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Abstract  

Examining housing indicators is one of the different means and methods of knowing the characteristics 

of housing, with the help of which one can know the effective parameters in housing and facilitate any 

planning and decision-making about housing. The ever-increasing demand for housing has led to more 

attention being directed toward the quantitative aspects of housing. As a result, quality indicators of 

housing have received less attention. While the qualitative indicators of housing play a more colorful 

role than the quantitative dimensions due to responding to the social-cultural needs of the people of the 

society. In the reasonableness of housing, attention should first be paid to qualitative indicators such as 

content, meaning, and concept, and then to quantitative indicators such as form. The residence or living 

space should be efficient in terms of quality indicators. The stated qualitative indicators include material 

and spiritual aspects. The material aspect is defined and formed by creating an environment with 

appropriate access and facilities, temperature, humidity, and light, etc. The spiritual aspect is formed in 

order to respond to the spiritual needs of the users and is created through the creation of spaces in 

accordance with the way of life of the people of the society, which is derived from their culture and 

social customs.This research has been studied with the descriptive-analytical research method. The 

results show that the recognition and reference to the basic concepts and principles of sustainable and 

native house building and the correct application of their principles on the one hand and the use of new 

knowledge such as the genetic algorithm to facilitate access to the architectural genome of native and 

sustainable houses on the one hand on the other hand, the main solutions are to get rid of problems and 

weaknesses in this field . 

Keywords:  Genetic Algorithm, Sustainable Housing, Modernization, Architectural Genome, Quality 

Indicators 

 

1.Introduction 

Housing quality indicators are divided into two 

cultural-social and physical parts based on the 

presented categories.The set of socio-cultural 

indicators includes smaller indicators such as 

culture, identity, privacy, arrangement and 

spatial communication(Cormen et al., 2009, 

P5). Each of the stated indicators contains 

concepts such as spatial arrangement, spatial 

organization, functional spaces, spatial 

relations, hierarchy, introversion and 

permeability(Zare, Yeganeh, Dehghan,. 2022). 

The set of physical indicators also includes 

smaller indicators that contain concepts such as 

building form, physical enclosure, plan 

geometry, mass and space system, building 
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orientation, and number of floors.According to 

the presented categories and concepts, it is 

possible to see that the indicators and concepts 

presented in the qualitative section of housing 

in the socio-cultural category are completely 

consistent with the genotype-forming 

indicators, and the concepts presented in the 

physical category are completely consistent 

with Phenotype forming indicators(Yeganeh, 

2012, Yeganeh 2015).Throughout history, 

houses have undergone many and significant 

changes in order to meet human needs. Always 

Responding to the increasing growth of the 

population has led to the formation of houses 

that have fundamental problems and 

weaknesses. One of the most important reasons 

for these problems and weaknesses can be 

considered as the neglect and non-use of the 

basic physical, cultural, social, religious and 

identity structures and patterns of residential 

architecture or the architectural genome. 

Perhaps recognition and reference to the basic 

concepts and principles of home and home 

building and employmentThe correctness of 

their foundations on the one hand and the use 

and application of new knowledge such as the 

genetic algorithm to facilitate access to the 

architectural genome of sustainable houses, on 

the other hand, are the main solutions and 

solutions to get rid of the problems and 

weaknesses in this field that have plagued 

contemporary architecture. Is. Considering the 

fact that among the methods of recognizing the 

genome of house architecture; It is possible to 

refer to 1- covering a variety of identification 

methods, 2- examining the concept, indicators 

and quantitative and qualitative standards of the 

house, 3- knowing the elements that make up 

the architectural genome of native houses, and 

4- methods of applying the genetic algorithm . 

1.1.Genetic algorithm 

The algorithm includes all well-defined and 

specific calculation methods that receive values 

or a set of values as input and produce values or 

a set of values as output. Therefore, an 

algorithm is a set of computational steps that 

transform inputs into outputs. An algorithm is a 

tool for solving specific computational 

problems. The general statement of the problem 

specifies the relationship between the desired 

inputs and outputs. As a result, the algorithm 

expresses a specific calculation method to 

achieve the relationship between the inputs and 

outputs of the problem in question. (Cormen et 

al., 2009, P5)An algorithm means solving the 

problem in a systematic way and in order to 

generalize that method to similar problems. 

