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Fit viAlEd AREE Agstel AT B REE Apusidrh AdE B9 1467)
EﬂiE Algo| L3t ?—:._‘J—]-, S A2 Bl principal component analysis-linear discriminant
analysis Z@ o A= 87.7%9 & AF=E AAT, HAHY 7)<l decision tree, K-nearest
neighbor, support vector machine 2o A= Z}Z} 96.6%, 98.6%, 99.3%9] H| 1 F =2 o= AT
£2 98 & At ofed B4 FRE 2AS 5a, 234 doly 729 BF 450l

948 ojAled JHolH FEAOE nbidum A4 Bo] g FaT WS Fg
g FAstsich oleie A sjaleld s1ol AT FIH WA A o] mH
°% B8Y & &S HoIFY

SN0l WA QA B, A, FAL, YEFUL, ARG

ABSTRACT The objective of this study is to investigate the applicability of machine learning
techniques in discriminating the production origins of pottery. 732 data sets analyzing the chemical
composition of traditional white porcelain from Korea and China were collected, and models for
determining the production country were developed by applying various machine learning algorithms.
Upon applying these models to 146 test samples, the statistical analysis, principal component
analysis-line discriminant analysis yielded a prediction accuracy of 87.7%, while machine learning
techniques such as decision tree, K-nearest neighbor, and support vector machine models demonstrated
relatively high prediction accuracies of 96.6%, 98.6%, and 99.3%, respectively. Additionally, feature
importance analysis confirmed that rubidium is consistently the most critical variable for determining
the origin in machine learning techniques that exhibit superior performance in classifying complex
data structures. These findings underscore the potential of machine learning techniques in effectively
discerning the production origins of white porcelain from Korea and China.

Key Words White porcelain, Provenance discrimination, Trace elements, Rare earth elements, Machine
learning, Supervised learning
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al, 2019), W]l W SEFALe) FaEE olgel A
T 50| A= QthBartle and Watling, 2007; Chen et
al.,1999; Xu et al., 2021).

vlgels B8 SERAae] Pk BAL EX7]0) 4
AR o] o] ARE-E AL gtk o] 1900 o] o=
YA &} AR gFo] o2 H7] wizol HRE Ao
A A28 AR Ao] 719Hg Ert. vjgkels, &
8] JEFALE 24 FAAE A 0]7] witol =
719 E4E e ° 8%
(Trindade et al., 2011). S/JAPLALSHEA]
Zgshuate] YA 7hakE 2= AHDias ef dl., 2013),
& XA B3 $AL o]83] 228 HofuAE 7
& 7H(Fischer and Hsieh, 2017), 4= 23l ZekAn} 53
A(Inductively Coupled Plasma, ICP)& =3} giie}
2 uAE RO AT 5 ke 24 guE
$310f Tele 9 SERALE LT S 3
Aot A7t AAEATHLI e al, 2005a).

olg|gt oAM= HetH g ZAT HolHE 4
S Aoy S BARAS Agele] ERoiglon
(Kang et al., 1989), %] ™Al d(machine learning) 7|<&
of ggo] Z7IakaL ok, vl AFE AAHol
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QoA z}o|7} QIthBzdok ef al, 2018). 33}
A Aol ek Maleld 282 thRh ZokollA
714 o Zo] &850 gt Maione ef al., 2019).
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& AFolA e = S5 AE WAE e
ICP 24 o8& =4staL, wAleld 71¥<
ik B TS skl olE 9
A5 AR EE
Analysis-Linear Discriminant Analysis (PCA-LDA)} 317
Decision Tree (DT), K-Nearest Neighbor (KNN), Support
Vector Machine (SVM)T} -2 d2] AMEE+= HAlEY L
9 AME-5}S T} 223 mean decrease in impurity (MDI)
2} SHapley Additive exPlanations (SHAP) value 5412 &
stol, mAleld datgfEe] 5ol ofd 54(feature)
T8 AHESIIEAE geletgint

Principal ~ Component

2, A7 R Yl
2.1, 7ot

A2 104756 1947100 A2 Sh=rat F=
A HE QRO R S8ttt g A e
SINA, F=E o 2 A7)RE Fuet g
THA] AAE WAE FH 02 Astlct. tiide] | W
A UAHFEEZ)FE FSKFERR), Fat
(HEAD), PN RBARZ), LNEY), FHAHEH
&) 522 FAV 8 A& xRl 27] WAl g9
A= WA} B LAY A G FAMSE 7HAAL §lof, W
Ape] w2 sk ti(Zhu ef al,, 2006). ]9} 22 i
AL F71et AlE EAT 4 §le WA Holle At
a07F 489 ¢ Y=s Aot

2 Aol e EA A 7P et 24
o]] 4+3}= ICP-AES (Atomic Emission Spectroscopy) 2! MS
(Mass Spectrometry)e]] 7]9kst & 90674 <] Hlo]|E|E 4=
ok, % BAYA daEe] B 23 732709 dlo]
E|E ARSI £ 51709] fart E40 8 4E e
L, A5 49| Hlo|E o ZZFH(missing value)o] 2|5}

