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Abstract —A BIM, Buildings Information Modelling, project cost analysis algorithm using Bayesian collaborative decision-making 
based on mutual belief model is proposed in this paper in order to improve the reliability and scientific value of cost analysis of 
green buildings project. Firstly, BIM model is utilized to establish the quantitative index of the project evaluation result and 
establish judgment and comparison matrix of hierarchical structure so as to provide decision making analysis with model basis; 
secondly, similarity evaluation on the project cost index is conducted with the D-S evidence theory and the collaborative decision-
making model is established in combination with the Bayesian algorithm based on mutual belief model to achieve the scientific 
analysis of BIM project cost. Finally the experiment verifies the effectiveness of the methods proposed. 
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I. INTRODUCTION 

BIM refers to building information modeling (Building 
Information Modeling) and due to past relatively slow 
development of science and technology, traditional green 
building design focuses on two-dimensional drawings, and 
although it also focuses on the accuracy and preciseness 
necessary for the design, it is short of visual and simple 
expression form; the specific information about the 
engineering project is inputted through the BIM technology 
to establish a green building model for the project, and 
therefore, it is not only more visual, but also accordingly 
changes in case of any design change so as to avoid 
unnecessary design mistakes and enhance the design 
accuracy and preciseness [1-2]. 

Research analysis of components related to green 
building cost is conducted in Literature [3] by using BIM 
model to form a form-simplified green building component. 
The evaluation on the green building project cost is 
conducted in Literature [4] by using the BIM model. 
Evaluation system is established for the life cycle of the 
green building and research on the environmental 
disturbance of the green building of life cycle is also 
conducted in Literature [5]. A green building evaluation 
model of green building under cost influence is established 
based on the cost evaluation model of green building in 
Literature [6] to obtain the environmental disturbance factors 
of the green building examples. The model building mode of 
green building based on BIM with relatively obvious 
advantages is widely used on the evaluation application 
scenario of the green building. Currently, for relevant 
researches on the cost model of green model, the application 
of 3D model evaluation framework of project BIM 
technology is a practical mode to influence the cost factors 
[7-8]. 

The model relationship between green building material 
and BIM elements is established in this Thesis with the 
Bayesian collaborative decision-making based on mutual 

belief model from the perspective of cost analysis of 
construction project to form a systematic evaluation method 
for quantitative components of green building so as to 
improve the reliability of the cost evaluation. 

II. DEFINITION OF REFINEMENT ENGINEERING 

COST 

A. Definition Description 

Refined management of cost refers to the detailed 
management of all project phases to achieve the phased 
intensive management of the cost. Optimal allocation will be 
carried out for resources at all phases of project 
implementation to effectively the phenomenon of “three 
excesses”. The management links for refinement engineering 
cost mainly includes: five phases of design, decision making, 
construction, bid and tender and completion and the cost 
management and relevant subjects related to these five 
phases are shown in Fig. 1. 

The cost management of refinement engineering is the 
precondition for the determination and control of reasonable 
cost. Firstly it is necessary to ensure it within the control 
limit of the total cost in order to achieve the reasonable 
evaluation of investment. In particular, at the cost evaluation 
phase of design, it is necessary to ensure that the cost 
evaluation value is more reasonable than that at the 
investment phase and is under the influence of the cost 
estimation at investment phase. For the cost estimation at the 
construction drawing design phase, it is necessary to conduct 
deep and detailed evaluation based on the design thinking of 
construction drawing and materials. The management of 
interim and advance payment for the progress construction 
project needs to be combined with two key links of 
construction practice and early phase design of scheme. For 
the final account and settlement management links of green 
building project, the summary of actual engineering cost is 
not only needed, but also the cost control at the engineering 
phase is necessary. 
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Figure 1. Engineering cost management of green building 

 

B. BIM Quantitative Evaluation Model 

The cost management process of scientific research 
building construction project of certain university in China is 
taken as a research object herein and the cost analysis of cost 
management process of the construction project as research 
object is conducted. Upon determination of cost evaluation 
section, it is necessary to establish the model relationship 
between green building material and BIM elements and 
specific types of green building material as shown in Table 1. 