(Ekhlasi, Mofidi Shemirani, Anbari 

Roozbahani, 2013, p. 32) The meaning of 

solving a problem in a systematic way is to 

follow the order of the steps of creating an 

algorithm. Any change in the order of the steps 

of creating an algorithm, including increasing or 

decreasing it, leads to the formation of a new 

algorithm with a different result, and such 

results can achieve better, similar or worse 

results than the original algorithm. In general, 

changing the stages of creating an algorithm and 

using random variables can lead to the 

emergence of unknown and different solutions 

with the main purpose of creating that 

algorithm. The fundamental concept of the word 

algorithm is based on the method and logic of 

problem-solving. It is essential to know that 

achieving a problem-solving method is different 

from solving it. (Ekhlasi et al., 2013, p. 32)In 

another definition, an algorithm can be 

considered a specific set of clear, clear and 

defined instructions that can perform a specific 

operation through a specific hierarchy. For 

example, the algorithm can take a number of 

numbers, calculate their average and provide the 

answer. Algorithms are used for calculations, 

information processing, and correct and logical 

decisions. The algorithm has sections such as 

data entry, information processing, and finally 

the output of the calculated answers. (Khabaz, 

2015, p. 85) The use of an "algorithm" leads to 

a step-by-step calculation operation and at the 

end of the steps, the correct and logical result is 

presented to the user.Taking into account the 

concepts that were presented earlier in order to 

express a specific definition for the term 

algorithm, the ultimate goal of creating an 

algorithm can be considered to be finding a 

logical solution to solve a problem. As a result, 

according to the concept of algorithm and its 

direct relationship with problem-solving, the 
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categories of problem-solving algorithms are 

described below . 

1.2. Problem-solving algorithms 

1. Determined algorithm: In this algorithm, 

progress is without probability and coincidence, 

which means that the algorithm starts from a 

value and finally reaches a certain value. (Yang 

& Karamanoglu, 2013, P 6) The more complex 

the problem becomes, the more difficult it is to 

solve . 

2.  Heuristic algorithm: In this algorithm, 

discovery means "trial and error" to achieve 

problem-solving. (Yang and Karamanoglu, 

2013, p. 6) 

3. meta-heuristic algorithm: intensification 

and diversity are two key elements for any 

meta-heuristic algorithm. The intensification 

element is also known as exploitation and uses 

local information in the search process to 

generate better solutions. The diversity element 

can be called discovery. This element fully 

explores the search space and helps generate 

diverse solutions. (Ibid., p. 12) This algorithm 

has the ability to solve complex problems. 

Meta-heuristic methods as optimization 

algorithms have the ability to solve complex 

non-linear and multi-objective problems with 

linear or non-linear constraints and discrete and 

continuous variables. (Cuevas et al., 2019, P 7) 

- The most used meta-heuristic algorithms 

The three main groups of meta-heuristic or 

meta-heuristic algorithms that have the ability to 

solve complex problems are categorized as 

follows . 

- Evolutionary algorithm 

Evolutionary Algorithms (EA) are a group of 

optimization algorithms and are rooted in the 

foundations of evolutionary biology (Sadeghian 

and Hosseini, 1400, p. 20), in other words, they 

are based on the concepts of biological 

evolution. (Triggle et al., 2007, p 106) and focus 

on cyclical processes and work on large 

populations of responses. In general, in this 

method, to achieve the optimal answer to a 

problem, several options are produced and these 

options are evaluated based on the criteria 

designed for a good option, (Khabaz, 2015, p. 

98)Accordingly, a "population" of possible 

solutions to solve the problem is first created by 

scoring each solution using an "objective 

function" that shows the degree of desirability 

of each of the ways to solve the problem. 

(Triggle et al., 2007, P 106) The solutions in an 

evolutionary algorithm are similar to organisms 

that evolve within a species and according to 

their adaptation to the environment, in the 

search space in order to optimize the objective 

function and answer a problem. They evolve. 

(Simoncini & Zhang, 2018, P 2) Then each 

population evolves over time and identifies 

more optimal solutions. (Triggle et al., 2007, p. 

