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PART I – Computer's role in art 
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Themes 
�  computer as design platform 
�  transformations/mappings 
� programming, formal languages 
�  interactive art 
� multimodality 
� dynamic systems 
� data driven art 
�  conceptual art 
�  computer as artist 
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Painting, graphical design 
� pixel images 
� brushes, colors 

�  lines / curves 
� basic shapes 
�  textures 

�  copy, paste, repeat 
�  translate, scale, rotate 
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Design software 

� powerful tools for manual use 
�  a lot of mathematics hidden in the 

algorithms "under the hood" 
�  your ability of control depends on the 

user interface 
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Splines 
�  curves defined by  

control points 

�  fairness ? 

�  paths as definitions 
of shapes / patterns 
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Many types of splines… 

� Bezier 
� B-spline 
� Cardinal 
� Natural 
� Rational (NURBS) 
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Other interesting curves 
�  functions 
◦  y = f(x) 

�  algebraic 
◦  f(x,y) = 0 

�  parametric 
◦  x = f(s) 
◦  y = g(s) 

�  cyclic functions 
◦  sin(), cos() … 
◦  also in polar coordinates 
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Cornu spiral 

http://xahlee.info/SpecialPlaneCurves_dir/specialPlaneCurves.html  

Spirograph 



CAD, 3D modeling 
�  coordinate systems 
� basic shapes (cube, cylinder, sphere ...) 
�  curves, surfaces, splines 
� positioning:  translate, 

   scale, rotate in 3D 

�  shape construction: 
◦  extrude, sweep 
◦  copy, repeat, transform 
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Constructing objects 
 from lower-dimensional shapes 
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Revolve and extrusion – in real world 

22 Jan 2019 Algorithmic Art 12 

pasta extrusion 

turning / lathing 



Curve-defined shapes 

�  Frenet-Serret frame 

�  repetition of profile shape  
along a generating curve 
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Rendering 

�  simulated lighting 
�  surface materials 
�  textures 
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�  projections 



Shapes by functions/equations 

22 Jan 2019 Algorithmic Art 15 https://people.eecs.berkeley.edu/~sequin/SCULPTS/sequin.html  

renderings by NC machines or 3D printing 



Transformations of shapes 
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Affine transformations 
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•  preserves collinearity of lines, and relative distances 
•  basic linear (matrix) operation in computer graphics 



Projective mapping 
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•  preserves lines, but not distances 
•  perspective projection in 3D 
•  implemented in CGI as linear matrix operation plus division 



How many vanishing points? 
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�  for a rectangular object 



How many vanishing points? 
�  Generally: not a property of the projection, but 

of contents (how many sets of collinear lines) 
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Other non-linear mappings 
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Fish-eye projection… 

�   Snell's window 
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…in arts 
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M C Escher 

V Vasarely 



Think about… 
�  fitting the infinite plane inside a circle? 
�  squaring the circle? 
�  hyperbolic geometry 
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…as texture 
mapping 



Scripting / programming 

�  repeating a drawing action 
◦  in different context 
◦ with different settings 

� Turtle graphics 
◦  http://www.sonic.net/~nbs/webturtle/examples/  
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è parametric procedure, "macro" 

T 
T 

n x TRS 

T = translation 
R = rotation 
S = scaling 



Programming constructs 
�  variables, data types  …  A = 42,  str = "word" 
�  basic operations 
◦  arithmetics   …  x = sin(a) + b 
◦  ready-made functions 

�  conditionals   …  if  x < 100  then…  else… 
�  repetition   …  for x in range(5, 49) do … 
�  functional abstraction  …  def square(a): return a*a 
◦  parametric calls  …    r2 = square(x) + square(y) 
◦  recursion      …  def factorial(n):  return  n * factorial(n–1) 

�  communication:  files, input/output devices 
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Programming environments 
�  online coding 
◦  Turtle,  JavaScript    https://js.do  

 
�  text editor + compiler 
◦  C, Java, Processing  https://processing.org/  

�  visual programming 
◦  MAX, Pd    https://puredata.info  

�  [spreadsheet] calculator 
◦  Excel, OpenOffice 
◦  Matlab 
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Formal languages… 
�  the grammar 
◦  variables : A B 
◦  constants : none 
◦  axiom  : A 
◦  rules  : (A → AB), (B → A) 

�  generates words / language 
◦  n = 0 : A 
◦  n = 1 : AB 
◦  n = 2 : ABA 
◦  n = 3 : ABAAB 
◦  n = 4 : ABAABABA  