TABLE 1. BIM-TALLY CORRESPONDENCE 

SI No. Material name Name of model 
family Volume 

1 FA_concrete-fine 
stone concrete 100+150 74.168 

2 FA_concrete- 
reinforcement 100+150 18.532 

3 FA_concrete-fine 
stone concrete 100+200 19.918 

4 FA_concrete- 
reinforcement 100+200 5.974 

5 FA_concrete- 
reinforcement 150 0.218 

6 FA_concrete- 
reinforcement FW-150 118.156

7 FA_concrete- 
reinforcement JT-150 15.142 

8 FA_concrete- 
reinforcement SH-150 290.128

Upon determination of green building material of 
concrete reinforcement, the cost influence of green building 
material on the green building project can be calculated. It 
mainly includes three phases as follows: 

(1) Project construction phase. In the progress of project 
construction, the cost influence factors of various green 
buildings are sorted by size; due to the proportion of 

consumption of primary energy and non-renewable energy 
for green building more than 80% of the total engineering 
cost at the construction phase, the reinforcement and fine 
stone of concrete and such materials of lower cost are 
selected to help to reduce the process cost of the whole 
project. (2) Project maintenance and operation phase. The 
recycle recovery and reuse of waste water and such raw 
materials during the project construction shall be 
strengthened at this phase so as to further reduce the 
engineering project cost. (3) Recovery phase of green 
building material. This process mainly includes the steel 
scrap recycling and reasonable recovery of floor waste for 
new green building construction, which is significant for the 
reduction of engineering cost. 

C. Model Evaluation Indexes 

Main evaluation indexes of engineering construction 
project cost include: three indexes of technology, 
environment and cost. A uniqueness correlation model for 
the indexes and subsystem may be established based on said 
factor characteristics to establish the hierarchical structure 
evaluation model of cost management with multiple complex 
factors for the engineering project, and the model is totally 
divided into three different levels: (1) comprehensive 
influence parameters of environment; (2) economic index, 
engineering index and environmental index; (3) specific 
evaluation indexes are shown in Table 2. 

Complete cost evaluation process generally includes 
three phases of production, operation construction and 
maintenance and eight groups of unit members for floor 
production shown in Table 1 are taken as basis to evaluate 
their influence on the cost evaluation during production. The 
solution result of relevant indexes relate to the economic 
index, that is, the environmental governance input and 
construction material price, and these two factors are set as 
variables and remaining indexes are calculated by using BIM 
model. 
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TABLE 2. COST EVALUATION INDEXES OF CONSTRUCTION 
PROJECT 

Target level Second-level 
index Third-level index

 Engineering 
attribute 1D  

Surface of 
structural 

component 1I

Comprehensive 
environmental 

influence factor Z 
 

Volume of 
structural 

component 2I

 Economic index 
2D  

Material price of 
structural 

component 3I

  
Environmental 

governance input 
4I

  
Primary energy 

demand 5I

 
Environmental 

index 3D  

Non-renewable 
energy 

consumption 6I

  
Renewable 

energy 
consumption 7I

III. ANALYSIS OF COLLABORATIVE DECISION 

MAKING PROBLEM 

A. Description of Collaborative Decision Making Problem 

Collaborative decision making problem about the green 
building design can be abstracted as ( ; )m f M W , where, 
W  is the collaborative decision making parameter. D—S 
evidences combination rule implements the function 
mapping from M  to m  in case of W  as a empty set, and 
under the green building design background, it can be written 
as: 
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The focus is the correlation between evidences and the 
weight of current evidence at one evidence fusion is 
determined by analyzing the supporting degree of other 
evidences for the current one, which enables the fusion result 
to get close to one set of evidences with “similar opinions” in 
the majority of the evidence combination, implying the idea 
of “the obedience of minority”. 

When cost evaluation of green building is conducted by 
using BIM, this method may be used to fuse the 
identification result of target classification for various BIM 
cost analyses; however, this method is of obvious 
deficiencies-due to certain error probability of BIM analysis, 
the error result of one point will be intensified on account of 
the support of other error results of BIM cost analysis, 
especially it is much easy to intensify the error result under 
the condition of larger error probability of various cost 

analyses; from another point of view, when measuring the 
reliability of one evidence, in addition to the consideration of 
the support of other evidences, the historical representation 
of the BIM analysis for this evidence also needs to be taken 
into consideration, and hence, the collaborative decision 
making parameters can be expressed as: 

 1 2 1 11 12 1[ , ], [ , , , ]T
nW W W w w w w    (2) 

Equation (1) shows mutual support degree of evidences, 
reflecting the mutual belief degrees of them. 

