
Optimizing Art
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This chapter begins with a personal story. |
Inthe early 2000s I completedamaster’s degree in computer science at the University of
ntréal. My gradudate research project at Yoshua Bengio’s Laboratoire d’Informatique
Systémes Adaptatifs (Computer Science and Adaptive Systems Laboratory)! focused

em artificial neural network language models—forerunners ofdeep learning language mod-
els that currently run the most advanced speech recognition and automated translation
Systems. In those days, however, artificial neural networks were regarded by the majority
ofAl researchers as a dead end.
Over my years as a graduate student, I had become disenchanted by the disciplinary,

homogeneous, and conservative culture that prevailed in the field ofcomputer science at
the time. Soon after finishing my master’s, serendipitous circumstances and encounters led
me to distance myself from artificial intelligence research and pushed me into the new
media arts. Montréal in the early 2000s wasa vibrant and exciting place for emerging new
media artists with a rich,burgeoning ecosystem ofartist-run centers, academic networks,
and tech companies. Yet as | was making my first steps into the art world, my fascination
with the arts was distorted by the engineering culture I had bathed in for almost a decade,
which had left me with a naive and narrow view ofart and society and a tendency to see
everything as a problem to be solved.

In that context, sometime during the winter of 2005, I developed a proposal for
an artistic project that reflected my state of mind at that point. I sought to create an
interactive installation that would display generative images to the visitors, who would
then interactively select their preferred images.The apparatus would then use machine lear-
ning to adapt to the public’s tastes, generating increasingly aesthetically appealing images
over time. In summary,|framed the artistic work as an opportunity for the public to opti-
mize “beauty”through the optimizing power ofmachine learning, which I hadbeentrained
to use over so many years.
My young computer scientist brain was absolutely convinced ofthe revolutionary char-

acter ofthis proposal. My project would generate an optimal solution to the “problem” of
artistic creation and it could potentially replace artists altogether. This idea encompassed a
certain degree ofcontempt for my artist peers,who had for the most part gone through art
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Figure 2.1
images from Gald-pagos interactive exhibit, 1997. Courtesy of Karl Sims.

My peer’s idea reminded me ofmy own proposal for an aesthetics-optimization system.

Both ofus had attempted to frame the artistic process as an optimization problem in which

the aesthetic value ofimages was determined by amajority vote. Moreover,we both framed

art making as aproblem to be solvedby defining the artistic value ofawork as a quantifiable

objective function.
This story demonstrates one of the core issues that render traditional optimization

approaches in machine learning (and more generally in computer science) fundamentally

inadequate when applied to the arts. It also shows how artists work with machine learning 7

in alternative ways that often runcounterstream to machine learning conventions. The rea-

soning behind such aesthetic optimization systems is not entirely unsound. In fact, similar

concepts have been implemented in the art world; one ofthe most famous is Karl Sims’s

1997 installation Galdpagos, in which users control the evolution of virtual life forms by

selecting their preferences (see figure 2.1). My old selfunderstood that the value ofan art

work is subjective but nonetheless undertook a series ofquestionable mental leaps leading

to the belief that one could so/ve art using machine learning.

First, | made the assumption that the subjective value ofan artwork could be translated

into an objective value using statistics on people’s tastes. On that premise, I reasoned that

while everyone has their own set oftastes and preferences,good works ofart are generally

appreciated by more people, and therefore one could assume the existence ofhidden prop-

erties that make some works better than others. Finally, I presumed that these hidden

properties could be approximated by a machine learning model such as a neural network

that could be optimized to meet the preferences ofthe majority.

Although this might seem reasonable from a mathematical perspective, it is built on

inaccurate premises about art. First, it presumes that art can be described as an optimization
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2.2
. and Melamid,America’s Most Wanted, 1994. Oil and acrylic on canvas,24 x 32 inches. Photo: D.James

Courtesy ofthe artists and Ronald Feldman Gallery, New York.

mimize or inversely a fitness or reward function to maximize. For example, in a typical
sificationtask such as differentiating between images ofcats anddogs the costfunction

| attribute a higher value when a system makes an error (i.e., identifying a cat as a dog
i vice versa). Another example is reinforcement learning, in which an agent such as a

program trying to play a video game makes decisions in the world and tries to achieve high

One can trace this optimization principle to Rosenblueth and Wiener’s purposeful
stems,which tried to define systems’ behaviorsthrough the concept ofteleology (Rosen-

sth, Wiener & Bigelow, 1943). In their seminal paper the authors distinguished random
acesses from processes with a purpose or goal. Among these purposeful systems, they
ther defined teleological systems as able to adjust their own decision process through a

sedback loop.
If art is precisely nonteleological, or even nonpurposeful, then basing art on machine

learning seems bound to fail. Rather than favoring the emergence of possibilities, opti-
mization reduces options as it pushes the system to converge ona specific goal. Artist
Simon Penny has expresseda similar critique ofartificial intelligence in general, claiming
thathe precisely seeks “‘anti-optimized” systems in order to increase the expressiveness and
personality ofhis robotic art works.

