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Abstract: By analyzing and comparing the current application status and advantages and disadvantages of domestic and
foreign artificial material mechanical equipment classification coding systems, and conducting a comparative study of the
existing coding system standards in different regions of the country, a coding data model suitable for big data research
needs is proposed based on the current national standard for artificial material mechanical equipment classification coding.
This model achieves a horizontal connection of characteristics and a vertical penetration of attribute values for construction
materials and machinery through forward automatic coding calculation and reverse automatic decoding. This coding
scheme and calculation model can also establish a database file for the coding and unit price of construction materials and
machinery, forming a complete big data model for construction material coding unit prices. This provides foundational
support for calculating and analyzing big data related to construction material unit prices, real-time information prices,

market prices, and various comprehensive prices, thus contributing to the formation of cost-related big data.
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1. Introduction

In the current era of “big cloud intelligent connection,” the construction industry is also increasingly dependent
on big data and information data, of which the “construction engineering artificial material equipment
machinery data standard” is one of the most important basic data support. The standard aims to improve the
efficiency and quality of modern computer applications in construction engineering. Its advantages include
providing a set of unified static coding machines, using the method of line and surface combination, to realize

the unified management of the information data of the machine throughout the project life cycle .

2. Analysis of the coding system

Foreign OmniClass, a classification system for the construction industry, has been widely adopted and applied
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in North America. IFC/IFD technology is the definition of building and construction engineering data, aiming to
promote different specialties in the construction industry and different software in the same profession to share
the same data source, and to achieve data sharing and interaction **.

The development and application of foreign coding systems provide a good reference for the information
development of China’s construction industry. The national standard GB50851-2013 “Code for Data
Classification and Coding of Artificial Materials and Machinery Equipment” is formulated based on the
OmniClass standard, and the specific classification and coding numbers are adjusted. The basic principles and
methods of information classification are proposed, which lays a theoretical foundation for the development of
China’s building coding system. The Ministry of Housing and Urban-Rural Development has also promulgated
relevant standards and specifications, such as “Unified Standard for Application of Building Information
Model” GB/T51212-2016, “Standard for Classification and coding of Building Information Model” GB/
T51269-2017 and “Standard for storage of Building engineering Information Model” GB/T51447-2021, and
many more . The continuous improvement and upgrading of these coding technical standards, jointly promote
the reform and upgrading of the coding system, realize the sharing and interaction of data, adapt to the growing
market demand and technological development, improve the digitization level and information level of the
construction industry, and promote the transformation and upgrading and sustainable development of the
construction industry /.

However, the existing coding system primarily involves issues such as serial number coding, the mixing
of names and attributes, inability to generate codes automatically, non-convertible units, and the inability
to automatically assign codes to new materials. Therefore, it is necessary to develop more effective coding
methods to improve the efficiency and practicality of the labor and machinery coding system, align with the

national cost reform policy, and adapt to a market-oriented economy.

3. Coding ideas and calculation model
3.1. Material attribute labeling

If a certain class of material has n feature items and Y represents the commonly used attribute values under a

feature item, the material can be expressed as a vector with 7 rows and 2 columns. It is denoted as:

1 Y1
2 Y2
M = 3 Y3
n Yn

Where the first column represents the feature item, and the second column represents the number of
attribute values under the feature item. For example, Y, means that the common attribute value of the first
feature is Y, and so on. As shown in the example in Table 1, 0101 steel bars can be expressed as:

6
6
29
20
11
Yn3

N Ul W -
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3.2. Calculation and significance of the quick count
By defining the quick calculation number, the ranking value of specific materials can be calculated quickly and
conveniently. The quick number is the number of materials under a certain characteristic of that material, and
also the spacing of materials with adjacent attribute values ™°.
Define the quick number S;: The quick number is calculated by multiplying the attribute values of the

feature items in descending order of their sequence numbers. This is expressed as:

i
Sizl_[Y(i+l)
i=n

In particular, the quick number of the last feature is defined as 1, i.e., S,= 1. For example, if a material
vector of a particular property is represented as:
6

29

20

11
3

S U A W=

Then the quick number vector of that material can be obtained as:

114840
19140
660
33
3
1

S =

In the example above, the quick calculation number is 114840, meaning that the variety of 0101 steel bars
is hot-rolled discs, with 114840 kinds of materials available. The varieties of 0101 steel bars are hot-rolled disc
bars of grade 1, totaling 19,140 types of materials. Additionally, there are 660 types of 0101 steel bars that are
hot-rolled disc bars, grade 1, and have a diameter of 6mm.

