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Abstract: Engineering cost prediction is a common topic in the construction field, but there
is a problem of large prediction error. In order to avoid investment loss, a method of project
cost prediction for building complex based on gray BP neural network model is designed.
The construction area is divided into two factors: above-ground construction area and
underground construction area, the cost influencing factors of the construction project are
extracted, the density of data points at the center of the construction point is defined, the
pricing model of the construction group project is optimized, the cost of similar projects is
projected, and the cost prediction method is designed using the gray BP neural network
model. Experimental results: The average values of relative errors of the designed
construction group project cost prediction method and the other two construction group
project cost prediction methods are: 3.596%, 6.505% and 6.213% respectively, indicating
that the designed construction group project cost prediction method is more practical after
combining with the gray BP neural network model.

1. Introduction
In the process of carrying out the project cost forecast of the construction group project, the key
and important links of cost and project management lie in how to effectively control the project cost.
From the perspective of investment, the management of building complex engineering mainly
includes investment estimation in the early stage, design estimate in the stage of scheme design
expansion design and construction drawing design, project budget in the bidding stage, project
settlement and project final account after completion, etc [1-2]. The focus of construction group
project management is on the investment estimation of construction cost. Among them,
pre-construction cost estimation is particularly important, not only affecting the preparation of
investment plans, but also playing a key role in the cost control of later projects. Experience
statistics show that accurate cost forecasting increases the likelihood of the whole project by 30
-75 %, therefore, accurate and scientific cost forecasting is crucial for the smooth implementation of
the project. The investment estimation of the construction cost of a building complex directly
determines the profitability of a project, and an important part of the investment estimation of a
building complex project is the cost of construction and installation works, i.e., the cost of a
building complex project [3-4]. In the past, the prediction of construction cost of building complex
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projects often focused on traditional statistical analysis and simple regression theory. At present, the
empirical evaluation method is usually used to predict the cost of construction projects, and most of
the project cost prediction still stays on the basis of “three sexes and one static”, i.e., the uniformity,
directive and comprehensive of the quota, and the static nature of work, material and machine,
which causes the cost prediction to take a long time, large workload, slow speed, time lag of
prediction, and accuracy of prediction. The time lag and the accuracy of the forecast are poor. Due
to the many and complex factors influencing the construction cost of the construction group, and the
collection of data of previous construction cost has high randomness and vagueness, and when
selecting indicators for estimation, most of them have a certain consistency and are uniform in a
region or construction industry field, etc., without taking into account the management level of
construction units, professional ability and factors such as project quality, safety and construction
period, and the market The economic system is also not well adapted to the market. In addition, if
there is a large error in the cost forecast, it will reduce the rationality of investment decision, and
may also adversely affect the quality of on-site construction, and in serious cases, it may lead to
reworking or even stoppage of the project, thus causing significant property losses. Therefore, it is
necessary to conduct a detailed study on the project cost prediction of building complexes.
2. Extraction of Cost Impact Factors for Construction Projects
China usually adopts the bill of quantities pricing method to measure and price the construction
group project. When using the bill of quantities pricing, the main parts of the project cost are
component project cost, measure project cost, other project cost, fees and taxes. The cost of the
construction group project refers to: the cost of the construction group project is the total price of
the construction project, which refers to the total price of the transaction formed in the expected or
actual market transaction activities for the completion of a certain project, here the cost of the
construction group project mainly refers to the total cost of the construction and installation works
of the construction project. Among them, other project costs mainly contain provisional amounts,
provisional estimates, day labor, general contracting service fees, etc. The fees and taxes are
non-competitive costs, and thus should be considered in determining the main characteristic factors
of the project from the distribution of sub-project costs and measure project costs. The sum of the
costs incurred during the construction and installation is called the construction and installation
engineering cost, that is, the engineering cost[5-6]. It includes direct and indirect costs, profits and
taxes, mainly composed of interior decoration costs, construction costs and equipment and
installation costs. Among them, the construction cost is mainly composed of structures, buildings,
special decoration works, etc., and the equipment and installation cost is composed of water supply
and drainage, electrical lighting, elevators, gas pipelines, etc. Through data analysis, it is found that
the cost of reinforced concrete project accounts for as much as 25%-42% of the total project cost,
and accounts for as much as 50% of the civil division project cost, so it is necessary to focus on the
characteristic factor of reinforced concrete. The factors influencing the cost of construction projects
are shown in Figure 1.
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Fig.1 Cost Influencing Factors of Construction Projects
According to Figure 1, it can be seen that there is a significant range fluctuation in the proportion
of the costs accounted for by the component works other than reinforced concrete works because
each building will differ in the construction form and engineering characteristics. Building group
projects are often affected by some uncertainties in the construction process, and these uncertainties
can cause the project cost to drop or rise. Therefore, the cost of the whole process of construction
projects is closely related to the influencing factors affecting the cost of construction projects during
the whole construction cycle of construction projects [7-8]. Building area refers to the product of
the outsourcing dimensions of the length and width of the building multiplied by the number of
floors. Due to the fluctuation of material price, change of supply quantity and different level of
quotas in different regions, it will cause changes in price and quantity of labor, machinery and
materials that make up the project cost, thus affecting the accuracy of estimation of total project
cost. The building area is composed of usable area, auxiliary area and structural area, and the
building area is divided into two factors: above-ground building area and underground building area.
Standard floor construction area that belongs to the standard residential use of building floors of
floor space. The pile foundation category of the construction project is also one of the important
factors affecting the construction project cost. The pile foundation of the construction project
mainly includes prefabricated pipe piles and bored piles as well as artificially dug piles, etc. The
difference in construction project cost is also more obvious due to the different choices of pile
foundation. The quality level of the project is also one of the factors affecting the cost of
construction projects. The main reason is that the increase of building area will cause the increase of
doors, windows, scaffolding and other materials required for construction, which will affect the cost
of construction and thus the accuracy of cost estimation. In addition, the number of building floors,
building functions, pricing methods, and contracting methods will all have an impact on the level of
cost estimation. Based on the above description, the steps to extract the cost influencing factors of
the construction project are completed.
3. Optimizing the Project Pricing Model for Building Complexes
From the perspective of the owner (investor), the construction cost refers to the investment cost
of fixed assets required in the whole construction process of the project, i.e. the construction cost of
the project, which is the measure to determine the price and measure the investment benefit when
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the investor sells the project as the main market supplier. Based on the optimization of the
construction plan and design plan, in order to ensure that the construction cost is controlled within a
reasonable range and does not exceed the approved cost limit, effective measures and methods need
to be taken at each stage of the construction process. In the fixed price model, the volume of work
and the fixed unit price multiplied, the sum of the total will get the price of the project, this method
will be a combination of volume and price, is a widely used in the early engineering cost pricing
model. In other words, the estimated cost of the preliminary design stage should be controlled on
the basis of the estimated investment price, the revised estimate of the technical design stage should
be controlled on the basis of the estimated cost, and the budget cost of the construction drawing
design stage should be controlled on the basis of the revised estimate, so as to finally achieve a
reasonable use of human, material and financial resources and achieve better investment efficiency
[9-10]. China has adopted a single fixed-rate pricing model for a long time, and this pricing method,
as an engineering cost management system, is compatible with the early planned economy of China.
For the reasonable determination of engineering cost, it is to reasonably determine the investment
estimate, estimated cost, revised estimated cost, budgeted cost, contracted contract price, settlement
price and completed final price in each stage of the project construction process, among which the
investment estimate is the first stage and its importance is particularly important. In the process of
optimizing the project pricing model of the building complex, the density of data points at the
center of the building point is defined:
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(1)