 2 21 22 2[ , , , ]T
nW w w w   (3) 

The reliability of BIM cost analysis has been measured 
from the perspective of historical representation of BIM cost 
analysis, reflecting the credibility of evidences. 

B. Quantitative model of mutual belief degree 

In the analysis of correlation between evidences, using 
following method to measure the distance between 
evidences, the distance between evidence im  and evidence 

jm  is defined as: 

  22
( , ) 2 , 2i j i j i jd m m m m m m    (4) 

Where, ( , )
k

i j it jt
t l

m m m m


  . The similarity of evidences is 

measured again and the similarity between evidence im  and 

evidence jm  is as follows: 

 ( , ) 1 ( , )i j i jsim m m d m m    (5) 

Then the support degree obtained by evidence im  from 
other evidences can be defined as: 

 
1,

sup( ) ( , )
n

i i j
j j i

m sim m m
 

   (6) 

The total belief of mutual support between evidences is 
defined as 1 and normalization operation is conducted for 
sup( )im  to obtain the mutual belief degree of evidence im : 

 1
1

sup( ) / sup( )
n

i i i
i

w m m


   (7) 

Thus, the mutual belief degree of BIM cost analysis is 
obtained: 

 1 11 12 1[ , , , ]nw w w w   (8) 

C. Collaborative Decision Making Process 

From the perspective of belief assignment and 
probability, the system S  divides the belief into n  parts 
based on the BIM cost analysis result and in one decision 
making process, the mutual belief degree 1W  of BIM cost 
analysis shows the belief assignment in S , which is a prior 
probability, namely,  1i iP S  . In case it is expressed as x  
(correct target classification identification) and the 
creditability 2W  shows the class conditional probability, 

namely,  2i iP x S  ; once there is prior probability and 

class conditional probability, it is possible to use Bayes 
formula to calculate the posterior probability  1i iP S  . 
Once there is prior probability and class conditional 
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probability, it is possible to use Bayes formula to calculate 
the posterior probability: 

 2 1 2 1
1

1

( | ) ( )
( | ) /

( | ) ( )

n
i i

i i i i in
i

i i
i

P x S P S
P S x w w w w

P x S P S 



  
  (9) 

( | )iP S x  shows the correction of class conditional 

probability  iP x S  for the prior probability ( )iP S , which is 
a better belief assignment method. Therefore, after the 
mutual belief degree 1W  and creditability 2W  of the BIM cost 
analysis are obtained, it is possible to use Bayes formula to 
conduct fusion operation for 1W  and 2W  and then obtain the 
reliability measurement of BIM cost analysis 

2[ , , , ]T
l n     . Where, ( | )i iP S x  ; and then M  is 

weighed by using   to obtain the weighted mean basic 
belief assignment function: 

 
1

n

w i j
i

m m


  (10) 

Then, conduct 1n   times of fusion for wm  to obtain the 
final decision making result m . Based on said analysis, the 
steps of collaborative decision making algorithm are as 
follows: 

Step 1: initialize system training set TS  and calculate 
initial 2W ; 

Step 2: obtain the information processing result M  of 
various BIM cost analyses; 

Step 3: utilize M  to calculate the mutual belief degree 
1W  of BIM cost analysis; 

Step 4: utilize Equation (9) to fuse 1W  and 2W  to obtain 
the reliability measurement   of BIM cost analysis; 

Step 5: utilize   to weigh M  based on Equation (10) to 
obtain the weighed belief function wm ; 

Step 6: substitute all basic belief assignment function im  
in M  with wm  and utilize D—S combination rule to fuse for 

1n   times to obtain the decision making result m ; 
Step 7: record the decision making result m  in the 

system training set TS  and update 2W ; 
Step 8: return to Step 2 and conduct the next 

collaborative decision making. 

IV. EXPERIMENTAL ANALYSIS 

Three BIM engineering cost software of Thsware, 
Glodon and Luban are selected as the basic modeling 
software and the indexes analysis is conducted in 
combination with the algorithm proposed in this Thesis, and 
the evaluation indexes are selected as follows: software 
installation, safety evaluation and function universality. By 
comparison of decision making algorithm, algorithm in 
Literature [11] is selected. 