�  https://en.wikipedia.org/wiki/L-system  
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…applied in graphics 
�  symbols interpreted as drawing actions 

F  :  draw forward 
+  :  turn left 90° 
−  :  turn right 90° 

�  words generated by the grammar produce drawings  

F
 F+F−F−F+F

F+F−F−F+F  +  F+F−F−F+F  −  F+F−F−F+F  −  F+F−F−F+F  +  F+F−F−F+F
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Plants, biomorphs 
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Turtle tree 



Art science 
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A flower study 
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Themes 
�  computer as design platform 
�  transformations/mappings 
� programming, formal languages 
�  interactive art 
� multimodality 
� dynamic systems 
� data driven art 
�  conceptual art 
�  computer as artist 
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Interactive art 
�  self-contained algorithm 
◦  all computational parameters in the code 

  vs. 
�  interactive program 
◦  results depend on the input (user's action) 

�  allows experimentation 
  for artist / audience 
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Input 

� devices 
◦ mouse, keyboard, touchpad 
◦  game controllers 
◦  various other sensors 

�  abstractions 
◦  triggering   – when 
◦  selection   – what 
◦  numeric values  – how 
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Inspired by Mether-Borgström 
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SynChronos 1997 



Multimodality 

� utilizing many senses / modalities 
�  graphics, audio 
�  sensors, actuators 
� movement 
�  taste & smell (still experimental) 

�  installations, performances 
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Camera-based interaction 
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A note on music 
�  abstract art form – well suited for 

mathematical/mechanistic/algorithmic approach 
◦  automatic players,  

digital encoding 
◦  composing by numbers 
◦  sound synthesis 
◦  computer music 

�  challenging in  
public exhibitions ! 
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Kinetics, robots 
�  physical  

movement 
�  possibly  

interactive 

 
�  http://www.hs.fi/kulttuuri/art-2000005039459.html  
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Dynamic systems 
�  animation 
◦  repeated calculation with time-dependent parameters 

(real time clock, or frame number) 

�  physical modeling 
◦  numerical simulation of real world phenomena 
◦  natural, often aesthetically pleasing 

�  emergence 
◦  simulation of multiple interacting agents 
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Physical modeling 
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Chaotic system 
�  governed by deterministic equations, 

but ultra-sensitive to initial paramaters 
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https://www.youtube.com/watch?v=QXf95_EKS6E  



Emergent phenomena 

� particles 
� multiagent systems 
�  cell automata 
 
�  self-organization: 
 
"The whole is other than  
        the sum of its parts" 

22 Jan 2019 Algorithmic Art 44 



Artificial life 
�  growth simulation 
�  development of patterns 
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Themes 
�  computer as design platform 
�  transformations/mappings 
� programming, formal languages 
�  interactive art 
� multimodality 
� dynamic systems 
� data driven art 
�  conceptual art 
�  computer as artist 
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Data driven art 
�  recorded data as input to algorithms 
� data visualization 

�  https://flowingdata.com/category/visualization/artistic-visualization/  
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Image/video processing 

�  input data from an image 
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…or video 

Videoplace 



Conceptual art 

�  context and connotations 
more important than the object itself 

� medium as art object 
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e	i	π		=		–1	

E		=		mc	2	

"Mathematical beauty 
activates same brain region 

as great art or music " 

