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Abstract 

With the acceleration of the process of our country’s urbanization, the investment of urban 
infrastructure construction continues to increase and the construction industry has become 
a pillar industry of the national economy. However, the proportion of building energy 
consumption in the total energy is increasing at the same time. In order to achieve the 
sustainable development of the society, the energy-saving target is proposed in the12th 
Five-Year Plan of China, which sets for the requirements for building energy-saving in 
Shaanxi Province. Evaluation of building energy-saving is an effective method to promote 
the healthy development of the work of building energy efficiency, but there is not a 
complete, reasonable and practicable the evaluation system. In this paper, we investigate 
the multiple attribute decision making problems for evaluating the residential building 
energy-saving with intuitionistic fuzzy variables. We utilize the intuitionistic fuzzy correlate 
geometric mean (IFCGM) operator to aggregate the intuitionistic fuzzy numbers 
corresponding to each alternative and get the overall value of the alternatives, then rank the 
and select the most desirable one(s) according to the score function and accuracy function. 
Finally, an illustrative example is given. 
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1. Introduction 

In urban areas, energy-saving design is more and more attentioned, but relatively remote and 

backward rural areas, building energy-saving design is almost a distant subject, residential 

construction is still in the traditional way. City project involves the number of immigrants mountains, 

large new residential area, in order to reduce energy consumption, energy-saving design of immigrant 

housing is very important. Through field visits to investigate City mountain immigration residential 

status and energy consumption profiles, and sub-immigrant village house for the object winter indoor 

thermal environment tests, while sub-immigrant village, street acupuncture immigrant village Tobu 

ditch resettlement village50villagers for the object winter indoor thermal environment subjective 

survey results show that high immigration residential energy consumption, winter indoor thermal 

comfort is poor. In order to implement the policy of building energy efficiency improves energy 

efficiency of homes, giving residents a comfortable and healthy living environment while minimizing 

energy consumption.  

In this paper, we investigate the multiple attribute decision making problems[1-12] for evaluating the 

residential building energy-saving with intuitionistic fuzzy variables. We utilize the intuitionistic 
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fuzzy correlate geometric mean (IFCGM) operator to aggregate the intuitionistic fuzzy numbers 

corresponding to each alternative and get the overall value of the alternatives, then rank the and select 

the most desirable one(s) according to the score function and accuracy function. Finally, an 

illustrative example is given. 

2. Preliminaries  

In the following, we introduce some basic concepts related to IFS. 

Definition 1. An IFS A  in X  is given by 

     , ,A AA x x x x X                                               (1) 

where  : 0,1A X   and  : 0,1A X  , with the condition    0 1A Ax x    , x X  .The 

numbers  A x  and  A x  represent, respectively, the membership degree and non- membership 

degree of the element x to the set A [13]. 

Definition 2. Let  ,a    be an intuitionistic fuzzy number, a score function S  of an intuitionistic 

fuzzy value can be represented as follows [14]: 

 S a    ，    1,1S a   .                                             (2) 

Definition 3. Let  ,a    be an intuitionistic fuzzy number, a accuracy function H  of an 

intuitionistic fuzzy value can be represented as follows [15]: 

 H a    ，    0,1H a   .                                             (3) 

to evaluate the degree of accuracy of the intuitionistic fuzzy value  ,a    , where    0,1H a  . 

The larger the value of  H a , the more the degree of accuracy of the intuitionistic fuzzy value a . 

For a collection of IFVs   , 1,2, ,j j ja j n   , then  

(1) The intuitionistic fuzzy weighted geometric (IFWG) operator [16]: 

     1 2
1

1 1

IFWG , , , ,1 1
j jj

n nn

n j j j
j

j j

a a a a
 

  


 

 
     

 
                    (4)  

where  1 2, , ,
T

n     be the weight vector of  1,2, ,ja j n , and 0j  , 
1

1
n

j

j




 . 

