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Abstract. The article aims to demonstrate the applicability of the use of programming
in the formation of floor plans in the initial design of the architectural layouts of houses
of social interest and to evaluate the possible cost of building these proposals. The
development of the algorithm follows known programming rules and structures written
in a visual modeling and programming software, in addition to using the methods of
stochastic search, shape grammar, CUG (geometric unit cost) and CUB (basic unit
cost). As a result, it was possible to develop space layouts that resemble the rooms of
a single-family home and calculate their possible construction cost. The use of the
complete process also brings the discussion of the use of technologies and automated
processes within current design practices, demonstrating how the use of these
technologies can enhance the imagination and present compositions and quantitative
results not envisioned by the designers.
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1 Introduction

Stangl (2013) describes those technologies have ubiquitously infiltrated
almost every aspect of our lives, and within the field of architecture and
urbanism they are also present as digital tools that help the practice of
designing, integrating the different stages of the architectural process and
changing the way of designing significantly.

759

SIGraDi 2021 | Designing Possibilities | Ubiquitous Conference


mailto:pedro.pm@hotmail.com

With the global expansion of Industry 4.0, various changes affected the
development and construction processes of architectural projects.
Computational tools, resulting from this new period, cause new fundamental
guestions about the project development phases to be raised (KOVACS;
SZOBOSZLAI; CSUSZ, 2019).

Emerging technologies are being reorganizing and changing the
functionality of different economic and productive sectors around the world.
The growing use and development of computational and autonomous tools for
production and development is already noticeable in the creation of jobs that
involve routine aspects, in which even the trades that require cognitive actions
are seeing fewer job offers (CREW, 2019; DVORKIN ,2016).

With the advancement of computational tools aimed specifically at
architects and engineers, design problems can now be solved more quickly
and accurately. The union of different and new disciplines leads to the
formation and resolution of spatial design problems, making computer
systems adapt to solve different problems collectively, solving different and
specific goals. With the advancement and introduction of disciplines and the
need for an increasing performance of constructions, the increase in the
demand for multi-criteria resolutions only tends to grow (ALFARIS and
MERELLO, 2008; CALIXTO, 2016).

Thus, this article aims to demonstrate the applicability of the use of written
and visual programming in the formation of floor plans in the early stages of
the architectural design of houses of social interest and choose the most
appropriate solution in terms of form and cost. The use of this programming
aims to demonstrate that it is possible to expand the formal composition
options, being able to create patterns that are not in the designer's, making it
possible to envision the solution of design problems from a set of formal
resolutions. The article also investigates the possibility that the developed
floor plan solutions can have their construction cost evaluated through the two
methods. The first is the CUG - Geometric Unit Cost -, which according to
Lima et al., 2016, is a method that calculates the cost of the square footage of
a building from formal and spatial characteristics of a layout, and, the second,
CUB - Basic Unit Cost - which according to with Mascar6 (1985) and Lima et
al., (2016) is a type of simplified budget commonly used in Brazil.

As a result, it is possible to develop different compositions similar to floor
plans in an abstract space delimited by parametrically adjustable setbacks.
The number of rooms, their dimensions and organization are coordinated
through rules described in the schedule, which provide a series of random
floor plans, but which follow a certain pattern. The schedule also divides the
composition into quantities of partitions, areas and environments, formulating
an estimated construction cost.

760

SIGraDi 2021 | Designing Possibilities | Ubiquitous Conference



2 Theoretical Review

In this section, the main ideas that guided the development of the program will
be presented. Initially, the computational tools used will be described, then the
methods that help in the formation of the compositions, and finally the two
methods used to calculate the cost of the developed compositions - CUB and
CUG.

2.1 Computational tools

For the construction of the process, four computational tools were used, a
base three-dimensional modeling software with a visual programming
component and two other plugins. The modeling software was Rhinoceros 3D
6® (MCNEE, 2014), its Grasshopper component (RUTTEN AND MCNEEL,
2004) and the plugins Wasp (ROSSI, 2017) and Colibri from the TT toolbox
(TOMASETTI, 2017).

