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Abstract

A brief survey is presented of the first 18 years of web-based
Artificial Life (“WebAL") research and applications, cover
ing the period 1995-2013. The survey is followed by a short
discussion of common methodologies employed and current
technologies relevant to WebAL research. The paper con-
cludes with a quick look at what the future may hold for work
in this exciting area.

Introduction

Four years ago, in 2010, | clicked a link to watch the new
video for the bandircade Firés latest releasé/Me Used to
Wait Five minutes later, | was sure that what | had just
witnessed would change the face of Artificial Life research.
This was no ordinary video, but an interactive, localised,
personalised experience, coded using native HTML5 tech-
nologies. Distinct from the song, it goes by its own name of
The Wilderness Downtovth

On top of the sheer impressiveness of the tightly inte-
grated audio track and visuals based ugaoogle Street

award€ It would appear that, for the time being, commer-
cial developmentin this area is somewhat ahead of academic
work.

The rapid development of the Web, and the availability
of an ever increasing number of sophisticated APIs, web-
focused languages and associated technologies, clearly of
fers rich potential for developing novel A-Life related re-
search platforms and applications. Despite this potential
there are still relatively few people working at the inteda
of A-Life and the Web (WebAL). However, this is starting
to change.

In this paper, | highlight some of the historical roots and
early work in this area, some current work, and possible fu-
ture directions. This is by no means a comprehensive review,
but rather just a taster for the breadth, depth, and potentia
of the field.

Of particular concern in the following are the new
methodologies enabled by web technologies, and the appli-
cation areas made possible by those methodologies. | will
also highlight some currently relevant APIs and technolo-
gies, although such things are necessarily rather transien
and will doubtless be modified or replaced in the years that

Viewimages of any address entered by the user at the start of follow.

the experience, real time animation composited directér ov
the Street Viewmages and guided by the detection of streets
within the view, together with some deft control of action
shifting between different browser windowd)e Wilderness
Downtownfeatures some A-Life related technologies such
as flocking and procedural content generation.

It graphically illustrates the potential of the Web as aplat
form for A-Life applications, and | felt sure when | first
watched it that within the next year or two we would be see-
ing a great deal of this kind of work at Artificial Life con-

Previous Work

Although the latest HTML5 APIs and related technoIoEies
offer the possibility of programming sophisticated web ap-
plications natively, without the need of plugins or propri-
etary extensions, the idea of using the Web, or, more gen-
erally, the Internet, as a platform for Artificial Life reseh
dates back much earliér divide the following review into

2http://docubase.mit.edu/project/

ferences. However, that hasn’t happened to quite the degreethe-wilderness-downtown/

| was expecting, at least not yé&the Wilderness Downtown
gained critical acclaim and was a Grand Prix Winner at the
2011 Cannes Advertising Awards along with a host of other

http://thewildernessdowntown.com/ For fur-

ther information, seehttp://b-reel.com/projects/
digital/case/57/the-wilderness-downtown/

Shttp://en.wikipedia.org/wiki/HTML5#New_
APIs

“The historical roots of distributed artificial evolution ynhe
traced back to early work on parallel genetic algorithmghule-
oretical work starting in the 1960s and implementationsha t
1980s—see (Cantl-Paz, 1998) for a good review. One might al
consider the field of autonomic computing to be relevanthvti
focus on large-scale, self-managing distributed |.T.eystin the
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what | have calledWebAL 1.CandWebAL 2.Qin very loose connected to a website through which users from all over

analogy to the popular uptake of the teWveb 2.0around the world could design virtual creatures that would then be

2004-5/(O’Reilly/ 2007ﬁ introduced into the environment displayed at the museum.
The creatures were specified on the website by a novel text-

WebAL 1.0 to-creature encoding system. A related web-based system,

In 1995, Tom Ray proposed building a networked version Verbarium was also introduced in 1999, and allowed users
of his w'eII known A-Life systentierra (Ray,[1995). The to create shapes and forms in real-time using the same idea