TAE Fslleh A543t Sl gubad My

Hdo] AES AoFetz 8 Q%o R Zgsiug,

=S
3
ASgho] iAoz AL, qHg4(stableness) X B AF
3
)
=

1z M

94

A

)

¢

(immobile element)S 1T 4= 9l YAEQ] o]
23}3{chHan, 2006). E3F, Hes flo) A g
4=9] tloJE & AFEE 4= Ql=F 1P 23t Cu, Rb, Y,
La, Ce, Nd, Sm, Eu, Dy, Yb 107]] 947} 3542 ol

2AbE Aam BAE] o5 ERE 95 BHoR 4%
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AElo] e, 841 A mefu 27}19} Br 2EE
2N 29705 Zedshal Qiek k=9 WA} ElolH =
Ahn and Hwang(2013), Choi(2001), Gang(2003), Gyeonggi
Ceramic Museum(2007), Gyeonggi Ceramic Museum(2008),
Gyeonggi Ceramic Museum(2009), Gyeonggi Ceramic
Museum(2013), Gyeonggi Provincial Museum(2008), Lee
and So(2014), Lee and So(2015), Lee(2020), Park(2002),
Seoul Museum of History(2006)5 AR&-3}30H, S=-9]
Wz} gloJEl& Li et al.,(2003), Li et al.,(2005b), Li et
al.,(2021), Ma et al.(2012), Niziolek(2015), Tripati et
al.(2017), Wang et al.,(2020)2] | & E4 djo|gE A
3} th(Figure 1).

A % 709 Yolele Fute & W 9 Ao}
B 2E 99 WAS oz 3 1A ANE BE TF
S 9tk o] % 9 WA Bl Alszo] o Zlo] 917K,
25 W4 gE AR UURR TAE] otk AT
AEE=S FEsE7] Hsf) AA] Hlold F S8e7ilE &9 |
olf = gston, HAE gojez M oF 20%01]
Fste 14670 AAsHATh 2L FolEe 3
st BlE Aoz v A, g izt EﬂolEPﬂHL
187, &= W2} glolE o A= 287)7F Bl AE dloje =
Y7} AREE ST o3t WAl B4t HlolEAlY] 54
< J2sto] Hdo] dutsl sl AU o R Hrtsl)
ffetoltt.

10km C: 250km

@) (b)

Figure 1. Map of the locations of the white porcelain

production sites. (a) Korea, (b) China.

B AN BA7] 0] A BES 913 mAle Y
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WHelS ARG8T AR 2o BIRS] AME-E= FAR
E o] PCA- LDAQ]— 31| | =8 <5 (supervised learning)

o sigsle mEl % DI, KNN, SVMS AAakgint
(Pedregosa et al., 2011). RE = o] tsle] HU3t
4 HAE HloJEE ARESte], 2Y 7F £&% 45 H|
SHEAct

ot
e

o
=

2.2.1, PCA-LDA

PCASHLDAL 4 Hlolele] 728 Bestiby] A

gEAel A 4 AueFoR, HE 4o BHoz
FAE T dlolEl e AU Fad ARe Aol

dlolE AL A/ gheh(Tharwat, 2009). 2| 43ke] W5 AL
0}04 7he Rt B2 ks ARE] S, 54 3ol A
WA w7 S FE2 E
94 5 U JUEAE el
gom, AEA F2H 542 7189 EA4o
|

ol /18] Sk s He grol d. b

0130}@] AUE £43 }~Eﬂ oj7lo] F/d:(principal

LDAL PCAS} 1o QAFSHA|gl B2
7t HEE 7Htﬂ ZhAS BT 2 9l J)2e Hot
SA A FYE ZaFH= 2lo]7) Qlrh PCAZ AX
7] 858 Aalo] Y ZAS 233t T, o|dA AL

ZAES [ DAC 9 Hlolg&Z A5ttt
222 DT
+ HlolHE 73t 953171 9 (tree) 7]

£ EF TE

Hu ﬁm Ay maz, Yelr el JuEes of
85t7] 4lth= Ado| QIti(Charbuty and Abdulazeez,
2021). A4 =IE(decision node)= EAZS 7|&0 2 U
e A 220 AN, A branch)ts olefet 7
o w2 Blojele] 171E LRI o] & 2L ifelse
Te 7oz sh=d|, 2o o3 Agor M=
u}2}u] | (parameter) @] YFolch et @& Ho|H 7}
S B5ol SIIES Holo] AE 40) AY kR

o o3 HIUES ASH AL BEZ ek o] Il
ghEsto] dlojE= FA 22 2|Z E(leaf node) F
shifo] =EeA He, sig == =3k Hold otk
$7h &3l FUAR B DIE daeFe) 4

apao|n g sHo] Hem A2 4+ ik w3k 3}
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Mather, 2003).

