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Abstract

Architecture is composed of numerous systems, and each system
is related to one another. In some cases, one system may even
contain several minor systems, hence the structure and the
behavior are extremely complex. Before the computer age, the
complexity is the major obstacle to analyzing the building system.
With the advent of powerful calculation ability, the complexity
analysis has become feasible. My thesis therefore focuses on
building a uni-solution to address multiple systems in the
architecture field.
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1 Motivation

In this thesis, 6 architecture design projects are introduced, each
of which has different conditions and contexts. To make the
illustrations clearer, these projects are described with diagrams
and drawings instead of pictures. Moreover, with the aim to
analyze the behaviors of systems and to find out the methodology
to achieve a uni-solution, some mathematical representations are
used to explain the projects. | believe that there would be a
theoretical module similar to a mathematical form in terms of
architecture. Hence, the purpose of this thesis is to help designers
define the architecture systems and find out a uni—-solution which
is simple but multi-functional.

When it comes to uni-solutions, PE (Polyethylene) sealing fims
used for the cups of Taiwanese tea-based drinks is a typical
example, as shown in Fig. 01. Traditionally, it is a plastic lid used to
cover beverages, as shown in Fig. 02. However, plastic lids are
not cost-efficient because their volumes are not easy for storage
and transportation, nor eco-friendly because they are not
reusable. In addition; the use of plastic lids has a beverage leak
issue that annoys-people on the go. Plus, beverage with a plastic
lid is mot able to be put inithedhandbag because any slant position
may spill-out the beverage and.destroy the handbag. Not even
mention-to put more than one cup of beverage in the bag.
Furthermore, when manufacturing plastic lids, it needs an
additional process to drill a straw slot for each lid.

To address the problems of plastic lids, sealing fims that adopt PE
membrane then came into use. Using sealing films has many
advantages. First, the membrane is 100% leak-free, thus can
prevent.the beverage. from spiling over, and more than that, keep
it fresh: Second; using membrane means no need to pre-drill a
straw slot during manufacturing because the material is easy to be
punched in by a sharp straw. The sharp shape of straws can also
increase the suck-on volume, therefore make beverages easier to
drink. Third, it lets people to conveniently as well as elegantly bring
beverages on the go. Forth, one roll of sealing film can be used for
a large number of beverage cups, which means the storage space
and transportation cost are significantly reduced. This case
reveals the benefits of using uni—-solution (sealing films) which
comes from a multi-system concept. Fig. 03 depicts the
relationships among the existing systems, wherein the overlap
parts are the possibilities that uni-solution may exist.

As shown in Fig. 04, more than one possible solutions can be
found to respond to those diverse systems. To build a uni—
solution, the most prominent strategy is to collect all information
and adjust the design to fit every single condition.

Chapter 1 : Introduction
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2 Mesh Structure

Christopher Alexander has written a prominent article to describe
the structure of a city. In his perspective, the structure contains
numerous systems overlapping one another. Consequently, the
whole structure is more like a mesh structure, in which the
connections among the components result in enormous
complexity. Each component can influence the others and vice
versa, thus the analysis of the behavior can hardly be done
because of the intricate networks.

A city actually is in a delicate balanced situation, one subtle
change may cause a devastation that would never be

expected. Christopher pointed out one fact. The mistakes appear
when urban planners simplify the urban structure to a simple tree
structure. Therefore, the semi-lattice structure was introduced in
Christopher’ s paper, and he mentioned that all the systems
should be regarded.

An unprecedented communication methodology named

LDPC (Low Density Parity Check) proposed in 1960s' could be an
appropriate-instance to.explain how significant the information
collecting is. The operation diagram of LDPC is demonstrated in
Fig. 05..LDPC adopts a brilliant.concept to correct errors within the
communication systems. Furthermore, it is proved that LDPC is
the only-one methodwhich can approach the Shannon Boundary
[1]' most, thereby being implemented recently. The concept of
LDPC is to collect the information'as much as possible. After the
large‘amount of collection, all information is processed to obtain a
precise outcome.=This progress is similar to the natural evolution.
The functions and the appearances of natural creatures are
determined by the factors received from the contexts.

