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B, #Rf A #dE (compositional data) {4387 I 38 £l 15 422 [ A HIRT & Bit
MRS a e 3 & k. FF HLAl BB 8 B mde, o, GRS EaREE. XT
VL EFEGE Tk Bl 17 o vhobad B 2§ (Centered logratio transformation,
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S R B0 5 — WAL Y R R R R S TR B R, T £ 5 el A
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B2, ASOW LA SR EERT T AERY CLR b E S, A ARSI M aY
fECHRIR T AL AR FEE, ASCREFRR T Anfal e R SRR S AR I
Ei e i, SRR SR RBECERA AW X —B RS, B, B
THAREREAEA R, A0 A R S TRt ag A, WA A R Ay =]
WEEEA SR L. DL A ST B .
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2o 452 B Rt AP O SO AT ORI, L P e R L B 5 T S DA . B
R R, FEAENAR T E LR (Si02). BT AR,
RT FEARERCRE | (ERRHI A = ain B . A fCnd Al A% BRI RO . AR
AR A5, FHEmaRAMEMEN, ORABREIEH IS (Ca0). B
ImE BRI, AR A B A

R, OB R B S BT ARG Rk MU . E Rl B, TR SR
FIEITACR e, PEOALS IR AR, AT i G B IE W R
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MEEREFR R, A dRte AR, Bt H 85 Shefi B R B, Hik
PR E R R, A E A TR A
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R, HROCWRE R, RIECAAL SR A SRS TN IR A s B . R, AE
CLET AR, O — RSl RAL AT a0 i At (49 5 30tn) , LAt
PR L A R MRS A . X SR CA B, RITTCEER a0
DA A S e o B i 8 ) LA T i A B . DA e P R, ek
TSI B .

B, AR Al R AN ] 2 R R AL S s A i b, GF
St MEEE Y. FRGE RS TR T A A TR A A 4 BT -

2.3 [ g b

e B L ELRRTE TR SO A A A 45 I SO A S IRER, SRR SR Bl
PR, o FLV VE R85 A R AR R 41 8 A0 Ot ook AL, s S It i 7 0 0 i 2 A 2 S 35 885
Wi o FEES AL .

RS L, wE, SOEEERI A5, TR E R dFEEARA, EEE
SRACUTI , AR B| TN AR R E T, PR B O A AR A R S e S A
H, FERoIERENFINRENOERE, RIS

2. 4 (] {5 = 4y By

e = A U B PR Tl — 2l AR - B AR R R e B R . A
FREREICH, RIS 5E IR AL BTN G, W BB PR R T RE B e, 4
RESR T RE.
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= Hdk Ak

B4 4 (compositional data) J2—JSR5RRAGECIE. L OMIE(E, H2 805,
Bt 2 R00T, BRI RMAR A 1. B4k, a3 B AT REEREH (scale
invariance), [ ICRUL 2 A5 TE Bk MR b zrb (08 5k s Lo g st K
DRARSE. WS, ORI AR A . AR, R A SRS AL
HEIE AR

Hab EFER, AEGE R, BTN E . AR L
$I LA 4 (Centered logratio transformation, CLR) # /% F .

3.1 MHER A & SR nle sy Bl

FEEP LB FF RS L B AMA T 5% F1 105% 2 (8] A0SR MR . B
SHE R PR N L R Y B

3.2 BRI Ay kg

P PIRE], AR PRIy R AENERE AT . ST REIRE, Bk
g — M 0.04 B3, ISP (RO e g Ay i :

H—, #RSCEER, iorsiiayit s (BE(0) 8 A 7T 68 dh b i) {0 i A
SR AT Ay 0.01% AR LA . BTEEFR A IURE T Al W AR A S
AAy . SEeARdRdE, BB LR AR ME R 0.04%, Ak 0.04% H{EERY
BRI .

H=, FERS SR O e ey, KRB (. T O R A
RH. InfAHEL, PSR EMBEM ARSI R S,

3.3 BBt B e i (CLR)
TR 2 = 71,22, 2] € SP, @ X:

_ X n £Ia D _
clr{x) = [In gm{i}fl gml:”....,lrl = 05) € (3.1
Hr g, (x) BEJLfF2, Bf:
] 1 T
=P T =exp| = Inx
T=-oe(55%)
X clr(z) #4-BEHE T ] B oz 305 Wl 508
£ =In i =Inz; — Ingg(x |nﬂ:1——Zlnn. (3.2)

Gm(X)



3.3.1 CLR E40 ¢ O Pfg

Mo(3.1) AETRUE . CLR B IR ba A 08 I 7 A0k & s Kb, o
B Y iR ML L A R S, BRI RS Al

S50 Rw —: [30,30,40] Sdn—: [30, 10, 60] Py el s SR CLR 540, 254
4r3124 [-0.10,-0.10,0.19] 5 [0.13, —0.96,0.82]. AILA% B, PigkEdRAHE—ToRE
Pl 30, EEH T A AR, Fibgsd CLR i Ea o RIEHRRE . M
FEE AT LR, Bl e & A0 s R R AT R

M(3.2) FATREH, CLR B8 N Bl o 8Os g T Ofe e f (B CLR /)
frd i), HORURT LR Do 2 Bl ™ A el i, 1 B2E e CLR 3SRk 4
5 0 AR R B TR AR R R TP R T T .

3.3.2CLR i K%

CLR 948 i BT h — R e el i - Pl EdEm R A=l (B Ldrabasn ) &
AR R A ARG A ], CLR e D & ok 8di R4 2218 B D 4E[RT
ez [H] P D-1 SRR T ey S .

FF AL (A — SR AP M S BLTEPE A 1 vp. SRk, Ay e e
H—FRINEFE, ARMEEAE. W 8dBe Ot REE, M1 CLR 508 T X R A3
BREC=E [l At e e, (iR AT AT LA BB AR == ] P A= F O ke 4k B CLR
G, EEUE U R A ) G AR E P AR R . B FR R, B
da(*y ) Itlla s Goe)e WAL RS PAGRERS . B, MBAE. WF 2,20 € SP LIRS
% o, 4, CLR M4 I FEER:

(alelr(o @ x; &8 ©xz) =a-clr(x) + 8- clr(xa)

(0) (x1, %2}, = (elr(x;),clr (x2)) ;

() %], = [lelr(x1)]|, da(xi,x2)=d(clr(x;),clr(x2)).

e (a) (B WA SECRAEER, mtEE (b), (c) Bl CLR A%
Afi, i CLR 254 G ay i b L R m ey il 8diE (BLaacaf) . B
BT AN #RfERE A -

exp (&) ;
= e far4=1.....D
TRl | expln)

Zr LRrE, JRATH EAREARE CLR b3, P4 ab 80 S fER R 2208 24 i ) i
TS AB. $1 % CLR JCF SR A ar Bt R ILRR T 0 Wk o R 5 B sl
MWBEE, B RES TR IR TR, S, ELENZ], I
grifr. IR CLR G S 2 A — A AL A 414 . B st



VU, RSB R 3T 5 R A

4.1 Beh e AL S LR L iR (i L A

BERBF TS WA, B A s | U E (R B R, S5 LS AU &
FARA AR, . BEWETIRER, FFRIEIERIY I B SEC M B Tk
SEPEAGHRER Fisher FiBRTEREE (/MEA).

FHRLE: 3T rec MPERFE, FILEBREARYRT 40 BRI HEIEAEAT
T 5 AR,

Hoipi=p-ps5 t=1,..,ni=1,..,c

LA

i ii (nsj — npyy Jz‘

i=1 j=1 nijij
TERBSE Ho sl EsOREREM B BB (r — 1)(c — 1) 89 2® 4. P& b BAE
Ho BOE FRA2IHY py BB RS, HEAA0h
- o Ry g
Py =8 Py=—2rm
MEEMEFKT o, RBEIERESY W = [ = x] (- = (e - 1))}
A R 5 K ORI R AR, RN Fisher BTHSE. bl 2x2 Jehs i
FRERT b S A Ao 2 LA 51 -
s fiag
it ney —t

Pt =P =1) = - LAl T
n
(“H)

BAAIIR ngd A9 R T ry . SRR, ml BUE T HME= BT 8L
TR, AT 2x2 Bk, MUMESNTRERZS =1, 88 Ho:0=1, P {nTLA
FoRAE - EILO R R i, B H, 0 > 1. WTFEEM R, ml
AR A AT R AR S A e R, KR S L AT WY B S M,

MASr R RS (WTFRER 1), SERFEAKT «=0.05, FHATEHS5 R
fe. BAaSMrBIRRE, DRGRabEgREER, REICHE G, S
BRENA BEEHE, FEEWAR. MRg2Es s e Rk, pExEMb,
HRERERREARERLE, PR SREE R KB, FERHMIEH 5t
AL F A, TRMEE R B R A A LTI SRR A R A, P

