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“I’d like to welcome you to this course on 

Computer Science. Actually, that’s a 

terrible way to start. Computer Science is 

a terrible name for this business. First of a terrible name for this business. First of 

all, it’s not a science. It might be 

engineering, or it might be art, or we’ll 

actually see that computer so-called 

science actually has a lot in common with science actually has a lot in common with 

magic”

Harold Abelson, MIT (1986)
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“Science is what we 
understand well 
enough to explain to 
a computer. Art is 
everything else we 

“Computer programming is an art, because it 
applies accumulated knowledge to the world, 
because it requires skill and ingenuity, and 
especially because it produces objects of 
beauty. A programmer who subconsciously 

everything else we 
do.”

Donald Knuth 1938-
Stanford University
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beauty. A programmer who subconsciously 
views himself as an artist will enjoy what he 
does and will do it better.” 

“I can’t go to a restaurant and 
order food because I keep 
looking at the fonts on the 
menu.”



Use of computer 
programming as an 

Fast  numerical calculation + display systems

functions
interfaces

Lecture map

programming as an 
artistic tool

Where you can 
design and refine 
the tool

Complexity, and beauty, from simplicity 
(i.e. code) Case studies
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(i.e. code)

General thoughts on how humans best 
interact with information technology
What You See Is What You Need!

Case studies



Random rectangles Spherium

Harmonograph& Mondrian

Case studies

Gravity
Julia & 
fractals

Ciphers
Soundsnipper
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The Sierpinski 
Triangle

Gravity
Simulator

fractals



The Sierpinski 
Triangle

for n=1:N
r = rand; %Generate a random number
if ( r <= 1/3 )

%Move half way towards red star
x = 0.5*( xR + x );
y = 0.5*( yR + y );
%Plot a red dot
plot( x,y, ’r.’ );

elseif ( r > 1/3 ) && ( r <=2/3 )
%Move ... blue star
x = 0.5*( xB + x );
y = 0.5*( yB + y );
%Plot a blue dot
plot( x,y, ’b.’ );

else

( ),G Gx y

( ),x y

n=0n=2
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else
%Move ... green star
x = 0.5*( xG + x );
y = 0.5*( yG + y );
%Plot a green dot
plot( x,y, ’g.’ );

end
end

( ),R Rx y

( ),B Bx y

( ),x y

n=1
n=3

n=4



N = 10 N = 102

N = 103 N = 105
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cipher_key = {
'A','B';...
'a','b';...
'B','C';...
'b','c';...
'C','D';...

This simple 
substitution 
cipher is 'C','D';...

'c','d';...
'D','E‘;...

};
etc

cipher is 
called a 
Caesar shift
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fid = fopen( filename, 'r' ); %Open file filename (read only)

%Store filename text in a row vector A of characters, then close file
A = fscanf(fid, '%c' ); fclose(fid);

%Open file for writing
fid = fopen( strrep( filename, '.txt' ,[ ‘-' ,cipher_mode, '.txt' ] ), 'w' );

%Step through cipher_key, replacing instances of the 

e.g    A = ‘The Comedy of Errors .....’

%Step through cipher_key, replacing instances of the 
%characters with their plaintext or enciphered equivalents 
B = A; dim = size(cipher_key);
if strcmp(cipher_mode, 'encrypt' )==1

%Encrypt file contents
for n=1:dim(1)

indices = strfind( A, cipher_key{n,1} );
B(indices) = cipher_key{n,2};

end
else

%Decrypt file contents

e.g. 
plaintext.txt 
would become
plaintext-
encrypt.txt
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%Decrypt file contents
for n=1:dim(1)

indices = strfind( A, cipher_key{n,2} );
B(indices) = cipher_key{n,1};

end
end

%Write encrypted character array B to a appended, then close file
fwrite(fid, B ); fclose(fid);

MATLAB code 
for cipher.m



Random rectangles

colours = { [1,0,0], [1,1,0], [0,0,1], [0,0,0] };

RGB colour model
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colours = { [1,0,0], [1,1,0], [0,0,1], [0,0,0] };
a = 2/( sqrt(5) + 1);
for n=1:20

x0 = rand; x1 = x0 + rand; y0 = a*rand; y1 = y0 + a*rand;
patch( ‘xdata’ , [ x0, x1, x1, x0],...

‘ydata’ , [ y0, y0, y1, y1],...
‘FaceColor’ , colours{ randi(3,1) } );

end

[ red, green, blue ]



Composition with Yellow, 
Blue, and Red
1937–42, Piet Mondrian. 
Oil on canvas; 72.5 x 69 cm. 
London, Tate Gallery.

Piet Mondrian
(1872-1944)

De Stijl movement 

“a post or support”
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De Stijl movement 
(Amsterdam, 1917-1931)
“Neoplasticism”
“Ultimate simplicity and 
abstraction”

Randomly generated 
from mondrian.m



M
ondrian

Cut a rectangle randomly
in horizontal and vertical
directions. Randomly divide
into two types

Shrink the ‘red’ 
type to the black 
lines

Find coordinates 
of all line segment 
intersections

1. Choose an 
intersection at 
random

2. Find nearest 
intersection which 

Repeat from  
cycling through red, blue 
and yellow colours

1 2 3

4 5 4
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intersection which 
has the same y 
coordinate

3. Find the nearest 
intersection from 
this which has the 
same x coordinate

4. Construct a 
rectangle



Soundsnipper GUI

Snip a time segment of a 
.wav or .mp3 audio file1

2

1

Amplitude vs time of 
Right and Left stereo 
channels

Playback speed or Brings up a 

1
2
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Can you guess the tune?

