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Abstract. Ancient glass is highly susceptible to weathering by the environment in which it is buried,
and weathering can cause changes in the proportions of its chemical composition, which can affect
the correct determination of its category. In this paper, we solve the problem by studying the chemical
composition of ancient glass artefacts to establish a mathematical model. We first used the
Spearman correlation test and obtained that the weathering of the surface of the artefacts had no
relationship with the color and decoration of the glass, and a negative weak correlation with the type
of glass; then we analyzed the statistical pattern of the chemical composition content of the surface
of the artefact samples with and without Na,O CuO BaO SrO SnO, SO, weathering, and
conducted the Mann-Whitney test on the chemical composition of the sample data. The mean values
of K,0,MgO, Fe,O,,Cu0, BaO,Sn0O, and SO, in lead-barium glass were not significantly different
before and after weathering, while the mean values of other oxides were significantly different, e.g.
the CaO content increased from 1.89% to 4.49% after weathering; finally, the chemical composition
of surface weathered glass before weathering was predicted. By analyzing the discrete degree
coefficients of each component, we found that the component content is stochastic, and proposed
the index of random variation to quantify the stochasticity, and combined with the inevitable variation
in the weathering process to establish a mathematical model of the chemical component content
before and after weathering for prediction.
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1. Introduction

Weathering can lead to changes in the proportions of the composition of ancient glass objects,
which can affect the correct determination of their category [1]. By studying the chemical
composition of ancient glass artefacts. This paper is based on data from a sample of glass artefacts
provided by a website. Firstly, we were asked to analyses the relationship between the surface
weathering of glass artefacts and their glass type, decoration and color, and we used the Spearman
correlation test; then we were asked to analyses the statistical pattern of the chemical composition
content of artefact samples with and without weathering: that is, the change in the chemical
composition content of high-potassium glass and lead-barium glass before and after weathering, and
we conducted normality tests and rank-sum tests on the chemical composition content of the samples
to obtain mean values before and after weathering In order to predict the chemical composition
content of surface weathered glass before weathering, we proposed the concepts of inevitable
variation of weathering process and random variation of weathering process, and also introduced the
random variation of process ¢;; and random variation of weathering 4, to establish the mathematical

model of chemical composition content before and after weathering for prediction[2-5].

2. The basic fundamental of Mann Whitney test

In order to further analyses the statistical pattern of the chemical content of the surface of the
artefact samples with or without weathering, we divided each type of glass into two groups based on
the presence or absence of weathering and checked whether there was a significant difference between
the mean values of each chemical content of the two groups, i.e., the data was tested for significance

[6].
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Unlike the independent sample t-test, the Mann Whitney test does not require the data to be
normally distributed, and the frequencies of the categorical chemical components can be unequal [7-
8]. The test procedure is as follows.

Formulate the hypothesis thatH,: The jth chemical composition of glass type i without weathering
has the same data with and without weathering:

Hi: the jth chemical composition of glass type i without weathering has different data on the
presence or absence of weathering

Two sets of data for the same chemical composition of the same type of glass are mixed and ranked
in order of magnitude. The data with the smallest content is ranked as 1, the data with the second
smallest content is ranked as 2, and so on (in the case of equal data, the average of these data ranks is
taken as the rank).

Find the rank of each of the two groups andWj;;, Ws;; . whereWy;; denotes the rank sum of the jth

chemical composition data set for glass type i without weathering, andWy;; denotes the rank sum of
the jth chemical composition data set for glass type i with weathering.
. nOij(Nij +1)
0ij —

T, N +1) (1)
1j — 2

ny; is the sample size of the jth chemical composition data for glass type i without weathering, and
n,; is the sample size of the jth chemical composition data for glass type i with weathering. N is the

total number of jth chemical composition data samples for glass type i.
Calculation of the Mann-Whitney U-test statistic:

W, =Wy, —ny; (g +1) /2 (2)
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ConstructingZ;; statistic with a critical valueZ.;; (significance level of 0.05) for comparison
whenz;; <Z.;; is rejected whenH, , accept H, .