I, B FRAEARIMAAE, S SChyRein AT 0 RAEAIAL 2 B & R 55
R, FRRIERC AR AR, PR Ay fer il A it
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1 FmWAeG . AN, SR RS (a=0.05)

e WAk ‘
i A Bit REsnrd pli
TR Ak
A 11 11 22
Fisher
grfth B 6 0 6 0.0836
e
C 17 13 30
it 34 24 58
i 6 12 W
A FHERE 0.0195
e 28 12 40
&it 34 24 S8
m 2 ] 2
[ 9 6 15
&g 0 1 1
He i 12 8 20 Fisher
i fo, 0.616
P 1 2 3 R
ey 0 2 2
RER 4 3 7
¥ 2 2 4
&it 30 24 54

4.2 PR B IR AL (e Enk s S BLTR

4.2.1 filigtESe

MTFETLIEIE S, T8, SprecnE B e s, S al S e i
sra R SRR FEIA ST B, B, o R G R AT Y S e
(Na20) it SRR B  Rios, TP HoREREARE, &
P SRR & I E TR SR PR AL S e B R S S (T

), WAl BAIR.



el B
el Ll Y il
iy 1
o i

G ey 1HER,

T T PR

P 1 AWl BB RD S TE WA I 75 T i a5 W RE P

4.2.2 FDMBORE: HU LIRS, RGP 5 R a5

A BT S 0 e 1 T S T 0 DR Y o A - T S L TR AY
TAE. feseiinr &R DR FWME, 3G R R B 1%y e 300 2 iy HfRAE
o, HiBEVA R IR TESER, Rl eh e s FEL.

ARG P bR, SRS L, R T S A 0 S T I AL
RS et . B, TECENAIERSE D, DAL e Uk T S5 Al o ol
(49 43 30¥y ). LA SR LRI SO RO e A R KRR S FAOSE . XSS
Wy JRATTICIE R0 K~ DaUP 1 00 0 20 Bl & 137 59 55 IALPRE i 00 4 S, PRI o
(10 AT R b8 (01 B £ A ] B AR

BT EEE, JEIATF o Bk b me . a5 )AL ) 5 25 o fA 5 S
Almean (CHAFFE 2 20 ) . el BUOE G 040 I _E R FL22 A0 b i M 32 0 06 LAk vl v e
rRFIA

l-r:|.1:rr.rr.l'-' + "j"‘grrr:mn ——e &prrr.'r.l'in:'f

JEHP Eeroae R RAEIERIRIAHRL T B, Gt RETAI JS RO SCHE

X FER Y BRI b AT

(1) A8 5 AR AN [ S 20 55 B 4 il A A [ @50

(2) TEms R AR RAYEER R R IIE- 3B X RRYWSL T, Bk A
Sl S T 0T R R T (R 22

(3) FehrBIR] T WAL T Seamii (=

(4) FURE AR A, AR

(5) A5 WAL SR TR



2 AP MBI WAL RS 75 Te Ve na H & Rk

il WA =il &L

Az EE (Si02) 3.13 4.168 5.886 4.43
M ALHY (Na20) -2.643 -1.104 -1.876 -1.945
HALH (K20) -2.449 -1.81 0.12 2.043
S AL (Ca0) 0.712 -0.118 1.034 1.172
SALEE (MeO) -1.314 -0.976 -0.9% -0.171
SALER (A1203) 0.841 1.483 1.893 2.04
AL EE (Fe203) -1.416 -1.434 -0.016 0.185
SLLH (CuO) 0.146 -0.224 1.639 0.654
AL H (PHO) 3.763 3.22 -1.876 -1.576
SALEN (BaO) 1.78 2.216 -1.876 -1.76
AL B (P205) 0,957 1.1 -0.197 0.019
SUALER (SrO) -1.093 -1.489 -1.876 -2.668
4L (SO2) -2.412 -2.831 -1.876 -2.423

4§ B CLR Bife wminin Bdnla . mMas e

B PR BRI Y SRR
5.1 S BRI

AT R R a1 e T R A i R T, 2R R B B F ISR R
ESiDhb

1. S0 A ML AL A A i

2 AL kel (Na20). AL (Ca0). Lt (MgO). ik (A1203), &
{8k (Fe203)°

A R A, B A A R RS R ST RN, M EiiE, AR R R AR
ErrRAgERTHEER, ZHRSHESNERES, AErHaRSHE RS2 ESR8 00 FHUREE—- T3 EAREE
RALaspig T bR g, kT BT ERNE, SR CRREPMIMLL RN S

Fd - R RN, M. . SRR, SaEEndNEYERTEER PO sk E. ERE
F Ry, PR Sk, MHEEE; FEEaNETRARET, TR, REnE-TEERERT e, Z
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2 59.02 0A3 | 134 | 069 | 11 | 733 | 113 | 002 | 1858 | oud 0.31 g 0.02
_ 8 | 4333 | DA4 | 006 | o8 | 00k | LB | 000 | S | 3235 | 3579 08 | 018 126
o8P fER| 1349 | D9 | 008 | 144 | 006 | 218 | 004 | 225 | 1955 | 491 1 037 | 1025
L ) 6525 | o013 | 027 | L05 | 068 | 331 | O0F | B4 | 1006 | 1555 | 083 | 017 | 002
19 B3B8 | 014 | DD6 | 058 | D&3 | 517 | 1 | 185 | 19 | 632 | 086 0.1 0.02
¥ | 4153 | Do | 006 | O0MF | oo | 08 | 003 | 54F | 1276 | 3708 | 08 0.23 0,96
wFEREE | 1035 08 | 075 | 129 | Doe | 22 | oos | 245 | 1708 | 4 0.76 a1 1034
M 6151 | 0 | 032 | 023 | 004 | 206 | 031 | O | 1611 | 1035 | 000 01 | 00@
E 667 618 016 [y [T 1EL 019 0FE | 1444 10 .01 009 0.00
1] 62,42 43 2,05 .2 1) 336 -5 L] o | 1045 | 02 0.04 81 o0
n 5983 | DA | 006 | 039 | 005 | 077 | o3 | 049 | 2867 | 903 0.12 033 0.02
% | 4550 | DAR | 007 | OEL | 008 | 084 | 08 | 003 | 4030 | 10032 o 045 0.03
4L 4765 | 037 | o7e | 1s8 | 35 | S78 | 161 | oz | 2345 | 13k 0.87 0.25 0.02
4388671 37.24 | 02 | 008 | 243 | 133 [ 45 [ o | 383 | 3698 | 1199 0.01 o045 | 003
A3fBi2 S60% | DAY | 007 | 359 | 134 | &O2 | 127 | 08T | daam | 469 153 629 | 0
4B 7308 | 1E | 039 | 08 LS | 1258 | 049 | o000 | 443 | 549 0.07 0.08 0.0
13 (1] 004 | ooe | 154 | 1%s | 7Es | 2oy | o037 | 1508 | 7 109 024 0.02
50 4754 | oa7 | 007 | 130 | 062 | 333 | 03 | 073 | 2400 | 2062 0.76 04z | opa
_ S1RBEn S621 | Das | oo | 136 | 138 | moe | pDos | 077 | 1893 | 10119 084 021 0.02
_ S1BBfE2 5034 | 008 | 007 | 22 2 468 | o041 | 051 | 2938 | oo L1 0.03 0.00
52 58.1 4.55% L0 073 (1173 178 [FNE] 035 | 2004 | 1088 0.58 24 002
54 5157 (L8 1] o5 118 L5 658 o3 048 | 2694 2.1 045 ka9 0.0z
SAEERES | 5103 | 02 | owa | 062 | 1é4 | 782 | 004 | 088 | 3858 | oor 141 68 | 603
[ 6 6,74 024 .05 o3 004 159 [=R: ] &4 7y | I 0,24 e.02 0.2
T 54.92 LT e 044 o 1a7 ool 06l | 20006 | 20.43 L] X o.02
S8 63,55 a4 LE ] pEE] 033 495 | 053 LE 168 | &TE O.RS 12 ooz

Pel 2 BB R LA 0 0 AL e 3 e 5 Pt

7 [ 7 [ea3 [oss [ am [ 03z [ 62 [075 [ a3 (o019 [oas [ 27 [oov | om
] 736 | 047 | 1341 236 | 03 | 508 | 13 | 192 | 018 | 015 140 | 006 | 008
10 782 | 012 [ 2041 | 078 [ 029 | 303 | 103 | 101 [ 047 | ol | 06 | 006 | o007
12 66.5 | 611 | 2104 | 252 | 627 [ 545 | 108 | 188 | 046 | 034 | 057 | 006 | o007
2 6141 | 011 | 1444 | 544 | a1 (156 122 | 059 [ 045 | 013 | o4 | 005 | oor
b3 7576 | 013 | 096 | 378 | a25 [1w009 [ oss | 202 [ 018 | 01e 157 | o006 | oo

Pel 3 5 P g DAL A B JAL e i e 2 Pt

5 AR AL A R AR, R T R A Bl S ROREE , AT s
T Logistic [1[I5. Logistic [AIINEIR 2 BLH B WAV LG, BT PEAR kvl 4. B
e, FERBCH T AECER IS, RATEEEAN (BaO) FMILET (PO) fiHis
PR . HPIBOR S S R A TE AR A S, RS AT
A AR R RIS R L (SVM).

