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The fundamental algorithms formulation which allows building
development of affordable housing with panel technology, the first step for this project is the research 
of fundamental algorithms which allows complex combinations in athree
system, wit
the spatial prototype, easy to assemble, using short time.
 
 
 
 
 
 
 

 
 
 
 

 

INTRODUCTION 
 

From the theories developed by Taylor, 1919, 1
principles of scientific management, it was possible to 
experience the famous Ford production chain, which made 
possible a great accessibility of cars for the population, through 
mass production with the T car model , it has its importance due 
to the great interchangeability of the parts that make up the 
vehicle, as well as the great simplicity of its assembly and not 
because of the mobile assembly line that Ford used in 
production. They were standardized, using exactly the same 
parts for all manufactured vehicles. Thanks to the 
interchangeability, simplicity and ease of assembly the 
improvedostensibly production. In addition, the online 
motorvehicles production was installed and it consisted of a 
chain in which the chassis was mounted and the other 
components were added. As the worker was closely related to 
the part that he assembled, he could do it more quickly, which 
brought an increase in production and a decrease in the price of 
the product. 

                                                 
1Tylor Frederick, The Principles of Scientific Management,  Harper  and Brothers 
Publishers, NY, 1919 
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ABSTRACT 

The fundamental algorithms formulation which allows building spatial geometry is applicable for the 
development of affordable housing with panel technology, the first step for this project is the research 
of fundamental algorithms which allows complex combinations in athree
system, with few regulations or axioms, it is possible to achieve the development and construction of 
the spatial prototype, easy to assemble, using short time. 

From the theories developed by Taylor, 1919, 11 related to the 
principles of scientific management, it was possible to 
experience the famous Ford production chain, which made 

ility of cars for the population, through 
mass production with the T car model , it has its importance due 
to the great interchangeability of the parts that make up the 
vehicle, as well as the great simplicity of its assembly and not 

assembly line that Ford used in 
production. They were standardized, using exactly the same 
parts for all manufactured vehicles. Thanks to the 
interchangeability, simplicity and ease of assembly the 
improvedostensibly production. In addition, the online 

orvehicles production was installed and it consisted of a 
chain in which the chassis was mounted and the other 
components were added. As the worker was closely related to 
the part that he assembled, he could do it more quickly, which 

production and a decrease in the price of 

Tylor Frederick, The Principles of Scientific Management,  Harper  and Brothers 

In such way this mass production was based on a vertical 
integration model, which consisted of a centralized organization 
of decisions, specialized labor, tools, and product. Sánchez, 
20042 
 

Ford's experience extended to other business, including 
industrial production of prefabricated houses in series, as well 
as technological application of modular integrated services 
systems for homes in remote locations, Mixon, 1977. The 
industrial production of housing was immediate, both in the 
United States Richard L. Tucker, 1996
the solutions are still expensive and not very versatile. For this  
part, Latin America, has not been left behind,  it has developed 
several proposals in the line of standardization, CEPAL, 1996
It should be mentioned some cases such as the experiences of 
houses offered with LP panel, in Chile, or prototypes with 
panels type Monowall, Robles and Castillo 2005

                                                
2Sánchez José,   Proceso  de Transformación  en la  Empresa con Sistema  de Producción  
en Masa al  Sistema de Producción  Ajustada, Tesis de 
Nuevo León, Facultad de Ingeniería Mecánica y Eléctrica, 2004.
3Tucker Richard L. Evolución y futuro de la industria de la construcción, seminario 
internacional Corporación de investigación de la construcción Santiago de Chi
4CEPAL, La producción de la vivienda en América Latina y el Caribe, Santiago de Chile, 
1996 
5Robles Andrés y Castillo German, Modulación de un Sistema Estructural Prefabricado de 
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spatial geometry is applicable for the 
development of affordable housing with panel technology, the first step for this project is the research 
of fundamental algorithms which allows complex combinations in athree-dimensional spatial geometric 

h few regulations or axioms, it is possible to achieve the development and construction of 

In such way this mass production was based on a vertical 
integration model, which consisted of a centralized organization 
of decisions, specialized labor, tools, and product. Sánchez, 

experience extended to other business, including 
industrial production of prefabricated houses in series, as well 
as technological application of modular integrated services 
systems for homes in remote locations, Mixon, 1977. The 

ousing was immediate, both in the 
United States Richard L. Tucker, 19963, as in Europe, however 
the solutions are still expensive and not very versatile. For this  
part, Latin America, has not been left behind,  it has developed 

ne of standardization, CEPAL, 19964, 
It should be mentioned some cases such as the experiences of 
houses offered with LP panel, in Chile, or prototypes with 
panels type Monowall, Robles and Castillo 20055. 
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The experiences of housing industrialization in Ecuador have 
been limited, however the construction system persists with low 
technology models, and they continue buildingconcrete houses 
with difficult access to low income sectors67. 
 

