complexity
problems and eventually programmers just give up.

ING: As more and more Al routines are added in an
attempt to get more and more sophisticated behavior,
programmers find themselves constantly having to
wallpaper over cracks ...

Steve: Exactly, And the user is not fooled. It's obvious
that the people you shoot in Doom, for example, are
not real people, and no matter how hard you try with
the Al approach, you will never be able to fool people.

ING: 50 AL is the best long-term way to mimic lifelike
behavior, even though — at this stage — it is still in its

Steve: Obviously, at this stage you can't expect AL to
achieve everything you want. Your Artificial Life won't
immediately be able to play chess, for example. But the
belief is that eventually and way down the line, it may
learn how to play for itself.

A core philosophy is that only by following the
same evolutionary route that real life took will we ever
be able to achieve intelligent systems at a human level.
And because AL is still such a new
science, it is a necessary step to
start off with something like rats and
then work upwards.

Building the beast

NG: So implementing this theory,
how do you start wark on creating
AL?

Steve: If you're attempting to create
some kind of artificial animal life —
say a rat or a monkey — you would
try and recreate the way its brain
works. An animal brain is a neural
network — a network of neurons,
which are relatively simple
processing structures, wired
together in very complicated ways.
The behavior of the brain is the
result of the wiring and not some smart, central neuron
somewhere that understands things. It's a parallel
system, as oppased to, say, a computer that is a serial
machine handling one task at a time.

NG: So it's the way these individual neurons interact
and are wired together — the structure of this neural
network — that results in an animal’s behavior?
Steve: Right. Compare it to an ants' nest. Individual
ants are very stupid, but a colony of ants can make
extremely complex mounds with tunnels and so on,
even though there are no little architect ants who know
the plans and are telling the others what to do. The
mound is simply the result of a lot of littie ants doing
their own thing, guided by very simple rules.

if you look at human beings, we are made up of
about one trillion little cells. Each cell is very simple,
relatively speaking — it just does a few things. So you
have a trillion little cells in your body doing very simple
Jobs. Not one of them's in charge. Not one of them
even knows what all the other cells are there for or
what they do. And yet the whole thing fits together and
works as an extremely complicated single machine.

Brains based on neural networks work in a very
similar way.

NG: And if you can model that neural network on a
computer, you can effectively recreate the processes
that result in complex animal behavior?

Steve: And at that point you have Artificial Life, yes

origins of Artificial Life

NG: How did Artificial Life first begin?

steve: Artificial Life really started in 1987 when Dr.
Christopher Langton organized a conference in Los.
Alamos. He'd discovered that there were a lot of
scientists and researchers working with common goals
in different areas, but that up until this conference,
these people weren't even aware of each other's
existence. They certainly weren't talking together.

NG: S0 what kinds of things were all these people
working on?




example, there were people working on

g systems, people working on complexity
people working in various fields that were
to massively parallel biological systems than
| serial computer fields. Fundamentally, all
were working on complex adaptive
Ses=rs — such as economic systems, in which
Seusancs of individuals acting autonomously create
m=ncs — and he realized that all
=== projects shared a common
tal premise, and this was
Artificial Life.

al Life given an
1?7

Dr. Langton offered that
i@ is the study of man-
systems that exhibit behaviors
istic of natural living

it compliments the
@=ctonal biological sciences

1ed with the analysis of living
S==nisms by attempting to
Sethesize lifelike behaviors within
Souters and other artificial media.
nding the empirical

n upon which biclogy is
S===d beyond the carbon-chained
W= mat has evolved on earth, Artificial Life can
s=rmibute to theoretical biology by locating life as we
ow it within the larger picture of life as it could be.”

e-as it could be"? That's an interesting

n...

e assumption has always been made that life
= whzt we see. If you asked a biologist 50 years ago —
o =ven now, sometimes — how to define life, he or
&= would come up with a definition in which a lot of
= criteria were only applicable to carbon-based life
se this is the only type of life we know. Life-forms
— plants, animals, fish — all happen to be

of carbon, and so far we haven't seen any littlie
men who were made out of silicon.

ut life doesn’t have to be regarded in this narrow

ng the carbon — ignoring the detailed chemistry
as we happen to know it on earth — we can

ish what it is about life in general that makes life
ch more interesting than nonlife.

U're arguing that life isn't necessarily

d to carbon-based plants and animals, and

t exist in all manner of other forms. That's a
ary idea ...