3ol Slrk(Pal and

2.2.3, KNN

NN-& k7f 2] 7178 o] & oJn|dh= A&
E]ZOIE} glog ZOIE 7k A2 AL 3, 71 7}
7hE k7l ElolE & FlolES wtefs| thed ALz 1
olg| golEL of|=35taL A 7 A|(decision boundary)S
A3t c(Laaksonen and Oja, 1996). 3}o]uu}}tu] g
(hyperparameter) k| gkof] whef mello] it 7} qu
L, k7l 2 AL thho] 3k whol AA AA 7} B

Y1 Thea A, 2R Ao O]KPZ](Outher)Oﬂ bk OH

T3k o
5 g

Ak KNNOJ 542 8l A7} glom, 22 dlolH
ZRIEY go]&g & wjulct 74ﬂ AL g
(Abu Alfeilat et al, 2019). & Z9 EﬂO]E101] o3t a5
AZHS 2R EA] AL o5 TAOA w2 AL vl
& zoe 4 ook

2.2.4. S\M

SVME 54 o] 199 £ 2 B olgrha

74, dlolelE A9l F7re] oh Bt
~2 HHoR Belsh 4 2
th(Cortes and Vapnik, 1995). Hlo]E| S 22} o
o ZF 2 Aol A=, & ubl(margin)E HHStoh=
AR AAE etk 24 A 71 7ol AR b
ol ZEES AEE WE(support vector)z} F=
sfolm s}zl C2f GammaS S5 Welg 2. C
€ A5 =R, L8R 82 AU CY o] A
W ekt 58 FA810 ozlo] Hol Utk Gamma
7149] I W(reach) & 283h= GLo 2 gho] #A]
9% WH Fokah %, €2 Gammao) gro] 24
4 © A9 FeiE wA Hol A& Aehert
BT ol AR, go] Hobdss
2

Kl Hehe wn B S1gel Aol

Haﬁ

A
A,
A7

3‘~J

) %‘—R % Bl s S0 dufLt 7]0jk=A]
L}EP LEP. DT 29| 3k oA AFALYA &
AAYsto], 271201 a4 =t glole AU
]4%} MDIE 58l 22 WiofA AFH o= o]
e} MDI+= E*J—% VEo R BEEE =Y
olgsto], EEEE AA HaAl7lE © gol A
gol F8% Aol HE& o8 3Th(Nembrini,

2018). 7]o4 = Fgho] 10] &
W DrE zﬂszlfﬂ HAlelg o

E rir
il
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o |o
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TROW *P%ﬂ A=A #%}71 ot} of2|gt
s dst7] $lall, DTE A|<jgh 222 SHAP value
Hgatol 7 B9 FREE
ool 7IRkek AFEE] 7HA] Aid
Zo Z+ EAol ogA 7]ofst
(Lundberg and Lee, 2017). o] WHH-S wdlof Lofjutz] oF
= 8 Hel RS AP, s eIl ol
& 7HITk 14 mEe| ool thak 2 549 7]o]
Hste] AR A2S AYE 4 9L
FUE I|AES RO BEY o2
ol ot A=A BAgict oyt SHAP= AlAE B34
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g 4 Glek B HAlElY mUe] BUAS WoiF
A, AAE olulahe AL ohIme 4 A 39
7 Baste

226, Z83t & Hdst

mdjo] | glojelof] AUAA 235k @/l 244
overfitting) 2} t o8 A4S FE3] TolshA] Raf 4
5ol AstE = #4Ql vhaA F(underfitting) S A5},
Uuts(generalization) /J5-2 F457] f18] ¥ ool
18] = ehal(grid searchyS 2185} tHLerman, 1980). JE'J
= SAE Apdo] YRl stoluuletu]E 1e=E 7|uk
B AFor HE 29 HAES ] HFAE 7]Ti
2|4 9] sto|wuehu|EE Fe o] =85 ok HEol &
g glojgE B3 §|FE w2 S (cross-validation) 7| %
o AUk WAPEL T dolelE o2 A foldz
Ui 5, fold 2 32 gl AE Aoz ALEalT Uiz
foldg 25 shgsoll AHEHe Wlolth. & s folde]
0 ) EH R o|olzle), TLa)E B B T
tlolEE 107]19] fold= F&sto] 22| 9| sfo|mulefu]E
= 27, 0|2 24| E2 lofelo] Hgatolck. Eelo] &
25 mdd 923 2 2 gE dole 27 lsAe
WA HAES] Age) BEY HE A5S okt
(Figure 2).

TE A9Jgh PCA-LDAQ KNN, SVMO] oo
feature scaling2 3] MinMaxScalerS 3t A3t
(normalization) ¥}4-& #-8-5} %t} MinMaxScaler= Z+ &
A7k 03} 1 Abo] o] B9|= 2ATlo], mE EAo] Y
g WS 7HAEE sk Y o|thRaju et al., 2020). ©|
+ dlolg 9] =717h Aol m|A|= A 9 SEA
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BN Foid2 Fold3 Fold4 Folds Folds Fold7 Folds Fold9 Fold10
Fold2
— Foldl JBles Fold3 Fold4 Fold5s Folds Fold7 Folds Fold9 Fold10
validation
Fold10
Foldl ~ Fold2 Fold3 Foldd Fold5 Folds Fold7 Fold8  Foldo [k
(validation)
Final model — Train +  Test

Figure 2. The configuration of the validation set and the training procedure.