Inspired by their work with swarms ofdrawing robots, artist Leonel Moura and scholar
Henrique Garcia Pereira have complemented Penny’s attack on optimization in their book
Man ~ Robots: Symbiotic Art (Moura,2004): “It is obvious that any teleological setting,
linked to any kind of ‘objective function’ ...should be banned from the conceptual back-
ground behind any ‘artistic’ application of technology (Moura, 2004, pp. 18-19).They
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able. She further defines two forms of creativity: (1) psychological creativity or
sativity, which refers to mundane,everyday activities that are novel from the perspec-

- ofthe creating agent (e.g., the creativity ofa child in an art class); and (2)historical
ivity or H-creativity, which is recognizedby society as creative (e.g.,the creation ofa

sSterpiece) (Boden, 1996,pp. 76).
Zoden further classifies creativity under three different types: (1)exploratory, (2)com-
orial, and (3)transformational. Exploratory creativity involves the exploration ofa

wen space in order to generate new,unforeseen elements ofthat space. A striking exam-

© ofexploratory creativity is AARON,a computer program by artist Harold Cohen that
»matically creates drawings on the basis ofa complex set ofrules.Another example of
oratory creativity would be aneural network trained to generate songs that sound simi-

» those ofawell-known performer such as Michael Jackson bytraining it onadatabase
that performer’s songs. |
Combinatorial creativity involves creating something new by combining two objects |
m different spaces. Jazz fusion, a musical genre prevalent in the 1960s that combined f

z androck,is agoodexample ofcombinatorial creativity. Another example would be the
Synth, amethod that uses deep learning to create new musical instruments by combining
isting ones (Engel et al., 2017).
Finally,transformational creativity involves disrupting some accepted conceptual space

cultural conventions. Marcel Duchamp’s concept of the readymade, which disrupted
adernist artistic conventions, is a good example oftransformational creativity.
Boden traces the origins of computational creativity to Ada Lovelace who said of the

tical engine (a mechanical general-purpose computer designed by inventor Charles
obage in the nineteenth century) that it could be able to compose complex musical

sores (Lovelace, 1842). A century later, at the 1956 Dartmouth Conference that jump-
ed the field ofAI, creativity was named as one ofthe core aspects ofAl (McCarthy,

finsky,Rochester,& Shannon,2006).Yet, for many decades creativity was ignoredby the
west part ofAl communities, who focused more on problem solving. Hence, the most
ecessful early attempts at computer-based creativity were designed by people outside of

Al. For example, throughout his career, visionary composer lannis Xenakis used comput-
‘tsto generate musical scores based onhis theory ofstochastic music (Xenakis, 1992),and
architect John Frazer received the Architectural Association prize in 1969 for his work on
somputer-generated environments.
Many ofthe works of art discussed in this book can, indeed, fall into the category of

somputational creativity. Yet, one of the defining features of computational creativity is
‘is attachment to AI as an effort to understand human creativity by engineering creative
processes on the computer.

From the 1990s onwards, as raw computation became more accessible and allowed for

‘more complex AI systems to be designed, interest in creativity surged again within main-
ream AI.Machine learninghasbeenusedinmany computational creativity applications—

with promising results in the mid-1990s, and with tremendous successes since the
mid-2000s.

Music generation is probably the mostadvanced domain ofcomputational creativity.An
example ofarecentsuccess is the DeepBach system forthe generation ofBach-like chorale
scores, which trained neural networks on a corpus ofJohann Sebastian Bach’s polyphonic
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Figure 2.3
Sample “paintings” generated by a Creative Adversarial Network (CAN)in Elgammal et al. (2017),Courtesy of
Ahmed Elgammal—AICAN.io— Art & Al Lab,Rutgers.

In order to validate their technique, they comparedthe results ofthe generative program
toworks made by human artists from two data sets: one ofAbstract Expressionist paintings

andone ofpaintings presented at the latest Art Basel fair. The authors argued that works
shown at Art Basel,the “flagship art fair for contemporary art world wide,” are indicative of

works existing “at the frontiers ofhumancreativity inpaintings”accordingto contemporary

art experts. This was a good call by the authors, who explained that they did notjust want

to imitate existing styles, but to see whether their method can generate art that could be
considered truly novel.
The results ofthis study are quite telling. A random sample of non-experts attributed

not only a higher degree of aesthetic quality but also of intentionality and “humanness”,
to the computer-generated images than to those from Art Basel. While study participants

rightfully believed that works from the Abstract Expressionist data set were human-made

85 percent ofthe time,this beliefdropped to 41 percent when they considered images from
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sduct as they are engaged, through the process of artmaking, in a creative inquiry that

imately leads to the revelationofnew knowledge andnew worlds. Fromthis perspective,

=mpts to automate art using artificial intelligence appear at the very least questionable.

Beyond these problems,there is a host ofways in which artists use and misuse machine

ming and other optimization methods. Optimization can take different forms, and even

machine learning researchthere exists aplethora ofless restrictive optimization objective

ionsthat encourage diversity and novelty.Forexample,much ofthe recentprogress in

sep learning is related to unsupervised learning and representation learning methods that

ém at extracting regularities and patterns from data without necessarily trying to match

a points to predetermined categories such as cats and dogs.