For the last item in the material vector, regardless of the number of properties associated with the reserved
characteristics, the quick number is 1. The quick number for the penultimate feature, “strength grade,” is
calculated as the number of attribute items under that feature (3) multiplied by the quick number of the
subsequent feature (1):

3x1=3

The quick calculation number for the third penultimate feature, “material,” is the number of attribute items

under that feature (11) multiplied by the quick number of the subsequent feature (3):
11 x3=33

Thus, the quick calculation numbers are as follows: 660 for diameter, 19,140 for grade, and 114,840 for

variety.

3.3. Forward coding calculation model of coding value

If the unique attribute value of a particular material is represented as:
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Z1
Z2

7= Z3 where i <Y,,

Zn
then the third column of the extended vector M can represent the unique attribute value positioning of a
particular material. The specific material can be fully expressed as:

1 Y1 71
2 Y2 Z2
M= 3 Y3 Z3
n Yn Zn

It is clear that the total number of species for this class of materials is given by:

i=1 i=1

For example, if the material attribute vector C for a particular attribute is represented as:

6

6
29
20
11

3

Sy U1 W N
NN W

Then the quick number vector of the material can be obtained as:

114840
19140
660
33
3
1

The sequence number of the material can then be calculated as:

S=

(Attribute Vector — 1) x Quick Number Vector
The calculation is as follows:
(3-1) x114840+ (4-1) x19140+ (5-1) x660+ (6-1) x33+ (7-1) x3+ (2-1) x1=289924..

The calculation process is shown in Table 2.

3.4. Coded backward analysis model for coded values

Similar to Section 3.3, if a specific material is known to be coded as A and belongs to the material attribute
matrix, the first attribute value number of the material can be obtained by dividing the number of codes by the
first quick number and rounding up according to the reverse operation. The result of dividing the number of
codes by the quick number is used to calculate the attribute value of the second layer, and this process continues
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until the code of the last layer is calculated.

1 Y1
2 Y2
M= 3 Y3
n Yn

The calculation example is as follows: Assuming that the attribute table and characteristic values of a
certain type of material are shown in Table 1, the attribute value of a specific material coded as 113 can be
obtained, and the calculation process is shown in Table 3.

3.5. Simplification and optimization of coded attribute values

Taking into account the various types and brands of workloads, the product models determined by different
manufacturers are circulating in the market. This situation leads to a significant number of classifications based
on the attribute values of specific feature items of the machinery. As a result, the “workloads metadata” must
be marked in the feature items or attribute values to ensure usability. Therefore, it is essential to consider the
comprehensiveness, accuracy, and ease of use of both the feature values and attribute values of the machinery **.

Firstly, this coding system adds a specific attribute value of “synthesis” to each attribute value. When the
user is unsure how to fill in the feature item, is unclear about the specific attribute value under a feature item,
forgets to fill in the attribute value, or finds that the selected representative value is not fully included in the
attribute value list, the “synthesis” option can be utilized "’

Secondly, the representative value is selected as the specific attribute value, which can reduce the invalid
input amount. For the non-representative attribute value, linear or non-linear parameters can be introduced, and
the relevant attribute information can be obtained by calculating the method of inserting the value.