In general the industrial production of prefabricated is classified 
into three types of fundamental systems: construction system, 
assembly systems or unions and measurement systems. 
 

1. The construction systems can be linear, flat or 
volumetric elements, the same ones that generate frames, 
panels and spatial modules, respectively. Of those 
mentioned, Modular building systems imply a great 
degree of prefabrication, while frames and panels 
systems offer more designs. 

2. The systems of assembly or unions, can have different 
forms, standing out the Japanese assembly. The design of 
the assembly depends on the material, the rigidity of the 
joints, the connection angles, and finally the technology 
of the country, and the application sites. 

3. The systems of measurements are crucial, since they 
define the sizes of the constructive systems, they order 
their location, and they coordinate the components. 
These systems are usually pre-dimensioned at the 
beginning of the initial design of the construction 
system, seeking to obtain the optimal spaces to offer a 
housing product, but will have limitations in terms of 
material cost, transportation and assembly. 

 

The technology has been the principal key these systems have 
received, since they have incidence in the process of artisan or 
industrial manufacture, as in the process of assembly. 
 

The exploration of the versatility in the  housing proposal and 
its construction systems, resonated with the Bauhaus8 these 
proposed innovations in spatial solutions with panels, also 
should be mentioned Yona Friedman 19709, with the use of 
algorithms to achieve greater functional versatility  of the 
homes., the algorithms were used in order to find combinations 
of thousands of spatial organizations in plant., however the 
algorithms were not used to find removable housing, however 
he proposed the need to develop removable housing with the 
least possible  impact on the environment, he thinks the houses 
should be considered as furniture, that can be assembled and 
disassembled to locate them  according to the needs 
 

In the context of a systemic theory of generation of algorithms, 
John Conway, 197010, Cambridge mathematician, poses a 
generation of algorithms from a few rules to generate a universe 
of possibilities. These concepts have been used for different 
industrial applications. 
 

In the framework of the algorithm studies, we find a series of 
works that show a series of examples generated by an algorithm 
that produces numerous networks of unique interlocking 3d 
objects, inspired by Japanese carpentry, and the legacy of the 
architect Masuzawa, 1958. It starts from a simple algorithm, 
which in combination produces complex structures, in other 
words a finite number of relatively simple algorithms, can be 

                                                                                        
Bajo Peso sometido a cargas sísmicas para la construcción de viviendas, Pontificia 
Universidad Javeriana, Facultad de ingeniería, Civil, Bogotá, 2005 
6Cámara de la Industria de la Construcción.. Evolución del Mercado de Vivienda en 
elEcuador.2014 
7 Ruiz Silvana, La Vivienda Popular en el Ecuador, ILDIS 1987 
8Alicia Imperiale, An American Wartime Dream: The Packaged House System of Konrad 
Wachsmann and Walter Gropius, TempleUniversity 2012. 
9 Friedman Yona, Hacia Una Arquitectura Científica, Alianza Universidad, Madrid 1973 
10Martkin Garner, MATHEMATICAL GAMES, The fantastic combinations of John 
Conway's new solitaire game "life” Scientific American 223 (October 1970): 120-123 

complex algorithms. Therefore, the role of thought is to 
discover the depth of the issue, converting its roots into soluble 
problems and assemble an orchestra of algorithms that should 
be intelligible and executable for designers. The interpreters 
could be computers, people, mechanical tools, etc. 
 

It is essential to mention the best-known manual algorithm 
system in the world, called LEGO Games, the current format of 
Brick LEGO was born in 195811. The principle of union by 
means of tubes makes a unique element which offers unlimited 
construction possibilities. You just have to let the imagination 
fly and allow multiple creative ideas born during the game. 
 

Within the algorithms framework, the MIT epistemology and 
learning group, led by Mitchel Resnick12, who had been Paper’s 
pupil was deeply influenced by Piaget's constructivism. 
According to this perspective, "'instead of instructing the 
student by providing formulas and techniques (instruction), it is 
better to promote learning by creating an environment in which 
students can perform their own activities of engineers or 
inventors as a way to access the fundamental principles of 
science and technology; the students are really interested in 
their work and, on their own, they try to get information to 
solve the problems they are encountering. So they focused, in 
Resnick's words, on "designing things that allow students to 
design things." Learning better will not come from offering the 
best tools for the teacher to teach, but from giving the students 
the best opportunities to build ", proclaims Pappert. Pappert 
199313. 
 