Based on the need of decision making process, the 
evaluation criterion is divided into five grades of “very 
poor”, “poor”, “fair”, “good” and “very good” and based on 
it, the comment set can be obtained:  1 2 3 4 5, , , ,V v v v v v 

{very poor, poor, fair, good and very good}. For the worst 

grade 1v , its assignment is 50 points and for the best grade 

5v , its assignment is 100 points and then the quantitative 
grade vector can be obtained: 

  50,60,80,90,100B   (11) 

TABLE 3. FUZZY EVALUATION 
Evaluation index Software Algorithm Value

Software installation 

Glodon 
Algorithm 

herein 91.2 

Literature [11] 89.8 

Thsware 
Algorithm 

herein 89.7 

Literature [11] 88.6 

Luban 
Algorithm 

herein 88.3 

Literature [11] 86.2 

Safety evaluation 

Glodon 
Algorithm 

herein 82.36 

Literature [11] 80.1 

Thsware 
Algorithm 

herein 89.4 

Literature [11] 86.3 

Luban 
Algorithm 

herein 92.7 

Literature [11] 89.2 

Function applicability

Glodon 
Algorithm 

herein 86.9 

Literature [11] 84.3 

Thsware 
Algorithm 

herein 88.2 

Literature [11] 85.4 

Luban 
Algorithm 

herein 89.9 

Literature [11] 86.7 

Comprehensive 
evaluation 

Luban 
Algorithm 

herein 88.2 

Literature [11] 84.9 

Glodon 
Algorithm 

herein 89.4 

Literature [11] 86.2 

Thsware 
Algorithm 

herein 89.5 

Literature [11] 84.3 
Engineering cost analysis is conducted based on the 

expert evaluation mode in Literature [11] and firstly expert 
evaluation is conducted based on the grades defined in the 
comment and the statistical analysis of evaluation data is 
implemented based on mathematical statistics to obtain its 
value of membership degree. For instance, experts from ten 
different fields evaluate the engineering cost indexes, and in 
case there is no one selecting the 1V  and 2V  evaluation grade, 
there are two experts selecting 3V  evaluation grade and five 
ones selecting 4V  evaluation grade, three ones selecting 5V  
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evaluation grade, then the fuzzy evaluation value of the cost 
software index is (0,0,0.2,0.5,0.3). 

The fuzzy evaluation values of indexes of algorithm 
herein + (Thsware, Glodon and Luban) and Literature [11] + 
(Thsware, Glodon and Luban) are shown in Table 3. 

Data in Table 3 shows that in various evaluation indexes, 
the evaluation value obtained by mode of algorithm herein + 
(Thsware, Glodon and Luban) is superior to that of the 
Literature [11] + (Thsware, Glodon and Luban), reflecting 
the effectiveness of the algorithm proposed herein. At the 
same time, for those three BIM software of Thsware, Glodon 
and Luban, the grade of Glodon is lowest and the grade 
groups of Thsware and Luban is better, which shows that the 
cost quality of Thsware and Luban is better. 

Standardized and integrated weighted analysis is 
conducted for the economic index based on the result shown 
in the algorithm model herein, and under the condition of set 
price variable P , the cost influence evaluation result of 1-8 
members shown in Table 3 can be obtained: 

1 10.132 0.0213D P  , 2 10.132 0.0216D P   

3 10.132 0.0173D P  , 4 10.132 0.0068D P   

5 10.132 0.0007D P  , 6 10.132 0.1876D P   

7 10.132 0.0246D P  , 8 10.132 0.4876D P   
Said analysis result shows that the eighth group of 

members among eight groups of members has the greatest 
influence on the corresponding cost due to its member 
structure greater than that of other members. For members 2, 
3 and 7, their influences on the cost are close, showing the 
influence difference on the cost evaluation for the difference 
in green building material selection. In addition, attention 
shall be paid to the environmental influence factor based on 
said analysis result to further refine the calculation difference 
of different member elements. 

V. CONCLUSIONS 

A BIM project cost analysis algorithm of Bayesian 
collaborative decision-making based on mutual belief model 
is proposed in this Thesis and BIM model is utilized to 
establish the quantitative index of the project evaluation 
result to establish judgment and comparison matrix of 
hierarchical structure and then the collaborative decision-
making model of BIM project cost for green building is 
established based on D-S evidence theory and Bayesian 
algorithm in accordance with mutual belief model to achieve 
the scientific rationality of decision making. 
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