‘ou have to come to terms with a view of life
s not absolute. | believe that there is no such
#3ng as "being alive” or “not being alive,” but certainly
ings are more alive than others. Maybe a
gdarstorm is more alive than a brick, for example.
not only are some things more alive than others,
2y can be alive in different ways — so life is not
one-dimensional continuum

what things that most people would consider
— or at least “without life* — might in fact be

en you start looking at the world in this way,
phenomena — such as economies or
systems — show some characteristics of

sorts

talking |

living systems. What's more, there doesn’t appear to be
any kind of particularly important cutoff point where
you can say that "these things are really alive” and
“these other things really aren't alive.”

NG: So are the life-forms in Creatures really alive?
Steve: | would argue that my creatures lie somewhere
where you would put that cutoff point if you were
determined to put one. Certainly, | think it's a very
interesting — and valid — question whether or not the
creatures are really alive. [Smiles].

1 believe that there is no such thing as
“being alive” or “not being alive”

Creatures, creatures, everywhere

NG: So how did the Creatures project get started?
Steve: About five years ago | had an idea for a game
involving a whole artificial world in which you lcoked
after a computer pet. This was before there were any
other computer pets and before I'd thought much
about Artificial Life. | saw this game as a small, Six-
month project. As | said, this was five years ago.
[Smiles].

But then | realized that people wouldn't care about
these computer pets unless they believed in them —
unless they believed that they were alive, This, then,
became my goal. | realized that no one would react
with emotions to what they knew was just a sprite
walking around on screen according to an algorithm,
50 It soon became obvious that a standard kind of rule-
based system was never going to come up behavior-
rich enough.

NG: S0 where did this lead you?

Steve: Once I'd committed myself to creating
believable, rich behavior, | thought I'd start out with the
idea of a neural network. It just so happened that I'd
been studying neural networks and so | kind of knew
where to start. | thought it would be fairly easy, and as
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it turned out, it wasn't toa hard. | went and sat on top
of a hill for a week and figured out how to get it up and
running and came up with a mechanism that | thought
would work. | programmed it, it worked, and | got the
rich dynamics from it that | wanted.

NG: So you're saying that the Creatures project was
easy?

Steve: No, not at all. [Laughs]. As it turned out, the
initial neural network was just the start of a very
slippery slope, and as | decided to add yet more and

Ccomputer games as we know them will
be a relatively short-lived phenomenon

more realism to the game world, things got very, very
complicated. Qver the course of development | added
to the creatures much, much more detail, including a
digestive system, an immune system, and a drive-
based punishment/reward system. Al of these were
based on accurate biochemistry models — so, once
again, I'm not trying to mimic behavior but recreate the
systems and biochemical makeup of real living things. |
also added bacteria into the game world (bacteria that
were capable of mutating into different strains) and
even a reproductive system.

NG: At what point did you say, "enough is enough” and
wrap up the project?
Steve: The company had given up all hope of ever
publishing the game, but | went back to the drawing
board for the third time and finally added genetics. So
instead of programming in all of the biochemical and
neural structures that made up the creatures, instead |
programmed a model of genetics in which genes cope
with these things — | took it yet anather step further
down the ladder.

in other words, there is nothing in the program
that knows about being a creature. The program only
knows about being a neuron or being a biochemical,
and then it is the genetics that tells the program how

to be a creature.

NG: And that Is the stage at which the project was
completed?

Steve: There was just one more thing. Because | had a
reproductive system, it was a fairly simple matter for
these creatures to breed. Now, because the game was
based on genetics, the creatures could pass their
genes from parents to offspring and
cross over, and mutation could
happen. And that’s how a million or
S0 creatures got released into the
world and are now capable of
evolution and potentially much
better brain models than | was
smart enough to think of.

NG: And all without any further
input or programming? They can
simply evolve themselves?
Steve: Yes, and they will continue
to do so.

Life, but not as we know it
NG: S0 just how complicated are
these creatures? If you were to
compare them to "real” life, what
animals would you compare them 10?

Steve: They are different ... it's difficult to answer. For
example, they can speak, not in a sophisticated way
like we do, but then no other animal can speak, so in
that sense they are very sophisticated. The
psychological model that | used to design their brains
is taken from the kind of behaviars of rats, so we're
kind of at the rodent level.

NG: But surely a rat — compared to, say, an ant or a
slug — is-a very complicated animal?