106)In the next step, among the generated 

options, the desired options are selected and the 

rest of the options are removed (out of the cycle 

or die). Based on the quality of the selected 

options, multiple new options are generated and 

re-evaluated so that the most favorable options 

are selected for the next round. This process is 

repeated until the final desired options are 

reached. The evolutionary algorithm has in a 

way simulated Darwin's famous theory of 

Survival of the Fittest in the field of computer 

science in a way where only the strongest 

(generation weapons) survive and the weak are 

eliminated. (Khabaz, 2015, p. 98 ) 

The key elements of an evolutionary 

algorithm are the problem statement, selection 

of stochastic variation operators, selection of 

population, and alternative solution which are 

described below . 

a  .Statement of the problem: looking at the 

metaphorical statement of evolution, presented 

in the form (-) of the link between phenotype 

and genotype becomes the connection between 

the statement of the problem and its coding. The 

two main elements of problem coding are the 

way of presenting solutions and the design of 

the objective function. The selection of these 

elements has an important effect on the 

dimensions of the search space and the shape of 

the objective function, which can be considered 

as a map for the search space. Solutions can be 

coded in different ways. The objective function 

is derived from the problem statement and can 

be exact, like the famous traveling salesman 

problem, or approximate and experimentally 

defined, like the protein structure prediction 

problem . 
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b  .Random change operators: Inspired by 

evolution theory, random change operators are 

divided into two categories: crossover operators 

and jump operators. Crossover operators are 

functions that take two solutions as input, while 

jump operators are functions that take a single 

solution as input. The basis of the idea of 

crossover operators is to randomly receive two 

desirable solutions and combine the good 

features of each of those solutions, as a result, a 

better solution can be achieved. In this method, 

a cut point is randomly selected to determine 

which part of the two solutions should be 

exchanged. Mutation operators usually 

randomly select a position and change its 

solution and value . 

c  .Selection and replacement strategy: two 

factors of how to choose new solutions and also 

how to choose the new generation of solutions 

that replace the old solutions affect the 

dynamics and convergence of the search in the 

heuristic algorithm. The two main approaches in 

choosing and replacing new solutions are 

sustainable and generational plans. In the stable 

design of the heuristic algorithm, two solutions 

are selected for the new combination mutation. 

The mutation and solution results are directly 

inserted into the initial population if they meet 

the prerequisite criteria. In the generational 

exploratory algorithm, some solutions are 

selected to form a transition population, and 

from this transition population, a set of new 

solutions will be created with mutations and 

new combinations. The new set of solutions 

completely or approximately replaces the initial 

population according to some conditions 

specified by the user. (Simoncini & Zhang, 

2018, P 2-3) 

2. Materials and Methods 

2.1. Cycle of achieving the criterion determined 

in an evolutionary algorithm In general, it can 

be said that this cycle includes stages that start 

with the selection of the initial population and 

end with achieving the necessary criteria and 

replacing or producing a new population. The 

mentioned steps include:Valuation or 

quantification of the initial population (first 

stage) Evaluation of solutions (second stage) 

Beginning of a cycle during which, in each 

iteration, a subpopulation is selected (fourth 

stage) Subpopulation to generate new solutions 

through operators Random changes are used 

(5th step) Evaluation of all subpopulation 

solutions (6th step) Finally, the initial 

population is replaced with part or all of the 

newly created population. The repetition cycle 

continues until reaching the set criterion for 

stopping. (Seventh stage) (Simoncini & Zhang, 

2018, P 2) 
Figure 1: the cycle of achieving the criterion 

determined in the genetic algorithm (Simoncini & 

Zhang, 2018) 

Among the different types of evolutionary 

algorithms, the genetic algorithm is the most 

well-known algorithm. (Triggle et al., 2007, p. 

106) 

2.2. Genetic Algorithm (GA) 
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re than 30 years ago, John Holland proposed 

Genetic Algorithm (GA) as a paradigm for 

dealing with computationally complex search 

spaces. (Tabrda, Almedia, Santos, Eloy, 

Kwiecinski, 2018, P938) are evolutionary (EA) 

and work with a similar method to search and 

find the optimal answers of a subject. In short, a 

genetic algorithm consists of two parts: 

generating options and evaluating them. These 

actions take place in the process of an algorithm 

1. Generate an initial population of options 

  2.Evaluating the compatibility of options 

with favorable conditions 

  3.Repeating the following cycle until the 

operation is interrupted (time limit, reaching the 

desired level of compatibility, ....)  -  

  Choosing the best options for reproduction  -  

Cultivating and producing (like) new options 

(using techniques such as change, interference, 

etc.)   