idea was to use the Internet to create a large, complex envi- _of a text-to-form encoc_iing and an online interactive text ed
ronment in which digital organisms could roam and freely o (Sommerer and Mignonn€au, 1999).
evolve. Over a period of 5 years or so, Ray and co-workers  Moving from art to computer games, the mid-1990s saw
usedNetwork Tierrato investigate the evolution of complex-  the release, in 1996, of the A-Life focused ga@reatured]
ity in parallel programs (their analogy to multicellularor ~ The main characters in the game were digital life forms,
ganisms). Results were mixed: they succeeded in producing calledNorns that were capable of evolution and lifetime
a human-designed multicellular ancestor with two differen ~1€arning, and possessed a physiology, drives, communica-
tiated cell types (parallel processes) that survived infa di tion abilities, and other life-like skills. Although the dir
ferentiated state under natural selection, but they faited ~ Version of the game ran on standalone PCs, a growing on-
achieve an evolutionary increase in the number of cell types line community of players soon started exchanging their
(Ray,[1998). Nornsvia enthusiast websitels (Jepsen, 1999). In the follow-
The year 1995 also saw the launch of the web-based arti- ing years, two further versions of the game were _released,
ficial life virtual world TechnoSphergPropheét, 1996). The ~ and 2001 saw the release @features Docking Statigran
front-end of the system was a website where users could de- Intérnet-based add-on @reatures 3hat allowed Norns to
sign their own creatures by selecting from a limited range {ravel between different online worlffs.
of predesigned body parts. Once created, the user submit- A somewhatdifferentkind of A-Life related game was de-
ted their creature to the web server, and it was tagged with Veloped by the British design groinda Creativen 1998.
the user’s email address and a unique ID. Submitted crea- Their systemSoda Constructomas written in Java and em-
tures were released into a 3D virtual world (which was not Ployed a 2D physics engiffelt presented users with an on-
rendered live on the website), featuring a fractally gener- line editor with which they could construct creatures based
ated landscape with trees existing in a certain band of ele- UPon mass-spring systems with oscillating muscles. By mid-
vations, other creatures designed by the authors and other2000, the popularity of the game had soared through “word
online users, and ecosystem rules governing the interactio ©f email”’, and an online forum enabled users to share their
between all of these components. At key moments during creationd] Soda Creative won an Interactive Arts BAFTA
a creature’s life, and when interactions occurred with othe Award in 2001 for their world In 2002, they teamed up
creatures, the user would receive an update by email. For in- With Queen Mary University London to devel&darace
teractions with other creatures, the email addresses bf bot @ shared online environment where users from around the
authors were shared, so that they could discuss the inter- world could pit their creations against each other in compet
action. Users could also request “postcards” of their crea- tions] The development dBodaracavas supported by the
tures, which were generated by rendering a scene showing UK's Engineering and Physical Sciences Research Council,
the creature in its current location. In 1996 lezhnoSphere  and had a strong public outreach and educational fldour.
world reached a peak population of 90,000 creatures. In  In 2003, Stanley and colleagues initiated development of
1998, work started on a version with real-time 3D render- the computer gamBlERQ which allowed users to train a
ing (Prophet, 2001). This was exhibited at a number of art
galleries and museums over the period 1999-2001, although  °http://en.wikipedia.org/wiki/

this version ran on a local network of PCs rather than on the Cre7at“res—(a”_ifi_°ia'—_'ife—?‘*”e_s) _
Web Source: Wikipedia article in previous footnote.

8http://soda.co.uk/work/sodaconstructor

Another early networked A-Life art project waffe Spa- *http:/Awww.acmi.net.au/soda.htm

cies introduced in 1997 and followed hyife Spacies Ilin Lhttp://awards.bafta.orglaward/2001/

1999 (Mignonneau and Sommerer, 2001). This was an in- |interactivefinteractive-arts

teraction environment installed in a museum in Tokyo and  *http://sodarace.net/ ,  http://soda.co.uk/
work/sodarace-online-olympics

Internet agel (Kephart and Chess, 2003). However, as thas fecu 2In 2013, Szerlip and Stanley developed an open-

on engineering reliable I.T. systems rather than A-biée se | will source browser-based version of Sodarace, callEGoR

not discuss this further here. (Szerlip and Stanley, 2013). It features a developmental en

SHowever, this was a gradual transition of ideas and technolo coding of creatures suitable for evolutionary experimeatsd is
gies rather than a sharp divide, so | do not wish to place tochmu  designed to be an accessible platform that other researcher
weight on this distinction. easily use.
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team of in-game agents using a real-time version of the
NEAT architecturel(Stanley etlal., 2005). Once trained, the
team could be put to battle against an opposing team de-
signed by another (possibly remote) user. Battle mode ran
on a server such that both users could watch the battle
while running the program on separate internet-connected
machine&d

To end thiswebAL 1.Gsection | take a brief look at some
WebAL systems from the online virtual worlBecond Life
an environment that itself straddled the transition period
from Web 1.0to Web 2.0 The two most notable projects
areSvargaandTerminus both of which first came to promi-
nence in 2006. The first of thes8yvarga was an island
with a fully functioning ecosystem comprising a weather
system and various types of plants and anim@alshortly
after the release dbvarga a separate effort was launched
by the Ecosystem Working Grougnd associated with the
in-game locationTerminu The group’s aim was a de-
velop an open source programming language that would not
only allow developers to freely create their own creatures,
but would also allow the creatures irerminusto interact

Pfeiffertherefore implemented distributed web-based evolu-
tion with aesthetic selection

One of the first projects to really embrace the potential
of multi-user collaboration provided byeb 2.0technolo-
gies was the web-based evolutionary art sysiichbreeder
(Secretan et all, 2008). This is a collaborative interactiv
evolution that allows users not only to evolve their own
images online via the project’s webdifebut also to con-
tinue evolving images produced by other usétgbreeder
thereby allows the evolution of very deep lineages of
evolved pictures, and the collective exploration of a vast
search space of images.