3. Results

3.1. The establishment of simulation model

A statistical law is a holistic law of random events, not a simple superposition of the characteristics
of individual random events, but the inevitability that characterizes a system of events. Laws that
work for a large number of contingent events as a whole, expressing the essence and inevitable
connection of these things as a whole. We consider the statistical law of the chemical content of the
surface of a relic with or without weathering to refer to whether the difference between the mean
values of the chemical content of lead-barium glass and high-potassium glass before and after
weathering is significant [9-10]. The pattern of change in the content of each chemical component
itself before and after weathering. We can see that the chemical composition of the surfaces of the
high-potassium and lead-barium glass samples differ, which is related to their type, and that there
may also be differences in the content of the composition of random samples from the same artefact
surface, which is related to weathering. In order to investigate the statistical pattern of the chemical
content of the surface of the artefact samples with and without weathering, we first tested the
normality of the data from the Form 2 sampling points.
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3.2. Analysis of experimental results

Here we give the mean, standard deviation, maximum and minimum values of the content of each
chemical component of high potassium glass and lead-barium glass before and after weathering, some
of which are shown in Table 1 below.

Table 1. Changes in chemical composition content of lead barium glass before and after weathering

Barium lead glass | (SiO2) | (Na2; O) | (K2 O) | (CaO) | (MgO) | (A2 O3)
Average value 55.348 | 1.761 1.098 | 1.189 | 0.685 4.253
Standard deviation | 11.788 | 2.292 2498 | 1.301 | 0.554 3.242
No weathering Minimum value 31.940 | 0.000 0.000 | 0.000 | 0.000 0.000
Maximum value | 79.460 | 7.920 9.420 | 4.490 | 1.670 14.340
Very poor 47.520 | 7.920 9.420 | 4.490 | 1.670 14.340
Average value 29.198 | 0.201 0.165 | 2.551 | 0.639 2.894
Standard deviation | 18.926 | 0.539 0.284 | 1.682 | 0.694 2.553
Weathered Minimum value 3.720 0.000 0.000 | 0.000 | 0.000 0.450
Maximum value | 94.290 | 2.220 1.050 | 6.400 | 2.730 | 13.650
Very poor 90.570 | 2.220 1.050 | 6.400 | 2.730 13.200

Table 2. Changes in chemical composition of high potash glass before and after weathering

High Potassium Glass | (SiO2) | (Naz O) | (K2 O) | (Ca0O) | MgO) | (A2 O3)
Average value 66.941 | 0.758 9.323 | 5.817 | 1.038 6.945
Standard deviation 8.364 1.330 | 4.112 | 2.724 | 0.693 2.332
No weathering Minimum value 59.010 | 0.000 | 0.000 | 0.000 | 0.000 3.930
Maximum value 87.050 | 3.380 | 14.520 | 8.700 | 1.980 | 11.150
Very poor 28.040 | 3.380 | 14.520 | 8.700 | 1.980 7.220
Average value 93.963 | 0.000 | 0.543 | 0.870 | 0.197 1.930
Standard deviation 1.734 | 0.000 | 0.445 | 0.488 | 0.306 0.964

Weathered Minimum value 92.350 | 0.000 | 0.000 | 0.210 | 0.000 0.810
Maximum value 96.770 | 0.000 1.010 | 1.660 | 0.640 3.500
Very poor 4.420 | 0.000 1.010 | 1.450 | 0.640 2.690