5.2 S nEHL (SVM) 285y 8
5.2.1 SZFIR REHL (SVM) i

SCRFEIREL (SVM) 87 T 854 RS i N EELEER 2 |, DA e A A i 2D 5
W, HCBT R A TR AR R A AR A el SR ) R s
SR A AR T, AR ST IR AR B RO R PR
e, G T BRI fat ik o] B s ) AR B A RS (AR T, [RIB AT R b
RYIZALRE . il EUORISALI, B (B R AR AR A R R 37 4, SR e
205 5 R R RO

Il



FEGRE) 14 2 (14 Fpbgmisr), MEi4r2E B ARe A o v a0 5 R il memg X 4 2
TR I RO e PR S R N — P K WS, 4 el BT S e i HLTE
SR T FLAT ik e B A 4 {6

e ® 2

oo &

#.-

f!

5-..". # 4
s

P4 SVM siinp
5.2.2SVM Fhgilre

FAEEEES (X, 1), (Xa, Ya) . (X, Vo), Hop

ylx) = wh y{x) + b ap(x) (1)
Y.
Y AR,

yilao) = D<=y = +1 @)

y(x) <0<=>y=-1
H T LA,

iy (x:) >0 (3)

IR, o s BE A YR 2R AU RE B AT LA

st = Ui {u:T <af () + fr:]l @)

iﬂ'}l
BET G et/ BRI ) o i oA it , B M eR RN ¢

12



mT%wzﬂgﬂwawwd+b}El (5)

BohE, FRp RIS AN H FRAECRB HRR L, 2R ERTELR.

5.2.3SVM BB ks

A E YL P A T 2 M R
SR
K (gi.25) = :r?:rj (6)
LA BE L
K (2;,2;) = (valz; + b)* @

EiTEE s, NP radial BE

K (@ 2;) = oxp (7|2 — = 1°) ®)

Sigmoid
K (x;,2;) = tanh (y2T2; + b) (9)

5.2.4 SVM 4p4ask L mg

1 T F AR EL I P AL (BaO), SUALHY (PbO) FBLRT 4 ARSI 2%
PEA g, WATEE R LR AN SR R BER AL, 2l FaaR
B, AR EERAA

Eppo = —3.51€ga0 + 5.97 (10)
A, A B B A 2 AR R AT AR ¢
£puo + 3518pao — 597 > 0, BABT OB
Epso + 3518pa0 — 597 < 0, BABTF R

M ERHEATAR, FREMCLR AHENAR

(11)
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SYM S F i ——e . HEEAr JEE

* @

FiLEB:0)
g3

2 o
EiLi(PpO)

B S SVMa3E W, WU mm

5.3 BREBBIERE T
5.3.1 BB BRI

FEAERPRE. SOREEEEE, RNFHERIFE AR 25
e

FEIMRHFE #ES. FFL> HHHRR, FERARRERTERTH
.

JRURHEZ (Hierarchical clustering ) RRRFZEI—F, it EAFEIEELME
B R0 8 — A R R B IR, TR IR2EMR | R (R 2E 5 BY 5 R s e R B
RIEZE, WRITUER— TR .

5.3.2 RRHORERIR

« BJLEBRR: die,y) = /20, (5 — p)? RS REHAER".

» Ward fyfE-h 52 5k (Ward? s minimum variance method): #8880 2,
EHTHERT, §FEAR/NNERER .

» BENORYS: LElTRH AGNES (BEEEE). METM EMERXIE. §TUSEW
SICHRECER (M TF), EEEMNG RS, SR T ERAS i3
EAREE (R, BRNEE, HIE SRR 81K (root) BIA.
ERAT A F AR E.

‘ERMERFERSES NS, MEOPo R TS S,

14



5.3.3 2REERMIEA BRI E R

R E R n MREAETASE, HHSRIMNEK, GGy, Gy TRH kX,
G 2P PEE A SR ny P07, Gy BSRYTEGA X° 305, Gy 2SR950 i RESE X! R
(t=1,2,-+ k), WG, b RBETHRETY:

g

we=3" (X - T*)T (x4 -X7) (12)

i=1

Hob XEOX" S m ik, k AR08 RAET RN

W = Zﬁr =zz( ) (Yﬁ—f*) (13)

=1 i=1
L ¥ n PR B A28, R W=0;
2. MR ER AR A, R R R W R
3. A A E T AR — .
FIRPAEATEZIRHIMN AW fERRZ BT A IER, B Dp” = We— (W, + W)
F Gp W1 Gy Z AT IR, 0.

iy

ID
W= (X7 -X) (- =3 (¢ -7) (%p -7 FZEM 5 Ce-
i=1 i=1 =
I (14)
He, X' =1 (X" +n,X")
Dy =We = (Wp + W) = ";,1—"' ol Fr]T (X' -X") = r{ﬁiq (15)

B Gy M Gy 5770 G J5, G SHER Gi HIBERDR:

Y= n, (X,- ik ) (}"i' -X ) Ty +ﬂ_a_D-"k+ﬂ,.+n;,Dqk ﬂ,.-i—ﬂj_.DN £16)

5.3.4 BRI mER
o TR R S
MBERERZIAR, ERFEHMEESEIIEHE (height=7), 133 3 HHE

o BEH— 3 (Fifir1), 13, 14, 16
. B 1,3 iﬁﬁmz} 4, 5.6 (#Pr2). 2
o JEA=: 6 (Ffr1). 1

T HA S FEARE, O E T
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Cluster Dendrogram
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dist{data_K, method = "euclidean")
hclust (*, "ward.D2")
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U R

MERBBFER, TRAERNEESTERME (height=12), 82 1-E3#
o ARE—: 42 (FPAHF2). 33. 23. 29. 32. 47. 30. 25, 44. 45. 28, 53. 35. 31
o B3—: 49, 55, 20. 37. 42 (FB{ir1). 24. 30

ATEWREGEEE, SYESBENT:

A PAE BT EREE LS Na20) — o L FER T R B
o BER— T4y
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fERIER TR R, R YRS A RAITEE I RAN AR Rt T 2%,
#on S, TRERRA R AERFNRSE, SRR (AnSNEs+E
fe55), BEAMNTRAPHERITRERER, FlCHETHESEFERRE
HORBRARTERR A ESE; [, ERSELN, AHEHEHEA. REALESE
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Cluster Dendrogram

15

10

Height

e

Lot B P ]

dist{data_Ba, method = "euclidean")
hclust (*, "ward.D2")

3 Wil BRI AR R 25
5.4 SVM R4 TE%E

BFEVEERTAMEEY , RER RERPERPLE M. B TS
HENHRE S XMEE, BOITESRZHFARNIRDR.

FFR, EMRERRREPE S NS ERER, BIEEERRERER
B B R RYGTERRITH—F 0, SGRWMT:

E TS SERBEWRNT:
BE| T 25 HAFHEN T :

Exeg0 +2.106000 — 151 > 0, FEAINT 05 0T i
Saego +2106000 — 151 <0, FEAMT FAERATT

Enazo +0.108g00 —0.75 > 0, HERTREE R (18)
Enazo +0.108c00 —0.75 < 0, BEFERWFIHGHR
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3 @SR FFEIRREI T PR o AR R

0
FALEE (Mg0)  100.00%
(4% (CaD)  100.00%
& b8 (Na20)  100.00%
&ALSE (Ca0)  100.00%

0.05

100.00%

100.00%

100.00%

100.00%

0.1

100.00%

100.00%

100.00%

100.00%

0.2

100.00%
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95.92%

0.3

100.00%

94 .44 %

77.55%

91.84%

0.4

94.00%

83.33%

53.06%

75.51%

B4 CLR, M/E{RIESHERNTEIME, S "W rRmEioErx.

