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ABSTRA CT  

The village house is an example of a traditional building. The village house is 
currently used as a community residence. The life of the village house still 
protects and maintains ancestral customs, including in the form of house 
architecture. In the process of building a village house, there is one aspect that 
is used, such as an appropriate environmental atmosphere. Where the building 
must maintain the beauty of the environment. The importance of paying 
attention to the atmospheric environment is because the characteristics of 
these traditional buildings are not lost, especially in the atmospheric 
environment as historical evidence. Thus, to develop village house buildings, 
there is a lack of information related to the traditional buildings themselves, 
such as the past environmental conditions around traditional buildings, road 
conditions around buildings, beauty and distance between buildings, and 
building models around conventional houses, to achieve the goal, 
documentation of the necessary knowledge related to the atmospheric 
environment for traditional buildings that still maintains or provides an 
atmosphere like the old days. The research will be conducted using the 
Preference Ranking Organization Method for Enrichment Evaluation 
(PROMETHEE) algorithm. The research method is by conducting a literature 
study, observation, and documentation. Observations and documentation 
were carried out to collect data in the form of 300 photos of Kampung Rumah 
in Borobudur, from the data in the form of 300 photos, 9 (nine) were collected. 
System testing using System Usability Scale (SUS), Black-box, and Expert 
Judgment. The result of the research is a system for determining the suitability 
of the environmental atmosphere for village houses in Borobudur using the 
PROMETHEE algorithm. This research is expected to help determine the 
village house environment in Borobudur by displaying the final results in the 
form of outranking and the system test value of 85%. 
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1. Introduction   

The State of Indonesia has various forms of ethnic settlements which are widespread in 
various regions. One of the wealth of architectural knowledge that must be explored and 
understood for his knowledge is culture. Culture is a subject in customs that has become a 
hereditary habit and is closely related to the citizens of each country [1]. According to Ki 
Hajar Dewantara, culture is the fruit of human ingenuity which is the result of human 
struggle against two strong influences, namely time and nature which are evidence of the 
glory of human life to overcome various obstacles and difficulties in life and livelihood in 
order to achieve safety and happiness which is outwardly orderly and peace. 

In addition, culture is a way of life that develops and is shared by a group of people and 
passed down from generation to generation. Indonesia is an archipelagic country with 
interesting and unique cultural diversity. In the current era of modernization, many 
Indonesian people embrace foreign cultures and forget their own. As a result of the very rapid 
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development of technology and the influx of Western culture in Indonesia, original culture 
is slowly disappearing. 

An example of regional culture that still exists today is the village house at Borobudur. 
The village house is located in the Magelang area, Central Java Province. Village houses are 
traditional buildings used for community residences. The daily life of village houses still 
maintains and maintains ancestral customs, including in the architectural design of the 
house. In the process of building village houses there are several aspects to consider, one of 
which is the appropriate environmental atmosphere [2]. 

The appropriate environmental atmosphere is the form of a building whose composition, 
structure, function, decoration and the way it is made are passed down from generation to 
generation or have a traditional atmosphere. Along with the rapid development of the times, 
the development of traditional architecture become disappeared [1]. In order to maintain the 
traditional environmental architecture, it is necessary to make adjustments to the original 
environment. So, it is necessary to adjust the new building with the traditional area to 
maintain the beauty of the traditional environment [3].  

The problems that occur in the world of architecture to carry out the development of 
traditional buildings often result in minimal information related to traditional buildings, 
such as past environmental conditions around traditional buildings, road conditions, beauty 
and distance between buildings and building models around these traditional houses. 
Therefore, it is necessary to document knowledge related to the atmospheric environment 
for traditional buildings with the aim of maintaining or providing an atmosphere like the 
past. The lack of information related to the past environmental conditions of a traditional 
building has an impact on the redesign of the building model where there are differences, for 
example the philosophy of the building that is not appropriate, the size that does not match 
the period of the building at that time or the typology model of the building. 