A, BhY A5 £Y SES A b Rt e o FREsL Yok olfl e EE 7], BE

PCA-LDASE KNN, SVME 49| Z7jef ulgstme 4 fale] chopdl, i AAIgte] |k So] Uglo] @ 4

it olelit RSO B il FA AVE TS o, 200, F3 olei 44

o} Yl DT Qmel5e 54 Qg theshold)@ 7120 BIT Aol Sgueli, of Aela agiae
(e}

2 58 1|t S48 2l 9L @ B
o} ofo] mef, ¥ AFAL ATE UKo el
S =S DTo] sl At HFeke 85k kot

15te] gkt dlolE ot Bl a e o 34
7Vsla d3tAo] Attt o2 ¢ls) = Wiz}
=2 Agry) AgEoz Yo Aoz Holth PCAS
o] ga YL 22 Z4% F A2 2 ik(Figure 4),

J*J o
o2
O_>l:0
©

O ML oN fu

3. dEy g Wit} Fot Wiz} o Zholl Ak F3o] AYle

o, S WAL =2 FARE BRQISE 4= QlGith FUHR

3.1, PCA-LDA ¥ St S "ol £29] EdtFo]l R oS 45
u A= 9 £ esfof gtk whebA] PCA-LDA 719

L& w4 A Al 22 9] n_component= 8%, 7]E < S Wixke] ERo] §lojA ARHE oSS Bl
1074e] 54 R S4etdS W) 71 2 257 A o o] AlF SgoHE o] o= Psof At

& HoFolEE ouigtth. PCA-LDA RdofA 33 % 3 918 AAEl

TR
n_componentE -85 uf, A& A5 HoFs &5

P H(confusion matrix)o| A EQIE o= Q&= A} o] 3.2. DT @
(Figure 3), &3 Ho]E|of| A= 86.5% 18] 1 B|AE H|9]
HoA = 87.7%9] d& AT E HoFot e g ey

S W2 HlolE dithE P WA R QR R sk o2 w3stqc) 2
25 Wiz} go|E|9] o) Ao Abga] WA, St o

A Holel= HiFE Eol 4Estit ol &1 % H|

] - KOREA A
2E NIEoA F5A oz Yeylth 54 dlolE o thsf A CHINA
10
A
Train Test .
X s
© © '_‘
©
< IEL] 74 = 18 = .,
_o _o 8, *& R
© ©
2 2 E o, , O
< < Tal ) A
8 8 ‘
B 5 468 5 0 -5 7y
x x
China Korea China Korea 13 H 10 15 20 25 30
Predicted Predicted PC1(62.9%)
Train accuracy : 86.5% Test accuracy : 87.7%

) 1 A Figure 4. PCA plot displaying the first two principal
Figure 3. The confusion matrices of train and test samples components extracted from the train and test samples of
for PCA-LDA model. Korean and Chinese white porcelain.



value = [113, 47:
class = KOREA [ KOREA
True False == CHINA

Cu<= 28098 Cu<= 6.065
value = [13, 351] value = [100, 122]
class = KOREA class = KOREA

Rb <= 3886
value = [10, 351]
class = KOREA

Nd <= 56678
value = [18, 79]
class = KOREA

Cu<=11.82
class = KOREA

Rb <= 113.028
value = [23, 37]
class = KOREA

Yb<=3.34
value = [15, 37)
class = KOREA

value = [0, 31]
class = KOREA

Rb<=316
value =[3, 43]
class = KOREA
value = [0. 43

cass = KOREA | dats = Ein

value = [0, 261]

value = [0,1]
class = KOREA

class = KOREA

e e R

Dy<=7.65
value = [7, 78]
class = KOREA

Rb <= 418435
value = [6, 21]
class = KOREA

el

value = [1, 57]
class = KOREA

Ng<= 18515
denr i
Value = [0, 1]
class = KOREA

Figure 5. Visualization of DT classification results for Korean and Chinese white porcelain training data.

Y <= 42407
value =[1, 26]
class = KOREA

value = [6. 0]
class = CHINA

value = [0, 21]
class = KOREA

value = [0, 56]
class = KOREA

Yb<=3512
value =1, 11]
class = KOREA

=

Value = [0, 11]
class = KOREA

value=[0.26] | [IValde=[i
class = KOREA \.4..=Sm‘q’l\|

oF AY Als(gini index) & A4 A7t A= G0 ol 2 S Tl WA A 5 2
(Breiman, 1984), 2|t} Zlo](max depth):= 3°]4 15 Afo]= o, & dlolE e et HFA ERlA= AY Al
ddstde o 100] 7HE Agsiith AY Aes k= 002 B3 glo] 5867 Al ET oSl kATt
o 2L ST ST 2eEE Haele WA (Figure 6). H|AE gjo]g] 9] Ao, F=4t 1749} gh=r
0% kEE LT Zol(depth)y= 2| AR A A a7fel digt LEFVE BASIAARE Blag &2
10719 AES T8 = S22 WAE FEd) E 96.6%2] o5 H&=E Itk

A5 SRl A WA =E= B4 F YbE V|EoR

L60SE AIGEeZ ARgste] HlolHE ZdsHrt 3.3. KNN 2t
(Figure 5). o5 3l 11374} =7 Wz} wlolg) F 13715