An ideal design method therefore should be able to perceive all
slight variations and take them into the progress. In other

words, all the information should be shared with all the

systems. The information exchanging among diverse systems are
shown in Fig. 06 to Fig. 10. Each system can receive and transmit
the information. One system can form a simple feedback loop
where the system can change itself. The complexity will rise
dramatically by increasing the number of the feedback loops. The
structure of a building is far more convoluted, as a result, the
analysis of mesh structures virtually cannot be done. Unless

the mathematical form of the structure is determined, computers
are unlikely used to overcome this obstacle. In the next section, a
project is introduced to test the complexity of the information
sharing system.

Chapter 2 : Complexity
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3 Complexity

13

This project is an experiment about complexity, called Collective
Housing. In this project, each room in the plan is related to its
neighbors. In the first place, the initial room is located in the middle
of the plan, and the second room is placed beside it by giving
some constraints. The process is repeated in this way. After
several iterations, the increase of complexity occurs at an
exponential rate, and the whole plan runs out of control. This
phenomenon is similar to the multiple feedback loops where a
change cause more new changes. All the systems are interrelated
with one another and become complex. This also means the
systems change all the time.

After the experiment, the plan is reorganized within the module. To
integrate the structure and the space, adopting a standard module
is an efficient method. All the columns are within a grid system;
therefore every unit can fit in the system. Without a module
system, all the variables are difficult to be controlled. Each unit
influence other units and receive the feedback information from
other unitsz Consequently, the final design can scarcely be
confirmed because.of the.uncertainty. Hence, some factors
needed to be fixed first, so that the design process can continue.

The same strategy can be applied to the section to determine the
relationship betweenany two adjacent units. As a result, the
relationship occurs in both plan and section, and the entire building
is constructed according to this relationship weaved by these two
dimensions;in other words, this design is fitting to two dimensions
with the same concept: Multiple dimensions can also be found in
Le Corbusier’ s well-known work, Villa Stein. The transparency
that Collin Rowe mentioned in the case can be regarded as the
harmony between plans and sections. Therefore, the identical
relationship within different systems is actually similar to the
concept of uni—solution.

Chapter 2 : Complexity
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Fig. 11 The Experiment of Complexity
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Fig. 14 Section Under 2 Dimensional Visual Conditions
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4 Information Sharing

A study of slime mold is presented in this section to explain
collective behaviors. Slime mold is a collective creature consisting
of numerous single cells. However, one slime mold cell has only
few simple functions.

The fundamental functions of one cell include:

1. Roll toward one place where a signal is detected.
2. Transmit the received signal to its neighbors.

The mechanism of slime mold as shown in Fig. 15 to Fig. 21
demonstrates the signal transmitting and rolling behavior. The
analysis of slime mold displays a potential design. Such a simple
yet remarkable concept has slime mold adopted that higher
leveled intelligent design is feasible. By tapping into the
mechanism of slime mold, the concept of information sharing may
be implemented in the architecture design. All messages from
circumstances are combined together as a confluence,
establishing the major principles of a design, for instance, DNA of
thebeings.-Consequently; an objective and transparent design
methodology can be approached.

Information sharing is alse the model of globalization, especially
after the internet hasbeen epidemic. People today share
information without any barrier. An individual is also likely to be
affected by the information received. As a result, the internet
connects everyone from everywhere, and all messages
exchanged in thissworldwide netinfluence one another, just like a
mesh structure. The LDPC shows the potential of information
sharing.leading to an evolution. Additionally, the simplest creature,
slime 'mold; demonstrates the possibility that

information sharing might produce a higher intelligence. More
details about feedback loops and information sharing systems are
described in references. The specified mathematical analysis and
computation will not be explained in this thesis.

Chapter 2 : Complexity
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Fig. 15 Slime Mold
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Fig. 18 Group Model of Slime Mold
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Fig. 19 Behavior Model of Slime Mold
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5 Agent/ Unit

25

To implement information sharing, each unit should be equipped
with the ability to act according to the information received and
transmit the information to other units. In the study of slime mold,
each slime mold cell can roll in one direction. Each cell is covered
by thousands of yellow threads which provide enough friction
between cell surface and the ground for moving, as shown in Fig.
22. Furthermore, the power driving the cell is generated in the cell
itself. In each cell, there is a chemical solution which can be
transformed into gel in the front part of the cell as shown in Fig. 23.
Because the gel is structural and thick, the volume of the front part
is larger than the tail part, and the hairy surface can extend
forward and grab the ground, thereby moving forward. On the
other hand, the gel will be decomposed to the solution in the tail
part, so the volume becomes smalller, and therefore the surface
can be drawn back, as shown in Fig. 24.