The computational modeling tool Rhinoceros® was used to visualize the
programming results, in addition to being the base software for visual
programming (MCNEE, 2014). Grasshopper was used both for the
development of visual programming and for writing (RUTTEN AND MCNEEL,
2004). The plugin that enabled the use of stochastic search and the
application of shape grammar was Wasp, developed in Python, offering
combinatorial tools to design elements from a topological graph (ROSSI,
2017).

Finally, the Colibri component, from the TT tool box plugin, was used to
collect the output quantitative data, directing the results to Excel tables. Colibri
allows Grasshopper's results to be data compatible with other computer
programs (TOMASETTI, 2017).

2.2 Shape Grammar, Stochastic Search and Dynamic Programming

Using methods from the field of computing and optimization, the production
processes of various results were merged, such as shape grammar,
stochastic search and dynamic backpack. Shape grammar is a system
molded from rules that define the type of geometry generated, respecting a
pre-established logic and the various types of combinations (CELANI et al.
2006).

Stochastic searches are models elaborated from concepts of probability
and random events that are plausible to occur at a certain time and according
to certain parameters (KNILL 2009).

The last process used was the dynamic backpack from computational
complexity theory, an algorithm that aims to solve combinatorial optimization
problems in a finite set with various particularities (YANASSE; SOMA;
MACULAN, 2000).
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2.3 Basic Unit Cost and Geometric Unit Cost

The production of an architectural project requires various steps that are
evaluated and validated by architects and engineers throughout the process.
(MORAES; PICCHI; GRANJA, 2016). However, in the initial stages of the
project, little information is passed on in the models, which present a low level
of detail, resulting in inaccurate budgets when associated with models that
use the built unit. (MASCARO; 1985). Every day when we refer to the cost of
construction for budgeting in Brazil, one commonly used is the basic unit cost
(CUB), a value that is multiplied by the calculation of the equivalent
construction area (LIMA et al., 2016).

According to Goncalves and Ceotto (2014), CUB has only one variable for
calculating the unit price, and it can be a tool without variations and unreliable.
Lima et al. (2013) state that different configurations and characteristics
present in the project can change the construction price estimates. An
alternative, to measure the construction cost seeking greater precision of
possible values during the design or study phase, is the geometric unit cost
(CUG). To arrive at the independent variables of the formula, four
mathematical processes are necessary, as follows: X1 is equal to the division
between the total external wall area by the total built area; X2 is the total
interior wall area divided by the built-up area; X3 is the wet area divided by
the constructed area; and X7 may vary depending on the construction
standard, being 0.1624050 for high standards, 0 for normal standards, and -
0.437 75848 for low standards. These values are arranged in equation 1,
which, in turn, makes it possible to identify an estimated cost of a square
meter (LIMA 2013; LIMA et al., 2013).

The default value of the formula is 481,60837 and was used by Lima et al.
(2013) and Lima (2013) based on the CUB of Rio de Janeiro in April 2012. In
works such as LIMA et al. (2016) the default value of the CUG is used in a
commercial Excel table, but the method is not described. For this adjustment,
the INCC (FGV IBRE, 2020) National Civil Construction Index was used, with
the purpose of evaluating the monthly readjustments of the cost of
construction. The result used in the programming was a variation index of
1.679462 which multiplied by 481,60837 resulted in 808,84296. From this new
value, the equation of Lima (2013) was adapted to equation 1,

Y = 808.84296 * (097266795 * X1) * o(0,13635413 * X2) % g(-0,003251045 * 1/X3) *
©(0,99294145 * X7) 1)
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3 Method and construction of the programmimg

For the construction of the parametrically changeable process, knowledge
and computational tools described above were used, the complete process
was developed in four steps, using a cascade structure, and to initiate each
step, each previous one should be completed. Fig. 1 presents the logical
structure used to build the parametric process.