We cannot deny that increasingly large aspects of artistic production are automated

anks to advances in computer science, and machine learning is already contributing to

is. Although this new form ofmechanization of creative processes, which allows mass
seduction ofnovelty, should not to be equated with art, it will likely have a huge impact

the art world which will force artists and art historians to redefine its boundaries.
Some will likely take refuge in anthropocentrism, claiming that art simply cannot be

scomplishedby machines because art isby definition ahumanactivity. I believe this would

a mistake. While we need to be careful not to fall for Google-driven techno-optimism
d embrace the idea ofsoon-to-come creative machines that will replace humans,we also

ave to consider how at least some dimensions ofart might exist beyondthe boundaries of

‘the human species and its activities.®
The automatization ofcreative labor made possible by machine learning and other artifi-

al intelligence technologies is an importantchallenge facedby artists. There is aperceived

‘threat,realor not,thatartists, whose living conditionsandsocial status are often fragile, will

ease to have a valuable role in society because algorithms will steal their jobs. This threat
should be taken seriously. Artists currently manage to survive by undertaking a plethora of

creative activities, which include tasks that might be taken over at a lower costby machine
learning systems—such as doing work for the entertainment industries to pay the bills. Yet,
machine learning also offers new opportunities for artists to further redefine relationships

with machines by, for instance, imagining new ways to collaborate with them.
Artists have always foundways to reclaim the technologies oftheir time and shape them

to their needs. For instance, there is no requirement to define the evaluation function ofa

learning algorithm such that it attempts to approximate the public’s tastes or to imitate a

particular style. This function can in fact be freely defined to achieve other purposes.Thus,
one could adapt it to their ownpreferences;they could experiment with different evaluation

measures to generate new content, and they could even change the evaluation function

over time. In other words, while optimization appears antinomic for artistic practice,there

are many ways by which optimization processes can be hijacked for creative practice such

as tinkering with the data fed into the system, playing with the model, and tweaking the
evaluation function.

Learning in Real Time

Beyondtrying to directly “solve the problem” ofartistic creation through a popular survey,
some artists choose to employ the fascinating generative process ofthe learning loop as a

support for new forms of art. In this case,a system is optimized according to an objective |
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day, a pool of ten individual units of water (10 milliliters each) must be shared
the plant and the machine learning system. The learning agent makes decisions

distributing the water supply, thus impacting the environment and in particular the
ofthe plant.The impactofthe decision is evaluatedbyanexternal computerprogram,
as a measure ofthe system’s performance sends a reinforcement signal to the agent
form of a reward or penalty. Over the course ofthe exhibition, both the machine

ing agent and the plant adapt to the situation staged by Balska.
the first two weeks of the exhibition, the actions of the learning agent are mostly
.Only after afew weeks does apattern emerge.First,the agent appears very greedy

few days, keeping all the water to itself, causing the plant to begin dying. In response
signs ofthe plant’s decay,the artificial agent begins to share someofits resourcesfor a

days.When the plan shows signs ofrecovery,the learning agentbecomes greedy again.
ly, after many months,the system becomesmore efficient in its water management,

ing in more consistent and balanced decisions.
ForBalska,the purpose ofthe work is not so muchto create an optimal plantcare system
rather to generate interactions between reality and virtuality by creating a relation-

ap between two adaptive systems, one computational and one biological. The audience
invited to discover this relationship and is left to interpret it in their individual ways.

gh the work takes the form ofan experimental apparatus, through this optimization
what is revealed is the unpredictability ofthe system,which can change depending

external factors such as the ambient humidity and temperature.

clusion

hine learning offers a unique challenge to art because of its historical entanglements
with an engineering culture that idealizes optimization and problem-solving over open-
endedness and diversity. Traditional engineering approaches to art making within computer
Science and artificial intelligence rest on false premises as they focus on techniques and
utcomes rather than on processes and contexts.

In other words, as machine learning is geared toward optimization, when experts ofthe
field attempt to apply machine learning algorithms directly to artistic creation, they more :
than often miss the point. When all you have is a hammer,everything looks like a nail.

This is a recurrent issue in computational creativity research.Directly applying machine
learning to artistic creation requires framing art making as an optimization problem.How-
ever, the fact that these generative outputs are removed from any frame of reference is
antithetical to how contemporary art operates. What the twentieth century has taught us,
through the ongoing operation ofthe avant-garde is that art is notjust about creating new,
beautiful stuff. It is a dimension ofculture that always respondsto broader cultural, social,
and political contexts. Furthermore, as Komar and Melamid’s America’s Most Wanted
painting suggests, artistic value does not boil down to a vote ofpopularity.

Artists have always found ways to engage critically with technologies by approaching
them sideways. Machine learning artists use adaptive technologies as raw material, hijack-
ing the optimization game to create meaningful experiences. In so doing, they do not
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