Evaluating the degree of compatibility of 

new options with favorable conditions  -  

  Replacing the undesirable options of the 

population with the produced desirable options 

Production of new options is based on the 

combination and genetic mixing of previous 

options. Since the successful options survive, 

stronger genes are also replicated in later 

periods and in the underlying structure of 

response populations. In the completion of this 

production process, the measurement engine 

(Fitness Function) with the definitions of the 

state of the desired option, after each 

production, checks the quality and the degree of 

their proximity to the desired conditions in 

order to be able to select more successful 

options with the options Replace the existing 

one. Assuming that the initial population and 

the algorithm process are focused on generating 

architectural options and evaluating them based 

on design criteria, it seems that this method, 

after repeating it for the appropriate number of 

times, has produced a population of desirable 

options that is a more suitable answer. are given 

to the design factors and the continuation of the 

design process can be done on the best selected 

options .(Goharian, daneshjoo, Yeganeh. 2021, 

Ashtari, Yeganeh, bemanian. Vojdani Fakhr. 

2021). More than 30 years ago, John Holland 

proposed the Genetic Algorithm (GA) as a 

paradigm for dealing with computationally 

complex search spaces. The classical approach 

to genetic algorithms can be described by the 

following algorithm. Determining the 

appropriate number of members (N) for the 

evolutionary population is an important 

parameter in the genetic algorithm. The higher 

the number of members in the initial population, 

the greater the chromosomal diversity of the 

generation and subsequently the greater the 

exploration in the search space. The lack of 

diversity may prevent wider exploration and the 

algorithm may easily get stuck in a local 

solution. (Tabrda,Almedia, Santos, Eloy, 

Kwiecinski, 2018,P938) 

Genetic algorithm is an optimization 

algorithm inspired by natural selection. A 

search algorithm that is based on population and 

follows the concept of survival of the fittest. 

New populations are generated by repeatedly 

applying genetic operators to individuals in the 

population. Chromosome representation, 

selection, crossover (combination), mutation, 

and fitness function calculation are the key 

elements of genetic algorithm. The genetic 

algorithm execution method is as follows 
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Fig 2: classic genetic algorithm 

. 

 

 

 

 

An initial population (Y) of n chromosomes 

(the number of chromosomes) is randomly 

initialized. (Katoch, Chauhan and Kumar, 2021, 

P8094; Yeganeh, 2017) In fact, most living 

organisms store their genomes on several 

chromosomes. But in genetic algorithms, all 

genes are usually stored on the same 

chromosomes. Therefore, chromosomes and 

genomes are synonymous in the genetic 

algorithm. (Sivanandam and Deepa, 2008, P17) 

The fitness of each chromosome is calculated in 

Y. Two chromosomes named C1 and C2 are 

selected from the Y population according to 

their fitness. A single point intersection 

operator with intersection  

3. Results & Discussion 

Selection is an important step in genetic 

algorithms and determines whether certain 

sequences will participate in the reproduction 

process or not. The importance of the selection 

stage is so much that sometimes the selection 

stage is known as the reproduction operator. 

The task in choosing a roulette wheel is that all 

possible chains are allocated on a wheel or a 

part of it according to their suitability. Then this 

wheel randomly moves and selects certain 

solutions that contribute to the formation of the 

next generation(Yeganeh, Ansari, Bemanian. 

2012). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3: Roulette Wheel in Genetic Algorithm 

(author) 

Although this process suffers from many 

problems such as errors due to its random 

nature, De Jong and Brindle modified the 

roulette wheel selection method to eliminate 

errors by introducing the concept of 

determinism in the selection method. Rank 

selection is a modified form of roulette wheel 

selection. In this method, the ranks are used to 

determine the fitness of the members. Ranks are 

assigned based on the fitness of each member 

so that each member of the initial population 

has a chance of being selected based on their 

rank. 
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Figure 4: Selection of Rank in Genetic 

Algorithm (Author) 

 

3.1.Tournament selection method 

 

Members are selected in pairs based on their 

fitness from a random roulette wheel. After 

selection, members with higher fitness are 

added to the next generation set. In this 

selection method, each member is compared 

with all other members (n-1) if it reaches the 

final population of solutions.Random inclusive 

sampling selection methodThe random 

inclusive sampling method is formed from the 

development of the roulette wheel selection 

method. This selection method uses a random 

starting point in a list of members of a 

generation and selects new members equally at 

equal intervals. This method gives everyone an 

equal chance to be selected to participate in the 

next generation mix. As the problem size 

increases (higher complexity), the traditional 

roulette wheel selection method performs 

relatively better . 

