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Demos are a challenge:Demos are a challenge:

� There is no str ict definition of a demo, in the broad 
sense it is a blend of real-time graphics and music.

� Demos are the result of a collaboration: A small team 
of people gets together  and produces the visual effects 
(by programming) and the music that goes with the 
visuals. 

� Usually 3-8 minutes of content - just like a video-clip.
� Demos are then presented at par ties, and compete with 

each other  based on ar tistic and technical mer it .



WhatWhat does a demo look like ?does a demo look like ?

� To get the feeling of a demo, we present 2 of 
our  demos with my group ASD: 

� Planet Risk (2004) and Iconoclast (2005)

� Some of the effects will be analyzed later  in 
more detail.



How do you star t ? How do you star t ? 

� Months of exper imentation.
� First build a simple demo-engine.
� Wr ite dozen of effects - best ones are kept for  

the end demo.
� Same for  the music : Make small tracks, select 

a few and glue them at the end.
� Put everything together  and optimize - make it 

smooth and fast – Frame-rate is impor tant, too 
low and the movements become jerky. 



… And what about the tools involved ? … And what about the tools involved ? 

� Demos are usually made by programming in C/C++ 
and another  language that gives you some basic 
computer  graphics functionality. 

� Almost everything is in the form of a 'black box' - a 
unit that has an input and an output.

� Example : To draw a tr iangle, you define the ver tices 
and call the execution of the routine, which draws the 
tr iangle. 

� Everything is ser ialized, and from the humble tr iangle 
one can build the most complicated structures ! 



� At a high level, we need to take care of the following 
problem: 

� Input: 
� A scene of objects (static or  animating) that are 

descr ibed in a 3D space  
� A Camera through which we look at the scene 
� Output: 
� A 2D image that is displayed on our  monitor  



� Computer  graphics are the essence of demos. They are 
used to synthetically generate images.

� Demos use real-time 3D render ing. Real-time : 
Everything is generated on the fly, unlike an animation 
like, for  example, Toy-Story. 

� Everything that is rendered on screen is made out of 
tr iangles. Every tr iangle has 3 ver tices. Every ver tex is 
defined by a point in 3D space. 

Computer  graphics crash course Computer  graphics crash course 



� All ver tices of all tr iangles are transformed according
to proper ties of the camera.

� The transformed ver tices are then projected on a 2D 
image - our  monitor .

� The operation is a simple vector  to matr ix 
multiplication, and is automated: In reality, we only 
need to define where our  camera is, and where it looks 
at - all tr iangles are then proper ly aligned and 
projected. 

Computer  graphics crash course Computer  graphics crash course 



� Finally, we need to ' fill'  the tr iangles with a color  or  a 
texture. 

� There are different 'shading' models for  every occasion. 
� Different shading modelscan make the model look like 

it is made out of wood, or  gold or  even glass. We will 
look at glass emulation in more detail later  on... 

Computer  graphics crash course Computer  graphics crash course 



Computer  graphics crash course Computer  graphics crash course 

3 vertices Triangle Triangle with
shading



� We build a scene in a demo, by adding together  
different visual elements 

� Elements can be either  static/animating models, or  
par ticle systems 

� We move the camera around the scene to reveal more 
detail 

� Eventually we 'spice-up' things by adding post-
processing effects, for  example noise to emulate an 'old-
film' look 

Building a scene Building a scene 



� Attempt to simulate fuzzy phenomena such as sparks, 
falling leaves, clouds and snow 

� Each 'par ticle' is a dynamic entity and can have a 
unique position and behavior . 

� I t is usually rendered as a quad (two tr iangles) with a 
texture. 

� However , a par ticle system usually needs hundreds to 
thousands of par ticles to look realistic !

Par ticle systems ? Par ticle systems ? 



Particle systemParticle system exampleexample



� Demos look complex but they are not. They aremade 
out of a ser ies of building blocks. 

� Divide and conquer  : Build your  demo one step at a 
time. 

� The ideas are usually straightforward, and themaths
involved very simple. 

� To demonstrate, we will look at 3 cases, from a high-
level perspective, without any implementation details : 

Summary Summary 



� A Par ticle system for  the blood cells in 
Planet Risk

� The glass box in Planet Risk 
� The r ibbons around an object in 

Iconoclast 



� Hypothesis : the cell par ticles should move from one 
end of the 'tube' to the other  in a 'organic' fashion 

� Organic ? - motion not str ictly linear  
� Also : What happens when they reach the end of the 

tube ? They must appear  again at the other  end !

