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ABSTRACT. The pattern recognition methods of chemometrics have been applied to multivariate
data, for which ninety four Korean ancient glass pieces have been determined for 12 elements by neutron
activation analysis. For the purpose, principal component analysis and non-linear mapping have been
used as the unsupervised learning methods. As the result, the glass samples have been classified into
6 classes. The SIMCA (statistical isolinear multiple component analysis), adopted as a supervised learning
method, has been applied to the 6 training set and the test set. The results of the 6 training set were
in accord with the results by principal component analysis and non-linear mapping. For test set, 17
of 33 samples were each allocated to one of the 6 training set.
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Table 1. Archaeological data and symbols
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Serial no. Symbols Items Colors Sites Age
1 glassware colorless Hwangnam Great Tomb 5-6C(Silla)
2 s ,, Kyungju, Kyungbuk “
3 » blue 2 %
11 P P P P
14 o blue-black % %
4 glassbead blue Hwangnam Great Tomb ”
5 “ % Kyungju, Kyungbuk ,,
6 % % % %
7 % % 2 “
8 % % % %
9 “ % 2 %
10 % % % %
12 “ % A
13 A % “ % %

45 bead blue Imdangdong Tomb 5-6C(Kaya)
46 2 yellowish-green Kyungsan, Kyungbuk -

47 % blue 2 *»

48 2 % % %

49 2 yellowish-green v “

50 o yellowish-green Michu King’s Tomb 5C(Silla)
51 _ ” - Kyungju, Kyungbuk »

52 Y blue % 2

53 2 2 “ 6C(Silla)
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DR

knife ornament
glasswear

bead

cup

bead

glasswear

bead

glass
bead

glassbead
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A TR R R BN

RS

bead

>

-~

DN N >

bead
glass

bead

Ky

Z

glassbead

“

glass

2
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yellowish-green

3

blue

blize

blue
colorless
dark-blue
blue
dark-blue
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light-green
yellow

blue
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[=3

2
13
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»

blue

purple

blue
yellowish-green
brown
yellowish-green
greenish-blue
colorless
colorless

orange
dark-blue
blue

blue
blue-black

green

4
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%

Bokhyundong Tomb, Taegu 5-6C(Silla)

Inwangdong Tomb
Kyungju, Kyungbuk
Hwangodong Tomb
Hwangnam Great Tomb
Chonmachong
Hwangnam Great Tomb
Kyungju, Kyungbuk
Joyangdong Tomb
Kyungju, Kyungbuk
Naedang Tomb, Taegu

7
2

Okchun TombMNo. 24)
Hapchun, Kyungnam

(No. 9}

NN ™ N

(No. 43)

>

>

Jeopori Tomb
Hapchon, Kyungnam
Yangdong Tomb
Kimhae, Kyungnam
Pangyeje Tomb.
Eichang, Kyungnam

“

RN

>

Taheri, Uichang, Kyungnam

Yangdong Tomb (1st)
Kimhae, Kyungnam
Yuldaeri Tomb (3rd}
Kosong, Kyungnam
Pangyeje Tomb,
Hapchon, Kyungnam
Dogaedong Tomb
Changwon, Kyungnam

Miruk temple, Iksan
Chunbuk

%
Z

5-6C(Siila)

5-6C(Silla)

%

5-6C(Silla)

NN )

>N

Kaya

A

2-3C

%

6C(Kaya)

6-7C(Paekche)

%
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27 ” z
28 % %
29 % %
30 7% %
31 ke ke
32 D 7 %
33 % %
34 % %
35 % %
36 2 .
37 % %
38 P %
39 % %
40 % %
70 bead orange
71 s dark-red
72 » dark-blue
73 ] 4 black

74 < green
75 2 blue

76 z orange
77 glass dark-red
78 bead black

88 b4 bead dark-blue

>
>

NN N
)

=
N

>

N

A R
R R R R

>

Muryong King's Tomb 6C(Paekche)
Kongju, Chungnam %
Opyari, Pyongyang 2-3(Laclang)

Table 2. Mean vailues (ppm) and standard devia-
tions

Element Sm Br La Ce Lu Th

Mean value
(ppm) 18 153 112
Standard

Deviation 161 136

427 0233 506

103 607 0167 503

Element Cr Hf Sc Fe Co Eu

Mean value
(ppm) 333

Standard

Deviation 622

515 318 117X10¢ 256 0.702

630 307 155X10" 369 0823

o3 YT 2,8 AAS z; 2 H1BAF 4 (2)
o} e FARG 35 T3] AdMe A
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3 ZfYEe] ALgd #ados Figd.
Table 3& 24 FAE4 2R3 A%t A 7P
A 2 LY 7MA=(%)E Jehfgied, F
AE 1,230 AA) 7PEEY 67%HE R|FL o
T A FAE 1,230 g nfEe] A
Fu 4 AL 4 FAL Yl AR
Jellle 5 A (communality) & Table 42} 72c},
FA%- 16l Sm, La, Th, Sc B Eurl FAE 20
Co7t 27} 7|9 & 4 sl