Zeki et al. 2014 



#include <stdio.h>   
  
char   
*T="IeJKLMaYQCE]jbZRskc[SldU^V\\X\\|/_<[<:90!\"$434-./2>]s",   
K[3][1000],*F,x,A,*M[2],*J,r[4],*g,N,Y,*Q,W,*k,q,D;X(){r  [r   
[r[3]=M[1-(x&1)][*r=W,1],2]=*Q+2,1]=x+1+Y,*g++=((((x&     7)   
-1)>>1)-1)?*r:r[x>>3],(++x<*r)&&X();}E(){A||X(x=0,g       =J   
),x=7&(*T>>A*3),J[(x[F]-W-x)^A*7]=Q[x&3]^A*(*M)[2         +(   
x&1)],g=J+((x[k]-W)^A*7)-A,g[1]=(*M)[*g=M[T+=A            ,1   
][x&1],x&1],(A^=1)&&(E(),J+=W);}l(){E(--q&&l              ()   
);}B(){*J&&B((D=*J,Q[2]<D&&D<k[1]&&(*g++=1                ),   
!(D-W&&D-9&&D-10&&D-13)&&(!*r&&(*g++=0)                   ,*   
r=1)||64<D&&D<91&&(*r=0,*g++=D-63)||D                     >=   
97&&D<123&&(*r=0,*g++=D-95)||!(D-k[                       3]   
)&&(*r=0,*g++=12)||D>k[3]&&D<=k[                          1]   
-1&&(*r=0,*g++=D-47),J++));}j(                            ){   
putchar(A);}b(){(j(A=(*K)[D*                              W+   
r[2]*Y+x]),++x<Y)&&b();}t                                 ()   
{(j((b(D=q[g],x=0),A=W)                                   ),   
++q<(*(r+1)<Y?*(r+1):                                     Y)   
)&&t();}R(){(A=(t(                                        q=   
0),'\n'),j(),++r                                          [2   
]<N)&&R();}O()                                            {(   
j((r[2]=0,R(                                              ))   
),r[1]-=q)                                                &&   
O(g-=-q)                                                  ;}   
C(){(                                                     J=   
gets                                                      (K   
[1]))&&C((B(g=K[2]),*r=!(!*r&&(*g++=0)),(*r)[r]=g-K[2],g=K[2   
],r[   
1]&&   
O())   
);;}   
main   
(){C   
((l(   
(J=(   
A=0)   
[K],   
A[M]   
=(F=   
(k=(   
M[!A   
]=(Q   
=T+(   
q=(Y   
=(W=   
32)-   
(N=4   
))))   
+N)+   
2)+7   
)+7)   
),Y=   
N<<(   
*r=!   
-A))   
);;}  

 For example, given the 
    input "Hello, world!", the output will be: 
 
  
                  <>       <>       <>    <>                  <>     <> 
      _()       ()/      ()/      ()/     _\)       ()       (/_     _\) 
    [] /^      |^^      /^^      /^^    [] ^^      |^^|      ^^ [] [] ^^ 
      <>[      [][     <>][     <>][       ][      [][]      ][       ][ 
  
  
                  <>    [] 
      _()_      ()/     |()       () 
    [] ^^ []   /^^       ^^|     |^^| 
       ][     <>][       ][]     [][] 
 

This program is a simple filter that translates 
ASCII text into semaphore code.  It reads from 
standard input and converts all alphanumeric 
characters to their corresponding semaphore 
codes. Consecutive whitespace is translated as a 
single 'break' code. Newlines also cause the next 
code to be output on a new line. All other 
characters are ignored. The codes themselves are 
written to standard output as a depiction of a 
person holding two flags, using only ASCII 
characters (semaphore smileys, if you will).   

Obfuscated C 
http://www.ioccc.org/ 
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Computer as artist 

�  randomness 
�  complexity 
�  learning algorithms 
�  computational creativity 
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Randomized curves 
http://www.verostko.com/ 
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Randomly parameterized elements 
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Fractals 
Benoit Mandelbrot 
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Ken Musgrave 
http://www.kenmusgrave.com/ 
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Aetshetics of complexity? 
�  Information theoretic view:  

  emotional interest lies at the border of determinism and randomness 
�  Minimalism = no information 
�  Chaos = too much information, no perceivable shape 

Maegaard: Musiikin modernismi, 1967 
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Genetic images 
Karl Sims 
http://www.genarts.com/karl/  
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Computational creativity 

� poetry 
�  images 
� music 

�  http://computationalcreativity.net  

22 Jan 2019 Algorithmic Art 58 



AARON 
Harold Cohen 

more info
http://www.kurzweilcyberart.com/aaron/history.html 22 Jan 2019 Algorithmic Art 59 



Ontology of algorithmic art 
  – who is the artist ? 

programmer 

computer 

printer 

curator 

audience 

Mandelbrot: Karl Sims 
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What is it all about 

� Mathematics =  
  abstract ideas based on regularity 

� Algorithm = 
  a set of well-defined instructions 
  to be executed [by the computer] 

� Computation = 
  realization of an algorithm 

�  applied in ART 
◦  http://www.verostko.com/algorithm.html  
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PART II – How to do algorithmic art? 

�  Reverse engineering of art 
� Animation 
� About randomness 
�  Recent movements 

�  Source material: 
◦  Spalter, Anne Morgan. The computer in the visual arts. 