A 9|3t LE ©lolE|7} Yb 1.605 o]Ate & HAE QI 13 KNN 2 2of A= 35E] 107}4] 0]2(neighbor) 2] 74>
o] Wzt glolg & 8§ AYA(SMmE)) A AALE Bl I S e e B AP S R
WAAAE, AAGE o1 T 7HAE BYx At 9 34 o 7P =& oS A= 2Askelnh ool wht

2 E3F wo} EAHolg} 3l7]= o]# YUt & M mT S Tt S Agstion, T dak 1 HlolEddA
L QuE B2 71Z202 B85t R AR bs) = 96.6%, HIAE dloEllA= =it S 242t skt

EPHoR, ohE wrof AR gL v oy i MES Swi otof 98.6%2] C5 Astng dskart

o Y&u} 02 A7 oA ==9] Cu Zro] Zkzt (Figure 7).

goldt #A1 9] AAIGE 7l Ae BT 4 Sl

Train Test Train Test

© © © ©

= = = =
i 0 _8 _8 _3 !
: e
5} s} k] o
< n < © < © < ]

g 0 2 g 2 1

2 2 ] S

China Korea China Korea China Korea China Korea
Predicted Predicted Predicted Predicted
Train accuracy : 100.0% Test accuracy : 96.6% Train accuracy : 96.6% Test accuracy : 98.6%

Figure 6. The confusion matrices of train and test samples Figure 7. The confusion matrices of train and test samples

for DT model. for KNN model.
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3.4. SVM 2 B4 94 %l Yb, Rb, Cu 5 H5ol 24 7lojshe
yh, Sm BRO| ASEA T S & 4 9k o
SVM mdle] HASES S15tof e = B4 A0 Al w2 E Hlolelrt 2718 B skl o]l

FTE 7|EC0 2 C= 05E 10007F4], Gamma:= 0.000001
2E 007H)E Adsen], Ade 48 Aus
Radial Basis Function (RBF) #d& Ao 2 &} chPatle
and Chouhan, 2013). 7 A%} RBF A1} C = 100, Gamma
= 000001 7% 0} 73 S5t S weleh o 2
o2 sty A E2 HolelolAl 96.8%2] ol Hetw

BE, 7ot ¥EE 4ol gk

SHAP 24 27}, KNNZ} SVM& 55 3404 107}
A B4 F RbE 7ME 051 28T A0 ettt
(Figure 10). DT o] A= Rbe] F27} 571 B71Ei]

_ > = N CHINA
£ o0, HAE folgoAs g 4E T A & KOREA
BRE oE HBE 9% Y £ SAF Wt I —

(Figure §). La
ey
35 54 52= 24 Z7 Cu -
Eu [N
Y
MDIS o} §3] DT &30l A48 54j2] FAEE 3 .
7}5F i th(Figure 9). 4 AT}, Yb, Rb, Cu, Nd, La, Eu, sm N
Y, Ce, Dy, Sm =02 54 SR &7} etk A 24 Dy M
Rb [
Train Test 0.00 0.05 0.10 0.15 0.20
(a)
g g
=y 99 14 £ 0 Rb
S El Y
g g oy
< 5 468 s 1 cu I
* * Nd [l
China Korea China Korea La [l
Predicted Predicted Dy |
Train accuracy : 96.8% Test accuracy : 99.3% Sm ||
Yb
Figure 8. The confusion matrices of train and test samples Eu

for SVM model.

000 005 010 015 020 0.25

(b)
Rb
Y
La I
Yy I
o cu I
5 Nd [
@ Eu4 0.027 Yo B
vy 0.011 sm il
ce{ 0.010 Dy il
oy { 0.008 =
sm 40.000 0.00 0.05 0.10 0.15 0.20 0.25 0.30

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
Feature Importance(%)

(c)

Figure 10. SHAP values of Korean and Chinese white
Figure 9. MDI values of the DT model for Korean and porcelain classification. (a) PCA-LDA, (b) KNN, (c)
Chinese white porcelain classification. SVM.



16, PCA-LDAC A= Rb 54 2827k 7MW 24
wgick. ol PCALDAY] o2 Aol the mle] ]
A2 02 v ek 919 el 4 9lek ol e
3 23S Bl B0 229 WA HES o gstol

Q02 A8 TP ANT S Atk RbS E47]
of Ak dlolA Fadt 4v F shuE 28Ht
(Wilke, 2016; Fischer and Hsieh, 2017b). of|& &4, HEY
Ak o) ste] FRAF EA717 2 Rb TS S
Aoz ¥ QTKSimsek ef al, 2015). Thik, Z2AF =
A7) ol A = okeFe] kol 7t qlof i Haxo) o
OO R = AR E A e 4~ gloE 2 (Yap, 1987; Zhao
et al, 2013), ANA HES| that 1evh @ asil.
E3h DT, KNN, SVMO|| A= Sm, Eu, Dy7} th& S0
wja) AR o HA Bl of2 e} ke 2