AT A ool WS THHE Y Apgles
B 4 (2)8) o) FHEY v yoB T F
B TAISME Fig. 19 o}k Al2& 9led A
Ao} wte} 6709 F& )15z 1o, F A C(AE,
29k AR A JeplR 10 #9) B0 B2
b Fig 12 A4 7P e 54%22 A%
AL R 46%9 7P FAlEz glch
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A FAREFY A PEE ol vAYEAY
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Table 3. Eigenvalues and their contributions

Wil st Q4 A Rl AFY B F

119

Component 1 2 3 4 5 6 7
Eigenvalue 472 181 149 117 0.77 0.60 038
Cotnribution (%) 393 15.1 124 9.8 64 50 32
Cumulative (%) 393 544 66.8 766 830 8890 91.2

Table 4. Eigenvector coefficients and communalities
Element Eigenvector coefficient Communality
Comp. 1 Comp. 2 Comp. 3 Comp. 1 Comp. 2 Comp. 3
Sm 0.353 0.169 —0.154 0.588 0.052 0.035
Br 0.214 0.121 0.445 0.216 0.026 0.295
La 0.336 -0.206 0.193 0.532 0.077 0.055
Ce 0.233 0472 0.253 0.257 0.403 0.095
La 029 -0.130 —-0.189 0.400 0.030 0.053
Th 0.369 -0.322 0.139 0.644 0.188 0.029
Cr 0117 —{.122 0.247 0.065 0.027 0.091
Hf 0.292 —0.441 0.244 0.402 0.352 0.088
Sc 0.380 0.183 0.020 0.681 0.061 0.001
Fe 0.281 0.138 —0.463 0372 0.035 0.319
Co 0.070 0.551 0.267 0023 0.549 0.106
Eu 0.339 0.078 —0.464 0.544 0.011 0.320

comp. ZJ

o

Fig. 1. The resuilt of principal component analysis.
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Fig. 2. Nonlinear mapping using two coordinates with largest variances.
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Table 5. Standard deviations and critical F-values of training set for each class. The numbers in parenthesis
are the number of terms

Class (g) A B C D E F
Standard deviation, So) 03749 0.4690 0.3592 05294 05234 0.2425
Critical F-value {4,) 4.56(7) 343(5) 3.33(5) 3.36(5) 3.214) 4747

Table 6. Assignment of samples for training set and test set. The alphabet in parenthesis is the name of
class

Sample no. Symbols Class given  Assignment  F-value to nearest class  F-value to related class

Training set for class A

1 A A 007 (A) 12.25 (C)
2 A A 0.12(A) 12.75 (C)
3 A A 003 A) 6.06 (B)
11 A A 0.12(A) 418(C)
14 A A 0.29(A) 11.05 (C)
45 A A 021 (&) 404 (B)
52 A A A 0.30 (A) 517(C)
58 A A 0.12 (A) 5.26 (C)
80 A A 0.38 (A) 9.91(C)
84 A A C 0,70 (A), 1.90(C) 544 (B}
85 A A 1.00 (&) 9.20 (C)
90 A A C 0.59 {A), 1.86(C) 5.87 (B)
Training set for class B
4 B B 0.04 (B) 7022 (A)
5 B B 0.05 (B) 24,56 (E)
6 B B 0.30 (B} 13.90 (E)
7 A B B 0.40 (B} 3749 (C)
8 B B 0.00 (B> 53.23(C)
9 B B 048 (B) 367(E)
10 B B 0.74 (B) 8.63(E)
48 B B 0.90(B) 1252 (E)
89 B B. E 2.69(B), 295 ([E) 1804 (C)
Training set for class C
15 C C 0.56 (C) 10.22 (A)
16 C C 0.77 (C) 7.19(B)
17 C C 0.7 (C) 8.41(A)
18 C C 0.59(C) 6.00 (B)
19 C C 0.98(C) 5.96 (B)
20 C C 0.13 (C) 6.42 (B}
21 A C C A 0.33(C), 364 (&) 7.18(B)
65 C C 0.50 (C) 457 (B)
66 C C 0.81(C) 5.07 (B}
82 C C A 0.18(C), 2.79(A) 5.94 (B)
83 C C, A 034 (C), 272 (A) 6.58 (B)
87 C C. E 0.02{C), 2.74 (E) 4.88 (B)
Training set for class D
25 D D A 1.13(D), 1.12(A) 7.18(C)
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26 D DA 0.53 (@), 227 (A) 6.33(C)
27 D D A 0.25 (D), 0.80(A) - 841(0)
28 D DA 013 (D), 047 (A) 929 (C)
29 D D A 0.26 (D), 0.86 (A) 8.08 (C)
30 O D D, A 045 (D), 0.21 (A) 1228 (C)
31 D D A 029 (D), 1.20(A) 7.16 (C)
32 b DA 011 (D), 1.71(A) 7.18(C)
33 D D A 0.37 (D), 0.99(4) 7.77(C)
39 D D, A 049 (D), 087 (A) 8.32(C)
40 D D A 094 (D), 0.41(A) 11.4(C)
Training set for class E
70 E E 0.35(E) 503 (B)
72 E EB 0.00 (E), 2.02 (B) 9.28 (C)
73 E E 0.09 (E) 1343 (B)
74 E E 0.16 (E) 1851 (F)
75 E E 0.18 (E) 542 (B)
76 E E 043 (E) 8.65 (B)
78 E E 0.75 (E) 4,61 (B)
Training set for class F
12 F F 036 (F) 5.55 (E)
13 F F 0.00 (F) 12.92 (B)
49 F F. B 0.25 (F), 0.05(B) 21.63(C)
50 F F 0.05 (F) 9.00 (B)
51 F F 0.08 (F) 10.07 (B)
53 A F F 011 (® 1423 (B)
54 F F 0.75 (F 11.64 (B)
56 F F 0.31 (F) 532 (E)
57 F F 0.04 (I} 19.86 (B)
79 F F 001 (F) 1393 (E)
Test set
22 A C D A 128 (A) 13.95(C)
23 A CD A (.16 (A) 1224 (C)
24 A CD A D 0.25(A), 3.10(D) 11.31(C)
K71 D outlier 3359 (B)
35 D outlier 35.70 (B)
36 B.D outlier 93.76 (B)
37 B, D B 149 (B) 789 (E)
38 D outlier 9.06 (B)
41 ACD A D 0.58 (A), 0.87 (DY 9.02(C)
42 ACD A 208 (A) 7.75(C)
43 C, F outlier 3449 (F)
44 C. F B 3.33(B} 13.98 (C)
46 F outlier 21.05(B)
47 A B C B 2,57 (B) 4.85(A)
55 A B C B 328 (B) 479 (A)
59 A B outlier 5.68 (A)
60 A B C E 247 (E) 6.70 (C)
61 B, C outlier 15.01 (B)
62 B C outlier 8.01(B)
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63 C,EF F