Addison-Wesley Longman Publishing Co., Inc., 1998. 
◦  Leavitt, Ruth. Artist and Computer. Harmony Books 1976 
◦  various web sites… 
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How to make [algorithmic] art? 
a)  Translate artistic vision into concrete 

actions 
◦  find/invent mathematical regularities 
◦  translate them into code 
◦  let the computer do the work 

b)  Seek ideas from results of an algorithm 
◦  let the algorithm generate variable results 
◦  look for interesting ideas 
◦  select some as artworks (or for development) 

�  often iterating with both principles together 

22 Jan 2019 



A study of reflections 

�  inspired by our visit at EMMA 

� demo  

22 Jan 2019 



Recap:  Computer's role in art 

  mathematical idea: 
  concepts & relations 

computational rules 
         = algorithm 

     mechanical 
    actions, 
  (calculation, 
repetition) 

physical results 
(output) 

aesthetic 
perception 

human    computer 

abstract 

concrete 

artistic 
vision 
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The approach and workflow 

� Learn the tool 
�  Study how it has been used 
� Try variations and novel ideas 

22 Jan 2019 

W. Kolomyjec :  "It was not uncommon for these early computer image 
makers to use the computer to duplicate a basic theme by a traditional 
artist.  
… A classic study is by A. Michael NolI, 'Computer Compositions with Lines' 
1965, after Peit Mondrian's 'Composition with Lines,' 1917, 
… 'Boxes' in turn is my interpretation of a work by George Nees entitled 
'Gravel Stones.' I feel that it is appropriate to study works of other artists, 
especially traditional artists and those who established computer art in the 
fine art realm. " 
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Vera Molnar, Squares, Series 
4,1974.  As a traditional 
painter, Molnar worked in a 
geometric style, developing 
pictures in "a series of small, 
probing steps, altering the 
dimensions, the proportions 
and number of elements, their 
density and their form, one by 
one in a systematic way," She 
noted that "making a series of 
pictures that were alike except 
for the variation of one 
parameter is not uncommon in 
the history of art (haystacks 
and the Rouen Cathedral by 
Monet, for instance)...  Art at its 
inception is essentially intuitive, 
it is in its elaboration that 
intuition needs control and aid 
by cognition," For her, a 
"computer-assisted procedure 
is only a systemization of the 
traditional-classic  
approach" 



What the computer can do? 
� Basic 
◦  repetition 
◦  geometric transformations 
◦  selection by rules/conditions 
◦  parametric variation 

� Advanced 
◦  big data 
◦ machine learning 
◦  evolutionary algorithms 
◦ AI, creativity 
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Basic operations 

� Basic shapes (line, polygon, ellipse) 
� Geometric transformations 
◦  translation, rotation, scaling 

� Repeating a drawing action 
◦  in different context 
◦ with different settings 

22 Jan 2019 

è parametric procedure 

T 
T 

n x TRS 

T = translation 
R = rotation 
S = scaling 



Exercise: 
 "reverse engineering" of artwork 
       How are these made? 

22 Jan 2019 
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W. Kolomyjec (1975):  'Random Concentric Squares,' figure 5, 
contains an algorithm that can divide an individual square 
within a larger array of squares into a random number of 
concentric squares based on the random location of a 
square with a fixed size located anywhere within its 
boundaries. 'Organic Illusion,' figure 6, uses the same 
basic idea of a large array of squares. However, its 
algorithm places a circle randomly with one square and 
equally randomly connects points to the extremities of 
that square. Note here that the points on the extremities of 
adjacent squares are coincidental and give a concrete 
overall structure to the work. 
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Georg Nees, Gravel Stone (c. 1965) 

W. Kolomyjec, Boxes (c. 1975) demo 



Another exercise:  what are the elements? 
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Yet another… 



Educated guess 

�  Spline curves from random control points 
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Really 
difficult 
one… 
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Solution 
�  Manfred Mohr, P-480/101011, 1992  
�  "Each of the lines making up this work is a path 

traversing (b) a six-dimensional hypercube along its 
edges."  
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How about this? 
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demo 
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Which one is the Mondrian? 



How close can you get? 

22 Jan 2019 

" NolI asked viewers to identify the computer picture and to say 
which composition they preferred. Only 28 % were able to 
identify the computer-generated picture  
(a) Computer composition with Lines, Michael Noll (1965)  
and 59 % preferred the computer-generated image to the real  
(b) Piet Mondrian, Composition with Lines (1917) 



Abstract constructivism 

�  Inspiring style for computer art, 
because… 
◦  non-figurative 
◦  geometric shapes as elements 
◦  free composition 
◦  allures for animation J 

https://www.youtube.com/watch?v=eyEH-Z3cFsU  

�  Trad. : Malevich, Moholy-Nagy, Kandinsky… 
�  Computer: Manfred Mohr, Michael Noll, John Whitney … 
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http://computer-arts-society.com/static/cas/computerartsthesis/index.html%3Fpage_id=121.html  



Inspired by E. Mether-Borgström 
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SynChronos 1997 
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Techniques used in SynChronos 