First Step Second Step

Third Step Fourth Step

Figure 1. The four steps that structure the schedule. Source: The authors, 2021

The first part of the program, developed in written language, aims to
parameterize the urban constraints in order to graphically display and define
the dimensions and the useful area of the land. For this purpose, 6 input
variables were established: (1) width and (2) depth of the terrain, setbacks (3)
front, (4) lateral and (5) back, all of the real type; and a (6) Boolean button for
choosing between entering standard or manual offsets.

The final stage of the parameterization of urban constraints is dedicated to
the representation of the terrain in the virtual environment of Rhinoceros 3D.
Initially. A plane an axis is generated on which the project elements will be
launched. The terrain boundaries and the setback lines, in turn, are
represented in Rhinoceros 3D, with lines that use the coordinates calculated
previously. Finally, two output parameters are generated to inform the
successive steps: dimensions, width and depth, useful for the terrain.

The second step of programming, developed in script, collects information
from the first stage and combines it with the number of rooms that will be used
in the composition of spaces. From this a number of values are generated
providing an ideal area for the combined spaces to fit within the terrain. For
the construction of this step, fundamental aspects of Brazilian legislation in
relation to housing and land were used, based on Law 10257, of July 2001 -
Statute of Cities.

In the definition of this step greater attention was paid to access to
housing, such as the Minha Casa Minha Vida program (PROGRAMA CASA
VERDE E AMARELA, 2021) and areas dedicated to housing for low-income
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people and irregular occupations, called Zones of Social Interest - ZEIS. Such
zoning provides for lots of between 60m2 and 300m2, with a national average
of 180 m2 (SECRETARIA NACIONAL DE HABITACAO, 2009), but according
to the federal law for land subdivision, the minimum standard lot must be 125
m2 (FEDERAL SENATE ,2001). A study carried out by Amore, Shimbo and
Rufino in six Brazilian states, found the average size of Minha Casa Minha
Vida housing units to be 42 m?, consisting of 2 bedrooms, a living room, a
kitchen and a bathroom. (AMORE; SHIMBO; RUFINO, 2015).

The third step of programming starts from the use or analysis of the
previous results, supported by the defined minimum limits and sizes. Here it is
possible to run a formal grammar along with a stochastic search capable of
generating space arrangements that resemble the rooms of a single-family
home. For the development of this step, the programming was built using
Grasshopper's graphical components, but with a plugin that helps in the
formation of compositions through the stochastic search: Wasp.

The rules that make up the shape's grammar work in a sequence defined
from a set of tests executed at the end of the process, in which a group of one
type of room is arranged for the next to be installed. The logic follows a
sequence of five sets of rules:

1. The main room is defined from a parametrically adjustable point at
the limit of the frontal distance, and then the rooms are inserted,
always in juxtaposition with one another.

2. The circulation is located next to the main room, which has its
length added to that of the bedrooms.

3. The bedrooms are placed next to the circulation.

4. The kitchen is located next to the first room, and if there are two
kitchens, the second is considered as a service area, located next
to the first.

5. finally, the bathrooms are defined, the first always next to one of
the rooms, and the second next to the corridor or bedroom.

Stochastic search is used in the implementation of each of the grammar
rules so that inserted spaces never invade already-located spaces, preventing
different rooms from occupying the same position. And so that spaces are
always positioned logically (following structural alignments and seeking to
avoid narrow spaces or external bottlenecks) the rule that governs spaces
makes them always connect 0.60 m away from their edges. Fig. 2 shows the
functioning of the rules used and Fig. 3 shows a sample of the organization of
rules to avoid unoccupied spaces.
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Figure 2. Example of the logical sequence of the arrangement of rooms in the
formation of the composition organized by stochastic search. Source: The authors,
2021
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Figure 3. Example of the functioning of the rules for setting up the environment,
always connected at 0.60m from the corners of the geometry. Source: The authors,
2021

This step is recalculated and readjusted using a Boolean controller. When
restarting, each of the rules is reconnected, thus allowing a new composition
of spaces to be formed. At the end, it is already possible to create numerous
room layouts that already resemble the layout of a single-family residence.

