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ABSTRACT 

Permutation 

by 

Christopher Nichols 

This is a story of two spatial designers: The Mathematician and the Architect. In the 
four dimensional space of a Mathematician, most physical realities must be ignored in or­
der for the space to remain pure. The visual, one of the most powerful tools of the Architect, 
can coexist within the Mathematician's four dimensional world without affecting its purity. 
However, the Architect must ignore his/her physical realities, such as gravity, mass, and 
human scale. The Mathematician establishes the rules within which the Architect must 
operate. The Architect manipulates form through a structure that is defined by the Math­
ematician. The Architect explores spatial qualities through the tools that the Mathematician 
gives him/her. The Architect tries to understand the meaning of the form that both of them 
have created. He/she pushes the form in order for it to achieve spatial qualities. Together, 
the Mathematician and the Architect try to understand the meaning of such spatial qualifiers 
as: big/small, wide/narrow, inside/outside, and light/dark. The Architect starts to under­
stand why spaces achieve these qualities in his/her physical world. 



Acknowledgments 

I would like to take the time to thank the people that helped me through the semester. The 
project would not have been possible if it were not for the guidance and support of my 
committee, which includes Lars Lerup, Michael Bell, and Fares el-Dahdah. I would like to 
thank Carlos Fighetti and Louis Delaura for helping me increase my processing power at a 
time of need. I would also like to thank Robert Sheh, Richard Odom, and Shisha van Horn 
for their assistance, informal advise, and friendship that they gave me throughout the project. 



Preface 

The following thesis is discussed in terms of a conflict that exists within my education. 
Having a background in Mathematics, I entered the field of Architecture. In doing so, I was 
forced to reevaluate how I make decisions in terms of problem solving. 

The preliminary research involved how each of the fields address problem solving. In terms 
of Architecture, I research the issue of program. This involved how one defines program as 
well as how program is addressed. In terms of Mathematics, I was interested in issues of 
abstraction and language. These were important in terms of understanding the essence of 
how one establishes a mathematical proof, which is the key to problem solving. 

This document establishes the existence of two fictional characters: a Mathematician and a 
Designer. It discusses the process by which the project evolved. The characters represent 
a train of thought that helped guide the project to the next level. 



Introduction 

.:>!...!'.'-'"'~'""~ explorers, a Mathematician and a Designer, s. :· ·· 
+...rt . .:>rct-~..,.rt the nature of a space in an abstract..,~,_· ... ·· ....... F. 

t w~s free of assumptions. Any 
influence the research and have 

the abstract setting allowed 



Metaballs 

In order to set up a system with which a design method can be achieved, a set of members where 
placed. Each of these members were then defined through metaballs.· A metaball is a mesh 
which builds itself as a type of "field" through the use of other objects. In order to define a 
metaball, one needs to have a number of objects which are defined as being part of the metaball. 
Each object has an influence on the mesh according to its location, size and proximity to other 
objects. To computer animators, the tool serves as a means of quickly generating meshes of 
smooth forms. They are generally used as many small balls positioned close to one an other. 
The other advantage of using metaballs for character animations is that the balls can be moved 
during an animation. The mesh is then regenerated for every frame. This allows one to easily 
animate a smooth form. 

The use of metaballs seemed tq b,e a logical means of generating form. The Designer was 
. . . · sitioning elements in space. The Mathematician 

tions. 

group, a more interesting set 
of elements would be the set of distances between 
the elements. Therefore, the resulting mesh is sim­
ply an expression of the relationship of the overall 
distances. 

It is important to note that distance is not a three­
dimensional measurement, but a four-dimensional 
one, since the elements move over time. That is to 
say that they have a length in terms of time that 
can be measured like any of the other dimensions. 
We will refer to this set as the distance function set. 
Therefore, time dimension is not another variable, 
it is a part of overall distance measurement which 
is the distance function set defined in the group. 

Normally, the elements that are used to generate 

result was derived through a set of condi-
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the field are not visible when rendered since they 
only serve to generate the mesh. By duplicating 
the elements, one can add them back in visually so 
that the position of the elements is understood 
when studying how the mesh reacts to the posi­
tion of the individual elements. 

The elements used are not limited to small balls. 
Due to its simplicity, one generally does not use 
anything but small balls. However, one can also 
use other shapes to generate the field. The ball has 
the characteristic of being the same distance from 
its center to its outer edge. However, long metaballs 
can be used. To the architect the long member is 
familiar building device. The long 
the designer in many way's . .. 
to "sketch out" a form u .· ·. 

reason being, that . 
were line 

The First Form 

The first exercise, the · .. ·. · .. 
and straight forward geometn 
epiped. Therefore, the form only 
bers. The idea of the animation was to 

to the changes. An animation was 
order to observe these changes take place while the 
members moved from their initial location. Small 
cubes were added to the corners of the parallelepi­
ped in order to have a reference for the edge of the 
form. 

The first two moves involved transposition by 
moving the ends and the sides of the parallelepi-

Page 3: Animation stills of the first form. 250 frames 
320x240 pixels at 15 f/s . 
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ped out. The third movement involved rotation. 
Here the caps were rotated out from the one edge 
of the object. Last, the members were scattered in 
a "random" fashion. Finally the members return 
to their initial location, and the animation looped. 