Analyzing the two tables above and combining the results of the rank sum test, we can obtain the
following statistical pattern of chemical composition before and after weathering. For high potassium

glasses: weathering has a direct and inevitable effect on the content ofSiO, ,K,O0 ,CaO ,MgO |,
AlLLO, ,Fe,0, ,PbO .The compositional content of P,O, « SiO, varies from 66.94% to 93.96%,
K,O from 0.54% to 9.323%,CaO from 0.87% to 5.817%, MgO from 0.197% to 1.038%, Al,O,

from 1.93% to 6.945%, from 0.265% to 2.107%, from 0% to 0.449%, from 0% to 6.945%, from
0.265% to 0.449%, from 0% to 0.945%, from 0.265% to 0.449%. 6.945%, 0.265%-2.107% for

Fe,0, , 0%-0.449% for PbO , and 0.28%-1.406% for P,O. . This indicates that the majority of
K,O was precipitated out of the surface glass during the weathering process and the content of SiO,
increased significantly.

For barium lead glass: weathering has a direct and inevitable effect on the content of SiO, |,
Na,0 ,CaO ,AlO, ,PbO ,P,O,. The compositional content of SrO SiO, varies from 29.2% to
55.35%, Na,O varies from 0.21% to 1.761%, CaO varies from 1.819% to 2.551%, Al,O, varies

from 2.89% to 4.25%, PbO varies from 19.69% to 40.79%, varies from 1.032% to 4.910% and varies
from 0.25% to 0.389%. 40.79%, 1.032% to 4.910% for P,O, and 0.25% to 0.389% for SrO. This

indicates that Si andCa are lost from the inside to the outside of the weathering layer, and the
content of Pb decreases from the outside to the inside.
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Testing the normality of chemical component data in sample data is generally done using the
graphical method, which visually demonstrates normality, but the amount of data in the sample is less
than 100, so we use skewness and kurtosis to determine the normality distribution of the sample.
When using the skewness and kurtosis of a variable for normality testing, the A-score (skewness A-
score and kurtosis A-score) can be calculated for skewness and kurtosis respectively[11].

Some of the chemical composition data are 0, resulting in no A-score being calculated, so 0 is used
instead in the table. At a test level of a = 0.05, see if the skewness and kurtosis A-score satisfy the
condition restricted to between +1.96. If one of the skewness and kurtosis A-scores is not satisfied
then the distribution is not considered to be normal. It can be seen that the skewness and kurtosis A-
score are not both between #1.96 and therefore the chemical composition of the data in the Annexes
does not satisfy a normal distribution.

The above normality test showed that the chemical composition content of each type of glass
surface with or without weathering was not normal overall. In order to further analyses the statistical
pattern of the chemical composition content of the surface of the artefact samples with or without
weathering, we divided each type of glass into two groups based on the presence or absence of
weathering and checked whether there was a significant difference between the mean values of each
chemical composition content of the two groups, i.e., a significance test was performed on the data.

Unlike the independent sample t-test, the Mann Whitney test does not require the data to be
normally distributed and the frequencies of the categorical chemical components can be unequal.

The results of the partial tests for each type of glass are shown in Table 3 below.

Table 3. Mann Whitney test statistics

High potassium glass Mann Whitney test statistics
SiO, | Na,O | K,O | CaO | MgO | ALO, | Fe,0, | CuO | PbO

Z-statistic -3.317 | -1.360 | -2.821 | -2.714 | -2.363 | -3.317 | -2.714 | -1.508 | -2.363
Asymptotic

saliency (two- | 0.001 | 0.174 | 0.005 | 0.007 | 0.018 | 0.001 | 0.007 | 0.131 | 0.018
tailed)

Barium lead glass Mann Whitney test statistics
SiO, | Na,O0 | K,O | CaO | MgO | ALO, | Fe,0, | CuO | PbO

Z-statistic -5.007 | -3.027 | -1.799 | -3.166 | -0.504 | -2.156 | -0.084 | -1.836 | -4.677
Asymptotic

saliency (two- | 0.000 | 0.002 | 0.072 | 0.002 | 0.614 | 0.031 | 0.933 | 0.066 | 0.000
tailed)

Analysis of the above table shows that
(1) At the 0.05 test level, the mean values of Na,O ,CuO ,BaO ,SrO ,SnO, andSO, in high

potassium glass did not differ before and after weathering, suggesting that weathering does not
necessarily have a differential effect on the content of these chemical components, due to the minimal

content of CuO ,BaO ,SrO ,SnO, andSO, in high potassium glass and the fact that Na,O |,
SnO, andSrO are chemically stable and less susceptible to weathering.