(2) The intuitionistic fuzzy ordered weighted geometric (IFOWG) operator [16]: 

         1 2
1

1 1

IFOWG , , , ,1 1
j j

j

n nn w w
w

w n j j j
j

j j

a a a a
  

 


 

 
     

 
                 (5) 

where       1 , 2 , , n    is a permutation of  1,2, ,n , such that 
   1j j 

 

  for all 

2, ,j n  and  1 2, , ,
T

nw w w w  is the aggregation-associated vector such that  0,1jw  , 

1

1
n

j

j

w


 . 

Definition 4.  Let   , 1,2, ,j j ja j n     be a collection of intuitionistic fuzzy values on Q , and 

 be a fuzzy measure on Q , the intuitionistic fuzzy correlate geometric mean(IFCGM) operator of 

ja  with respect to  is defined by 
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                   (6) 

where       1 , 2 , , n    is a permutation of  1,2, ,n , such that    1j j
a a
 

  for all 

2, ,j n , 
      , ,
i

A i n ,  1n
A 


 [17]. 

3. An approach to multiple attribute decision making for evaluating the 

residential building energy-saving with intuitionistic fuzzy Information  

Energy is base of human life. At present，humans the main energy is oil and gas, as the two kinds of 

resources by continual exploration so all countries in the world are aware of this serious problem. 

Energy and national have more relation in the country’s rise and fall. In a sense, the progress and 

development of human society depends on the emergence of high-quality energy and the use of 

advanced energy technologies. China’s land area is 960 square kilometers, across several climatic 

zones, which for the most part in north China town all need heating in winter. At the same time, along 

with the global climate change in recent years, our country throughout most parts of the summer air 

temperature is unusually hot, becoming increasingly prevalent in refrigeration and air conditioning, 

rapid increase of energy consumption in summer. But, our country old existing residential buildings 

do not have any energy saving measures, its heat preservation and heat insulation performance is poor, 

equipment system efficiency low, lead to severe waste of heating and cooling energy consumption. 

According to the measure, if you don’t take effective measures, at the current trends, by 2020 China’s 

building energy consumption will be more than three times now; building energy consumption will 

reach 1.09 billion tons of standard coal. Building energy conservation is to carry out the basic state 

policy of energy saving, environmental protection, also is the current global development trend. 

The following assumptions or notations are used to represent the MADM problems for evaluating the 

residential building energy-saving with intuitionistic fuzzy variables. Let  1 2, , , mA A A A  be a 

discrete set of alternatives. Let  1 2, , , nG G G G  be a set of attributes. The information about 

attribute weights is completely known. Let  1 2, , , n    be the weight vector of attributes, 

where 0j  , 1,2, ,j n . Suppose that    ,ij ij ijm n m n
R r  

 
   is the intuitionistic fuzzy decision 

matrix, where ij  indicates the degree that the alternative iA  satisfies the attribute jG  given by the 

decision maker, ij  indicates the degree that the alternative iA  doesn’t satisfy the attribute jG  given 

by the decision maker,  0,1ij  ,  0,1ij   , 1ij ij   , 1,2, ,i m , 1,2, ,j n . 

In the following, we apply the IFCGM operator to multiple attribute decision making (MADM) 

problems for evaluating the socialist new countryside democratic construction with intuitionistic 

fuzzy numbers. 

Step 1. Determine the fuzzy measure of attribute of  1,2, ,jG j n and attribute sets ofG . There 

are a few methods for the determination of the fuzzy measure. For example, linear methods, quadratic 

methods, heuristic-based methods and genetic algorithms and so on are available in the literature. 

Step 2.Utilize the IFCGM operator 
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           (5) 

to derive the overall preference values  1,2, ,ir i m of the alternative iA . 

Step 3. Calculate the scores    1,2, ,iS r i m of the collective overall intuitionistic fuzzy preference 

values  1,2, ,ir i m to rank all the alternatives  1,2, ,iA i m  and then to select the best one(s). 

Step 4. Rank all the enterprises  1,2, ,iA i m  and select the best one(s) in accordance with 

 iS r and  iH r  1,2, ,i m .  