It was clear that the proximity of the members had 
the greatest influence on form. So much so, that if 
the members moved to far from the form, the mesh 
around the object would virtually disappear. The 
individual members would also have a great influ-
ence on the shape mesh once it was moved. 
Even the section mesh that : .• • furthest 
from the member be visibly by the 
change. This the . 
that there 

The concept 
ped, and add three : 
members would be moved. 
The idea was that by rotating the corners through 
these extra members, the mesh might bend in that 
direction. 

While the mesh was not as radically affected by 
the movement as in the first form, it did not have 
give the illusion of bending. The major reason for 
this is that the mesh changes it configuration rather 
then simply move it vertices. 

Page 5: Animation stills of the second form. 200 frames 
320x240 pixels at 15 fls . 

5 



-< 



7 







10 



11 



12 



13 



form was...,., ,,..,,.,-[ .· ,, .... 

scale and gravity, the 
would reveal themsel 

The mesh, however w 
ing, but a three-dimen . · 
figure had to be a 
ground plane had to be 
stract representation of a 
positioned near the mesh. . .. 
such that it "cut'' the mesh. This •• .· 
think of the mesh as resting on the 

At this point the Designer still believed th . 
was reading as a large object rather then a 
seemed to be a need for more detail within 
The Designer then arbitrarily added a new • 
form. 
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The Mistake 

It was obvious to 
the ground plan 
do with the sy 
made assumptions. 
where not valid. 
nally lived in was a ' 
was assumed on the 
four-dimensional. In order ' 
characteristics of the system, 
within this pure space. 
exist without gravity or any 
scale. 

However, the issues addressed 
take were valid and needed to be dealt wi 
would one stop reading the form as an obj 
more as a space? How could one give the idea • 

without a reference to the physical world? 
scale reference that could be used was 

~e~~~~~~~£Borm~· itself. Was there a need for the 
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Building the Extended Form 

The Mathematician and the Designer had to now build a new form from the research that 
was address by the Designer. The first issue that needed attention was the issue of the 
form being read as a space. The primary aspect that one need to look at was If 
one could give the illusion of the mesh being "large," the overall reading of· 
greater spatial characteristics. Therefore the form was expanded. 

Expanding the System 

Simply increasing 
naturally not ~· 
one reads the object. 
can only be compared to themselves. 
if one wanted to expand the size of · 
one needed to add more members 
tern was an .expansion of the second 
preliminary exercises. That particular system 
had 32 members in it. The new system now had 
152 members. Expanding the number of mem­
bers in the system by such a radical amount caused 
it to become exponentially more lex. The 
system had to be dealt . 
manner. 
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Kinematics- Moving and Altering the System 

The use of more complex kinematics where added 
to the system. The use of kinematics is one of the 
most basic tool used by computer animators within 
character animation. It is what allows the subject 
to come to life. Essentially a system is set up 
where all of the joints in the subject are defined as 
a hierarchy. For example, a hierarchy for a human 
figure would be set up as follows. The thumb is 
connected to the palm of the hand, meaning that 
the palm of the hand is the parent of the thumb. 
The pivot point of ;. . . t be set . 
the base of the · 
palm. When the palm moves or 
moves with it, since it is the child 
When the thumb rotates, the palm •. 
All of the other fingers are al~o . 
palm. Then the palm is set to be the c · 
forearm, the forearm is the child of the upper arm, 
and each of the arms are children of the torso. The 
same system is set up for the legs and the head. 
Now that the hierarchy is set up for the figure, one 
can rotate all of the joints as if it were a mannequin. 
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Reintroducing the Strip 

The issue of the promenade was then visually in­
troduced into, the now gravity-less system. While 
the strip was effective as an issue of introducing a 
promenade, it now had to be effective in an envi­
ronment without gravity. 

The strip was once again an unrelated component 
of the metaball system. Its movement may loosely 
follow the movement of the metaball system, but 
its logic is not the same as the formation and trans­
formation oftbe ' · 
the mesh sornetimt~s 
ent area which would give one 
ing the mesh through and opening. 
strip served as a replacement for the 
The ground plane gave one th~ .' . 
able to "walk up to" the mesh. Now, the 
could use the strip as a guide for its movement. 
Even if the camera was placed in a location away 
from a strip, one could visualize a path through the 
use of the strip. 

Exploring the 
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Conclusion 

The project concluded with a series of large images. The images were high resolution, 
interior renderings. The camera used a very large field of view to try to capture as much of 
the space as possible. The renderings. Several renderings were achieved of the sing 
both interior lighting and exterior lighting. By outputting these images in alar . The 
Designer could hope to communicate how the space had expanded. 

The goal that the Mathematician and the Designer had hoped to 
try to expand the space. The goal was to try to find the threshold 
a space. What they needed in the exploration was to ach~eve the 
rather then a "design." The Mathematician · 
operate within <J.nd bandon 
Mathematician w · 
which point the system 
Designer could not be influenced 
uninfluenced four-dimensional 
and its spatial characteristics . . 
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