In equation (1),  denotes the data points of the range building clusters,  denotes the
density index value,  denotes the data point vector, and  denotes the clustering influence
radius. On the basis of Equation (1), the density correction formula of data points is derived as
follows.
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In equation (2),  denotes the input variable and  denotes the number of clustering
centroids. In this pricing model, the state generally sets a unified standard of quotas, and in this way
achieves the purpose of macro-control and management of prices in the construction market. The
bill of quantities is an itemized list prepared in accordance with the relevant regulations, which
includes the names and quantities of each component project, It runs through the whole process of
project implementation. In order to further seek the maximization of cost savings, it is necessary to
control the construction cost within the scope of the plan, that is, on the premise of ensuring the
construction period and quality requirements, take appropriate management measures to reasonably
control the space-time cost, including organizational and economic measures. The bill of quantities
is an important part of the bidding document. Its pricing model is used to determine the final cost of
the project. It is mainly based on the quantities calculated according to the unified rules, using the
obtained price information or empirical data, and finally multiplying the two for confirmation. It
plays a vital role in the process of project bidding. In the project proposal stage, the construction
unit, according to the relevant national standards and preliminary design documents, after review
and verification by the relevant departments and approval, as the proposed project real estate
developers to carry out preliminary work and long-term plans to control the cost. The bill of
quantities pricing model reflects the characteristics of price determination by the market in a free
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competitive market, because in this pricing model, buyers and sellers in the construction market are
free to bid based on the current situation of supply and demand, etc., and reach an agreement to
determine the final price of the project and sign the project contract. Therefore, the bill of quantities
pricing mode is a pricing method gradually formed under the precondition of continuous
development, growth and maturity of the construction market, which is a sign of the increasing
perfection of the construction market. According to relevant regulations, the investment estimate of
the project in the feasibility study stage is prepared, which is reviewed and verified by the relevant
departments and approved as the control cost of the construction project, and the purpose of cost
control at this stage is to control the estimated price within the control cost of the project proposal.
At present, China adopts the bill of quantities pricing mode, which is more in line with the goal of
“gradually establish a price mechanism based on market price formation” in the reform of
construction cost system, its ultimate goal is to improve the efficiency of resource allocation and let
the construction market and buyers and sellers jointly determine the price. In the preliminary design
stage, the total preliminary design estimate of the construction project is prepared in accordance
with the relevant provisions, and after being examined and verified and approved by the relevant
departments, it will be used as the maximum limit of the project cost of the proposed project, and
the purpose of cost control at this stage is to control the estimated price within the estimated price.
4. Design of Cost Prediction Method Based on Grey BP Neural Network Model
The gray BP neural network model has a strong ability to find and grasp the law, he can quantify
the actual problem, find the law that is not easy to be found in the actual question, and learn through
the law, and constantly pursue the change and development of things [11-12]. Engineering cost
prediction means to predict the cost of the whole project. According to the different objects of
engineering cost, there are differences in the prediction of engineering cost. Engineering cost
prediction precisely refers to the analysis and statistics of the staff through similar construction cost
data in the past in the early stage of the construction of engineering projects. The use of gray BP
neural network model for the prediction of engineering cost of building complexes can solve some
sample nonlinearity problems to some extent [13-15]. The input and output values of the gray BP
neural network model are derived under the condition that the input values are known, and the
expression formula is as follows.
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In equations (3) and (4), h denotes the tilt parameter, i denotes the number of neurons, j
denotes the hidden layer output vector, g denotes the threshold function, and  denotes the
neural network row vector. Since the ultimate goal of adjusting the weights is to allow the error to
decrease gradually, it is necessary to calculate the upper limit of the values taken by the variables,
as follows.
1
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In equation (5), r denotes the weight vector corresponding to the neuron, w denotes the
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interval gray number, and k denotes the neuron node. From the above expressions, it can be seen
that the project cost refers to the investment in fixed assets of the project, which includes the
purchase cost of equipment and utensils, construction and installation project cost, other costs of
construction, interest during the construction period and reserve cost, etc. Then, on the basis of
statistical analysis of previous engineering data, we summarize the law, analyze it in depth, and then
project the current or future cost data of a similar engineering project. In the process of statistical
analysis of cost data of similar engineering construction projects in the past, it is necessary to