4. Numerical example 

Since China’s reform and opening up， along with the speeding up of urbanization in our country and 

the continuous improvement of people’s living standard， the proportion of total energy consumption 

of building energy consumption is becoming more and more big，building energy consumption has 

gradually grown to and industrial， transportation， energy consumption and energy consumption 

becomes our country energy consumption of the big three "large energy consumption". How to 

effectively do a good job of the building energy conservation has subjected to more and more widely 

attention of the professionals. Slurry sampling study by the ministry of construction，China’s 

building energy consumption accounts forabout33%of the national total energy consumption， and a 

rising trend， the main reason is that the building volume is growing. Through the nearly30years of 

research and practice in the field of energy，  is generally believed that the construction of 

energy-efficient buildings is one of the largest and most efficient potential method， especially the 

large market construction. Shopping malls though accounts for only a small part of public buildings， 

but it is high in energy consumption per unit area. Therefore， how to reduce the large stores of 

energy consumption， with the progress of China’s public building energy efficiency technology 

development has the vital significance. In this section, we shall present a numerical example to 

illustrate the method proposed. There is a panel with five possible residential building energy-saving 

projects
 

 1,2,3,4iA i   to select. The company selects four attribute to evaluate the five possible 

residential building energy-saving projects: ①G1 is the logistics; ②G2 is the strategy; ③G3 is the 

economy; ④G4 is the technology. The five possible residential building energy-saving projects
 

 1,2,3,4iA i   are to be evaluated using the intuitionistic fuzzy information by the decision maker 

under the above four attributes, as listed in the following matrix. 

       

       

       

       

       

0.7,0.1 0.6,0.3 0.5,0.3 0.5,0.4

0.6,0.4 0.5,0.5 0.7,0.2 0.7,0.3

0.8,0.2 0.7,0.3 0.4,0.4 0.6,0.3

0.5,0.4 0.6,0.4 0.8,0.2 0.8,0.1

0.6,0.4 0.3,0.4 0.6,0.4 0.6,0.4

R

 
 
 
 
 
 
 
 

 

Then, we utilize the intuitionistic fuzzy approach developed to get the most desirable residential 

building energy-saving projects. 
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 Step 1. Suppose the fuzzy measure of attribute of  1,2,3,4jG j  and attribute sets of G as follows: 

       
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   
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, , 0.80, , , 0.85
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  
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 



 

Step 2. Utilize the decision information given in matrix R , and the IFCGM operator, we obtain the 

overall preference values ir  of the residential building energy-saving projects  1,2, ,5iA i  . 

     

   

1 2 3

4 5

0.45,0.23 , 0.55,0.38 , 0.61,0.34

0.47,0.35 , 0.46,0.22

r r r

r r

  

 
 

Step 3. Calculate the scores    1,2,3,4,5iS r i  of the overall intuitionistic fuzzy preference values 

 1,2,3,4,5ir i 
 

     

   

1 2 3

4 5

0.22, 0.17, 0.27

0.12, 0.24

S r S r S r

S r S r

  

   

Step 4. Rank all the residential building energy-saving projects
 

 1,2,3,4,5iA i   in accordance with 

the scores  iS r  1,2,3,4,5i  of the overall intuitionistic fuzzy preference values 

 1,2,3,4,5ir i  : 3 5 1 2 4A A A A A , and thus the most desirable residential building 

energy-saving project is 3A . 

5. Conclusion 

The energy consumption of heating systems is quite serious, as compared to other countries with high 

energy consumption, pollution, especially cold regions building and heating system energy 

consumption has become a major burden on energy. Building and heating system to solve the energy 

problem is an important strategy to achieve long-term stable development. For the establishment of 

energy-saving society, China has issued a series of energy-related policies, but the lack of a 

comprehensive building energy efficiency and energy-saving heating systems and levels of 

performance evaluation system and effective assessment tools, and complete establish energy index 

evaluation system is the basis of energy conservation. In this paper, we investigate the multiple 

attribute decision making problems for evaluating the residential building energy-saving with 

intuitionistic fuzzy variables. We utilize the intuitionistic fuzzy correlate geometric mean (IFCGM) 

operator to aggregate the intuitionistic fuzzy numbers corresponding to each alternative and get the 

overall value of the alternatives, then rank the and select the most desirable one(s) according to the 

score function and accuracy function. Finally, an illustrative example is given. In the future, we shall 

extend the proposed modles to other domains[18-29]. 
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