This research was conducted aiming to get a clear and complete picture of the traditional 
architecture of village houses in Borobudur. From the results of this description, the data 
collected will be obtained and will be assessed with several criteria. Therefore, a decision 
support system (DSS) is needed. DSS is a system that can provide structured or unstructured 
problem solving. DSS is made by implementing high competency adaptation so that it can 
be used as an alternative in making a decision [4]. 

Research related to DSS has been widely used with various methods such as Technique 
for Others Reference by Similarity to Ideal Solution (TOPSIS), Analytic Hierarchy Process 
(AHP), Simple Additive Weighting (SAW) and Preference Ranking Organization Method for 
Enrichment Evaluation (PROMETHEE) [5][6][7]. The TOPSIS method has a concept where 
the chosen alternative is the best alternative with the shortest distance from the positive ideal 
solution and the farthest distance from the negative ideal solution. The preference value for 
each alternative is the final result of the TOPSIS method calculation, the higher the value, 
the alternative is the desired alternative [7]. 

Another method of DSS is AHP, this method is a hierarchy with input in the form of 
human perception. This method is used to find the priority ranking sequence of various 
alternatives in solving problems. In addition, the AHP method is able to solve problems 
involving subjective judgments effectively. With the aim of this method, it can solve a 
problem that is complex or unstructured and formed into a hierarchy [8]. 

Then, the PROMETHEE method is a method for determining sequence or priority in 
Multi Criteria Decision Making (MCDM). The use of value in the outranking relationship is 
the criterion used in PROMETHEE. This method is one of the simplest ranking methods in 
its concept. Where to indicate priorities and preferences for each criterion this method 
prioritizes value without thinking about the method of calculation with other solutions [9]. 

Research related to decision support systems using the PROMETHEE algorithm was 
carried out by researchers in various fields, both local and international research. Decision 
making has been used for the case of major selection at SMK Negeri (Public Vocational 
School) 6 Medan [5], for assessing nurse performance [10] and for selection of various types 
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of residences and facilities by considering the factors of price, environmental safety and 
location of residence [11]. 

Based on the results of the descriptions of these studies, this research uses the 
PROMETHEE method in developing SPK for determining the suitability of the 
environmental atmosphere for traditional buildings. This method is multi-criteria, where 
each criterion is given a weighting value based on the references of cultural architect experts 
by considering the priority of each criterion [12]. The weight of the assessment is given 
according to the priority that is most desired by the community around the traditional house 
area in Borobudur and knowledge of the environmental atmosphere. 

Following are some theories related to this research, namely decision support systems, 
environmental architecture and the PROMETHEE algorithm. 

1.1.  Decision Support System 

In the early 1970s, the DSS concept was first described by Michael S. Scott Morton with 
the term Management Decision System (MDS). This system is a computer-based system 
designed to help decision makers use certain data and models to assist in solving various 
unstructured problems [13]. The term MDS refers to a system that uses computer support in 
the decision-making process. To provide a deeper understanding, there are several 
definitions of MDS by several experts. 

According to Ronal Watrianthos et al in [13], DSS is defined as a system that supports the 
work of a leader or a group of managers who solve semi-structured problems by providing 
information and advice about certain decisions. Decision support systems are used to 
describe systems designed to help managers solve specific problems [12]. From some of the 
experts above, it can be concluded that a decision support system is an information system 
that helps middle-level management to make semi-structure. 

DSS is used for very effective and objective decision making. Therefore, to increase the 
usefulness of a Decision Support System (DSS) there are several components, as follows: 

• Database Management 

Database management has an important role in the database. The data to be used is data 
relevant to the problems that are resolved through the system. All activities related to 
archiving, data processing and collection are related to the decisions that have been made. 
Tasks in database management include data storage, databases and data acquisition 
capabilities. 