summarize the law of change of cost data of similar engineering construction projects in the past.
From the perspective of a contractor or an issuer, the construction cost is the total price of
construction works and building installation works expected or actually required for a certain
project in the market of equipment, land, technology and labor through transactions such as bidding
or tendering. Among them, a single project or a stage in the project can be used as the subject of
bidding. And when summarizing the law of data change, it is often necessary to combine different
mathematical theories to unfold. Different mathematical theories show different abilities in solving
the problem of project cost prediction, i.e. different mathematical theories or models are selected for
project cost prediction. For the preparation of construction drawing budget in the construction
drawing design stage, it is mainly calculated according to relevant regulations and the initial design
construction drawing, and the main purpose is used to verify whether the budgeted cost
(construction drawing design stage) exceeds the approved preliminary design estimate. After an
in-depth analysis, we found that the reason for the differences in the project cost prediction results
is often due to the different methods chosen in the statistical analysis, which causes the change
pattern of the summarized cost data to be different and, finally, causes the differences in the cost
projection of new construction projects and affects the accuracy of the project cost prediction results.
Project cost prediction occurs in the early stage of project construction, and can be used to
understand the construction cost of the whole project. The project cost forecast is the basis for the
construction unit to make bidding quotation, an important reference for the construction unit to
make investment decision, and a tool for both A and B to control the cost. It is also one of the
important management tools for both sides. The fund use plan in the whole construction stage is
very important. It has an extremely important impact on all fund decisions in the construction
process of the whole project and is the basic guarantee for the smooth implementation of the project.
How to make reasonable investment of funds depends on the time value of funds, when and how
much funds are invested in the construction process are related to the cost of the construction phase,
and reasonable investment of funds can reduce the interest on loans during the construction period
to reduce the cost. The procedure of fixed-price pricing mainly includes the calculation of
engineering quantity and engineering price. After the engineering quantity is determined according
to the unified calculation rules, the corresponding engineering fixed-price can be applied to
calculate the engineering cost, and then profits and taxes are taken into account to determine the
final engineering cost or bidding price. The most important thing is to maintain the accuracy and
speed of the project cost prediction. A fast and accurate construction project cost prediction can
provide good decision support for investors. For Party B, especially the general contractor of
construction, it increases the valuable time for thinking about bidding. Of course, the accuracy of
the construction cost forecast will also directly affect the cost, progress and quality control of the
later project construction progress.
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5. Simulation Experiments
5.1 Selecting the Data Set
In order to ensure the accuracy of engineering cost data estimation of the proposed project, it is
necessary to collect engineering data similar to the selected engineering cases as training samples.
The case in this chapter is a residential project in S city area. In the process of collecting data,
considering the different price levels of labor and materials in different areas, and the differences in
construction techniques and technical solutions, residential projects in S city and its surrounding
cities are selected for the sample selection. The cost indexes of human, material and machine cost
issued by the cost management department were used to adjust the cost indexes of each sample
project to reduce the impact of dimensional differences on the results, and the calculation formula
was as follows.
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In formula (6), T and L is the comprehensive cost index of the proposed project corresponding
L
to the construction team and the region before the regional adjustment, 0 is comprehensive cost
of each sample project corresponding to the period of regional preparation, y and x is material
and labor costs of the construction team, and e is proportion of each cost to the cost. The project
consists of a 42-story skyscraper office building, a 6-story commercial podium and a 3-story
basement in a commercial office complex, with a total land area of about 15612 m2, a total
construction area of 304369 m2, including a total above-ground construction area of 245626 m2
and a total underground construction area of 58743 m2. The highest building height of the office
tower is 240m, and the highest building height of the commercial podium The 12 engineering
feature indicators of each project are used as a fuzzy clustering feature quantity. The proposed
project numbers to be audited are set, and then the 220 sample projects are numbered accordingly,
and at the same time, the program is written using MATLAB.
5.2 Experimental Results
The project cost prediction method of building complex based on hierarchical analysis, the
project cost prediction method of building complex based on data mining, and the project cost
prediction method of building complex designed in this time were selected for comparison and
testing, and the relative errors of prediction of the three methods were tested in different types of
building structures respectively, as shown in Table 1.
Table 1 Relative Error of Prediction for Brick and Mortar Structures (%)
Number
of
experiments
1
2
3
4
5