With microscope, a tunnel structure is found in the cell and the
solution can be channeled from the tail part to the front part within
this tunnelsWhen the solution is pushed to the front, the solution
willbe mixed-with-a.chemical material which is like glues helping
the solution transform to:the gel, the structural form. This process
is critical-to.the unit design because each unit should be able to
respond-according to the changes of the circumstances. In the
previous section, the-algorithm in-an individual cell is simple, but
the group of the simple cells can act as a creature with advanced
intelligence. This collective behavior can also be found in the urban
environmentand used as the model to simulate the behavior of a
City.

Chapter 2 : Complexity
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6 Power

27

To realize the power of each unit, one of the implementations is to
adopt the environmental variations as the power to driver the unit,
such as the temperature variations, voltage variations, current
variations, magnetic variations and so on. In this project, | tried to
adopt voltage and temperature variations as the power to drive the
units. However, the voltage variations is hard to be found in the
natural circumstances. Even if the static electricity on the surfaces
of objects is found, the power is still too weak to use. Therefore,
the temperature variations seem to be more feasible; moreover,
Taiwan locates in a tropic area, so the temperature discrepancy
between day and night is obvious.

The phase-change-material such as wax and ice is another
method to use the differentiation of temperature. The temperature
required for forming ice is too low, thus water is not appropriate to
be used in this design. However, the wax needs lower temperature
to melt and higher temperature to solidify, so the wax seems to be
a more viable material.

As shown'in Fig. 26, the metal used to conduct heat is not
horizontal, and-thus the wax will be solidified into a slant form.
Because-of the slant form, the gravity will force the wax to keep
horizontal; therefore the wax willrotate back to stay in the
horizontal state, thereby providing.the force to the axis.
Additionally, the slant design may be applied to the roof design for
constantly generating the power.

However, to provide a stable power, electricity is the most feasible
option. Environmental differentiation or other natural power such
as wind power and-solar power are either too weak to use or too
unstable'to control. As 'shown in Fig. 27, a tiny wind mill is installed
in the component; however, the direction of the air current is
practically random on this scale. Moreover, the wind mill is too
small to drive the device. If the wind mill is expanded to provide
sufficient momentum, the loading of the wind mill itself turns out to
be too heavy. In the end, the wind power will be waived and a
steady power is adopted, electricity. The electricity may come from
clean energy such as solar energy or thermal energy. Eventually
the electricity can drive almost all the devices and the amplitude of
the power can easily be adjusted. The power issue is not the major
subject that | try to research; instead, the issues such as geometry
and bias are what | mainly focus on in this project.

Chapter 2 : Complexity
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Fig. 27 The experiment of Implementation
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7 Bias

In addition to the power, another requirement for the unit design is
bias. Since the unit can connect with other units, the way of the
connection is important. How they combine together can decide
the functions or forms. Without the bias, the combination will be
chaotic and orderless. And, only the combination with orders can
offer useful functions because random composition can hardly be
controlled and may generate unpredictable results. Therefore, the
bias need to be implemented on each component, this way, all the
components can form with order when they connect together.

As shown in Fig. 28, this is a kind of bias design; however, this
bias design can only provide 180 degree positioning, which means
that there are two possible results for each connection. In other
words, it cannot promise 100% positioning. Thus, another method
is adopted to achieve precise alignment as shown in Fig. 29. In this
design, three strings are used as the elements to precisely align
two connected components. Likewise, the strings also offer the
power when they are pulled. Once the strings are pulled, those
components willbe puttogether and align one another in the given
order. Fig. 30 shows the.details of the components. In order to
reduce the obstacles of fabrication, there are three slots
connected to the holes in which the strings are placed. The slots
can make the'fabrication-process easier and save a lot of time;
moreover, if the string goes through the wrong hole, it can easily
be corrected by using the slot.