6.2 FARI
A% X ek
LR A5
a4
i%:] A2, A3, A4, A8
45 48 %
o 6
o 5 AR Al, A6, A7
i1z = ST Ry

0.5

88.85%

T7.78%

40.82%

61.22%

FEEEP, “Before” 3N AEE ML FAL BTA) BT S EEE. PIDLE
H, BT AS RS, Hh TRl srEBsEtEs, RERCPULER A2
A6, AT, BiTFEREFRHEN S S REIELE (BB T A B 2 bl a8
MM E RIS , WA SR8 s, B o U FOhN MALE R

L G s

XA AS, HEER— AP HAE R M, MayeEe ek LER
B, HEpoian SR/ AW SR S R R E TR, Hib, BYZEHRL NiLiE
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ETHENEREZR. T AS SZRIEEHIMRR TR RAATE, W38

FE AS 72 ALETR TH - T,
Gi ERE, =PI A SRR BhAY 2 B RARW], B KB T DA dot o M Tk
TR BRI MO S 4y, TFH AR R AR Ay R S v e

L. R AR 3 SR AR

7.1 LR AL S

ERAatrE (PCA) RUPIEMEEANREME (SVD) SRMMEIE, MTH
SRR, ORISR EREEE X BT R E AR = R

dr(X*y=U.D.-V* (19

« MR VETTTRAEE EOFIREED fROEERXEE, WAGTREE. |

e ERG BN LT BRELER —AREIE .
- $EPE D B—AffERE, He DAFRERERIFHR EiNuE s+

BIALIRAERTE LRI
o JEPE U BT RANE, FIFER N RAEREEREE, BAETR RIS

P4 U BT R BRI AL Eay R f A AT
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BRERS X PR r BRI, WA Rl R T LA A TSR R

r D
me=_di/ 3 d; (20)
i=1

=1

B TR B e RCR TR , AL T L R AR AR A X R MRS R
BIE A SR AU R R R . ERATVRAT, R PR AT DR A
. (A AT S 1) IR AR ST S AR AR R

7.2 A b 05 2 Wb PR T T R A 4 B

F R HT P AU A (biplot) GRS BR324 W0 i 5k 3k Hloiie
WEpESMEEHE EERAEERY. WHFER -2 R T (E =3 HRT
193D ) AERAMEST AN EEERR, RER e %E (a8 3D) EiE
L

fefy i in e, WERFESEMERSE (01 26), BEH e RR. ZENR
WECE R R FoR, R U, DY pyfves, N, ARGE N e Sh AT
(MIEGBIL V. - D ATHERAEN A ). o = 0 BHAURRE R 200 (form
biplot)”; o = 1 IAYAERE BFRA “Hhr 3E0UTE (covariance biplot)”

oy MR E S, fiikKESEH SR EMEL, £ ML A
SECHENIR RS el idE, B RE SRS a0 U e g
MRS, B AR B A e . BRI AR TR A L i e
JrEE, SR 9 R M S, (EFRATAEHR HET Jrg m a x, aX
SIMEEREATEREFEFEUIMR L. 400 AR IO s fnt, "TelE Bl FE
el
L AR R AT L AR L. B2 B aniE i feE, BIRFk W iR

iL;
2. FHEL, WA — iRt I, TR P2 i ] B R A bR e R ARy . AN, A
BH = REMEERAE AR 120° 5 R, ENRN=TER SRR
3. P 2 1 6 HE R BT UL T R AL 2 (B R X B
o BRI R LRSI IE 22, P IE ATk AT RE RS A 3209
o« PR — 8 EAURT: (S 0° B 1807 ) REGVAYATEL H R SE S SR 2AY, &
I eItk

720 0 PRI b
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« BRI RDNE, ETFHEEEK ERRETY, EFEFENHEY TR
FZ—HEEMIPISRANEF LRATL, FUSNEASLEFRFEE &
BERTARP TR L, BEEAS. S8, S48, ik, TEwE
MERIEETEE.

» BRMKECHHEXE S D, DOEFFEHRIESR LT BaO)-F i (Cu0)-F,
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L1}

‘Variables - PCA
WL B Hadh
— . A 4
‘_' J-" maMscr o
1 -
- ax
r"lk"h'“'-.___ 14 LT
;.-_..................:‘.—Hm_.... 13
I ad
At a3
; i‘._‘- azx
A '
¥ H
e =meaos | RALE
16= i
F H .
o 10 1]
Darml 250E%)
(b) Ee 4Rk 2w He

Pl 19 AURAPE (RREAAhRA BN —. S Wa)

bia A ARES-R OG5S

| w0
F L] IH:I!M E
im0 g 11N R

- ;tltﬂlm i i .
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ﬁ el
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¢ iRty
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[12es B E LY
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library(robCompositions)
library(ggploz2)
library(MASS)
library(nlr)
library(rvnormtest)
library(tidyverse)
1ibrary(platly)
library(openzlex)
library(tidyr)
library (ggpubr)

data = read. xlsx("CH ¥ xlsx" sheet = 1)

for {1 in 1:nrow(dasa)){

dazad [ i [1] = su=m{data[i,7:20] ,na 2 = T)
¥
data = dataldasa$® i>=E5kdatad ¥ it <=108,]
data = datal,-19]

for (1 in E:ncolldata) )
datal,1][is na(datal,1])] <- 0.04
dazafl,1] [dazal, 1]==0] = O0.04

¥

data=tidyr::unite(data, "# W fu b8 F E, HELE', Temove = FALSE)

data$#H <- as. factor{dazaf#F)
dataf B E B <= as. factor(datadi & H.{L)
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dataf {2 K <= as.factor(dataddf{r H4)
data Sl MY = an factor(datad s 5l f 488

data_logcenter = data
data_logcenter[,5:20] = t{scale(t{log{data_logcenter[.5:20])) .scala = F)}

EEEEEEEEE e R B R P e e e e R L e e e e e L e e e SR R R L S B E R

8 — (7] S T A a s SN SERE EOUDUON B SUREBLEDUTNTN S ONEACUTUSENENER SEROSSEOESE
datal = read, xlsx("CEI i)l . xlsx" cheat=3)

category = table(datal$# A, datal$f @ R4
addzargins{catagory)
chisg.test{category)

colour = table(dataldfi & datald#®H 74
addmargina{colour)
fisher, test(colour)

decoration = table(datal®$r i datalddm K4
addzargins{decoration)
fisher. test(decoration)

SRSRHSAVRIRNR ARSI Y RO RERE S L IR A SRERURUS R URLRERUERIRIR IR RARVRUR R IRIR IR

#l — (7] T ] Sut e aatan a0 SE LSS SO RIS SE S SRR S SO LR B LS SUR S DY BU S BB S S BULY
unit = function{data){
for{i in 1:nrow(datail}{
datafi,] = datali,]/sunidatafli, ])=i00
F
returnidata)
¥

predict_Ba = read.xlsx(™# — 5| F #2.0.x1sz" sheat = 1)
pradict_Ba[,8:20] = unit{exp{pradict_Ba[,8:20])}
write.xlsx({predict_Ba, "l — 5§54 f 3 .x1sx")

prodict K = read.xlsx("# — &7 M2.0.xlsx" ,sheet = 2}

predict K[,8:20] = uwnit(exp(predict K[, 8:201))

srite.xlsx{predict K, — & & . xlsx™)

HRURH RSB AR RN SRR AN E R AN AN RN RS AL SRE DR RARE RS BRARE DERE

data_logcenter_K_no = data logeenter[data_logeenter$® A4l == "J & k data logeenter$ff{d H 4. ==

"ERE]
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data_logeenter ¥ _with = data logrenter(data logeenter$® Al == "% k data logeentexr®#l{ K 4t
inilie - | Pl |

data_logeenter_Ba no = data_legcenter([data logcenter3H fl == =& 41" k data_logcenter$®i{l B4
== 0 BAL".]

data_logcenter_Ba_with = data_logcenter[data_logcenter$E &l == =081~ & data_logcenterdfi i B4

= L]

paira(data_logcenter_XK[,5:20] ,col = data_logeenter K8 M 41D
pairs(data logeenter K[.5:20] ,col = data logcenter Ba$®f{y H{L)

pairs(log(datafdataf# &l == “Frig« 2:20)),col = datadif{l M {L)

data_testl = data_logcenter[,c(5,11:14}]

data_test? = datal,c(9,11:15,18)]

data_testd = logldata[data$&fi{f Hf=="7 " c(8,11:15,18)])
pairs(data_testl)

paira(data_testZ)

pairaidata_test)

PEEEEEREE R PRI R RERCE SRR R PR EL P EEEE L PR PR EE L ELEL P PR EL L P PR EE LR EE TR EET

a = £(30,30,40)

b = ¢(30,10,60)

scale(log{al scale = F})

scale(log(b},scale = F})