• Model Base 

The role of the model base is to carry out a complete analysis by developing and comparing 
alternative solutions. Model base will explain the problem in quantitative form as a basis 
for decision making. 

• User Interface 

A visual combination of the two previous components in a third component, having 
previously been delivered in the form of a model that computers understand. The purpose 
of the user interface is to display system output for the user and receive input from the 
user into the system being built. 

1.2.  Environmental Architecture 

Environmental architecture is the science of building structures related to urban 
planning, landscape planning, urban design, interior and exterior which takes into account 
the physical conditions of natural resources such as water, soil, air, climate, light, sound and 
humidity. Environmental architecture is closely related to green architecture because both 
are related to natural resources [1]. 

1.3. PROMETHEE Methods 

PROMETHEE will provide data for direct use by the user. The data will form in a simple 
multi-criteria table. The advantage of the PROMETHEE algorithm is that it has the ability to 
deal with comparison problems, decision makers use their own size scale without limitations, 
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to indicate the order (priority) and preferences of each criterion by focusing on the value 
without thinking about the method of calculation [14]. Fig. 1 shows the flowchart of the 
method’s calculation decision flow. 

 

Fig. 1. Promethee Steps of Methodology [15] 

 The PROMETHEE algorithm is a method for determining order (priority) in multi-
criteria analysis [14]. The result of this method is an alternative outranking based on the 
selected criteria [16]. The steps to calculate the PROMETHEE algorithm are as follows: 

• Define criteria and sub-criteria data. 

• Determine alternative data for house 1 (a), house 2 (b), and house 3 (c). 

• Determine the preference type to calculate the preference value using the following 
equation: 

𝐻 (𝑑) = 0 𝑖𝑓 𝑑 = 0   (1) 

1 𝑖𝑓 𝑑 ≠ 0   

where: 
𝐻 (𝑑) : criterion difference function between alternatives 
𝑑 : difference in criterion values  

• Calculating the multi-criteria preference index using the following equation: 

𝜗(𝑎, 𝑏) = ∑ 𝑃𝑗(𝑎, 𝑏) 
𝑗
𝑛=1 𝑤𝑗 (𝑎, 𝑏), ∀𝑎, 𝑏 𝜖 𝐴  (2) 

• Determine PROMETHEE  
- Calculate Leaving Flow, by using the following equation: 

𝜙+ =
1

𝑛−1
∑ 𝑥 ∈ 𝐴 𝜑(𝑥, 𝑎)  (3) 

- Calculate Entering Flow, by using the following equation: 

𝜙− =
1

𝑛−1
∑ 𝑥 ∈ 𝐴 𝜑(𝑥, 𝑎)  (4) 

- Calculating the final result obtained by calculating Net Flow, with the following 
equation: 

𝑁𝑒𝑡 𝐹𝑙𝑜𝑤 =  𝐿𝑒𝑎𝑣𝑖𝑛𝑔 𝐹𝑙𝑜𝑤 –  𝐸𝑛𝑡𝑒𝑟𝑖𝑛𝑔 𝐹𝑙𝑜𝑤    (5) 

2. Methodology  

This research is an applied research, to develop the basic concept formulation of decision 
making with the PROMETHEE algorithm to be applied into a website-based product. The 
variables used in this research are the criteria for road conditions in the building 
environment, the delicacy around the building, the distance between buildings, the 
temperature of the surrounding environment, the shape of the fence surrounding the 
building, the distance between the fence and the building and the condition of the building 
[17]. 
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Data collection was carried out using three methods; literature study, observation and 
documentation (seen in Fig. 2). Observations were made through the intended object in 
order to obtain the necessary information regarding the characteristics and condition of the 
Village House buildings in Borobudur. Documentation is done by taking pictures by 
researchers to collect data from various things in order to strengthen research results. The 
pictures were taken in the form of photos of the research location, the delicacy surrounds the 
village house buildings, the shape of the village house fences and others. After observing and 
documenting, 300 photos were observed to determine the criteria and sub-criteria data.  