64 C outlier
67 C, E outlier
68 C. F F

69 C, F outlier
71 A D E A

77 A D E A

81 A C A C
86 C F E

88 C outlier
91 C,EF outlier
92 E F E

93 C. F outlier
9 C. E outlier

432 (F) 387(B)
51.15 (F}

8.69(E)

423 (F) 28.81(B)
7.27 (F)

007 (4) 14.11(C)
020 (A) 13.88 (C)
265 (A), L99(C) 5.76 (B}
257 (E) 1853 (F)
9.55 (C)

394 (E)

319 (E) 19.36 (F)
532 (B)

548 (E)

e D, 2R AR F-3le) A,=4Y w 4A F-
@k AN Jehjog ke £8 48 Aok
ole} & wpyo R 6719 Foll R YA F-gtat
3o £F i, A (12)9 RFexF o 4%
7t 72 EF83} SO Aldste] Table 50 e}
it

o)9} o] 620e) 7z Fell tdld B9, 8.9 2
A= A4 2 7o) 2R uhgR of Rl A
B BAES} AYANENEE 2A4AH Rl
o] ARHE Table 6ol Yepllom 7 2|82 A4
F-3to] Table 5 viepd 7+ 79 A Fgtio
Howl Age FFP F3k Aoz, A 3t
¥} 2 492 #Aeck FAAREFAUY v
AP A AAE AYY 4 29 F2AEe
SIMCAH o) 28] #3AT 3l 49 AR
sk F A(A)d S AR 84, 90 F C(A)
Jlx &3ten], T B(A)9 A& 89+ T E(W)
A= &3 Ao viepdrl F C(A)9 AR 2],
82, 83& F A(A)H, AR 878 ¥ E(d=E &
stedck. 2 D)) AEE BF FAA)YSY FU§
& HA%QE, T EM). F(A)d 2424 43 A5
72, 49 T B(A)AE F3hes Aoz vjeyich

FxARAEJA AR 33709 AP EHES
7 22 L4y A4A)H £ 2 A8 22 23,
42, 71, 77 T A(a)dl St en, AR 37, 4,
47, 55 T B(A)e 43l9dch AR 60, 86, 92+
T E( 4313 A& 63, 68& & F(a)dl
43 Aog Jehde, =8 A8 24, 41 F A
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(Aa)¢ D(O)el A8 818 F A(a)st Cla)9)
B2l Freh= Aoz vepyrl o199 167) A8 E
JATL R B 2F ooz fA5Yct

£ Q4704 unsupervised learningell ¢]s§ 67}
& JEE 4 5 Ul o) AEAEA T
F(£)8) 342199 2 E(M)7 A=2o] §45¢n
AR A2 ST 3 A8 34, 35, 36 R 389) &%
T2 unsupervised learning®] Zx} Ay T ¥}
WA Jeldeg Foz Az oy Aes)
o F-o]t}. o] & A B+ SIMCAH 2 A| AR Ao}
£ 22 AYP A9 25 992 $Y o] Wl
T2E A=l £ s 4 ¢ Uk =3
AR 12, 13& HEeA AEAYA F B(a)d
3z 2R JeEpgent £ dFdMde e A
SA49Q F F(a)s o #A3h JYelsio
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