 

 
Figure 5: Stochastic universal sampling selection in 

genetic algorithm (author) 

3.2.Boltzmann selection method 

The Boltzmann selection method is based on 

entropy and sampling methods that are used in 

Monte Carlo simulation and helps to solve the 

premature convergence problem. In this 

method, the probability of choosing the best 

course is very high, while it is executed in 

much less time. But there is a possibility of data 

loss. It can be managed through elitism. Elitist 

selection was proposed by K. D. Jong (1975) to 

improve the selection performance of the 

roulette wheel. Elitism ensures that members of 

the elite in one generation are always 

reproduced in the next generation. If the 

member with the highest fitness is not present 

in the next generation after the normal selection 

method, the elite member is automatically 

placed in the next generation. 



 

 Journal of Environmental Sciences Studies (JESS) Volume 9, Number 1, Spring,(2024) ,7737-7747 

 

7744 

 

Table 2: comparison of selection methods in genetic 

algorithm (Katoch, Chauhan and Kumar, 2021) 

selectio

n method 

Advantage

s 

Disadvantages 

Roulette 

wheel 

Easy 

implementation 

Risk of premature 

convergence, 

dependent on the 

variance of the fitness 

function 

Rank 

Free from 

bias, maintaining 

diversity 

Slow convergence, 

need for sorting, high 

computational cost 

Tournam

ent 

Preservation 

of diversity, 

parallel execution, 

no need for 

sorting 

Loss of variety 

due to large 

tournament size 

Boltzman

n 

Obtaining the 

global optimum 

High 

computational cost 

Stochasti

c universal 

sampling 

Fast method, 

free of bias 

Early convergence 

Elitism 

Keeping the 

best member of 

the crowd 

Losing the best 

member due to 

intersection and 

mutation operators 

4. Conclusions 

The growth and development of the city and 

urbanization, along with the creation of 

facilities and welfare for human life, has caused 

an increase in environmental destruction and 

pollution. Therefore, the theory of sustainable 

urban development was proposed with regard to 

the negative effects of the growth of cities and 

it has proposed solutions to minimize urban 

problems. Among these solutions is the effort to 

create sustainability in urban housing. Housing, 

as the most important use in cities, which 

occupies a high percentage of the city's area, 

determines the quality of life and well-being of 

the people. How to design and build housing 

affects the environment, society, culture, 

economy, and also the daily life of people, their 

health and safety. Therefore, housing 

sustainability is an important step in achieving 

sustainable urban development in various 

social, economic, physical and environmental 

dimensions. As a complex and multi-

dimensional subject, architecture should have 

the opportunity and possibility of processing 

and diverse information. And parametric 

architecture has induced a new collective 

movement, on the other hand, this progress and 

development led to the creation of new issues in 

the field of design and components, and the 

form and image of architecture has been 

strongly influenced by this design, and it has 

entered a new phase of form finding and space 

design and spatial relationships. In the process 

of parametric design, they avoid flexible 

geometric principles, and parametric design, 

unlike the architecture of single styles, is not in 

the form of overhanging the structure as the 

ruling element in architecture, and the mutual 

relationship and understanding of two factors It 

shows a better feeling of the design and 

implementation process. One of the most 

important problems faced by architects in the 

gap between the initial design and the final 

design is organizing and defining uncertain 

forms. The use of genetic algorithm, like other 

computational systems, is inspired by natural 

systems, while other fields are computational 

tools based on The principles of biology have 

been adopted in the architectural design 

process. There has not been an extensive 

evolution, only recently there has been a 

significant change in the way architects have 

discovered techniques to deal with complex 

problems. By using architectural genome based 

on genetic algorithms, it is possible to continue 

architecture . 
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