LR EEEEREREREEEEREREEEEEEEEEEEEEEEEEEELEEERLEEEREEEERESELEEREEEREREEREEEREEEEREEERE TP

data = data_logcenter

Bos=

ggplot(datamdata, aes(radatal' 23 ' yedatad” AR (S102)°  £41 mdatad B0 4L datad £ 2))
gl <= g + geom_boxplot(J+labe(x="#H M H A" v =

" L9k (2402) 4 # ") +theze_bw () +theze{legend  position = <(0.9,

0.9),legend, title=elezent _blank(}}

g <- ggplot(data=data,ases(x=data$’' &% ', y=data$ ¥ L4 (¥a20) " f1ll=data$ {0 K " .datag' 5 "))
g2 <= g + geom_boxplot()+labs{x="HFM A" y =

*E ALY (Na20) 4 8 ) +theme_bu{)+theza(lagand . position = (0.9,

0.8),legend. title=elezent blanik{})

g <= ggplot(datamdata,aes(x=data$’ # T ', yedatad F440 (K200 . £ill=datad  #i{ AL datad £3'D)
g3 <= g + geom_boxplot (O+labs(x="@ W& Ry =

“ AW (H20) 4 # *)+thene_bw()+thece{legend. position = c{0.9,

0.9}, legend. titlemalezent _blank())

g <- ggplot(data=data aes(x=data$' % ' y=data®" 45 (Cald" Fill=datad" # & 0 {L" datag’ B8 '))
g4 <= g + geom_boxplot (J+labs(x="H M F i .y =

30



"F L5 (Cal) 4 "}theze_by{)+theze{legend. position = c(0.9,
0.8),legend. title=elazant_blank{})

g < ggplot(data=data,aes(z=datad'# % ', y=datad ¥ L (Mg0) " . fill=dataf @i AL datag" 50}
g5 <= g + geon_boxplot (J+labs(x="W i H 3" vy =

*E L (Mg0) -+ & ") +theme_bw()+thene{legend. position = c(0.9,

0.9}, logend. title=elozent _blank{))

g <= geplotidata=data, aes(x=data$’' X4 ' yedatad® § {040 (A1203) "  £111=dacad ¥k H4L" datad' HAl'))
g6 <- g + geom_boxplot()+labs(x="# M H ",y =

* {048 (A1202) 4§ ") +theze_bu()+theze(legend positicn = c{0.9,

0.9}, lagend. title=alezent blank()}

g <~ ggplot(data=data,aes(x=data$'# % ' y=data$® $ & (Fe203) " fill=datad # { W' datag’ £ 8 '))
ET <= g + geon_boxplot (D+labs(xe"RlFE" v =

" {145 (Fe203) 4 & "} +thene_bw()+theme{legend.position = c(0.5,

0.9}, legend. title=elezent blani(}}

£ < ggplot(data=data,aes(x=data$’ & 30" yedatad E L E(Cu0)" £1ll=datad #{ A4 datad" 23 '))
g8 <~ g + geom_boxplot()+labs(x="#WHH* y =

"4 404 (Cul) 4 8 " )+theze_bu{)+theze{legend. position = c(0.%,

0.9) . legend. title=alexzent _blani{)})

g <- geplot{data=data, aes{x=data§’# %', y=datad" ¥ {45 (Pb0) " fill=datad® & i A {L" datag* # 7))
g9 <= g + geon_boxplot(J+labs(x="E@lEF A" y =

=4 4145 (PBO) -+ # *) +theze_bw()+thene{legend. position = c(0.8§,

0.9} .legend. title=elenent _blanik())

g <- ggplot{data=data,aes(x=data$'# %' y=data$® £ (Bald " fill=data$" & A" datag" EH )
gLl <- g + geon bexplot()+laba(x="s{ @i %" v = “§ f { (Bal)*}+thars_bw{)+there(legend . position
= c{0.9, 0.9}, legend. titlemalezent _blank{))

et

ggplot{data=data, aes(z=data$' & 2" y=datad A {L2 5 (P205) " £11l=datad 801 A . datag 23 '}
gll €= g + gecn_boxplot{}slabs{z="HMiFE" vy =

* T ¥ 8 (P205) *) +theze_buw{)+theze(legend .positicn = c(0.9,

0.9} . lagend. title=alezent _blani{)})

g < ggplot{data=data,aes(x=data$'# %' y=datad" § 448 (5200 fill=dataf i A" datad” HE ')
gl2 <- g + peon_boxplot(}+labsix="m WA=y =

" E AL (5:0) 4 & ") +theze_bw()+these{legend. position = (0.9,

0.9}, legand. title=elezent _blank{}]}

£ < pgplot(data=dats, ass(zedatag’' 83 yedatad® — §4 8 (802)° f1illedacad 0 {2 B4 darag’ 300 ))
gl4 €= g + gecn_boxplot()+labs(x="S M " y =

"= {LEE(502) 5 # ") +these_bw()+these (legend . position = (0.9,

0.9}, legend. title=alezent blani{}}
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P % ggarrange(gl g2 g3 gd g5, g6 g7 g6, g5, 210,211, g12 neol=3 nrov=4, cozzon. legend =
T,legend="right')

chezistry = nazes{data_logcenter) [5:20]
apply(data_logcenter_Ba_nol,5:20] MARGIN = 2, zean)
apply(data_logcenter_Ha_with[,8:20] MARGIN = 2, rean)
apply(data logeenter X _nol,8:20] MARGIN = 2. zean)
apply (data_logeenter_Ba_with[,8:20] ,MARGIN = 2,mean)

B[R] N et an bR U AR ERE AU RUR R TR RS SRERARETREGREIE AU IS FERIREAT R AY
datal = read, xlsx("CHE . xlsx", sheet=3)

category = table(datal3¥ #  datal@f® R4

addzargina{catagory)

chisq.test{catagory)

colour = table(datald [ & datald & AL )

addmargina{colour})

fisher, test(colour)

decoration = table(datalf#l i datal$de F R 40

addzargins{decoration}

fisher.test(decoration)
ELEEEEEEREREEEEEEREREEEEEEEEEEEEEEEEEEELEEEREEEEEEEEER S ELEEREEEREREEREEEE ]

ER R e T P PR PR PR PR PR P P DR R EE R PR PP R PR PR PR PR

datal = vead xlax(*CH I =lax" sheat=2)
datad = data2[,-185]

for (1 in 3:15){
data2(,4] [is.na(data3(,1])] = 0,04
data3[,1] [data3[,i]==0] = 0.04

1

datad[,3:15] = tlzcalait{log(datal[,3:15])) acals = F)}

write_table(data3, *# = |7 . csv" sep="_"' rov_nazes = F)

¥ & ¢

library(ggplot2}

iz



library(¥ASE)
library(=lr}
library(zvnorztest)
library(tidyverse)
library(plotly)
library(openxlsx)
library(tidyr)
library{ggpubr)
library(s1071)
library("pROC")

eERERSERA NS, BW CALH" . RS .

data_K = dataldata#® == "%y’ ]
data_K=data_K[,c(%,11:15,18)]
data_Ba = data[data$#® == "4341°.]
data_Ba=data_Ba[,c(%,11:15,18}]

G ERAATSRRA

FRAET . THdar .

he Ewhelust(dist(data K.method = "suclidean®) ,sethod = “vard D2%)

he K

plotthe K hang = .01, cex=0.7)
h = locator(i)dy
rect.hclust(he_K, h=h)

gr = cutreelhc_K, h=h)
plot(data_¥,col=gr)

