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BY THE WAY (OF RANDOMNESS) 
COINCIDENTS OF QUANTUM MATTER AND CGI TECHNIQUES 

 
 This paper seeks to map out some thoughts pertaining to the Canonical 
Random Number ξ, which lies in the uniformly distributed space of real numbers 
[0,1), that is, including 0 and excluding 1.  In particular, I will attempt to illustrate 
some uses of ξ in computer graphics. 
 
 One quick point to make is that the more random a collection of numbers 
are -- the least tied they are to any cause, the wider their potential application, and 
the more fields of research can meet at that collection.  We can think of random 
numbers as abstraction which helps different disciplines develop commonality.  
To some metaphoric extent, at least, a collection of random numbers helps 
decrease randomness outside of the set.   Also they help us make things. 
 
 Indeed, our need for random numbers is enigmatic.  How can certifiable 
randomness be useful?  Historically (since World War II at least) they have been 
used for experimental probability procedures - also known as "Monte Carlo" 
Methods.  Why are experiments using random numbers called Monte Carlo 
methods?  Well, Monte Carlo was the name of a casino near the Manhattan 
Project and was actually used as a code word to describe atomic experiments.   
Specifically, the term came from Enrico Fermi's study of the properties of a 
NEUTRON while working on the Manhattan Project.  He needed random 
numbers to mimic quantum randomness.  You can find that out on Wikipedia, but 
it is also true.  We'll get back to the atomic randomness in a circuitous way later 
on in this paper. 
 
 The history of modern information (or the modern history of information) 
begins right after World War II.  Not only did Claude Shannon's signature work 
emerge during that time, but so did the Research And Development Project (now 
known as the Rand Corp), as well as the CIA (Central Intelligence Agency) and 
the NSA (National Security Agency).  Shannon also released a paper while 
working for Bell Labs on "secrecy systems" -- the period signified the beginning 
of a whole bundle of activity related to information manipulation, from the low-
level "bit" to the high-level "public policy".  As a case in point, the RAND Corp has 
counted on the combined expertise of the likes of Donald Rumsfeld and John von 
Neumann.  This activity has culminated today in the "Information Operations 
Roadmap" currently being pursued by the Department of Defense.  This roadmap 
attempts to carve out a field of military strategy that encompasses the entire 
defined and undefined range of information: from computer network attack to 
public image manipulation. 



 
 The CIA itself grew out of the Office of Strategic Services, a project led by 
"Wild" Bill Donovan to introduce a new kind of warfare: psychological.  Their early 
experimentations resulted in a coup in Guatemala.  At the same time, the RAND 
Project, in cahoots with the US Air Force, became champions of the usefulness 
of randomness, publishing a seminal work in 1955 "One Million Random Digits, 
and 100,000 Normal Deviates" that were to be used to conduct scientific 
experiments of the sort described above.  Generated with an electronic roulette 
wheel, and modified to remove statistical bias, the numbers were photo-offset 
printed from the output of an IBM model 856 Cardatype. 
 
 Nowadays we don't open a book with one million random digits to a 
random page.  Instead, we use pseudo-random numbers generated 
computationally on a computer.  It is impossible to produce true randomness 
using deterministic methods, but we can produce pseudo-randomness to various 
degrees, depending on the algorithm we use.  There are websites like 
random.org that offer true random number generation by measuring chaotic 
systems like atmospheric pressures or some other mix of signal noise.  
Computationally, deterministically, however, we can only approximate 
randomness. 
 
 The are many strategies for computing randomness, the most common 
one comes in the recursive form Xi+1=CXi(mod P), where random numbers are 
generated by taking the previous number in the series, multiplying it by a large 
prime number, modulating it through another large prime number.  In fact, the 
numbers C and P need not necessarily be prime in all cases, but they should be 
co-prime: that is, their common denominator should be 1.  This method is known 
as an asymmetrical cipher, or one-way algorithm, for with suitably high prime 
values of C and P, it is impossible to deduce C and P from the result.  This is a 
strategy used in modern day encryption.  Many papers have been written about 
finding suitable values of C and P. 