After the overall formiis-confirmed, all the components are
generated by Grasshopper: Allcomponents can be 3D printed and
the structure is strong encugh to be against the pulling force from
thesstrings..herefore, the entire fabrication is calculated by the
computer and the angles can be changed as needed. All the
components are adjusted simultaneously. The algorithm
concludes the needs of the limits of the 3D printer and the
materials.

8 Geometry

The basic unit is a polyhedron which has twenty pentagon
surfaces and thirty sides. Each side is designed as a bar with three
holes for aligning. Between any two bars is a joint which plays an
important role to connect bars. The angle between any two bars is
put on the joint; hence the whole structure can be separated into
two types of components: bars and joints. The length of the bar
determine the size of the unit while the angle of the joint determine
the shape of the unit.

Chapter 2 : Complexity
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Fig. 28 Two Dimensional Bias
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Fig. 31 The development of Geometry
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Fig. 32 The Final Model
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Fig. 33 The Final Model
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9 Description

39

In this chapter, the following question is going to be discussed:
How does the information propagate among different systems?
Before probing into this issue, the definition of a system should be
deliberated. If a hypothesis is made that a system operates as a
"mathematical function", the model can be described as the
diagram in Fig. 34.

In the equation of f(x) =Y, x represents the input while y the
output, between which there is a relationship. Whatever is given to
this function, there must be a result corresponding to the input. In
other words, a function is a description of the relationship between
inputs and outputs.

Now assume that there is a room in which a chair, a book and a
lamp are placed, as shown in Fig. 35. These elements exist in this
room can establish one or more systems.

At the beginning, the definition of each object should be clearly
clarified: Ihechaironly serves as a seat, the book is to be read
andthe lamprisfor-illuminating this room. Each object can only
provide a single function.. Thus, a person entering this room can sit
on'the-chair or read the book in-a bright environment.

Thereare 8 possible.combinations with these components, as
described in Fig.-36:

{} ; Emptiness ;

{C} ; (Chair only)
{B} ;(Book only)
{L}; (Lamp only)

{C,B } ; (Chair and Book)
{B,L} ; (Book and Lamp)
{C,L} ; (Chair and Lamp)
{C,B,L} ; (Chair and Book and Lamp)

Not every combination is capable of forming a system. To
construct a system, each combination should be able to provide at
least one output in response to the input. In this case, the input is a
person and the output is a specific function. The eight possible
outputs are shown in Fig. 37.

{}; (Emptiness) => Nothing

{C} ; (Chair only) => Sitting
{B} ; (Book only) => Nothing
{L} ; (Lamp only) => Nothing

{C,B } ; (Chair and Book) => Sitting

{B,L} ; (Book and Lamp) => Reading

{C,L} ; (Chair and Lamp) => Sitting

{C,B,L} ; (Chair and Book and Lamp) => Sitting & Reading

Chapter 3 : Systems
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Three different actions can be done with these eight possible
combinations: Sit, Read, Sit and Read. According to the definition,
only four combinations, however, can be defined as a system.
Therefore, the structure of this room can be explicitly drawn as Fig.
38, and further written as a logical form as shown in Fig. 41.

{Room} = {{}, {C}, {B}, {L}, {C, B}, {B, L}, {C, L}, {C, B, L}} ;

If the useless subsets are removed, this universal set can be
revised as Fig. 39.

{Room} = {{C}, {C, B}, {B, L}, {C, L}, {C, B, L}} ;

Only five combinations have the ability to respond to the input and
hence, the redundant combinations are deleted to obtain a more
precise form. To achieve a concise structure of the system, the
combination with a function that is equivalent to others but is of
higher complexity will be excluded first. The ultimate structure is
presented in Fig. 40.

{Room} ={{C}, {B, L}, {C, B;L}} ;

{Room(x)} = {{C(x)}, {B(x), L(x)}:{C(x), B(x), L(X)}} ;
{Room(x)} = {C(x), BL(x), CBL(x)} ;

{Y} = {Sitting, Reading, Sitting & Reading} ;

As aresult, this room can be represented as a universal
combination consisting-of three minor combinations, and each
minor combination has a respective output. The corresponding
logical structure is described in the diagram of Fig. 42.