(2) At a test level of 0.05, the mean values of K,O ,MgO ,Fe,0, ,CuO ,BaO ,SnO, and
SO, in lead-barium glass do not differ before and after weathering, indicating that weathering does

not necessarily have a differential effect on the content of these chemical components, due to the low
content of K,O ,MgO ,Fe,O, ,CuO andSO, in lead-barium glass and the fact thatBaO and

SnO, are chemically stable and less susceptible to weathering.
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4. Conclusions

This paper describes the process of classifying ancient glass with a degree of accuracy and
ingenuity, firstly using the Spearman correlation test to analyses the relationship between the surface
weathering of glass artefacts and their glass type, decoration and color; then requiring analysis of the
statistical pattern of the chemical composition content of artefact samples with and without

weathering on the surface to discover chemical COMPOSItions with no significant difference in mean
values before and after weathering; in order to predict the chemical composition content of surface

weathered glass before Weathering a mathematical model of the chemical composition content before
and after weathering was developed for prediction. In order to predict the chemical composition
content of surface weathered glass before weathering, a mathematical model of the chemical

composition content before and after Weathering was developed for prediction. In order to predict the
chemical composition of surface weathered glass before weathering, a mathematical model was
developed to predict the chemical composition before and after weathering.

References

[1] ZHANG Wei,LI Xiaohu,DU DanDan,WU Zongshan,YU Yonggiang,LIU Bin. Predictive value of CT
features and quantitative analysis of pure ground glass nodules for pathological classification of lung
adenocarcinoma[J]. Chinese Journal of Medical Imaging,2018,26(09):658-663.

[2] Liu Chenlu, Cai Qing, Shen Yuying, Lin Jing, Chen Ying, Chen Qian, Chen Shuangging. A controlled
analysis of HRCT and pathological new classification of microscopic ground glass nodule-like lung
adenocarcinoma[J]. Journal of Clinical Radiology,2018,37(05):760-763.

[3] Chen Tz, Qin WH. Progress of CT classification of pulmonary ground glass nodules and their relationship
with bronchio-vascular [J]. Chinese Journal of CT and MRI,2015,13(06):117-120.

[4] Liu ZJ. A review on the preparation, classification and application of microcrystalline glass[J]. Henan
Science and Technology,2014, (16):60-62.

[5] Huang Liguang, Chen Jinfang. Classification and status of electric glass melting Kkilns[J].
Glass,2012,39(12):37-39.

[6] Song Tao, Liu Peizhi, Li Yuting, Li Bin. Classification and structural design of architectural glass light
roofs[J]. Doors and Windows,2012, (04):36-37+40.

[7] Gao Feng, Ge Zhaojun, Sli Yanging. CT classification and differential diagnosis of pulmonary ground
glass nodules[J]. International Journal of Medical Radiology,2012,35(01):47-49+58.

[8] Li Xianfeng. Classification of point-supported glass curtain wall support systems and analysis of
component performance[J]. Journal of Building Structures, 2007, (S1):274-279.

[9] Jiang Lilin. Classification and research status of double-glazed curtain wall in China[J]. Guangdong
Building Materials, 2007, (07):8-9.

[10] Han Helei,Li Jianzhong,Feng Gang. Online classification and recognition of glass products based on
computer vision[J]. Journal of Instrumentation,2006, (S1):777-778.

[11] Ai Jieyan,Zhu Xuefeng. Improved algorithm-based ART2 network for colour classification of
microcrystalline glass[J]. Journal of South China University of Technology (Natural Science Edition),
2003, (01):74-78.

258