These applications are based on the constructivist theory of J. 
Piaget, who conceives human intelligence as an adaptive and 
evolutionary construction between the subject, the environment 
and objects. Piaget 196714, from this perspective, empirical 
answers can be provided to the problem of knowledge and its 
development. For Piaget, the activity of the subject in the 
construction of knowledge is fundamental. 
 

NASA Recently proposed a contest to develop housing 
prototypes for Mars, finding several studies of geometry 
conditioned to the Martian environment, however the most 
relevant work found on the technologies for buildings for the 
mission of Mars is found in the work published by Sydney Don, 
Andrew Owens, Koki Ho, Samuel Schreiner, Olivier de Weck, 
201615, which refers to the concepts of ISRU (In-Situ Resource 
Utilization), a concept that optimizes the maximum resources 
for the development of the implementation of the station on 
Mars. In addition, the concepts of auto parts and MIUS16 
(modular integrated utility systems) are explored. 
 

Generally, the foundations and / or axioms needed to develop 
spatial prototypes have been found in geometry, however a new 
geometry lies in discovering new axioms, and these only appear 

                                                 
11Kultermann U, New Japanese Architecture, New York 1960. 
12Mitchel Resnick, Lifelong Kindergarten: Cultivating Creativity Through Projects, 
Passion, Peers, and Play,  MIT Press, 2017 
13Papert, Seymour. Mindstorms. Children, Computers, and Powerful Ideas. HarperCollins. 
1993. 
14Piaget, A Child’s Conception of Space, Norton Edition, 1967; p. 178 
15Sydney Don, Andrew Owens, Koki Ho, Samuel Schreiner, Olivier de Weck, An 
independent assessment of the technical feasibility of the Mars One mission plan – 
Updated analysis, Department of Aeronautics and Astronautics, Massachusetts Institute of 
Technology, Cambridge, MA, United States, Article, 2016 
16W. R. Mixon, TECHNOLOGY ASSESSMENT OF MODULAR INTEGRATED 
UTILITY SYSTEMS, Research sponsored by the Division of Energy, Building 
Technology, and Standards Office of Policy Development and Research U.S. Department 
of Housing and Urban Development under, Printed in the United States of America. 
Available from National Technical Information Service U.S. Department of Commerce, 
1976 
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with new experiences, in this respect Einstein, 1921
"According to science modern, no experience 
and exclusively to geometry, but to geometry attached to 
mechanics, optics etc. But on the other hand, geometry must 
precede physics, since the laws of the latter cannot be expressed 
without the aid of the former, geometry appears as logic
preceding all experience and all experimental science. "
 

This leads inexorably in the search of spatial solutions, new 
algorithms that allow facing adaptive technological solutions of 
the house for different environments and different 
circumstances, like Katrina 2005 in the US, or the earthquake 
of April 16 in Ecuador. 
 
Analysis of The Problem 
 
It is necessary to point out that the housing needs in the country 
exceed 800,000 units, and that Guayaquil has a deficit of more 
than 300,000 units, on the side of the offer this does not exceed 
6% for the popular sectors, the price of housing is very high, 
That makes it high is the low-tech construction system, it is at 
this point that the academy should focus on deepening solutions 
that integrate geometric analysis, complex logarithms, and 
materials with prefabricated production, for the effect, the 
purpose of this work will be to delve into complex geometric 
and logarithmic analyzes. 
 

METHODOLOGY 
 
Materials and methods 
 
The first step was to develop a geometric matrix system that 
allows the selection of the geometry of development, and the 
complex logarithms that allow a digital model of housing with 
few panels, these should be coupled as far as possible with few 
assemblies, and in as far as possible with fe
assemblies, and that the panels allow to be embedded in the 
floor and ceiling, together they constitute a constructive system 
of modular panels that is assembled as a Lego.
 

The panel system is chosen for offering greater freedoms of 
combination, but this combination will depend on the use of a 
system of assemblies, for the purpose the development relied on 
the Japanese assemblies, and other contexts. 
 

Of course, the methodological warning is given, the design of 
the panels and the assemblies depends on the material, the 
rigidity of the joints, the connection angles, and finally the 
available technology. 
 

The second step is to examine the proposal within a system of 
rigorous measurements within a development geometry, which 
defines the number and size of the panels, their location and 
coordination, the fundamental idea is to find the number of 
panels to obtain the optimal housing spaces, having the 
limitations regarding the cost of the material, the transport of 
platforms or containers, and the assembly that will be the 
subject of another analysis. 
 