Theoretically, every space or building may be represented as a
systematic form, and the behaviors of the space or building can be
elucidated.

According to the above definition, neither “book” nor “lamp”
can be regarded as a system alone; therefore, book and lamp
need to work together to form a system, {B,L}.

There is a common condition when it comes to the book, the lamp
and the light. The lamp is the source of illumination, and one
person needs the light to read a book. A supply—-demand
relationship therefore links the book and lamp to establish a simple
system. This relationship is based on the common element
existing both in the lamp and the book. The connection among
different devices of a system will be discussed in detail in the later
sections.

Chapter 3 : Systems
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Fig.-39 Revised System Structure
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Human {}

Chair {C} Sitting

Book {B} X

Lamp {L} X

| {C,B} Sitting

| {C,L} Sitting

| {B,L} Reading

{C,B,L} Sitting & Reading
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Fig. 43 The Multiple Complexity Design
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10 Figure / Ground

47

The classic issue of architecture, Figure-Ground, can be re-
defined in different perspectives. Fig. 44 shows the typical
relationship between figure and ground. By increasing the number
or area proportion of the objects, the figure—ground relationship
becomes more ambiguous. However, the figure—ground ratio is
too simple to illustrate the real relationship between architecture
and environment. The connection between figure and ground
should be defined as the harmony between the architecture
(figure) and the environment (ground). The architecture should be
well connected to the systems of the circumstances. Nonetheless,
the whole environment is always too complicated to analyze. In
this project, it is aimed to find out a strategy achieving the harmony
between the site and the architecture. On the other hand, the
design is required to fit several dimensions.

The site is a reservoir in Hsinchu County, Taiwan. Several
characteristics such as the drain—-supply axis, north-south axis,
contour lines, figure—ground elevations, water table and structure
are chosen, asithe conditions of the site. Therefore, they are
defined as'the dimensions that should be fitted. This strategy is
adopted to re-define the néw. figure/ground relationship instead of
simple volume or area ratio. Here uses the table in Fig. 44 as the
example-to describe the new flgrelationship. In this table, the
unknown-blank can be determined with the information from the
adjacent numbers: Precisely, the' unknown number must contain
the relative information from.others. Thus it can fit to the
environment; furthermore, even though the numbers in the table
seem to be random, thearetically; there must be a relationship
amongdthem. In'consequence; this design contains the information
from the site, and the information is transformed into the spatial
formwhich canbe perceived. In other words, the invisible
information from the land is transformed into the space
experience.
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Proportion of Area

Entropy of Order

Fig. 44 Traditional Figure/Ground Transition

5 6 11 20

7 8 15 28

9 10 19 36

11 12 23 44

13 14 27 52

15 16 31 60

17 18 35 68

19 20 39 76
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96

272

316

360

404

Fig. 44 Multiple Systems Table
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Site : Bao-shan Reservoir

Drain-Supply Line

Sunlight / Latitude

Width A Width B
'

Perception
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Fig. 45 The Connection of Site Conditions
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11 Multi-Dimension

The site conditions chosen form the multiple dimensions of this
design. Fig. 45 shows the connections among the different
conditions. Since every condition could influence one another, the
harmony among all dimensions is complex. Fig. 46 shows the
diagrams of those conditions that are responded in the design.
While people are walking in the path of the building, the spacial
experience which is from the information of the site can be
perceived, as shown in Fig. 46, the series of sections. The
successive sections establish a spacial scenario in which people
can perceive the information from the site. All the abstract
messages from the environment are transformed into the spacial
experience and organized within a visiting path. For example, one
of the dimensions is the contour lines. By definition, the contour
line is the line that is connected by all points at the same altitude.
Thus, the slope of the terrain can be transformed into the width,
and the width of the path is one of the spacial perceptions. People
can barely perceive the slope but can easily feel the width while
walking on the path. So, the invisible contour lines are recorded as
the width of the paths.
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Fig. 45 The Connection of Site Conditions
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Fig. 46 The Series of Sections
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Fig. 47 Roof Plan

Fig. 48 B1 Plan
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Fig. 51 The Perspective in B1 Level

Fig. 52 The Perspective in the Path
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12 Set Theory

57

A classic publication, The Architecture of the City?, written by Aldo
Rossi, puts forward an imagination of the prototype theory. In his
book, prototypes are described as the fundamental components
of a city, and hence the research of prototypes and typology is
undoubtedly a prominent subject when it comes to urbanism.
Typology can be defined as a study on a group with the identical
properties that resemble a mathematical theory, known as Set
theory. In my perspective, Set theory is considered a structure of
typology. The essential concept of Set theory can be described as
Fig. 53. In fact, any space, for instance a restroom, as shown in
Fig. 54, can be described as a set comprising the elements from
other sets.