Project cost prediction method for
building complexes based on
hierarchical analysis
6.155
5.312
6.411
5.849
6.364

Data mining based project
cost prediction method for
building complexes
6.288
5.947
5.615
5.847
5.648
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Project cost forecasting
method for this design of
building complex
3.215
4.011
3.976
4.223
4.159

Table 2 Relative Error of Frame Structure Prediction (%)
Number
experiments

of

1
2
3
4
5

Project cost prediction method for
building complexes based on
hierarchical analysis
4.615
4.548
3.619
3.884
3.647

Data mining based project
cost prediction method for
building complexes
4.122
4.366
4.519
3.878
3.749

Project cost forecasting
method for this design of
building complex
2.005
2.134
2.697
1.465
1.708

Table 3 Relative Error of Cylinder Structure Prediction (%)
Number
experiments

of

1
2
3
4
5

Project cost prediction method for
building complexes based on
hierarchical analysis
10.216
9.845
9.212
8.749
9.147

Data mining based project
cost prediction method for
building complexes
8.747
8.613
8.546
7.991
9.313

Project cost forecasting
method for this design of
building complex
5.021
4.715
5.633
4.719
4.254

Relative prediction error(%)

From Tables 1 - 3, it can be concluded that the average values of relative errors of the project
cost prediction method of the building complex designed in this time and the other two project cost
prediction methods of the building complex, as shown in Figure 2.
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Fig.2 Average Value of Relative Error of Three Methods for Project Cost Prediction of Building
Complexes(%)
In different building structures, the main materials used are different, and this difference will
eventually be reflected in the cost of the building complex project. Comprehensive Figure 2 shows
that the average values of relative errors between the cost prediction method of the building
complex project designed in this time and the other two methods for predicting the cost of the
building complex project are: 3.596%, 6.505% and 6.213% respectively, indicating that the error of
the cost prediction method of the building complex project in the paper is lower.
6. Conclusion
In order to solve the problem of large error in engineering cost prediction in the construction
field, and to scientifically and reasonably determine the investment estimation, avoid investment
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loss, and simplify the preparation of investment estimation, this paper uses the grey system theory
to design a cost prediction method based on the learning process of standard grey BP neural
network model. Finally, compared with the other two groups of construction team project cost
prediction methods, the results show that the design construction team project cost prediction
method combined with the gray BP neural network model is more practical, creating a new value
for the application of the construction complex cost prediction method, and also contributing to the
stable development of the construction industry. In the future, we will focus on the impact of this
design cost prediction method on complex projects in green buildings.
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