Finally, once the basic unit of a house has been reached with 
this system, it can be assembled into swarms of houses, as well 
as flexible or versatile spaces for other needs such as 
community equipment, prototype classrooms, health centers, 

                                                 
17 (6)Geometría y Experiencia, Albert Einstein, Conferencia celebrada en la Academia de 
Ciencias Prusiana, Berlín, 1921 
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with new experiences, in this respect Einstein, 192117, cites 
"According to science modern, no experience corresponds only 
and exclusively to geometry, but to geometry attached to 
mechanics, optics etc. But on the other hand, geometry must 
precede physics, since the laws of the latter cannot be expressed 
without the aid of the former, geometry appears as logically 
preceding all experience and all experimental science. " 

This leads inexorably in the search of spatial solutions, new 
algorithms that allow facing adaptive technological solutions of 
the house for different environments and different 

like Katrina 2005 in the US, or the earthquake 

It is necessary to point out that the housing needs in the country 
exceed 800,000 units, and that Guayaquil has a deficit of more 

side of the offer this does not exceed 
6% for the popular sectors, the price of housing is very high, 

tech construction system, it is at 
this point that the academy should focus on deepening solutions 

analysis, complex logarithms, and 
materials with prefabricated production, for the effect, the 
purpose of this work will be to delve into complex geometric 

tric matrix system that 
allows the selection of the geometry of development, and the 
complex logarithms that allow a digital model of housing with 
few panels, these should be coupled as far as possible with few 
assemblies, and in as far as possible with few types of 
assemblies, and that the panels allow to be embedded in the 
floor and ceiling, together they constitute a constructive system 
of modular panels that is assembled as a Lego. 

The panel system is chosen for offering greater freedoms of 
, but this combination will depend on the use of a 

system of assemblies, for the purpose the development relied on 
 

Of course, the methodological warning is given, the design of 
ends on the material, the 

rigidity of the joints, the connection angles, and finally the 

The second step is to examine the proposal within a system of 
rigorous measurements within a development geometry, which 

size of the panels, their location and 
coordination, the fundamental idea is to find the number of 
panels to obtain the optimal housing spaces, having the 
limitations regarding the cost of the material, the transport of 

embly that will be the 

Finally, once the basic unit of a house has been reached with 
this system, it can be assembled into swarms of houses, as well 
as flexible or versatile spaces for other needs such as 

prototype classrooms, health centers, 

Geometría y Experiencia, Albert Einstein, Conferencia celebrada en la Academia de 

shelters. , for this purpose it should be considered that the 
assembly reduces the time of construction, the cost, and that the 
communities can assemble itby themselves.
The mentioned steps are processed through a guid
methodology, from the conceptual sketches to the use of the 
spatial meshes for the technical analyzes were vital for the 
distribution of panels, and for the analytical domain of the 
determination of the number and size of the panel. As the forms 
of assembly. The circumstances of each process would 
determine theappliedsoftware management to each phase of the 
design process, from the beginning with Sketchup Pro to the 
use of SkechtapPhisic, Archicad, Cinema 4D, Lumion, and 
Blender., Adjusting the software
work The spatial meshes for the analyzes were vital for the 
analysis of the number, efficient size and distribution of panels.
 

RESULTS 
 

1. The project was developed under the concept of living 
lab, of multiple collaboration with 
various specialist teachers, following the scheme of 
connecting, building, contemplating, continuing. The 
fundamental idea is to stimulate the collective 
intelligence under an evolutionary, cumulative and 
exchange process18, this methodolo
to produce the prototypes continuously and 
cumulatively, the groups of initial students produced the 
prototype, it was improved by the next group.

2. The produced prototype is based on the LEGO system, 
on the Tylor postulates, on the MIUS
on the assemblies proposed by Masuzawa, and of course 
on the results of structural behavior and fire protection of 
the Materials produced by the Universidad Javeriana de 
Bogotá., These foundations served to configure the 
construction system of the prototype, which consists of 
an easy assembly system with few standardized panels, 
with grooves in the cement floor and grooves in the slab, 
the developed system to reduce construction times to 48 
hours., lower costs, and most importantly, the p
solution can be applied to any type of terrain, and 
climate, considering the resizing of the thickness and 
size of the panel., the only common aspect  in all climate 
solutions would be to make the slots in the pavement for 
the location of the panel
study of the resins to cover the joints, solving these 
issues, the prototype kit would have few elements to 
facilitate its transport. Of course the manufacture of the 
molds of the panels will depend on the technology of the 
companies which work with polyurethane and other 
protective materials have. See graphics evolution of the 
prototype. 
 