 

Fig. 2. Research Steps 

3. Results and Discussion 

3.1. Data Collection 

The data used is data obtained from observations and documentation of Village Houses 
in Borobudur, Central Java which has 9 criteria and sub criteria needed in order a DSS 
system can be built. The following are the criteria used in this study: 

- C1 = Road conditions in the building environment 
- C2 = Delicacy around the building 
- C3 = Distance between buildings 
- C4 = Ambient temperature 
- C5 = Fence/gate model that surrounds the building 
- C6 = The distance between the fence and the building 
- C7 = Buildings shape model 
- C8 = Buildings condition 

3.2. Data Processing 

The stages of the PROMETHEE algorithm are carried out by inputting criteria data and 
sub-criteria data with the weighting value of each sub-criteria to determine alternative data. 
Furthermore, the process of calculating the weighting of each Alternative data is carried out 
by calculating the preference criteria value, the value of the multi-criteria preference index, 
leaving flow, entering flow and net flow value. 

3.3. System Implementation 

• Decision Flow with PROMETHEE 

The business process of the system for determining the suitability of the atmosphere 
of the village house environment in Borobudur is depicted on Fig. 3. and Entity 
Relationship Diagram on Fig. 4. 
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Fig. 3. Decision Flow with Promethee 

 

Fig. 4. Physical Schema of Database 

3.4. Results and Discussions 

• Weighting of Criteria and Sub-criteria  

The weighting is carried out based on the policies of Central Javanese cultural experts 
who provide validation of a building based on values that are in accordance with ancient 
times(seen on Table 1). 
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Table 1.  Criteria and Subcriteria Weighting 

Criteria Code Sub-criteria Name Weight 
C1 Soil 

Rocky soil 

Asphalt 

3 

2 

1 

C2 Lots of trees, flowers and grass 

Grass and flowers 

Only trees 

No Greenery 

4 

3 

2 

1 

C3 5-10 meters 

>10-15 meters 

>15 meters 

3 

2 

1 

C4 Cool 

Mild 

Hot/Warm 

3 

2 

1 

C5 Traditional and in accordance with the philosophy of the building 

Traditional but not in accordance with philosophy  

Fence made of plants 

Not using 

4 

 

3 

 

2 

1 

C6 2 meters 

0-1 meters 

>1-2 meters 

No Distance 

4 

3 

2 

1 

C7 Relevant with Philosophy 

Less Relevant 

Not Relevant 

3 

2 

1 

C8 Good >=80% 

Quite Poor 60-80% 

Bad 

 

3 

2 

1 

Table 2 shows the assessment of the criteria and sub-criteria values for each Alternative. 

Table 2.  Alternatives Assessment 

Criteria Code House 1 (a) House 2 (b) House 3 (c) 
C1 3 3 2 

C2 4 4 3 

C3 2 3 1 

C4 3 3 3 

C5 4 3 3 

C6 4 4 4 

C7 2 3 2 

C8 3 1 2 

 
PROMETHEE Calculation for Preference Value is explained on Table 3. 

Table 3.  Criteria Preference Value 

 
In calculating the preference value, the criteria are presented with a value of 0 and 1, 

where a value of 0 will indicate that the preference is weak 𝑎 > 𝑏 based on the criterion data. 

Criteria 

Code  

(a,b) (a,c) (b,a) (b,c) (c,a) (c,b) 

x P(x) x P(x) x P(x) x P(x) x P(x) x P(x) 

C1 0 0 1 1 0 0 1 1 -1 0 -1 0 

C2 0 0 1 1 0 0 1 1 -1 0 -1 0 

C3 -1 0 1 1 1 1 2 1 -1 0 -2 0 

C4 0 0 0 0 0 0 0 0 0 0 0 0 

C5 1 1 1 1 -1 0 0 0 -1 0 0 0 

C6 0 0 0 0 0 0 0 0 0 0 0 0 

C7 -1 0 0 0 1 1 1 1 0 0 -1 0 

C8 2 1 1 1 -2 0 -1 0 -1 0 1 1 
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Meanwhile, a value of 1 will indicate that a strong preference is 𝑎 > 𝑏 based on criterion data. 
Calculation of the Multicriteria Preference Index Value is seen at Table. 4. 