An example of an online game using evolution based upon
the behaviour of multiple distributed userg3slactic Arms
Race (GAR)Hastings et al., 20()@ This includes an ge-
netic algorithm that evolves new weapons (based upon par-
ticle systems) according to the users’ current playingesty!

In single-player mode, the weapons evolve according to
the single user, but in full multiplayer Internet mode the
weapons evolve based upon the aggregate usage of all play-
ers. The end result is the continual introduction of new in-

and evolve using a shared language. Sadly, it seems that thegame content based upon the players’ tastes.

project ran into funding and resource problems, and is no
longer availabl&d

WebAL 2.0

An interesting early WebAL project that explored the poten-
tial of distributed computation and native client-sidersto
age wadPfeiffer, released in late 20B1 (and still running
toda@) (Langdon/ 2005). This was a browser-based sys-
tem that allowed users to evolve 2D patterns described by
L-Systems. A user was presented with a variety of patterns

The Picbreedersystem, described above, allows the evo-
lution of 2D images. In 2011, Clune and colleagues in-
troduced theEndlessFormsawebsite for the collaborative
interactive evolution of 3D form& EndlessFormslike
Picbreeder is based upon an underlying CPNN represen-
tation of form (Clune and Lipson, 2011).

Also in 2011, a project was launched of a rather differ-
ent nature to those discussed abdpenWorrnis an “open
science” project to develop a detailed 3D dynamic simula-
tion of the nematod€. elegangPalyanov et all, 2012). Al-

on screen, and could select those they thought were good though the simulation itself is not web-based, the core team
and bad, which directly influenced their evolutionary fites  are distributed across the world and have regular team meet-
The user could also select patterns to be parents for a newings using web-based collaboration tools. The project web-
offspring. Surviving patterns were made persistent on the sijte actively seeks to recruit new members to the team, in-
client-side using cookies. Users could name their faveurit  cluding scientists, programmers, artists and wridrgll

patterns, and save them, in which case they were not only code, data and models produced by the project are open-

stored locally but also uploaded to the system’s globaleserv
where they would become available to be sent to other users.

BNEROwas originally distributed as a binary file running on
Mac or Windows. In 2009 work commenced an an open-source
version calledOpenNERO(http://nn.cs.utexas.edu/?
opennero ).

Hhttp://nwn.blogs.com/nwn/2006/05/
god_game.html , http://nwn.blogs.com/nwn/2010/
03/svarga-returns.html

http://news.nationalgeographic.com/news/
2007/03/070308-second-life.html

8http:/fforums-archive.secondlife.com/191/
83/133314/1.html

Ml include Pfeifferin the WebAL 2.Csection because of its em-
phasis on native web technology.

Bhttp:/mwwwO.cs.ucl.ac.uk/staff/W.Langdon/
pfeiffer.html

source under the MIT licence. The project also pursues
a crowdfunding approach, seeking donations via the web-
site, and, in 2014, via a succesdflitkstartercampaign that
raised over US$120,003.

A novel variety of WebAL was reported by Auerbach
(2012). This work evolved 2D images with a similar rep-
resentation to that used Ricbreeder However, the key dif-
ference was that the fitness of each image was determined
automatically rather than by user selection, and the fithess

9http://picbreeder.org/

http://gar.eecs.ucf.edu

Zhttp://endlessforms.com/

Zhttp://www.openworm.org/

Bhttps://ww.kickstarter.com/projects/
openworm/openworm-a-digital-organism-in-your-browse
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function included a call té&soogle Image Seartf The ra-
tionale was that images of interest to humans would return
many similar hits from the Web, hence, number of returned
hits was a component of the fitness function.

Hickinbotham et al. [(2013) describe work using the
YouSharesoftware-as-a-service infrastruc{ééo create an
online “ALife Zoo”. They demonstrate the potential of the
system by setting up various well known ALife systems
as services, includingierra-as-a-serviceand Avida-as-a-
service The system allows software written on diverse ar-
chitectures to be run in a consistent framework, and for web
visitors to run and interact with the services for research,
education, and archival purposes.