There are three sets (Set C, Set B and Set L) in Fig. 53, each has
virtually countless elements with similar properties. For instance,
Set C stands for the set of “chairs” , which includes all chairs in
the world. Although chairs have a huge diversity in appearances,
materials, or functionalities, they are all called “chair” and belong
to the same set. Meanwhile, Set B is for the set of “books” and
Sec Llis for the'set.of “lamps” .

Referring-to the room in.the previous section, that room contains
one chair, one book and one lamp. That room can thereby be
defined-as another set, Set R, having three elements that come
from three other sets.

Set C={C0,C1,C2, ... };
Set B={B0, B1, B2, ... };
Set L={L0, L1,L2, ... };
Set R ={Cn, Bn, Ln};

Set C, B and lzserve as the prototype sets because these sets
collect all elements that have the same properties while Set R as a
normal set that contains several elements with different properties.
Nonetheless, those elements with different properties may be able
to construct a system. There is likely some special relationships
among different elements that can connect them to form a system.

Chapter 4 : Set Theory
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Fig. 53 Set Theory

1..Bathtub

2. Toilet

8. Sink / Mirror
4. Trash Can
5. Shelve

6. Tiled Floor
7. Door

D

Fig. 54 Set from Other Sets
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13 Projection

59

Now a concept of Set theory called projection, needs to

be introduced to further explain the relationship. According to Set
theory, one set might be the projection from another, as shown in
Fig. bb.

Here is an example to describe the projection. Assume that Set B
is a set of “churches", which is the projection of Set A. And
assume that Set A is the set of the demands of churches. In the
beginning, the church is simply a place for christians to worship
God, but as people’ s demands are increasing, now the church
may function related to wedding, tourism, historical research or
filming themes. The set of demands thus projects the set of
churches. If the demands vanish, the churches will no longer exist.
In other words, this relationship can be regarded as a demand-

supply.

The concepts above conform to the rules and principles of Set
theory. According to Set theory, it is assumed that there is a

“basis" ineach set which is the fundament to constitute the set.
All elements-inthe-set are:generated by its basis. Moreover, the
hasis represents the main feature of a set. Fig. 56 shows a
simplified-diagram of Set theory:

Based on Set theory; there are two approaches to derive the basis
from a set:

1. Get a spanning set for the vector space, then reduce this set to
a basis.

2. Build a maximal linearly independent set, adding one vector at a
time.

These two approaches are used in mathematics; here, the same
concept is adopted to find out the basis of a set. Eventually, the
basis may be derived from both the projection set and the original
set. Otherwise, another approach named “induction” can also
be used to find out the basis. The technical details will not be
discussed in this thesis; however, they will be briefly explained in
Appendix A. Fig. 57 shows the complete structure of Set theory,
and Fig. 58 shows the concept of a basis.
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SetA, {A}
Set B, {B}

Projection

Fig. 55 Projection
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14 Basis

As time changes, a set will not constantly be the same because
variations in a set frequently occur. Factors such as the shift of
cultures, human behaviors, environments, and even the climate
can trigger changes of a set. Besides, the elements in a set may
disappear or be replaced with a new one. For instance, the
programs within a building may be erased and reprogrammed.
Referring to the theory, once changes are made in a set, the
according changes may be found in its projection set. In other
words, if the demand set changes, the supply set changes, too.
However, changes on the basis are more critical than those on the
normal components because the basis is the essential element,
and the variations on the basis will lead to drastic reshaping of a
set. Fig. 59 and Fig. 60 show the transformation of a set and its
projection set. In Fig. 59, Set B varies along with time, which later
causes its demand set to change as well.