What You See Is What You Need

Playback speed or 
reverse options

Brings up a 
‘choose file’ 
window

Performs the snip 
and writes out a new 
audio file



Gaston JuliaGaston Julia
(1893-1978)



Mandlebrot transformations of complex numbers

2
1 0n nz z z+ = +

The Argand 
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Plot a surface with 
height h(x,y). This is 
the iteration number 
when |z| exceeds a 
certain value e.g. 4

julia.m plot option abs diverge 

certain value e.g. 4

Plot a surface with 

In this case colours indicate 
height h(x,y). It is a ‘colour-map’.

julia.m plot option  plot z 
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Plot a surface with 
height h(x,y) 

2 2-

Re( ), Im( )

( , ) x y

x z y z

h x y e +

= =

=



The Mandlebrot Set has 
infinite complexity!
... But a recursive fractal
geometry

Mandlebrot deep zoom (YouTube)

17Benoit Mandlebrot (1924-2010)



maxa

a

4n =

max
n

a
a

n
=

Count the green squares that 
contain the points

8n =

18

log n



The Mandleplant slurping complexity
from the Argand plane (!)
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Much scarier than the cyclops in the Odyssey!



The light bulb ( )2
1 0logn nz z z+ = +



7 steps to enlightenment ( )1 2
1 0tann nz z z−

+ = +



The Mandlerocket! ( )1 2
1 0sinn nz z z−

+ = +



Micro mandlebeast ( )22
1 0n nz z z+ = +



The profusion of power ( )2
1 0

nz

n nz z z+ = +



2
1 0n nz z z+ = +Remember h(x,y) is 

a surface ....

2 2-
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2
1 0n nz z z+ = +

2 2-
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x z y z
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1 0n nz z z+ = +

2 2-

Re( ), Im( )
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Selection from Day of Julia. Mathematicon Exhibition, 2014



( )1 2
1 0tann nz z z−

+ = +7 steps to enlightenment

2 2-

Re( ), Im( )
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( )1 2
1 0sinn nz z z−

+ = +The Mandlerocket

2 2-

Re( ), Im( )

( , ) x y

x z y z

h x y e +

= =

=
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Movie

Movie
HD
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)elevazi,(fR =

37
Transparency

R = radius

azi = longitude

elev  = latitude
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Atomic dragon spiral
Mathematicon, 2014



Klein bottle
with cloudy
holes holes 
transparency
map

40



Texture map

41
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Pen

• The Harmonograph was a 
Victorian curiosity attributed 

Example of a lateral
harmonograph

Pen

Paper

to Professor Blackburn in 1844

• Use two or three pendulums to
create strange and beautiful 
patterns

Pendulum 2
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Photo from The Science Museum

Pendulum 1
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Rotary harmonograph with frequency damping

x

y



Musical harmony
• The mathematics of music has been known 

since the time of Pythagoras, 2500 years ago
• Frequency intervals of simple fractions e.g. 3:2 • Frequency intervals of simple fractions e.g. 3:2 

(a fifth) yield ‘harmonious’ music
• An octave means a frequency ratio of 2. An 

octave above concert A (440Hz) is therefore 
880Hz. An octave below is 220Hz.

• The modern ‘equal-tempered scale’ divides an 
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• The modern ‘equal-tempered scale’ divides an 
octave (the frequency ratio 2) into twelve parts 
such that

12 22 12/
n

n
nF ==



Musical harmony 
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Represent musical harmonies 
visually with the harmonograph!

Rotary
F=2, D=0.7, 
A=1, phi=0

Rotary
F=2.01, D=0.7, 
A=1, phi=0

Note the 
difference a 
small 
change in F 

octave

fifth
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Rotary
F=1.51, D=0.7, 
A=1, phi=0

Rotary
F=3/2, D=0.7, 
A=1, phi=0

change in F 
makes....

fifth



What You See Is What You Need
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PDF output
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‘High productivity multi-tasking,’ 
or are you just being distracted?

check 
me!



The rise of Apps for 
Smartphones....Typically 
software designed for a 
very specific purpose

ha
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t 

59

... and a market for 
your designs

W
ha

t Y



“The psychological profiling of a 
programmer is mostly the ability to 
shift levels of abstraction, from low 
level to high level. To see something 

Some final wisdom from Donald Knuth

“Email is a wonderful thing for people whose 
role in life is to be on top of things. But not for 

level to high level. To see something 
in the small and to see something in 
the large.”
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role in life is to be on top of things. But not for 
me; my role is to be on the bottom of things. 
What I do takes long hours of studying and 
uninterruptible concentration.”



Use of computer 
programming as an 

Fast  numerical calculation + display systems

functions
interfaces

Summary & Questions

programming as an 
artistic tool

Where you can 
design and refine 
the tool

Complexity, and beauty, from simplicity 
(i.e. code) Case studies
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(i.e. code)

General thoughts on how humans best 
interact with information technology
What You See Is What You Need!

Case studies



Inspired? 
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All welcome, regardless of prior experience