� Parameterized with random numbers 
◦  shapes, colors, timing 

�  Simple movement 
◦  linear / rotational / dilating 
◦  collision detection 
◦  cyclic actions: semi-3D rotation, pulsation 

� Gradually changing colors 

22 Jan 2019 



Another option for color 
� quantization to a palette 

22 Jan 2019 

•  distinct colors 
selected by keeping 
minimum distance in 
RGB color space 



Op-art 

�  Developed in the 60's 
�  Optical illusions: B&W 

 shapes – dots, stripes, circles, etc. 
�  Mathematical, very suitable for computer 

�  Escher, Vasarely, Bridget Riley,  
 Marimekko, Yayoi Kusama… 

22 Jan 2019 

https://en.wikipedia.org/wiki/Op_art  

demos:    http://www.tml.tkk.fi/Opinnot/T-111.210/2006/demo/  



Dynamic motion 
�  Physical modeling 
◦  numerical simulation of real world phenomena 
◦  natural, thus often aesthetically pleasing 
◦  predictable, in some conditions leads to chaotic 

�  Random motion 
◦  unpredictable 
◦  calls for constraints (to be aesthetically acceptable) 
�  suitable distribution selected by experimenting 
�  even distribution within selected limits is often enough 

◦  may result to motion that resembles chaotic 
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Randomness in motion 
�  Discrete random numbers 
◦  may be used in selection among alternative paths 

�  Positioning by independent random numbers 
◦  white noise, usually too variable for motion 
◦  physically: teleportation to new location at every moment 
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Taming randomness I 
�  Random walk 
◦  take an independent random step from the last 

position 
◦ mathematically: integrated white noise 
◦  physically: velocity (direction and speed) change at 

every moment, not natural 
�  Random force 
◦  add an independent acceleration to the current 

velocity at every moment 
◦ mathematically: white noise integrated twice 
◦  physically: inertia keeps motion more stable 
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Problem with integration 

� Gradually deviates towards infinity 
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Taming randomness II 

� Add corrective force towards center 
◦ mathematically: "leaky" integrator 
◦  control system with negative feedback 

� Results in motion that often feels natural 
◦  useful as control signal in many applications, 

for making them life-like 
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demo 



Application of random pen 
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http://www.flong.com/projects/floccugraph/  



A narrative study with random motion 

� demo 
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Advanced image processing 

� Painterly rendering 
◦  https://mrl.nyu.edu/projects/npr/painterly/  

� Generative textures 
◦  https://en.wikipedia.org/wiki/Texture_synthesis  

� Artistic style transfer 
� Computer "imagination" 
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Stylistic image processing 

22 Jan 2019 

https://thenextweb.com/apps/2016/07/08/prisma-app-mindblowing/#.tnw_NQOMvSts  



Neural artistic style transfer 

22 Jan 2019 



22 Jan 2019 
https://arxiv.org/pdf/1508.06576.pdf  



Deep dream inceptionism 

22 Jan 2019 

https://research.googleblog.com/2015/06/inceptionism-going-deeper-into-neural.html 
https://en.wikipedia.org/wiki/DeepDream   



Recap 

� Analyse existing artworks 
◦  recognize basic elements and their relations 

� Apply algorithmic tools 
◦  try to reconstruct the analyzed properties 

� Add a creative twist by intuition 
◦ …or by randomness 
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PART III  –  Excercises 

� use your favorite tool 
◦  spreadsheet calculator (Excel, Openoffice…) 
◦  Processing 
◦ …other programming environment 

�  try out visualizations and variations 
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Excercise      1 

1.  Your boy/girl friend mathematician has sent you 
the following message. How do you interpret it? 

◦  x = 16sin3(t) 
◦  y = 13cos(t) – 5cos(2t) – 2cos(3t) – cos(4t) 
◦  for the interval    0 ≤ t < 2π  

 

(try out visualizing the curve with Excel) 

�  the solution 
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Excercise      2 

� Construct a random point sequence 
◦  pairs of random numbers 

� Visualize graphically 

� Add formulas to  
◦ make it a continuous random walk 
◦  try out using inertia 

22 Jan 2019 



Excercise      3 
�  Find out the geometric shape 

�  Make instructions for its 
construction… 
…exactly, such that one can make a 
similar one without seeing it ! 

�  Mathematical construction, using 
exact elements: 
◦  coordinates of polygon corners,  

and/or 

◦  operations: translate, rotate 

�  Start with base polygons, 
assume pyramidal peaks on 
them can be made 
automatically 
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THE END 

� Happy Computing! 
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