#nd 4 4 A AT A B R R

he_Basheluet{dist{data Ba, zethod = "suclidean”) =method = "ward D2%)

he_Ba

plot(hc_Ba,hang = =0.01,cex=0.7}
h = locator(1)$y
ract.hclust(he_Ba, h=h)

gr = cutrea(he_Ba, h=h)
plot{data_Ba,col=gr)

e £ LU e e e

library(mwmorztast)
library{car)
library(ggplot2}
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library(emity)
library(kableExtra)
libraryizvdalab)
library(paych)
library("readxl")
library("GPArctation™)
library (" ggpubr")
library(fzsb)
library(ggpubr)
library(tidyverse}
library(ggrepel}
library{factoextra)
library(RColorBrever)
library(FactoMineR)
library(cerrplot)
library (RColorBrewer)

data_n=read.csv('logcenter. cav"}
data_cri=data_nl[data_n3¥ qi=="34" ]
data_r=data_ori[,-c(1,2,.3.4,5,6,7,21)]
data_zwas.data.frase(data_z)

fa.parallel{data_m,fa="pc® n.iter=100, show.legend=FALSE)

pea_c<-preonp{data_m,center =FALSE)

suzzary{pca_m)

pcaZ_z = PCh{data_z,scale.unit = T, ncp=5,graph = T)
my_color = e 'pink’, *ssagresn’, ‘'szyblus’, ‘plus’)
colors = my_colorfas.factor(data_ori®' & H40'))
var_sxplained <- pca_s$adev 2/ sus(pea_sdadev™2)
fviz_pca_biplot(pcal_ =, azes = c(l, 2),.geox.ind = c("point”) ,geom.var = o{"arrow", "text"},
pointshape = 16, pointsize=1,addEllipses = TRUE,
label ="var®,repel = TRUE,col.var = “"grey50®,
labalatze=0.5,
col.ind = data_ori$' 23 L4 )+
scala_color_manual(values = colorRampPalettal(brever pal(1Z, "Paired®))(4))+
labs{x=pastel(®(FC1: * round{var_explained[1]+100.2) *{}*},
y=pasted (" (PC2: " round({var_explained[2]«100. 23 *¥1*),
title="PCA-Biplot™)+
theze(pansl background = elecent rect(fill = 'white’, colour = ‘black'},
axis.title.xz = elecent_text(colour="black®,.size = 12.zargin = margin(t=12)},
axis. title,y = elesent_text(colour=*black®, size = 12 zargin = sargin(r=13)),
axis.text=slazent_text{color="black"},
plot.title = alement_text(size=12 colour = "black® hjust=0.5 face = *"bold*),
legend.title = elesent _blank(},
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legend . key=elezent blank(),
legend. text = alezent _text{color="black®, aize=G},
legend. spacing. x=unit (0.1, 'ex"),
legend.key. width=unit (0.2, 'ca'),
legend. ey . height=unit{0.2, "ca'),
lagend . background=elezent _blank(],
legend.box. background=elezent_rect (colour="black®},
legend.position=c{1.0) legend. justification=c(1,0})
corrplot{get_pca_var(peca? m)$cos?, is. corr=sFALSE, col = brewer pal(8, "Blues"),
nuszbar.cax=0.5, addCoef. col="gray50®, tl.col = "black™, tl.cex = 0.7, cl.cex = 0.7T)
fviz_pea var{pca2 s ,axes=c{l,2),
col.var = "cos2®,
gradient.cols = brewer.pal{%, "Blues®),
repal = TRUE)

pea_zfrotation

data_n=read.csv{ ' logcenter. cav')
data_ori=data_nldata_n$# fims 4141 ]
data_==data _evil,-=(1,2.2.4.5,6,7,21)]

fa.parallel({data_z,fa="pc® ,n.iter=100, show. legend=FALSE)

pea_m<-preonpi{data_m,center =FALSE)

suzzary(pca_z)

pea2_= = PCA{data =, acale.unit = T nep=5 graph = T)
sy_coler = cf'pink’ ,"seagreen’, 'skyblue’, "pluc')
colors = gy_colorfas.factor(data_oril' BE F{.'1]
var_siplained <- pca_z$sdev™2/sun{pca_cdsdev™2)
fviz_pca_biplot(pcaZ m, axes = c{1, 2),geox.ind = c("point®) ,geca.var = c{“arrow®, “text®},
pointshape = 1€, pointsize=1,addEllipses = TRUE,
labal ="war® repal = TROE,zol.var = "grayb0®,
labelsize=0.5,
col.ind = data_orif' &3 H ")+
scale_color_zanual{values = colorRacpPalette(brever.pal(l2, "Paired”)){4))+
laba(x=paste0{"(PC1: * round(var_ sxplained[1]+100,2} =¥)=),
yepasteO (" (PC2: " ,round(var_explained[2]=100,2} "¥}"},
title="PCA-Biplot™)+
theza(panel.background = elezent ract(fill = 'white’, colour = *black'},
axis. title.x = element_text({colour="black® aize = 12 margin = sargin(t=12)),

axis.title.y = element _text{colour="black”,size = 12,margin = margin(r=12)},
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axis, text=elezent_texrt{color="black"}),
plot. title = alement_text(size=12 colour = *black® hjust=0.5 face = *bold®),
legend.title = elecent _blank{(},
legend.key=elezent_blank(),
legend.text = slezent text{color="black®,size=0},
lagend.spacing. x=unit (0.1,'ca"'},
legend. key. vidth=unit (0.2, 'c2'),
legend. tey height=unit{0.2, "c="}),
legend background=elezent _blank(),
legand.box. background=elezent rect{colour= "hlack™),
legend  position=c{l,0)  legend, justification=c(1,0})
corrplot{get_pca_var(pca? m)$cos?, is.corr=FALSE, col = brewer.pal{f, “Bluea®},
nuzber . cex=(. 5, addCoef .col="grayb0®, tl.col = "black®™, tl.cex = 0.7, cl.cex = 0.7}
fviz_pca_var{pca2_=,.azes=c(l,Z),
col.var = "gosd",
gradient.cols = brewer.pal(%, "Blues"},
repel = TRUE)

pea_sfrotation

HpdpdapdisRsRaARaRaRdRdREsiaRaRERERsRRptRRERdalaYY
B PR G MRS SRS RS R B RS
library(ggplot2)

library(MASS)

library(mlc)

library{mwmorntest)

library(tidyversa}

library(platly)

library(openxlsx)

library(tidyr)

library(ggpubz)

library(elQT1)

library("pROC")

satwd ("C:\\Ugers\\Jiu\\Desktopi\R for MCM®)

data = read.csv(™logcanter.cav®)

for (i in S:ncol{data)}{
datal,1]1[i= naddataf,113] < 0O

}

data_i=datall:67,c(4,8:200]

ESVH BAESR A

data_un = data[datad#f{r Rft == =% 24" ]
data_un = data_wn[1:35 =(4,58:20)]
data_un_K = read.cav("# & _& N 4. cav™)
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data_un_¥ = data_wn X[,c(4,8:20)]
data_un_P = read cav{* 4l 7 N4 cav®)
data_un P = data_wn P[,c(4.8:200]
data_pre X = read.csv(" ¥ _TH 8 & ®.cav")
data_pre X = data_pre_K[,c(4,5:20,23}]
data_pre P = read.csv(" 458 T8 & £.cav")
data_pre_P = data_pre_PL.c(4.5:20,23)]
data_2 = read.cav(™# = [{H #2. cav™)
data 3 = data 2

data_3 = data_3[,c(2,4:18)]

data_3_K = data_3[c(1,7,8,11,12).]
data_3 P = data_3[-e(1,7,8,11,12),]

SV R LR R )
data_un$¥ §l <-as. factor{data_un$ ¥ 1)
sve_zodel un=sval# & -# 44 Fo0.+# L8 .Bal. ,data=data_un, kernel = *linear®)
suEmary(sve_zodel_un)
plot(ave_zodel un,data un, L4, Ba0. -3 44 .Pb0.)
w=t{ave_rmodel unfcoefsli+iieve_sodel ungSV
b = =svz_zodel unfrho
-1/=[1,2]
-w[1,1)/%[1,2]
abline{a = -b/fw(1,2] .b=—w[i.1]1/w[1.2])
pl = ggplot(data_un) +
aes(x = §FMA 4 .Fb0., vy = ¥4 .Bal., colour = HH) +
geox_point (shape = "circle™, size = 3} +
scale_color_hue(direction = 1) +
theara_bw()+
theza(legend. title=alazant _blank () )+
xlab (" £ {45 (PO} "3+
ylab(® 4040 (Bal) ")+
EEtitle"SVME R B —F W, HESEHH"
theze(plot.title = slezent text{hjust = 0.B})+
annotate{geor="text", parse=T, label="y = =3.51x + 5.97")+
geoz_abline{intercept=5.965778, 8lope = -3.514522, 1wd=1.5}

pl

data_un_X§§ {145, Na20.