Thirdly, considering that there are inaccuracies in the selection of representative values, the positioning
position of features and attributes, the selection and ranking order of representative attribute values need to
be determined later according to the use frequency recorded by the system, to ensure that users can find the

. . 10
attribute faster and improve customers’ sense of use "%

4. Application of coding attributes
4.1. Screening and statistics of hierarchical attributes

X%

Now, the attribute of a particular material is defined as, A,,, where i is the sequence number of feature items and

x is the sequence number of attribute values. The material can be expressed as:

1 Y1 71
2 Y2 72
3 Y3 Z3

n Yn Zn
To calculate the number of a specific material (where the attribute is A,), the total is obtained by dividing

the total number of the material by Y, denoted as:
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n
1_[ Yi/Yi
i=1

We can divide these codes into segments, each of which contains S; numbered items:

M=y Vi

G
Si

The first of these materials is numbered (X-1) x Si + 1, and the last material is numbered X x Si. According
to the database list, the material attribute values can undergo multi-level attribute screening to meet the needs
of cost data and machine data statistics. Furthermore, we can utilize language expressions from computer

programming statements to perform statistics, screening, expansion, and other data-related actions.

4.2. Set the weight parameters of the attribute value

Considering the complexity of the user, certain weight parameters can be set for the attribute value, to simplify
and sort optimization processing in the later stage. The identity of the user is determined as the general user,
supplier, consulting institution, etc., and the validity of the encoding and the meaning weight of the new
encoding is judged by giving the user the weight of the identity. For example, you can give a specific attribute
value of a material machine and “comprehensive” this attribute value of different weights, through the

calculation of weight parameters, to get a material machine unit price """,

5. Software development and model application

This model needs to rely on labeled material properties, so a material property list needs to be determined in
advance. It can be implemented using database programs such as Matlab, MySQL, or natural language program
files such as NLP. The development goal is to convert the previous manual coding into automatic coding
through automated programs, thus greatly reducing the workload of manual coding. At the same time, the
program is used for automatic error correction to form an accurate coding model "', Building on the need for
an automated coding solution, the next steps involve establishing a comprehensive coding meta-system for the
components of the labor and materials mechanism.

(1) Establish the coding meta-system for the components of the labor and materials mechanism, compile
the “labor and materials machine metadata” coding table, expand the relevant XML and JavaScript (JS)
files, and save the essential metadata in the database.

(2) Based on database technology, the development includes the material coding name normalization
module, the coding calculation module, the eigenvalue calculation module, and the eigenvalue statistics
module.

(3) Load the “machine metadata” coding table into the database through each module. Based on the
positioning of the metadata in the matrix and the relevant attributes of the name, automatically encode
the model components and perform reverse decoding calculations. According to the source of the data,
assign different weights to various types of units for the given data input, and use data analysis to
calculate the machine code "',

(4) Establish the database file for the coding and unit price of the machine to create a comprehensive
big data model of the machine code unit price. This will provide essential support for various big
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data applications, including statistical analysis, unit price calculations, and real-time market price
evaluations.

Of course, in developing a new coding system, it is essential to fully consider the actual conditions of
project construction and to widely solicit opinions and suggestions from all stakeholders. This approach will
ensure that the new coding system can be effectively utilized and promoted. Simultaneously, the management
and maintenance of the new coding system should be strengthened, with timely updates and improvements
made to ensure its effectiveness and practicality.

6. Closing remarks

This paper constructs a set of standard mathematical models for the data coding of worksheets and develops
a comprehensive coding system. The coding scheme enables the automatic calculation of worksheet codes
through forward coding, facilitating horizontal feature exploration and vertical penetration of attribute values.
This approach meets the needs for slicing analysis and statistical calculations of worksheet data using big data
in the future.

Additionally, the coding scheme allows for reverse analysis; by examining the coded values, one can
identify the names of materials, feature items, and attribute values, ultimately determining the specifications and
models of materials. This capability significantly aids the engineering industry in conducting big data statistics
and analyses of material machinery. However, due to limitations in personal knowledge and experience, the
model presented in this paper may contain some inaccuracies or gaps.

Through the analysis, application, and research of artificial materials and mechanical equipment, this paper
establishes a standard mathematical model and coding calculation system, resulting in a unified data interaction

solution.
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