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Abstract. In this paper, an entropy-TOPSIS model is established to analyze and identify the
composition of ancient glass products, which solves the relationship between the type, decoration,
colour of glass and the surface weathering of glass cultural relics; The multivariate linear regression
model is established, which solves the problem of statistical law of weathering chemical composition
content on the surface of cultural relics samples. A random forest classification model based on an
ant colony algorithm is established to solve the problem of determining the importance of chemical
composition, and a K-means clustering model is established to solve the problem of sub-class
division within the group; A grey correlation analysis model was established to solve the problem of
the correlation between the chemical composition of the same type of glass.
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1. Introduction

In this paper, an entropy-TOPSIS model is established to analyze and identify the composition of
ancient glass products, which solves the relationship between the type, decoration, colour of glass
and the surface weathering of glass cultural relics; The multivariate linear regression model is
established, which solves the problem of statistical law of weathering chemical composition content
on the surface of cultural relics samples. A random forest classification model based on an ant colony
algorithm is established to solve the problem of determining the importance of chemical composition,
and a K-means clustering model is established to solve the problem of sub-class division within the
group; A grey correlation analysis model was established to solve the problem of the correlation
between the chemical composition of the same type of glass.

The Silk Road is a channel for transportation, trade and cultural exchanges at all times and all over
the world. Besides silk, the main commaodities of its trade include gold and silver utensils, bronze and
iron wares, glass and so on. As material evidence of past foreign trade, the analysis and identification
of the composition of ancient glass have received great attention.

The composition analysis mainly includes three aspects: raw materials, cosolvents and stabilizers.
In terms of raw materials, glass is mainly made of quartz sand, so the main component is silicon
dioxide. However, because the melting point of pure quartz sand is too high, the melting point
temperature is often reduced by adding cosolvent, and limestone is added as a stabilizer, so the
composition is also affected by the addition of cosolvent and stabilizer. Generally, the main
component formed after the refining of the stabilizer is calcium oxide, while the main chemical
components formed by the addition of cosolvent are different due to the different types of addition.

In terms of identification, due to the weathering of ancient glass burial environment and time, the
change of composition ratio inevitably affects the judgment of glass classification.

The absolute weathering rate of different glass types, different ornamentation types and different
colours. Secondly, the entropy-TOPSIS model is established to analyze the relationship between the
surface weathering of glass relics and their glass types, ornamentation and colours.
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2. Model building

2.1. TOPSIS model based on the entropy weights method

According to the requirements of the first question, two methods are considered, the weight
method, and the other is the fitting method. Considering the analysis of the topic, the weight method
is selected. The first commonly used method is the analytic hierarchy process, but because the analytic
hierarchy process is too subjective, it does not have the objectivity of data analysis. Therefore, we try
to find a method that is both objective and in line with the requirements of the topic, that is, the
TOPSIS model based on the entropy weight method [1].

2.1.1 Entropy weight method
Construction of evaluation matrix, as shown in formula (1).
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Among them, i is the number of cultural relics, j is the impact factor, that is, the evaluation

index, respectively, glass type, decoration and color.
Calculate the information entropy of each index, as shown in formula (2), (3), (4).
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Obtaining respective weight values according to the information entropy of each index w;.
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2.1.2 TOPSIS method

The Euclidean distance formula is used to calculate the distance between each evaluation index
value and the positive ideal solution d’ and the distance between each evaluation index value and

the negative ideal solution d;, as shown in formula (5), (6), (7).
di+ :’\/Zr;:l(zij _ZDZ (5)
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Calculating the relative closeness between each evaluation index value and the ideal solution
according to the distance between the positive value and the negative value Ti;.
d;

T =
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2.2. A random forest classification model based on ant colony algorithm

First of all, considering the basis of classification, it is necessary to select appropriate factors with
certain importance that affect the classification of glass [2]. Here, the main factors are selected by the
importance analysis of chemical composition characteristics obtained by random forest classification
based on the ant colony algorithm. Although random forest classification itself can be used to select
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the main factors, However, considering that the ant colony algorithm (ACO) can accelerate the
efficiency and accuracy of random forest decision tree classification, the ant colony algorithm is
added to optimize random forest [3].

Firstly, when establishing the random forest classification model [4], it is assumed that the
minimum sample number of internal node splitting is 2, the maximum sample number of the leaf
node is 1, the minimum weight of sample in the leaf node is 0, the maximum depth of a tree is 10,
and the maximum number of leaf nodes is 50.

The performance of the forest is improved by selecting the decision tree individuals of the
integrated forest. On the one hand, the strength of the decision tree in the integrated forest is enhanced,
and the original forest is recorded as [5]:

RFA ={T,T,,---,T,} (®)

On the other hand, due to the decrease of forest scale [6] and the increase of output consistency of
the selected trees with high prediction performance [7], the average similarity of sub-forests also
increases, so it is necessary to reduce the average similarity between decision trees in the integrated
forest.