eSVEHERL (EREEH4)

data_un_K$# R="g 5"

data_un_X$E 3 [6)= *{FésamaL

data_un_K$# 8 [11]= =EGHH

data_un_K$# %l <-as. factor (data_un_ K$3 4}

svo_model_EK=svm{data_un_K$# % -data_un _K$% {L45 .Cal. +data_un_HEH {4 . Mg0. . data=data_un_¥ kernal
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= *linear")

summary(svn_nodel X}

p2 = ggplotidata_un K) +
aes(x = E445.Cal., v = E4IE MgD., colour = data_un KX +
geoz_point (shape = "circle®, size = 2} +
scale_color_hue{direction = 1) +
theze_bu()+
there{legend. title=alezent _blank())+
xlab (" {145 (Cal) ")+
ylab(® 8490 (MgO) )+
EEtitle("SVMG M B —WRE RS HA") +
thaze(plot.title = slement_text{hjust = 0.5})+
geoz_abline(intercept= 2. 095382  slope = 1.5619%, lwd=1.B )+
geoz_abline{intercept= 1.588382 ,slope = 1.5619%,1ty=2)+
geoz_abline(intercepts 2 600382 .slope = 1.96190,lty=2)+
geoz_abline(intercept= 1.088382  slope = 1.65195 lty=3)+
geoz_abline(intercept= 3.099352  slope = 1.556199, 1ty=3)

p2

WSV SRR (BN ESHS)
data_un_P33% Rl
data_un_P$3E 8 [2]= "W 45"
data_un_P3EF [4)= “H4"
data_un_P$3 &l [14]= "2 4~
data_un_P$# B [18]= "%~
data_un_P$3 Rl [16]= =% i~
data_un_P$3 8 [17]= “# 4"
data_un_P$¥ Al [10]= =3 4=
data_un P33l [22]= "R 44
data_un_P3E S [23]= =F =

data_un_ P33 3 <-as, factor (data un PEH A1)

z=data_un_P[.c(2,.5)]

y=data_un_F$3

sve_zodel_P=sva(x,y .data=data_un_ P, kernsl = "linear®}

suEmary(svm_nodel P)

w=t{avm_rodelicoefs)f*lsva_nodaliSV

b = -ave_rodelfrho

=1/%01,2]

-ul1,11/%([1,2]

P32 = ggplot{data_un_P) +
aes(x = 45, Ca0., v = F4) . ¥a20., colour = data_un PEET) +
geoz_point (shape = "circle®, size = 3} +
scale_color_hua(direction = 1) +

theze_bwi)+

38



theze({legend. title=elezent _blank(})+

xlab(* F L4 (Cal) ")+

Flab (" EALE (Ha20) ")+

ggtitle{"SVNE 2 5 EREZGFHGE) +

theze(plot.title = slezent _text{hjust = 0.6)}+
geon_abline{intercept= 0.08629258 ,slope = 0.7451686, lwd=1.5 )+
geon_abline(intercept= 0, B0EIH2EE  slope = 0.T4S51686, 1ty=2)+
geoz_abline{intercept= -0.40370742  slope = 0.T451856, 1ty=2)+
geon_abline(intercept= 1 00626258  slope = 07451686, 1ty=3)+
geoz_abline{intercapt= -0.80370742  slopa = 0.?481335,11:3-3}

P3

S R E R (EREEMN SR )
pred=predict{sve_rodel_K.newdata = data_pre_K[.5:6]}
predepraedict (sva_zodel P, newdata = data_pre_P)

pred

data_pre P§H % = as.factor(data_pre PFERI)

data_pre K$AM = “HEEE"
data_pre K[c(12,17),1] = “{EEmig
data_pre X3H A = as factor(data_pre K$E )
data_pre_Hishape = as.factor{data_pre_K3shape)
pl = ggplot{data_pre_K} +
aesix = P 445 .Cal., v = F . Mgd., colour = EF, shape = shape} +
geon_point (aize = 3} +
scale_color_hue(direction = 1) +
there_bu{l+
thera(legend. title=elezent _blank () )+
xlab (" 45 4 4 (Cal) ")+
ylab (" £ {4 (Mz0) ")
getitle(* 3G 2 B HEGEMERHL) +
thoze(plot.title = glezent_text{hjust = 0.5))+
geoz_abline{intercept= 2 080382  slope = 1.96169,1ud = 1.5 )+
geox_abline(intercept= 1.585352 .slope = 1.95619% l1ty=2)+
1.95189, 1ey=2)+
196198, 1ty=3)+
1.95180 , 1ey=3)

geox_abline{intercept= 2 588352 . alope

geoz_abline{intercept= 1.086352 ,slope

geoz_abline(intareapt= 3 080382  alope
pl

data_pre PE3AI== k=
data_pre_P3i# % [which{data_pre_P$¥ 4,45 Na20.50)]= H#"
data_pre PR A [23]= 4"
data_pre_PEX A = as.factor(data_pre_P§&Rl)
p2 = geplot(data_pre P} +
aes(x = £448.Cal., y = ¥4 . ¥a20., colour = £ shape = shape) +
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geoz_pointisize = 3} +

scale_color_huel{directionm = 1) +

theze bu()+

theze(legend. title=elezent _blank(})+

xlab (" § {45 (Cal) ")+

ylab( " {65 (Na20) ")+

getitle("SVHE R B—— M E R 4 4 +

there{plot.title = element_text{hjust = 0.5)}+

geon_abline(intercept= 0, 00626258  slope = 07481686, 1wd = 1. E)+

geoz_abline{intercept= 0.585202558 ,slope = 0.?481ﬁ36.1ty-2)+

geoz_abline(intercept= -0, 40370742  slope = 0. T431686 1ty=2)+

geon_abline{intercept= 1 08620268  alope = O.T481636, 1ty=3)+

geoz_abline(intercept= -0 90370742 ,slope = 0.T451686, 1ty=3)
p2

P < ggarrange(pl.p2)
P

SV ERL (F=FEERS)

label = data 285 4538 0

pl = gpgplot(data_2) +
asa(x = §FAE . PO, v = 440 .BaD. , colour = HF ) +
scale_fill zanual(values = colors)+
geoz_point(shape = "circle®, size = 3) +
theze_bw{)+
thene{legend.title=elezent _blank(})+
geox_text_repel{aes(label = label) nudge_y = -0.26)+
xlab (" § 4448 (PBO) ")+
ylab(® #4540 (Bald ")+
getitla(*SVME R E—u . GEAMH L") +
theze(plot.title = slezent _text({hjust = 0.B))+
geoz_abline(intercept=5 885778 slope = -3 514822 lud = 1. B)+
geon_abline(intercept= 5, 465778 .slope = =3.514522,1ty=2)+
geoz_abline(intercept= 6, 465778 ,slope = -3,.514822, 1ty=2)+
geox_abline(intercept= G.9E5778 .slope = =3 5614522, 1ty=3)+
geoz_abline{intercept= 4. 865778 ,alope = -3.514822,1ty=3)

pl

data_3_K$# Rl=" S 4"
p2 = ggplotidata_3 E) +
aea(x = EMAAT.Cal., y = BAM N0, . colour = EF) +
geoz_point (shape = "circle®, size = 2} +
scale_color_hue(direction = 1) +
ylig(=4, 3+
x1lim(=2,3)+
theza_bull)+
theze{legend. title=elezent _blank{})+



geon_text {aes{label = c("A1" "AE" "A7", "A&_before® ,"AT before)) nudge y = -0.26)+
xlab(* § L4 (Cal) ")+

ylab (" {48 (M0l ")+

getitle("SVHG R B—F Hum T Xigan) +

theze(plot.title = slecent _text{hjust = 0.6)}+

geoz_abline(intercept= 2.089352 ,slope = 1.55198 ,lud = 1.5 )+
geoz_abline(intercept= 1.5600382 .slope = 1.906190 . lty=2)+

geoz_abline{intercept= 2 5088382  alope = L.55190 lty=2)+

geon_abline(intercept= 1 056382  slope = 1.556186 lty=3)+

geoz_abline{intercapt= 3.088352  alope l.ﬂﬁlﬂﬂ.ltjﬂ}

P2

data_3_P3# A== {f "

data_3_PRERIT]= “E 44"

p2 = ggplot(data_3I_FP) +
aea(x = § L . Cal., y = FiL4 . ¥a20., colour = HH) +
geon_point (shaps = "circle”, size = 3} +
scale_color_huei{directiom = 1) +
theze_bw(i+
theze(legend. title=alement _blank () )+
gooz_text(ass(label = c(®A3", "R4" ,"AB","A2" ,"AB" ,"AZ before”,"Ab_before”)) nudge y =

=015 nudge_x = 0.3)+

xlab (" 445 (Cal) ")+
ylab{® 4L 55 (Na20) ")+
gEtitle("SWMA X B BHBAT AL +
theza(plot.title = elezent_text{hjust = 0.B})+
geoz_abline(intercept= (. 08629255 . slope = 0.T451656,1wd = 1.5)+
geon_abline{intarcept= 0. 58630258 , slope = O.T451656, 1ty=2)+
geoz_abline(intercept= -0 40370742 ,slope = 0.7451686,1ty=2)+
geon_abline{intercept= 1. 08620258  alope = O.T481686, 1ty=3)+
geon_abline(intercepts =0 00370742 ,slope = O, T4S1E86, 1liy=3)

P2

Sdata=tidyr: ;unite(dats, *F R fu R FRE", #3, 'EFRLE', rezove = FALSE)®

g %

ggplot{data=data,aes{z=data$' # &' y=data$" = F {13 (5402) " fill=datad' £ T L' datad H 8 D)
gl <= g + geom_boxplot()+labs(z="# W@ vy =