Zre] BEHA P mech

ICP &4 tlo|g & &3 mAleld a9 2 7Hs7
S GASESIT) ElojEl EA4 ol Cu, Rb, Y, La, Ce, Nd,
Sm, Eu, Dy, Yb & & 107] ¥49] gigo] T-E=9ick
= Wil 592719} F= Wil 140702 F 732719 HolE
7h AREIQIE el Ag A 7)E FAA 7o AL
254 PCA-LDAE FAE 872 2432 1] 87.7%2)
o & s HYlrk DT i zlo] 1004 2E &-
dlol8 o] f5roll 45stlon, BlAE dlo|elof tjsAf
= 96.6%9] o5 HE=E Hch KNNE o] 9] =5
302 AAYPS ol 98.6%2 o5 He s, SVME RBF
A 7 C = 100, Gamma = 0.00001 2 AL u
SEF 3210’ 993%0] 7MY =& oS AREE HY
th. MDI®} SHAP valueE 53ff &0l AH8H 49 &
Q&S F7HHS o, dSgo] thE mdof uls] W
PCA-LDAES A 9J3t & maleld HdofA Rb7F 38
gt aag AREIL IGIct ¥HH Sm, Bu, Dyi= W2 E4
FTREE Btk DT 1 724 v g 29k B33
WS Aeohs 58E %
dloje He& 7|Hre &
Egg ggoto] Y T4

—a=

>
rlr
ox
olr
©
)
gl“
i)
4
¥0,
£
8 lo
>
—
S
S
= X
=1
Y
AL
rlo
2

I
0

K

K

A
=]
oft
Hi
[l
ofm
1=
Ral
To
0=
>
Hi
N
re
E
re
-
—
e
2
rlo

, CHE | 109

s
£
=
[
)
ol
H
e
1o
oX
o
rlo
)
oft
10
é
o

A, BE Sehse] A4 Ui b BF
Ae 5 9 Ao g

# AT AT T ST WA ICP 4] Holel]
SVM3 2 il Aled Bee Bgsto] U HAES

nEEY EAA AT B A5 BT 5
AL ek olefdt #AL £ dlojele] thopyat
Eo] ZQlsknl, F7bl dlolg 2L Fal chop

ol [e)

= T
HB3 25 wdo] o] shsstelet /g B4,
ICPE o} 3 B HAL %o Rotms ATshe
A& A7 Bastchs o4 o] vt o

¢

=

B L -

ahajolets WS ZHITh 53] 7H 9l 24719 4
S ofeig o] A457] ol weba 2 Tl %
5 a4l AR A glolE vt AEY 4 9
L3RI 55U 2% AUE BE dolg o) vlalay
w9 A% 7

T, BT 5 AE o)
A YolE S FEII vl ATFHORM, HE w4
35t 24 Hjo|g] ojrfo]no] 7]ojRirk ejolg 72
o gro@ v We BA doleo] Z4u g vlilely
o] QA7 B} o] ol ek, B4 Hool 4
Za% oBe & Ao R,



110 | 2ZE2IE3|X] Vol.40, No.2, 2024

REFERENCES

Abu Alfeilat, H.A., Hassanat, A.B., Lasassmeh, O.,
Tarawneh, A.S., Alhasanat, M.B., Eyal Salman, H.S. and
Prasath, V.S., 2019, Effects of Distance Measure Choice
on K-Nearest Neighbor Classifier Performance - A
Review. Big Data, 7(4), 221-248.

Ahn, S.Y. and Hwang, H.S., 2013, Study of Material
Characteristics by a Componential Analysis on the
Whiteware from the Kiln of Chiljeonri, Bangsan-myeon,
Yanggu-gun. Journal of Conservation Science, 29(3),
261-2717.

Anglisano, A., Casas, L., Anglisano, M. and Queralt, 1.,
2020, Application of Supervised Machine — Learning
Methods for Attesting Provenance in Catalan Traditional
Pottery Industry. Minerals, 10(1), 8.

Bartle, E.K. and Watling, RJ., 2007, Provenance
determination of oriental porcelain using laser ablation-
inductively coupled plasma-mass spectrometry (LA-ICP-
MS). Journal of Forensic Sciences, 52(2), 341-348.

Breiman, L., 1984, Classification and Regression Trees (1st
ed.). Routledge, New York, 368.

Bzdok, D., Altman, N. and Krzywinski, M, 2018, Statistics
versus Machine Learning. Nature Methods, 15, 233-234.

Charbuty, B. and Abdulazeez, A., 2021, Classification based
on decision tree algorithm for machine learning. Journal
of Applied Science and Technology Trends, 2(1), 20-28.

Chen, T., Jing, Z. and He, N., 1999, Provenance studies of
the earliest Chinese protoporcelain using instrumental
neutron activation analysis. Journal of Archaeological
Science, 26(8), 1003-1015.

Choi, K., 2001, Kiln site of Bangsan-dong : report on
archeological excavation of Celadon & Koryo white
porcelain kiln site at Bangsan-dong, Siheung-si,
Kyonggi-do. Haegang Ceramics Museum, Gyeonggi-do,
343-381.

Cortes, C. and Vapnik, V., 1995, Support-vector networks.
Machine Learning, 20, 273-297.

Dias, M.L,, Prudéncio, M.L., De Matos, M.P. and Rodrigues,
A.L., 2013, Tracing the origin of blue and white Chinese
Porcelain ordered for the Portuguese market during the
Ming dynasty using INAA. Journal of Archaeological
Science, 40(7), 3046-3057.