Table 4.  Multicriteria Preference Index Value 

 a b c 

a - 0.25 0.625 

b 0.25 - 0.5 

c 0 0.125 - 

 
Then calculate the value of the multi-criteria preference index according to equation (2): 

(a,b) = 1/8(0+0+0+0+1+0+0+1) = 0.25 
(a,c) = 1/8(1+1+1+0+1+0+0+1) = 0.625 
(b,a) = 1/8(0+0+1+0+0+0+1+0) = 0.25 
(b,c) = 1/8(1+1+1+0+0+0+1+0) = 0.5 
(c,a) = 1/8(0+0+0+0+0+0+0+0) = 0 
(c,b) = 1/8(0+0+0+0+0+0+0+1) = 0.125 
 

• Perhitungan Nilai Leaving Flow, Entering Flow dan Net Flow pada Table. 5, Table. 6, 
Table. 7 

Table 5.  Leaving Flow 

Table 6.  Entering Flow 

Alternative Entering flow Value 
a 0.125 

b 0.1875 

c 0.5625 

Table 7.  Net Flow 

Alternative Net flow Value 
a 0.3125 

b 0.1875 

c -0.5 

 

• PROMETHEE calculation for its results validation is seen on Table. 8 

Table 8.  PROMETHEE Results Validation 

Alternative Leaving Flow Entering Flow Net Flow Ranking Notes 
House 1 0.4375 0.125 0.3125 1 Suitable 

House 2 0.375 0.1875 0.1875 2 Suitable 

House 3 0.0625 0.5625 -0.5 3 Not Suitable 

 
It is known that the results of calculations on the system have 3 alternatives: House 1, 

House 2 and House 3. Judging from the net flow value, House 1 fits the criteria determined 
by the experts according to the atmosphere like the past. The result of the preference value 
for House 1 is 0.3125. 

• System Validation 

System testing for determining environmental atmospheres uses SUS, Black-box and 
Expert Judgment. The test data uses a sample of 10 village house data as alternative data. 
Where tests using the SUS method were carried out by architects and cultural experts in 
Central Java. This test contains 10 questionnaires that will be answered by respondents. 

Alternative Leaving flow Value 
a 0.4375 

b 0.375 

c 0.0625 
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System testing using Black-box will be carried out by architects and cultural experts from 
Central Java. In this Black-box test, the tester will carry out several stages that have been 
made, then the tester will see the results obtained. After that, the examiner will compare the 
results obtained with the expected results whether they are appropriate or not. To provide 
better system testing results, testing is carried out using Expert Judgment which will be 
carried out requiring experts. In this study, the thesis supervisor will be assisted by the thesis 
supervisor to conduct a validation test. This validation test will use an assessment table 
which is divided into 3 aspects, namely content, technique and presentation. 

4. Conclusions 

Based on the research conducted, a System for Determining Environmental Atmosphere 
Suitability for Kampung Houses in Borobudur Using the PROMETHEE Method has been 
developed. System testing is carried out to find out whether the system is suitable or not as 
expected. System testing is carried out using SUS, Black-box and Expert Judgment. The 
results of the SUS questionnaire can be concluded that it produces a system accuracy test of 
89%. Meanwhile, the results of testing using Black-box and Expert Judgment, it can be 
concluded that the system is stated to have tested blackbox and Expert Judgment. The 
conclusion from the test results is that information is obtained that the percentage value of 
the final result of determining the suitability of the environmental atmosphere is successful 
as expected. 
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