 
 In binary logic, it is often pointed out that Mod 2k can be calculated quickly 
by bitshifting left K digits.  For those who don’t want to calculate the randomness 
themselves, in programming languages a easier way is to request a random 
variable and divide it by the total number of random variables (i.e. RAND_MAX) 
to secure a canonical random number between 0 and 1.   
 
 Whichever method we use, we want to be able to produce a uniform 
distribution of random numbers that we can return to.  One way of thinking about 
it is “random numbers in predictable places” – so we can table these values and 
fetch them when we need them. 
 
 



Randomness in Computer Graphics 
 
 In applying randomness to computer graphics (and probably elsewhere) a 
clarification could be made: we can generate interesting solutions to creating 
complexity by operating calculations on random points in space, or by 
assigning random gradients to regularly spaced points.  This is to say that 
randomness and regularity can be mixed to varying degrees to great effect.  I will 
try to illustrate both methods. 
 
 By far the most popular use of random numbers in computer graphics is 
an implementation of the latter: realistic looking textures known as “Perlin Noise” 
invented by Ken Perlin in the mid 80’s in response to the “overly slick look” of 
computer graphics.  The main strategy for 2D Perlin Noise is this: on a regular 
grid of points, calculate a random gradient value for each coordinate.  Then, in 
between the regularly spaced points, calculate interpolated values between the 
neighboring gradients.  Weight the effect of each neighboring gradient by 
proximity to that gradient.  Do this at various resolutions and amplitudes: as you 
decrease the space between grid points also decrease the gradient variability.  
Another way of saying this: for each “octave” of noise, double the frequency and 
halve the amplitude of your random gradients.  Apply a smoothing filter to all 
gradient values, and add up the various octaves.  Here are my initial Perlin Noise 
outputs using a customized random number generator. They differ in terms of 
starting resolution, but they all sample the same precomputed table of random 
gradients. 
 
 
 

 
  
 
 The next step would be to set up “permutation” tables to randomize the 
way in which the random gradients table is indexed into, and to apply this to 3D 
surfaces. 
 
 
 



 
 
 

Spherical Harmonics 
 
 Now, to switch to another application of random numbers in computer 
graphics, let us consider random points on the surface of a sphere: 

 
 
The above points were calculated by randomizing the offset from rigid grid points 
on a plane, and then mapping the results onto a sphere.  What can we do with 
these samples in space?   One thing we can do is calculate each one’s 
correlation with a set of basis functions known as the Associated Real Legendre 
polynomials.  The Legendre Polynomials describe harmonics inside a spherical 
space, and have been used to model electron orbits: the same people who use 
random numbers to model subatomic behavior, also use Legendre’s polynomials 
to measure that behavior.  We’ll be doing something analog to that. 



Let’s take these random points and scale their distance to the center by their 
correlation with a few Legendre’s equations.   If we do this, we’ll see something 
that reminds us of chemistry class: 
 

 
 
 
 Now, for each member of this set of functions, we can start to do some 
interesting things.  Currently, researchers at Playstation and other gaming 
enterprises, are keenly intrigued by the potential of using the correlation between 
random samples and spherical harmonic basis functions to speed up global 
illumination calculations.   
 For our purposes, We can take some video input, perhaps with a wide-
angle lens, wrap it into a spherical shape, sample the color values at the 
randomized points we’ve already calculated, and scale the colors by the 
coefficients for each correlation.  For each basis function we’ll add all those 
scaled color values up and divide the result by the total number of samples.  This 
will give us an approximation of the amount of light coming in at that spherical 
harmonic.  If we then add up all the harmonics we’ll have an approximation of the 
total light in the environment.  See the next page for these results.  Right now, my 
implementation is having “exposure” problems when approximating colors. 



 
 
Approximation of spatialized light intensity in an environment, divided into bands 
and added into global illumination (top right).  The Law of Large Numbers that 
allows us to reduce integration over the surface of a sphere into a weighted sum 
of randomly selected points. 
 
 

Summary 
 
 This project explored the use of randomness in approximating reality, 
specifically with respect to two fundamental techniques in computer generated 
imagery. 
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