Furthermore, one set can be described as  “tag cloud” when an
element of which may simultaneously belong to two or more sets.
On the otherthandj; this kind of elements can be tagged with
various properties..For.instance, in Fig. 61, an element is pasted
with'a” “chair set” taganda “roomset” tag.
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V = a(Base 1) + b(Base 2) + c(Base 3)

Fig. 58 Basis of Sets
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Fig. 61 Tag Cloud Representation

{1} =>{A};

{2} =>{A}, (B} ;
{3} =>{A}, {C};
{4} =>{A}, (B}, {C} ;
{5} =>{B}, {C} ;
{6} =>{B} ;

{7} =>{C};

{8} =>{A}, {D} ;
{9} =>{D} ;

{10} => {D}, {E} ;
{11} =>{E} ;
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Project: Light of the City
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Fig. 62 City objects

The conflict betweenold systems and current systems can be
easily foundin Taipei city/As colonized by Portugal, Spain, Japan
and the KMT government atdifferent periods, Taiwan has a
complicated history. As as result, a variety of systems coexist in
Taiwan.—This disparity appears not only in the physical aspect but
alsoin the cultural and mental aspects. Hence, there are a lot of
gaps such as the invalid space in-this site, and those gaps are the
best evidence that supports the multi-cultural life in Taiwan. This
design.is aimed to display the differentiation between the old
Japanese system and modern.system. Conflicts could exist
between any two systems without well-arrangement, and thus
cause alot of wastes«To demonstrate the conflicts among
different systems; an algorithm is introduced as depicted in the
below figure:
= 1 |

Conf/l:j:.ct - 0

1. One rectangle should be placed one ‘
time.

2. The rectangle placed should be next
to the existing rectangles with 2mm
width gap. LJ
3. The length of rectangles’ sides
should be equal to the adjacent one.

[ [ I

Fig. 63 Conflicts Generating Algorithm
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Fig. 64 City Objects Conflicts
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The mirrors are installed in the conflicting area @?
reflecting the light which is from the original ‘
street lamps instead of adding new illuminating
systems. The light can only pass through the ‘
empty space, so the conflicting space is ‘ ‘ , ,
highlighted by this way. Additionally, the Mirror cable Mirror
original street lamps are shared with this
design. Hence, a consequent concept which is
named “sharing component” determined ‘
from this design will be discussed in the next .
section. Path Of; light
I i ‘
0 1 Mirror (Angle 1) . / Mirror (Angle 2)
: T Z——
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Fig. 66 Light of City
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15 Sharing Component

The program of this project is to design a wall around a historical
building which was built during the period of Japanese colonial
rule. By definition, a walll is to define a space. With the purpose of
establishing an area for citizens to hold activities, the area should
be soundproofing but accessible. Therefore, the whole area is
separated into several zones, and each zone is defined by placing
objects on its four sides. For example, zone 4 is defined by the 4
different objects as shown in Fig. 67. The zone defined can offer
the citizens a place to hold concert without bothering
neighborhoods. According to the requirements, each placed object
should be capable of reducing the sound. Moreover, the way to
place objects is determined by the simulation of the sound paths
as shown in Fig. 69. Instead of adding a new object, the street
objects are “shared” to form a wall; meanwhile, these objects
are used for different functions or programs. To be brief, there is
not a new wall but those street objects are shared to achieve the
function of a wall. The objects shared are described in Fig. 68.

In order to-achieve -the soundproofing function, the surface is
designed to be able to absorb the sound. The membrane with
numerous.small holes can prevent the sound from reflecting. Once
the sound getintothe holes, they can hardly escape from the
membrane;. therefore the wall can'reduce the intension of sound
reflection.
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1. Projector Room 13. Bus Station
2. Ware House 14. Sign Board / Map
3. Security Guard 15. Stage
= ] ==
4 S 70 g [19)sz] 13 e | 4.amM 16. Projector
5. Light 17. Screen

6. Trash Can/Ash Tray 18. Screen

7. Information / Ticket 19. Ash Tray

8. Pay Phone 20. Trash Collector
9. Cafe’

10. Toilet

11. Bus Stop

12. Light

Fig. 69 Soundproofing Wall
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Fig. 70 The Wall of Objects
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Fig. 71 The Bus Station
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Object 13: Bus Station
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Fig. 72 The detail of Bus Station
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1. Sport Field A 11. Gallery B