Blood cells par ticle systemBlood cells par ticle system



� We assign a position vector  for  a number  of par ticles.
� Or iginal position should be inside a cylinder . So : 

Blood cells par ticle systemBlood cells par ticle system

J=2p*rand0to1
Rad=rand0to1*Radius
P=(Rad*sin(J ), Rad*cos(J ), rand0to1*Length)

• Then assign a direction for  each par ticle:

D=(0, 0, rand0to1+0.1)



� At each iteration increase P by D:

Blood cells par ticle systemBlood cells par ticle system

• Add an ‘organic’  parameter . A 'swir ling' motion around 
the length : 

P’=P+D

P’=P+D+
(j *sin(time+rand1), q*sin(time+rand2),r *sin(time+rand3))

• Where j , q, r small random values, and rand1,2,3 a 
random phase difference



� We add random rotations of the par ticle cells around 
their  or igin, in a similar  fashion. 

� The camera follows a path which is a combination of 
linear  motion in Z and sin/cos in X and Y 

Blood cells par ticle systemBlood cells par ticle system



� What happens at the end points ? Position of par ticle 
has to be reset, so :

Blood cells par ticle systemBlood cells par ticle system

P’=P-(0, 0, Length)

• We add a scaling factor  so that the par ticle just doesn't 
disappear  and pop-up, but rather  gets smaller  as it gets 
to the beginning and end of the run:

Scale(P)=max(0,min(1,2*sin(p*(P.z/Length))))



� The par ticle system is now ready to render  using 
tr iangles. We spice things up by render  with a non-
photo-realistic technique, and some token post-
processing filter  (bloom effect and 16:9 pseudo 
ratio). 

Blood cells par ticle systemBlood cells par ticle system



� A very different effect. We want to emulate a rough sur face that
looks like glass and animate that sur face in organic fashion. Two-
fold problem. 

� First problem : Glass effect. Recall refraction :

� For  each point on the sur face of cube we define a unique normal 
vector  that follows the rough sur face. 

The glass The glass boxbox



� Any incoming ray is 'bent'  fractionally by this normal:

The glass The glass boxbox refraction refraction 

I’=I+N*J ,  with J very small

• This is NOT proper  refraction, but end result looks very 
close to 'glass'. I t is a very simple formula without 
expensiveFresnel operations. 

• Remember ' I f it looks correct it is correct '  old computer  
graphics saying. We add : 'And is also fast enough'. 



� Static 'glass' texture looks nice. We can improve : 
Emulate an organic swir ling effect. Examplemethods 
for  different detail levelsand speed:

� Explicit: Add functions of phased sin/cosand animate 
in time. Fast but looks very synthetic 

� Per lin noise : Spectral synthesis of multiple layers of 
noise textures. Tr ies to imitate the pseudo-randomness 
of nature. Natural looking but not as fast.

� Emulation of fluid dynamics using Navier -Stokes 
equations or  wave simulation using a differential 
equation. Still not very fast but give best results. 

The animation of glass textureThe animation of glass texture



� We use wave simulation: In each iteration, our  2D 
scalar  Map[x,y] is per turbed at random points. The 
spreading of the waves is emulated through the discrete 
version of the differential equation for  waves: 

The animation of glass textureThe animation of glass texture

Map’ [x,y]=1/2*
(Map[x+1,y]+Map[x-1,y]+Map[x,y-1]+Map[x,y+1])-Map[x,y]

Map’ [x,y]=Map’ [x,y]* f , f <1

• And the damping factor , so that waves are weakened 
with time:



� This is not exactly an effect, but a pre-processing step 
to create an effect. 

� Problem : Given a 3D model, how can we find the paths 
of seemingly random r ibbons that unfold over  the 
model ? 

Ribbons around an object Ribbons around an object 



� Solution : Pick a random ver tex on the model with 
position P. Define a random direction vector  D. 

� Add P+D and find the ver tex of the model that is closer  
to the object. D can change as a sin/cos function of time 
(just like the position of par ticles in previous example).

� P = new ver tex. 
� Store all P in a sequence and repeat until we are 

outside of the model. 
� The sequence of Ps can be rendered using lines, splines

or  par ticles. 

Ribbons around an object Ribbons around an object 



� There is an extra problem: Remember that a 3D model 
is made out of tr iangles. In some cases, the model can 
be very sparse. As such, the r ibbons propagate in an 
abrupt, zigzag manner . 

� We need to populate the model with new ver tices that 
lie on the tr iangles, so as to increase density. 

� Tr ivial : For  each tr iangle, just add random ver tices 
that between the 3 or iginal ver tices of the tr iangle 
(tr iangle / ver tex test) 

Ribbons around an object Ribbons around an object 



� In demos, apparently ir relevant solutions are used to 
improve the quality of the visuals. 

� Themathsused are very simple as long as they are 
modular : Complicated tasks must be separated and 
treated in different steps 

� Other  effects borrow heavily from the fields of algebra, 
analytic geometry, fractal geometry, and differential 
equations. 

Summary Summary 



� The secret is probably to know what sor t of solution 
would give a result that ' looks' about r ight. And is fast 
enough. 

� All in all, computer  graphics in demos require 
exper imentation and imagination ! The ability to think 
out of the box.

Summary Summary 



Discussion / Questions Discussion / Questions 