 

Evolution of the prototype 
 

3. From the structural point of view, the prototype 
responds to the concept of auto parts, however, the 

                                                
18RidleyMatt, El optimista Racional, Tiene limites la capacidad de progreso de la especie 
humana, editorial Taurus, 2011 
 

1338, September, 2018 

shelters. , for this purpose it should be considered that the 
assembly reduces the time of construction, the cost, and that the 
communities can assemble itby themselves. 
The mentioned steps are processed through a guiding 
methodology, from the conceptual sketches to the use of the 
spatial meshes for the technical analyzes were vital for the 
distribution of panels, and for the analytical domain of the 
determination of the number and size of the panel. As the forms 

embly. The circumstances of each process would 
determine theappliedsoftware management to each phase of the 
design process, from the beginning with Sketchup Pro to the 
use of SkechtapPhisic, Archicad, Cinema 4D, Lumion, and 
Blender., Adjusting the software to the mechanics of student 
work The spatial meshes for the analyzes were vital for the 
analysis of the number, efficient size and distribution of panels. 

The project was developed under the concept of living 
lab, of multiple collaboration with the assistance of 
various specialist teachers, following the scheme of 
connecting, building, contemplating, continuing. The 
fundamental idea is to stimulate the collective 
intelligence under an evolutionary, cumulative and 

, this methodological scheme allowed 
to produce the prototypes continuously and 
cumulatively, the groups of initial students produced the 
prototype, it was improved by the next group. 
The produced prototype is based on the LEGO system, 
on the Tylor postulates, on the MIUS, ISRU parameters, 
on the assemblies proposed by Masuzawa, and of course 
on the results of structural behavior and fire protection of 
the Materials produced by the Universidad Javeriana de 
Bogotá., These foundations served to configure the 

tem of the prototype, which consists of 
an easy assembly system with few standardized panels, 
with grooves in the cement floor and grooves in the slab, 
the developed system to reduce construction times to 48 
hours., lower costs, and most importantly, the proposed 
solution can be applied to any type of terrain, and 
climate, considering the resizing of the thickness and 
size of the panel., the only common aspect  in all climate 
solutions would be to make the slots in the pavement for 
the location of the panels, should also delve into the 
study of the resins to cover the joints, solving these 
issues, the prototype kit would have few elements to 
facilitate its transport. Of course the manufacture of the 
molds of the panels will depend on the technology of the 

mpanies which work with polyurethane and other 
protective materials have. See graphics evolution of the 

 

From the structural point of view, the prototype 
responds to the concept of auto parts, however, the 
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structural value of the prototype does not reside in its 
elements, but in the work that the panels do together as 
a structural chain propitiating its compact strength as a 
single element, in fact the panel system is very flexible 
to configure several spatial solutions. The study of 
morphology and spatial mesh allows us to organize the 
panels following certain more advanced geometric 
shapes to make the prototype more efficient at the 
forces or deformations, if we do not look at how the 
geometrical nature of graphene behaves. 

4. For the development of the prototype several software 
have been used among them Skecthup After Effects, 
Skechtupphisyc, Cinema 4D, ArchiCad, Lumion, Max 
3 studio,, AutoCad, Blender, however all these 
programs only serve to draw the pieces or give them 
movement, we do not have technology capable of 
intervening in software programming to be able to 
move the panels to pleasure and to play with them to 
obtain multiple options of spatial combinations, this 
implies that the School of Architecture must 
implement a new vision in the near future on the use of 
technology, being necessary to use programs to 
develop blocks of instructions that facilitate the 
handling of elements in space, such as SCRACH, 
which has been developed at MIT. 

 

CONCLUSIONS 
 

1. It is necessary to take the digital prototype to a research 
process applied in several phases, which allows to offer 
evidence and results in each phase in the construction 
process. It is necessary to execute experimentally the 
pilot project, to obtain the adjustments that are required 
for the programming of the work and the  exact 
establishment of the Kit of construction. 

2. It will be a great value that this methodology is 
replicated in all architecture workshops, in order to 
produce new prototypes. Such procedure will allow the 
development of spatial digital thinking. , especially it 
will be very valuable to develop morphological 
knowledge to produce the infrastructure of the most 
efficient spatial skeleton. 

3. The development of software type Scrach is another 
important component that should be developed so the 
student or professional can spend more creative time in 
the organization of the elements and spaces than in the 
drawing itself. 
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