2. Auditorium 12. Citizen Square
3. Sport Field B 13. Tree Garden

4. Entry Square 14. Gallery C / Office
5. Historical Building 15. Toilet

6. Media Square 16. Toilet

7. Garden (Forum) 17. Bus Stop

8. Gallery A

9. Caf

. Cafe
10. Garden (Cafe)

NERRERRN
= @ 5m  10m

Fig. 73 Roof Plan
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s s % E
1. Gallery = :
2. Lounge Room / Audience Seats
3. Gallery
4. Gallery

5. Projector

The handrail of the stairs is also the
basketball board. It means that the
handrail can be the sharing component
| between basketball field and the stairs. !

K\) NENRRRNRN
~ 0 5m  10m

Fig. 74 3rd Level Plan
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1. Gallery

2. Lounge Room / Audience Seats
3. Reception / Audience Seats

4. Office

RN
=) 5m  10m

\

Fig. 75 2nd Level Plan
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[= I = R = R = R = R = R = R =

| The two doors can form an entrance | §8 8 888 86
1 or exit. In other words, the doors have | )

| multiple functions and belong to
different systems.

1. Dugout / Audience Seats 11. Stage
2. Billboard 12. Citizen Square
3. Shower T

4. Dugout / Audience Seats
5. Historical Gallery

6. Bus Stop

7. Gallery

8. Cafe Garden

9. Cafe

10. Gallery

o | sm 10m

Fig. 76 Ground Level Plan
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Sharing Component ]

Basketball Field

As mentioned before, the sharing component is the
handrail because the handrail is shared by the stairs
(system A) and the basketball field (system B).
According to the set theory, this component is called the
intersectional component, and this sharing relationship
is resulted from that the basketball board has the same
height as the handrail. Therefore, we may merge these
two components as one by sharing the same height.

]

5m

Fig. 77 AA’ Section
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Open Theater
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As shown in Fig. 78, the wall is shared
by the theater, the gallery and the
structure system. In the first place, the
wall is the space in which the theater
chairs can be put away. Second, the
walll is the exhibition wall for the gallery.
Third, the wall is also the structure of the
building. Generally, almost every wall of
a building has two characteristics; one is
structural and the other is spacial.
Sometimes the wall can also be the
space for the wires and ventilation.
Therefore, now every architectural
element can be redefined because each
element may belong to several systems.
When all the systems are clarified, the
sharing components can be clearly
determined and thus can save a lot of
costs and reduce the conflicts.

5m 10m

Fig. 78 BB’ Section
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16 Summary

87

The link between systems and Set theory may be the

‘demands” as mentioned in the previous section. In the room
example, the book and the lamp form a system because they
have the same property from the same demand — light.

Therefore, we can extract the common properties from devices
belonging to the same system. The common properties reflect the
same demand set, and, moreover, the elements of this demand
set can be used to explain the formation of the system. On the
other hand, we may use the elements of the demand set to
analyze the system structure. Fig. 79 illustrates the architecture by
using Set theory and the system analysis.

In this thesis, | intend to make an induction of a mathematical,
objective and analyzable structure for architecture designs. The
design theory must be constructed on a solid ground in a visible,
touchable and feasible manner. In the nineteenth century, there
was a similar situation in calculus. Before Cantor had proposed the
infinity theary; the calculus was in a fragile condition. Even though
the.conceptofcalculus.was intrinsically correct, no one could
affirmthat the calculus was safe to use. The whole science was
established-on an unproved hypothesis until Cantor originated the
infinity-theory.-.Considering that; a concrete theory must be built for
architecture designs-as soon as-possible, otherwise we may get
lost in the future.
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Set of Books {B0, B1, ...}

Sub-system {Cn}

Room System {Cn,Bn,Ln}
Set of Chairs {C0, C1, ...}

Set of Lamps {LO, L1, ...}
Sub-system {Bn,Ln}

Fig. 79 System and Set Structure
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Vertical (Time) Sharing

Once the sharing concept is applied

1 on the vertical dimension (time), the
concept, Sharing Fabrication, can be
exploited on constructing process
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