Fischer, C. and Hsieh, E., 2017, Export Chinese
blue-and-white porcelain: compositional analysis and
sourcing using non-invasive portable XRF and
reflectance spectroscopy. Journal of Archaeological
Science, 80, 14-26.

Gang, G.I, 2003, Whiteware from the Official Kiln of
Choseon Dynasty Period in Beoncheon-ri, Gwangju.

Journal of Conservation Science, 12(1), 1-14.
Gyeonggi Ceramic Museum, 2007, White Porcelain Kiln
Site In Hapan-ri, Gapyeong. Gyeonggi Ceramic Museum,
Gyeonggi-do, 260-286.
Gyeonggi Ceramic Museum, 2008, White Porcelain Kiln
Site No.18 in Sindae-ri, Gwangju. Gyeonggi Ceramic
Museum, Gyeonggi-do, 148-155.

Gyeonggi Ceramic Museum, 2009, Ceramic Culture.
Gyeonggi Ceramic Museum, Gyeonggi-do, 61-88, (in
Korean).

Gyeonggi Ceramic Museum, 2013, White porcelain kiln
sites no. 8 in Buncheon-ri and no. 2 in Sundong-ri,
Gwangju-si. Gyeonggi Ceramic Museum, Gyeonggi-do,
310-346.

Gyeonggi Provincial Museum, 2008, Analytical Report of
the Royal Kiln Complex at Gwangju in Gyeonggi
Province. Gyeonggi Ceramic Museum, Gyeonggi-do,
16-277.

Han, M.S., 2006, Scientific provenance study for Goryeo
celadon excavated from seabed. Ph.D. thesis, ChungAng
University, Seoul, 49-52.

Kang, H.T., Lee, C. and Jae, W.M., 1989, A Study on the
Classification of Korean Procelainshards by Neutron
Activation Analysis. Bulletin of Environmental Sciences,
10, 29-35.

Katsuki, H., Chang, K.H., Kang, M.-H., Lee, W.J., Lee, J.H,,
Kim, U.S., Han, K.S., Kim, J.H., Cho, W.S. and Hwang,
K.T., 2019, Comparative study on old white porcelains
produced in Gwangju(Korea) and Arita(Japan) in the
15th to 19th centuries. Journal of Archaeological
Science: Reports, 27, 101927.

Laaksonen, J. and Oja, E., 1996, Classification with learning
k-nearest neighbors. In Proceedings of International
Conference on Neural Networks(ICNN’96), Washington,
June 3-6, 3, 1480-1483.

Lee, B.H. and So, M.G., 2014, A Study on Chemical
Composition and Firing Temperature of White Wares
from the Guyre2ri Kiln Sites, Wonju. Journal of
Conservation Science, 30(3), 249-261.

Lee, B.H. and So, M.G., 2015, Material Characteristics of
White Wares from Yeongdong Province, Gangwon-do -
Gangneung and Donghae Kiln Sites. Journal of
Conservation Science, 31(3), 181-192.

Lee, B.H., 2020, A Study on the Relationships between
White Wares and Raw Materials Excavated at
Goseong-ri Kiln Site in Chuncheon, Yeongseo Province,
Gangwon-do. Journal of Conservation Science, 36(3),
152-161.

Lerman, P.M., 1980, Fitting Segmented Regression Models
by Grid Search. Applied Statistics, 29(1), 77.



jor
0f0
ok
rol
n
il
oft
H
Rl
ofm
=
A
To
0z
>
i
N
re
i
5]
-
-
e

Li, B.P., Greig, A., Zhao, J.X., Collerson, K.D., Quan, K.S.,
Meng, Y.H. and Ma, Z.L., 2005, ICP-MS trace element
analysis of Song dynasty porcelains from Ding, Jiexiu
and Guantai kilns, north China. Journal of
Archaeological Science, 32(2), 251-259.

Li, B.P., Zhao, J.X., Collerson, K.D. and Greig, A., 2003,
Application of ICP-MS trace element analysis in study
of ancient Chinese ceramics. Chinese Science Bulletin,
48, 1219-1224.

Li, Z., Doherty, C. and Hein, A., 2021, Rediscovering the
largest kiln site in the middle Yangtze River Valley —
Insights into Qingbai and grey-greenish ware production
at Husi kiln site based on bulk chemical analysis.
Archaeological and Anthropological Sciences, 13, 218.

Lundberg, S.M. and Lee, S.I., 2017, A unified approach to
interpreting model predictions. Advances in Neural
Information Processing Systems, 30, 4765-4774.

Ma, H., Zhu, J., Henderson, J. and Li, N., 2012, Provenance
of Zhangzhou export blue-and-white and its clay source.
Journal of Archaeological Science, 39(5), 1218-1226.

Maione, C., Barbosa Jr, F. and Barbosa, R.M., 2019,
Predicting the botanical and geographical origin of honey
with multivariate data analysis and machine learning
techniques — A review. Computers and Electronics in
Agriculture, 157, 436-446.

Nembrini, S., Konig, LR. and Wright, M.N., 2018, The
revival of the Gini importance? Bioinformatics, 34(21),
3711-3718.