The heuristic factor of the genetic algorithm [8] is constructed by the diversity matrix between the
decision trees in the forest, namely, as shown in formula (9).
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Using regression prediction, is the unobservable error vector, is the vector of regression

coefficients, in order to minimize the sum of the squares of the errors, the least squares estimate of is:

min’" -A=min(Z - c8)' (Z - co)* - Q(5) (10)

2.3. A random forest classification model based on genetic ant colony algorithm

first of all, we need to analyze the chemical composition to identify the type, which is the same as
the problem to be solved in problem two, which is to classify the glass, so we use the idea of problem
two to solve problem three. The second problem is to establish a random forest classification model
based on the ant colony algorithm to solve the feature [9] importance and select the chemical elements
whose importance value is greater than 10% as the independent variables affecting the classification.
The third problem is to re-optimize the model through a genetic algorithm [10].

Choose a positive integer as the size of the population, and use the numerical solution to generate
an approximate optimal point n:

P(0) = {X{, X5, X} } (i =1,2,---n) (11)
These points form the initial population, complete the initialization, which is taken here, and the
upper limit of the number of iterations is set to 1000, given the fitness function:
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Assuming that whether the surface of lead oxide (PbO), potassium oxide (K20), barium oxide (BaO)
and silicon dioxide (SiOz2) is weathered or not as the independent variables, and, the multiple linear
regression model can be expressed as: c¢;c,c3c4cs.
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Where, 5,665,656, and CiCCsCsCs are all unknown parameters unrelated to, 6,566,655, are

called regression coefficients.

The specific data information of the four main factors can be obtained from Table 2. Suppose
CiCi,CisCisCisC, and  CisCic,cc,Cs are the observed values of, and, so the multiple linear regression model
is:

{Zi =0y +0,C;y + 6,0, + 0,C;3 + 0,Ciy + 5:Cis + 4, (14)
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3. Model solving

3.1. TOPSIS model based on the entropy weights method

3.1.1 Entropy weight method

According to the basic information of the glass relics in the attached table, the glass type,
ornamentation and color are weighted by using the entropy weight method, and the results are shown
in Table 1.

Table 1. Weighting of Glass Type, Texture and Color

Glass type Ornamentation Color
Weight 50.3% 31.5% 18.2%
As can be seen from Table 1 of the weight result obtained from the entropy weight method analysis,
the colour has the lar weight on the surface weathering, and the glass type has the smallest weight on
the surface weathering.

3.1.2 Solution of TOPSIS method
Table 2. Ranking results of TOPSIS evaluation calculation

ltem Distance of positive ideal Negative ideal solution Relative Sort the

solution distance proximity results
1 0.503 3.089 0.86 1
2 3.089 0.503 0.14 54
3 0.807 3.023 0.789 16
4 0.807 3.023 0.789 15
5 0.807 3.023 0.789 14
54 0.535 3.083 0.852 2

The number of samples entering the analysis is 58. During the analysis, 4 missing sample data are
filtered out first, so the remaining 54 complete samples enter the algorithm analysis. The results are
shown in Table 2.

Due to a large amount of data, all the ranking results of the TOPSIS evaluation calculation are
placed in the supporting material. Comparison of Weathering Rate Based on Entropy-TOPSIS.
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3.2. A random forest classification model based on ant colony algorithm
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Figure 1. Analysis of the importance of chemical composition characteristics

It can be seen from Figure 1 that the characteristic importance of lead oxide (PbO) is the highest,
with importance of 45%, followed by potassium oxide (K20), barium oxide (BaO) and silicon
dioxide (SiO2), with importance of 23%, 14% and 11% respectively. Here, only the factors whose
importance accounts for more than 10% are considered.

Therefore, the above four chemical compositions were selected to analyze the classification rules
of high potassium glass and lead-barium glass [11],which is shown in table 3.

Table 3. The significance level of the four main influencing factors on glass classification

Non-standardized standardized
coefflcszizggsard coefficients ¢ 0 VIE | R2 F
B Beta
error
C 1.95 0.352 - 5.533 | 0.000*** -
Si02 | -0.006 0.004 -0.308 X 0.147 | 11.414
1.468
- 0.76 F=49.172
K20 | -0.054 0.012 -0.467 4.487 0.000*** | 2.805 ' P=0.000***
PbO | 0.005 0.005 0.211 1.062 0.292 10.181
BaO | 0.005 0.006 0.097 0.822 0.414 3.596

3.3. A random forest classification model based on genetic ant colony algorithm
A classification model obtained by solving is as follows:
z =2.068 -0.006¢c, —0.056¢, +0.008c, + 0.005¢c, —0.31c, (15)