The fourth and last step uses the layout of spaces to recreate something
similar to a floor plan capable of passing on sensitive information to the CUG
and CUB calculation, such as total square footage, square footage of wet
areas, perimeter of internal walls and of external walls. These collected
characteristics are transferred to a mathematical formula built with
Grasshopper components. Here it is possible to change the build pattern for
both CUB and CUB. These values were referenced to the Santa Catarina
Sinduscon table (2020) for the month of November and December 2020, and
are R$2674.88 for high standard, R$2221.20 for medium standard and
R$1826.60 for low standard.
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4  Algorithm validation and results

To validate the process, it was subjected to a set of tests in which it was
adjusted and analyzed. The validation process took place in three cycles,
seeking to improve the third step of programming. In each round, three of the
research members observed a set of results of 20 random compositions in a
terrain of 12m x 30m - starting the composition in the central point, then
another 20 compositions in a terrain with the same dimensions, but with the
point starting at 1/3 of the left side boundary, and finally another sequence of
20 compositions in a terrain measuring 18m x 35m - starting the composition
at the central point. The tests took place at three different times, the first two
rounds with the characteristics described above and the third taking into
account the minimum lot size established as 125m?2 according to the City
Statute of the Federal Senate (2001), with a 12m x 10m terrain — with the
composition start point in the center of the front boundary. In total, for the
refinement of the third step of the programming, 140 compositions were
generated. In the sequence, Fig. 4 shows the test structure used for the
refinement of the third step of programming.
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Figure 4. Logical sequence of programming tests. Source: The authors, 2021

The three tests had various issues that were adjusted and refined. The
main negative characteristic of the first round of tests was the difficulty of
positioning the rooms and the generation of unusual shapes. The problem
was fixed by changing the shape's grammatical order, in the second round of
testing the lack of bedrooms remained along with the lack of a bathroom in
some of the compositions. This step was again adjusted, improving the
organization of grammar and allowing the bathrooms to also connect to
circulation. The third round of testing returned to show results with unusual
shapes, and the error was corrected with new adjustments in the grammar of
the shape and the distances that organized them.
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As a result, the improved programming is able to: delimit the dimensions
and its legal variables; dimension the minimum sizes for the implementation of
rooms; organize spaces whose composition resembles the structure of a floor
plan — layout; and finally calculate a possible cost of these constructions
through two methods: CUG and CUB.

To use the programming and generate data to analyze, 40 compositions
that resemble single-family layouts were made and developed on a 12.5m x
10m lot that corresponds to 125m2. From these 40 compositions, possible
construction costs are analyzed with CUG and CUB. As a result, it was
possible to develop a comparative table that is able to visualize the difference
in the budget of the 40 compositions. Fig 5 presents the 40 calculated budget
results and Fig 6 their budget results. It is possible to associate the two
figures from the number in the upper left corner of each housing configuration
with the similar enumeration in the first column of the table
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Figure 5. Budget results. Source: The authors, 2021
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Figure 6. The formal results. Source: Source: The authors, 2021

5 Discussions

From the programming developed in this research, it was noted that the
automation of the layout generation process helps increase the number of
possibilities for distributing rooms. On the other hand, it also shows how this
process is complex and involves a large number of restrictions in order to
generate viable solutions. In this sense, the importance of using dynamic
programming as a method for improving the algorithm becomes clear.

The use of programming also allows designers to evaluate compositions
according to their costs, making it possible to find more interesting
architectural designs for a given construction cost. This result was possible by
applying information and results obtained in the initial stages of the project.
Interpreting budget data can also help students understand how the form of
project contributes to the final cost of the work.

The results found also demonstrate the importance of applying and
teaching programming and logic practices within architecture and urbanism.
The growing use of technologies that imply the use of programming (visual
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and written), such as simulations, is something that is already part of the
design practice routine, and its correct use can result in the improvement of
various design characteristics.

It is intended in future works to further analyze the results of the budgets
generated by the programming, evaluating the various compositions and their
consequent cost. It is also intended to improve the programming, as its results
are generated randomly without the possibility of being saved, and there is no
way to return to a given composition. If this is implemented, programming can
receive a generative process and be able to select the most suitable proposal
for a given value.
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