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Mathematical Model of Composition Analysis and Identification of Glass Relics
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(a. School of Science; b. School of Chemistry and Chemical Engineering; c. School of Management ,
Henan University of Technology, Zhengzhou 450001, China)

Abstract: According to the four problems in the question C “Composition Analysis and Identification of Glass Relics” in
2022 China Undergraduate Mathematical Contest in Modeling, the corresponding mathematical models are built and
analyzed respectively. Based on the data of chemical composition content, decoration and color of the glass relics, and
based on the one-way ANOVA, the study establishes ARIMA model to explore the relationship between the surface
weathering of glass relics and the type, decoration and color of glass, and to predict the chemical content of glass relics
before weathering. The classification characteristics of the glass relics are extracted by principal component analysis, and
the subcategory division is given by cluster algorithm. The unknown categories of the glass relics are identified by
Euclidean distance cluster algorithm and the sensitivity of the classification results of the glass relics is analyzed. The
K-Means + + cluster algorithm is used to analyze the relationship between different categories of the glass relics and to
judge the difference of relationship between different categories of the glass relics. Finally, the conclusion is given.
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Tab.1 Results of text data assignment quantifies

A BARLT Vol B B AL 5 24
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Tab.2 Results of one-way ANOVA

2 S SS df MS F P-value F-crit
ZH[A] 1.419 2 0.710 3.037 0.057 3.179
BE IR x, ZHN 11.914 51 0.234
it 13.333 53
ZH 1] 1.333 1 1.333 5.778 0.020 4.027
PRI x, HN 12 52 0.231
it 13.333 53
4H ] 0.971 6 0.162 0.615 0.717 2.299
PIEPE, x, ZHN 12.363 47 0.263
Mt 13.333 53
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Fig.1 Percentage change of chemical constituents before and

after weathering of high potassium glass relics
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Fig.2 Percentage change of chemical composition before and

after weathering of lead-barium glass relics
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Tab.3 Predicted values of some chemical components

SRR Si0, Na, O Ca0 MgO AL 0,
7 75. 58804849 0 7.033396248 0 7.514010879
9 73.34773195 0 11.6430 3.855166961 0 4.738607686
10 74. 47608177 0 18.1012 1.301892762 0 2.899120442
12 67. 45640223 0 18.4723 4.149252592 0 4.857530708
22 59.92126007 0 12.2749 8. 676248143 4.920708523 10. 56129667
27 73.81449451 0 6.02803714 5.094078295 9.292811094
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Tab.4  Principal component coefficients of 14 chemical components and contribution rates of 5 principal components
sy Si0,  Na,0  K,0 0 €aO Mg0  ALO;  Fe,03  CuO  PbO BaO P05 S0 Sn0, SO, Fhkx
z -0.298 0.373 0.035 0.357 0.190 0.177 0.286 0.241 -0.110 -0.395 -0.331 -0.203 -0.326 0.102 0.30028
2z, 0.002 -0.339 -0.213 0.150 0.422 0.405 0.236 0.365 0.016 0.199 -0.044 0.437 0.229 0.030 0.17211
23 0.274 0.108 0.035 -0.290 -0.253 0.278 0.134 -0.098 -0.641 0.181 -0.381 0.063 0.031 0.257 0.11837
zg  -0.032 0.156 -0.806 -0.080 -0.046 -0.203 -0.355 0.124 -0.053 -0.004 -0.174 0.195 -0.251 -0.012 0.08031
25 0.242 0.046 0.198 -0.066 0.223 -0.130 -0.027 0.110 -0.150 0.081 -0.292 0.053 -0.145 -0.823 0.07607
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Fig.3  Tree cluster graph
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Tab.5 Summary of subclass division results

EAN 25 R T
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2k 1.93 R 38 — 2 oAb 5
H—k 3.18 PbO
RI& AL L3 e ok 3.54 Sio,
e 1.90 BREE— 2 H A A
H—2k 3.21 Si0,
A KA A 38 S ) ok 2.67 PbO
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Tab.6 Results of the classification of unknown artifacts

S Al A2 A3 A4 A5 A6 A7 A8
Feim A AL TRk Wk TR TR Ak KAk Ak TR
G i Fi 0.97 0.72 0.85 0.87 0.78 0.76 0.93 0.79
W32 e Ha gl B fran [t [ B

WIS 2 2 2 2 1 1 1 1

XA R BB AT . i TR RS R, R
BtV A ik A TR S5 R 3R 7 s . T,
R e Sl E AR P A R AR AR o

Sy Y 2 S i R e M, 6 RS R 2 2R B EE S
Y 25 ik 2g B AT 1% 2% 5% . 10% .20% |
25% By, 4 B uEr , R et R
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Tab.7 Sensitivity analysis
e’ Al A2 A3 A5 A6 A7 A8
FHE 1.89046154 5.70615385 2.81846154 2.81846153 5.41942307 0.52846153 0.52846153 3.95890109
1=/ME 0 0 0.01642857 0.01642857 0 0 0 0
J5%& 4.8577968 236.77379 24.0732445 24.0732444 170.917949 0.73528076 0.73528076 75.6358976
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Fig.5 Visual analysis of optimal clustering
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Tab.8 Category label

P Si0, Na,0 K,0 (a0
RN E 2 1 3 3 1 3 1

MgO ALO, Fe,0,

AL 2 1 1 4 1 3 1
HERNAL 2 1 1 1 1 5 1
AL 3 2 2 2 2 2 2
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BRI 9 Fis ., KIL4 DN 2ET RS R 250
FEE 1, Ui IR B /N R HE B K, CHI A B, 4%
I3 DBI #R% /N, a I H 2 py E B 45/, 2R e R B 4k,
RS TRI 2531 2 [] B AR RS 328 /0, U IR SR 2 485 SR 1Y) ot/
L3 Y| el I P32 T

R BERHYRSWH

Tab.9  Clustering effect analysis

PR ElisrZEEH CHI DBI BIMAE
R AL 3 603.9374 0.41187  0.83888
=L 4 20991.0155  0.46621  0.78836
AR AL 5 387.4223 0.13902  0.88246
XL 4 156.951 0.11074  0.93844
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Tab. 10 Summary of category label forms of clustering results
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