The difference between the predicted value of the classification model obtained by fitting the curve
and the true value is shown in Figure 2:
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Figure 2. Comparison between the actual value and the predicted value

It can be seen from the figure that the difference between the actual value curve and the predicted
value curve is not very large, so it can be concluded that the curve simulation result is better.
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The glass of unknown type is analyzed and classified through the fitted relationship, and Table 4
is obtained:

Table 4. Classifies the unknown glass

Cultural relic number Glass type Cultural relic number Glass type
Al Lead and barium A5 High potassium
A2 Lead and barium A6 High potassium
A3 Lead and barium A7 High potassium
A4 Lead and barium A8 Lead and barium

4. Analysis of results

The weights of glass type, texture and colour on surface weathering were calculated by the entropy
weight method, which was 50.3%, 31.5% and 18.2%, respectively. Then through the TOPSIS method
score and rank, the higher the ranking, the easier the weathering. The Spellman correlation coefficient
was used for correlation analysis, and the correlation coefficient values were 0.316, 0.128 and 0.112,
which were consistent with the above data. Finally, the chi-square test was used for difference
analysis, and the significant levels were 0.020, 0.056 and 0.507, respectively. Therefore, the glass
type had the most obvious difference in surface weathering, which is shown in Figure 3 and 4.
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Figure 3. The optimal number of clustered points is determined using four coefficients
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Figure 4. Four coefficients are used to find the optimal number of clustered points

As the contour coefficient is closer to 1 when the cluster score coefficient is smaller, the DB
coefficient is smaller when the cluster score coefficient is larger, and the Gap coefficient and the CH
coefficient are larger when the number of clusters is larger, it can be obtained from fig. 3 that when
the number of clusters is 3, the characteristics of each coefficient at the same time are in line with the
characteristics of each coefficient at the same time. Therefore, the optimal number of clustering points
obtained from the four coefficients is also 3.

To sum up, the optimal number of clustering points is determined to be 3, that is, K = 3.
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Ant colony algorithm is used to find the best split feature number of random forest classification,
and the feature importance of lead oxide, potassium oxide, barium oxide and silicon dioxide is 45%,
23%, 14% and 11%. The four chemical compositions were selected as independent variables, the
glass classification was used as the dependent variable to do linear regression analysis, and the glass
classification rules were obtained. Finally, K-means clustering analysis was used to classify the
subclasses, and the number of clustering points of the two types of glass was determined to be 3 by
the elbow rule and contour coefficient.

According to the requirement of the third question, it is necessary to analyze the chemical
composition to identify the type. Following the idea of the second sub-question of the second question,
the main influencing factors are selected first, and the model is optimized by a genetic algorithm. The
optimized random forest classification model based on the ant colony algorithm is used to solve the
feature importance and select the factors whose importance is greater than 10%. According to the
solution results, the main influencing factors are PbO, K20, BaO and SiOz, which are the same as the
results of the second sub-question of the second question.

A multiple linear regression model is established, whether the surface is weathered or not is added
as a variable, the weathered surface is set as 1, the non-weathered surface is set as 0, and the model
is obtained by solving.

z = 2.068 — 0.006¢, — 0.056¢, + 0.008c, -+ 0.005¢, — 0.31c, (16)
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Figure 5. Rate of change of categories

The rate of change of categories is shown in Figure 5. Considering that the data with the cumulative
proportion of each component between 85% and 105% are regarded as valid data, but the proportion
of chemical components contained in unknown cultural relics is close to 100%, so only the chemical
components with higher importance are selected for sensitivity analysis with =5 component changes.
Because there are only "0" and "1" in weathering, the sensitivity analysis of weathering index is 1.
The results show that whether there is weathering on the surface of cultural relics has a great impact
on classification, the content of K20 has a great impact on classification, and the impact of PbO and
BaO on the classification analysis of cultural relics is not particularly obvious.

5. Conclusion

In view of the composition analysis and identification of ancient glass products, this paper
establishes the entropy right-TOPSIS model, which solves the relationship between glass type,
ornamentation, colour and surface weathering of glass cultural relics. In this paper, the composition
of ancient glass is determined, and the statistical law of whether there is weathered chemical
composition content on the surface of cultural relics samples is solved by establishing a multiple
linear regression model. Subsequently, a random forest classification model based on the ant colony
algorithm is established, which solves the problem of determining the importance of chemical
composition.
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The random forest method of ant colony based on neural network optimization adopted in this
paper can effectively solve the shortcomings of the ant colony algorithm such as slow convergence
speed and long calculation time, greatly improve the solution efficiency of the model, etc., and
achieve the expected effect through a variety of mathematical models, which has certain feasibility.
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