Steve: Oh, absolutely. But of course in the virtual world
you can cheat. In real life a large proportion of a rat’s
complexity is-devoted to moving it around in physical
space. To move a rat around involves hundreds of
coordinated muscles, but we didn't have to bother
about any of them. To move one of my creatures
around a TV screen is a lot easier,

NG: One of the things that most people find hard to
accept about Creatures is that some of the Nomns'
behavior can't be explained. But because they have no
preset behavior rules, and everything they dois a
natural consequence of their genetic makeup,
unpredictable behavior has to be expected, right?
Steve: Right, and it's quite a scary thing. It's a very
complicated thing, and | had no idea that my model
would result in the kind of behavior that we see.
Occasionally, people ask me to explain why Norns do
certain things and | have no idea. | try to work it out,
but | can’t explain all the steps as to how it actually
happened.

You have to learn to let go, and again, this is one
of the big differences between Artificial Intelligence (in
which you attempt to have complete control over
everything) and Artificial Life (in which you just have to
sit back and see what happens).

Playing with Artificial Life

NG: 50 is Creatures state of the art as far as Artificial
Life is concerned?

Steve: So I've been told. I've spoken about it at
various universities and scientific conferences now —




=W 2cofzuse. And everyone's very.

e implications for games? Do we
t Al provide enough different
ior to the extent that we can‘t

will always be able to tell the
computer games have reached
be done with Al. Already game
plex and no one is making any
tly, the robustness of programs is
les always slip, and bugs are

€ Is truly the way forward to achieve

€ 2 soccer game, for example, They're

12 players don't behave realistically. In
S no reason why we shouldn’t madel
forms of soccer players and have realistic
occer field be the consequence.

game programmers be able to plug in
solutionss to their existing programs?

s possible, but it would be better in the
10 start completely from scratch and base
vorids (and games based on such worlds)
f Artificial Life technology. Again, it's
rom the bottom up as opposed to the top

what's next for CyberLife after Creatures?
SEve Our long-term goal is based on the assumption
computer games as we know them will be a
vely short-lived phenomenon. As all media tend
sowards integration online, entertainment will move
¥=0 Deing virtual worlds that people want to go and
So the future of the entertainment industry is
ing virtual worlds online. Now, the existing
and graphics industry is very good at creating
models of what these virtual worlds lcok like, but
== better the graphics get, the more embarrassing the
=ck of richness in the world's behavior becomes. And
=m interested in providing that richness. | am
mi=rested in making it a real world.

NG: And Artificial Life will provide this richness?
Steve: Absolutely, but that's not all it can do. The

ather problem with virtual worlds is that in them
Sveryone wants to be the herc. And yet there has to
5= people to do the dirty work. Someone nas to be the
Darkeeper, the streetcleaner, and yes the cannon
sodder for humans to command. No human will want
o] these roles, and yet without these characters,
e world will appear sterile and unlifelike. The only
way to solve this problem satisfactorily is with Artificial

e
NG: S0 what's the next step?

Steve: A long way down the line, we've got to be
iooking at Artificial Life that is as intelligent as humans.
! see no theoretical obstruction to simulations of
sentient life-forms that think and know of their own
sxistence.

NG: According to science fiction writers everywhere,
this business of knowing of their own existence —
Deing “self-aware” — is a big deal, right?

Steve: Well, no one really knows what being "self-
aware" means. My creatures are self-aware in that

their brains know that they are bored, or know that
they are hungry, or know that they have been hit on
the head and it hurts — so they are aware both of the
external world and the internal world, so they are sgif-
aware in this sense. But this isn't what we usually
mean when we talk of being self-aware. We are always
thinking of the little person inside our head who is
looking out. But there so clearly isn't one! So it's a big
philosophical problem to try and figure out what that
means and whether such a structure can emerge.

NG; Are you saying that there is no "self” and that
human beings are nothing more than very complicated
biochemical machines?

Steve: A human being is just a machine, and so it can
be modeled. Certainly | have no doubt that a computer
can model any other machine. Whether or not we can
ever figure out how to create a model as complex as a
human is another question, but technically, there's no
reason why it can’t be done.

NG: And how long will it take until you are creating
Artificial Life that is as sophisticated as a human
being?

Steve: Our goal is twenty years. There's a good
thance we won't make it, but the road along the way
should be very, very interesting. We already have new
brain models that are far more sophisticated than the

ones used in Creatures — it's just a matter of (v=y
following the steps of evolution. LJ[

| talking |
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