Finally, another WebAL system with an educational
flavour isLudobot$d developed by Bongard and colleagues
and launched in 2012. This is an infrastructure for teaching
undergraduate-level evolutionary robotics using 3D sanul
tions and other tools. The simulations are not web-based, bu
the website makes available a series of assignments that any
one can register to complete. Progress involves not just suc
cessfully completing the assignments, but also web-based
peer review of other students’ work. Having completed all
assignments, a student is eligible to collaborate on rekear
projects with other graduates of the system.

Methodologies and Technologies

The work summarised in the previous section demonstrates a
variety of ways in which the Web can be used for A-Life re-
search and applications. Some broad categories of method-
ology are outlined below (this is by no means an exhaustive
list):

Distributed computation It is becoming increasingly pos-
sible to use the Web as a distributed computation plat-
form. Much of the work surveyed above involves some
aspect of distributed computation. The HTML5 and re-
lated APIs such a%Veb SocketWeb Workersand Web
Storagemake it easier to implement these kinds of dis-
tributed computation systems using native technology.
Furthermore, a number of technologies are currently
being developed to allow fast client-side processing at
speeds approaching those of local binaries: Mozilla’s
asm.jg°|! and Google’'sNative Clienf§ are the most
prominent of these.

Human and hybrid computation Closely related to the
idea of distributed computation on the Web, and also a
feature of much of the work surveyed above, is the idea
of humanor hybrid computationwhere some part of the

Zhttp://www.google.com/imghp?sbi=1
Bhttps://portal.youshare.ac.uk/
Zhttp:/fwww.uvm.edu/ ~ ludobots/
Z'http://en.wikipedia.org/wiki/Asm.js
Bhttp://en.wikipedia.org/wiki/
Google_Native_Client

computation is performed by human users of the sys-
tem. A human based genetic algorithmas first pro-
posed by _Kosorukoff (2001), and there is a large liter-
ature on the more general areashofman computation
andcrowd creativity(for good reviews, see (Malone et al.,
2009), (Maher, 2010), (Quinn and Bedelison, 2011) and
(Yu et al.; 2012)FS

Cloud APIs The work by|Auerbach| (2012), described
above, illustrates one way in which Cloud interfaces and
APIs (in his caseGoogle Image Searghmay be used
as components of computational intelligence systems. It
is not hard to think of many other ways in which Cloud
APIs could be employed to provide enhanced capabilities
to WebAL systems.

Persistent systemsMost A-Life experiments typically run
for a few hours, days, or maybe weeks on a local machine
or compute cluster, data is collected, results are written
up, and no further experimentation is done. A feature of
web-based A-Life systems is that they are persistent and
offer the possibility of on-going runs that last for years
(or, in theory, indefinitely). Furthermore, using client-
side processing and data storage APIs (A&lgb Workers
andWeb Storagg these systems can potentially be mas-
sively distributed and extended across space as well as
time. Systems such #&eifferandPicbreederdiscussed
above, give some indication of the potential benefits of
web-based experiments, and many other types of long-
term experiment can be imagined.

The Web as a Complex EnvironmentSome of the early
papers on WebAL, such as (Ray, 1995) and (Langdon,
2005), discuss the possibility of A-Life agents roaming
the Internet and evolving in the complex environment that
it provides. Some of the experimental work discussed
above shows aspects of this kind of free-roaming agency,
but it seems likely that this kind of ability could be ex-
plored and exploited much more thoroughly. TWeb
SocketAPI provides a useful way in which this agent mi-
gration can be implemented natively (albeit always via the
server from one client to another).

Crowdfunding While not related to WebAL technology as
such, another important way in which the Web can en-
hance A-Life is througlcrowdfundingof research and
applications. The&penWormproject, discussed above,
is one example of a research effort that has succeeded in
raising significant funds throughkackstarter campaign
and other crowdfunding efforts.

Steve Grand, author of th€reaturesgame discussed
above, also successfully securtkstarter funding of

2An interesting recent study that conceptualises humarsideci

making and creativity as evolutionary computation is désct by
Sayama and Dionne (2014).
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nearly US$57,000 in 2011 to develop a new A-Life pow-
ered game, currently still under developn@n.

Another A-Life veteran, Jeffrey Ventrella, has also re-
cently secure®ickstarterfunding of over US$15,000 for
his companywiggle Pland] to develop an augmented
reality A-Life gam

Between them, these three projects have raised nearly

US$200,000 of funding throudfickstarter These exam-
ples demonstrate that it is possible (although still fanfro
easy) to obtain substantial funding for A-Life projects via
crowdfunding.

Looking Forward

The preceding sections have looked at ways in which web

It is a truly exciting time to be involved in WebAL re-
search. | cannot predict what advances and achievements
will be made over the next few years, but | look forward
to witnessing what emerges, and eagerly await a WebAL
system that gives me a similar sense of awe as when | first
watchedThe Wilderness Downtown
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