Niziolek, L.C., 2015, A compositional study of a selection
of Song Dynasty Chinese ceramics from the Java Sea
Shipwreck — Results from LA-ICP-MS analysis. Journal
of Indo-Pacific Archaeology, 35, 48-66.

Pal, M. and Mather, P.M., 2003, An assessment of the
effectiveness of decision tree methods for land cover
classification. Remote Sensing of Environment, 86(4),
554-565.

Park, H.S., 2002, Report on the Excavation of Gatjom-gol
Jeonggak-ri site, Puyo. Chungcheong Institute of Cultural
Heritage, Chungcheongnam-do, 159-178, (in Korean).

Patle, A. and Chouhan, D.S., 2013, SVM kernel functions
for classification. In 2013 International Conference on
Advances in Technology and Engineering (ICATE),
Mumbai, January 23-25, 1-9.

Pedregosa, F., Varoquaux, G., Gramfort, A., Michel, V.,
Thirion, B., Grisel, O., Blondel, M., Prettenhofer, P.,
Weiss, R., Dubourg, V., Vanderplas, J., Passos, A.,
Cournapeau, D., Brucher, M., Perrot, M. and Duchesnay,
E., 2011, Scikit-learn — Machine Learning in Python.
Journal of Machine Learning Research, 12, 2825-2830.

Raju, V.G., Lakshmi, K.P., Jain, V.M., Kalidindi, A. and

Padma, V., 2020, Study the influence of
normalization/transformation process on the accuracy of
supervised classification. In 2020 Third International
Conference on Smart Systems and Inventive Technology
(ICSSIT), Tirunelveli, August 20-22, 729-735.
Ruschioni, G., Malchiodi, D., Zanaboni, A.M. and
Bonizzoni, L., 2023, Supervised learning algorithms as
a tool for archaeology - Classification of ceramic
samples described by chemical element concentrations.
Journal of Archaeological Science: Reports, 49, 103995.

Ryu, J.M., 2004, A Study on Guidance of Understanding
about Chosun White Porcelain. Journal of Art Education,
15, 33-57, (in Korean).

Seoul Museum of History, 2006, The Kiln Sites and
Ceramic of Seoul. 250-277.

Simsek, G., Colomban, P., Wong, S., Zhao, B., Rougeulle,
A. and Liem, N.Q., 2015, Toward a fast non-destructive
identification of pottery — The sourcing of 14th-16th
century Vietnamese and Chinese ceramic shards. Journal
of Cultural Heritage, 16(2), 159-172.

Sun, H., Liu, M,, Li, L., Yan, L., Zhou, Y. and Feng, X.,
2020, A new classification method of ancient Chinese
ceramics based on machine learning and component
analysis. Ceramics International, 46(6), 8104-8110.

Tharwat, A., 2016, Principal component analysis-a tutorial.
International Journal of Applied Pattern Recognition,
3(3), 197-240.

Trindade, M.J., Dias, M.I., Rocha, F., Prudéncio, M.I. and
Coroado, J., 2011, Bromine volatilization during firing
of calcareous and non-calcareous clays — Archacometric
implications. Applied Clay Science, 53, 489-499.

Tripati, S., Parthiban, G., Pattan, JN. and Menezes, A.,
2017, Chemical composition and provenance of Chinese
porcelain shards recovered from Old Goa, west coast of
India. Journal of Archaeological Science: Reports, 14,
467-478.

Wang, M., Zhu, T.Q., Zhang, W.X., Mai, D.A. and Huang,
J.B., 2020, Provenance of Qingbai wares from Shabian
kiln archaeological site in the Northern Song
dynasty(960-1127 ce) using XRF and LA-ICP-MS.
Archaeometry, 62(3), 538-549.

Wilke, D., Rauch, D. and Rauch, P., 2016, Is
Non-destructive Provenancing of Pottery Possible With
Just a Few Discriminative Trace Elements?. STAR:
Science & Technology of Archaeological Research, 2(2),
141-158.

Xu, W., Yang, Z., Chen, L., Cui, J., Dussubieux, L. and
Wang, W., 2021, Compositional analysis below the
production region level — A case study of porcelain
production at Dehua, Fujian, China. Journal of
Archaeological Science, 135, 105481.



112 | 2Z=3I515(X| Vol.40, No.2, 2024

Yap, C. T., 1987. Non-destructive Spectrometric Determination geographical origin. Journal of Cereal Science, 57(3),
of Trace Element Concentration of Rubidium, Strontium, 391-397.
Yttrium Zirconium and Niobium in Ceramics. Zeitschrift Zhu, T., Wang, C., Li, Y., Mao, Z., Chen, J., Hou, D.,
fur Naturforschung A, 42(11), 1253-1256. Wang, L. and Chen, L., 2006, Research on the
Zhao, H., Guo, B.,, Wei, Y. and Zhang, B., 2013, Characteristics of Chemical Elements in Chinese Ancient
Multi-element composition of wheat grain and Bluish-white Porcelains from Different Kilns. Rock and
provenance soil and their potentialities as fingerprints of Mineral Analysis, 25(2), 114-118. (in Chinese)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