" FALFECS402) 4 # *)+theze_bw () +theze{legend  position = ¢(0.9,

0.9}, legand. title=elezent _blank{}]}

E <= ggplot(data=data, ses(x=data$' H ' yedatad® § {048 (Na20) ", filledatag' B H K44 datag 23 ))
g2 %= g + gecnm_boxplot (J+labs(z="H ML v =

* P AL (Na20) & # ") +these_bu{)+theze(legend . position = =(0.8,

0.9}, legend. title=alezent blani{}}
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g < ggplot(data=data, ses(x=data§’ H 4 y=daraf® L4 (200" £111=darad’ &7 041" dacags B8 1)
g3 <= g + geoz_boxplot()+labs(x= "Wl H" y =

*§.4L4 (£20) 4+ # *)+theze_bw()+theze{legend. position = ¢(0.9,

0.9}, legend, title=olezent_blank{})

g <= gegplot(data=data,ses(x=datad’ &', ye=datad” #{L15(CaD) " £1ll=datad® % T A4 datad £ )
gd <- g + geom_boxplot()+labs(x="H A" vy =

* AL Cal) 4 ") +theze_bu()+thene{legend position = (0.8,

0.8),1legend. title=alenent _blankx{}}

g < geplot(data=data,ass(x=data$’' H7 * y=data$" § 448 (Mg0h " £f1ll=datad" & & 440" datag" 5902)
g5 <= g + geom_boxplot (J+labs (=@l v =

"L (MgD) 4 # ") +theme_bw()+thene{legend. position = c(0.9,

0.9), legend. title=alecent _blank{))

g <= ggplot(data=data,aes(x=data$’ #3* y=datad® /L4 (A1203)" £11l=datad H T A 4" datad’ #7 ))
g6 <~ g + geom_boxplot()+labs(x="s M#H K= y =

" 44 (A1202) 4 ") +thece_buw()+theme(legend  position = c(0.9,

0.9}, legend. title=salezent _blani{))

g 4 geplot(data=data ass(x=data$’ &4 ' y=dara$ § 4.4 (Fe202)" f1ll=darag’ & 44" darad’ E301))
ET <= g + geom_boxplot (O+labs(x="HMF A" v =

"4 {4 (Fo203) & # *} +thene_bw()+these{legend.position = c{0.§,

0.9}, legend. title=elezent_blank() )

g <~ ggplot(data=data,ases(z=data$' %", y=datad ¥ {L8 (Cull" fill=datad"# & 4" datad" 7))
g8 <— g + geom_boxplot(}+labs(x="H @B A" y =

"4 8 (Cul) <> ")+theze_bw{)+theze(legend. pesition = c(0.9,

0.9}, lagend. title=alezent_blank{))

g < ggplot(data=data,aes(x=data$’ # %' y=data$’ £ /45 (PL0)" f1ll=datad’ T L {L° datad’ H3))
g# <= g *+ geom_boxplot (J+labs(x="W i # v =

"4 443 (PbO) 4 B " }+theze_bw{)+theze{legend. position = c(0.9,

0.9}, legand. title=elezent blani(}}

£ ¢ gmplot(data=data,aes(z=data$'# %' y=data$ $£440(BaD)" fill=datad" H T AL " datag" EF ")
gll <- g + geom bexplot()+laba(x="f @& A" y = “§ 440 (Bal) *}+thara_buw() +theme(legend. poaition
= c{0.89, 0.8}, legend. title=alezent blank{}}

(-

ggplot{data=data, aes({x=datad' & 31’ y=data A {L 5 (P205)" £1ll=datad' & W A ' datag 33 "))
gll <= g + geon_boxplot(}+labs(x="S iz " v =

* F ¥4 8 (P20E) *)+these_bu{)+thezea(legend . position = (0.9,

0.9} .lagend. title=elezent blani(})

g < ggplot(data=data,aes(z=data$' ¥ %' y=datad’ F L (Sc0) " fill=datad T AL datag 50 D)
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ElZ <= g + geoz boxplot()+labs(x="RIFEHE" v =
" LA (5r0) 5 ") +theme_bw()+theme{legend position = o(0.9,
0.8),legend, title=elenent _blanik())

£ <= ggplot(datamdata,aes(x=data3d’ %3’ yedatad ¥ {18 (3a02) ", £11ledatad £ T A {4 datag 23 "))
gL3 <- g + geon_boxplot()+labs(z="H @&,y =
#4418 (20020 ") +theme_bw () +theze (legend . position = ¢(0.9, 0.9), legend. title=elecent _blank()}

£ <~ ggplot(data=data, ass(z=data$'® %' ye=data$' = § 40802} Fill=dacad' & T R4 davad' 23000
gl4 <- g + geon_bexplot()+labs(x="s M fF i~ y =

" {n# (2020 & # ") +these_bu()+these (legend  position = ¢(0.9,

0.9}, lagend. title=elezent blank()}

P 4= pgarrange(gl.g2.g23.g4.25 .56.27 . 28,80, 210,811, 212,513, g14, ncol=3 nrow=k , conzon. legend =
T, legend="right '}

dataf @ A <- as factor(data$3iFi)
pl = gpgplot(data) +
assix = "FAEE20)T, yo= T ZHFEFE5102)7, colour = dataH Al +
geoz_point (shape = "circle”, size = 1.5) +
scale_color_hue{direction = 1) +
theze_zinizal(}+
thene{legend. title=elezent _blank())+
ggtitle{"Box Plus Mimnus vs. NVP Share™) +
thera(plot.title = element_text{hjust = 0.5})

rl

p2 = ggplotidata_l) +
assix = L8 PO, v = £ 44 . Bad. ., colour = daca 135F) +
geon_point (shape = "circle®, size = 1.5} +
scale_color_hue(direction = 1) +
there_zinioal 3+
theza(legend. title=alemant _blank () )+
getitla(*Box Plus Mirms ws. MVF Share™) +
theza(plot.titls = slazment_text{hjust = 0.5))

p2

p2 = ggplot(data un) +
aes(x = EH4.PbO., v = 44 . Bad,, colour = #ER) +
geoz_point(shape = "circle®, size = 2} +
scale_color_hue(direction = 1) +
theza_bull)+
theze{legend. title=elezent _blank{})+
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xlab(* 445 (PRO)*)+

ylab(® & {40 (Bal) *)+

getitle("SVMG AR — AW 58NS A HE) +
theze(plot.title = elezent_text{hjust = Q0.5))+
geoz_abline{intercept=5 9GETTS slope = -3,614522)

p2
825 ¥ BHE

aplit_train_test<-function{i,dataframe}{
test_data<<-datafrace[10:20,]
train_data<<-datafrazme[-c{10:20).]
}
count =0
for{l in 1:673{
split_train_test(1,datal)
sva_szodel=sve(x-, ,data=train_data, mernel="radial™}
svz_pred=predict (svm_model nevdata=teat_data)
count = count+as, nuceric{sva_pred==test_data[i,])
}
print (sva_zodel)
plot(ave_sedel, train_data)
obs_p_sva = data.frase(prob=sva_pred obsstest_datadz)
table(test_datalxz, svo_pred dnn=c("H Z ", "F 3 "))
apu il f{ROCHE &
ave_roc <- roci{test_data$x, as.numeric(sve_pred))
plot(sva_roc, print.auc=TRUE, auc.polygen=TRUE. grid=c(0.1, 0.2} ,grid.col=c("gresn”, "red"),
max.aue. polygon=TRUE,auc. polygon. col="skyblue®, print.thres=TRUE,=ain="'SVMHlTROCE i
zernel = radial')

LRSS 2

data_und® 3 <-as, factor(data_ ung ¥ i)

sve_nodelmsven {5 A - 41 {40 . PbO. +# {140 .Ba0. ,data=data_un,kernel = "linear™)
summary(svm_model)

plot(sve_model,data_un, #{ 4.Ba0.-#{45.Pe0.)

plot(ave_model data 1, §E4E40.BaD. -8 /K48 K20.)

plot(avz_model,data_1, L4 .%20.-E 44 .PLO.)

sve_nodelwsve (£ Al- 54,45, Ca0. +F L8 . Hg0. . data=data_un,kernel = "linear™)
plot(ave_sodel,data un, {45, Cad, ~$ 48 ¥g0.)

vt {svm_sodelicoefs)ielsvs_zodelisV

b = =svn_nodelfrho

abline{a = -b/fw(1,2] .b=—w[1,1]/w[1,2])
-b/wl1.2]



-wl1,1]/%01,2]
sve_modal
-1/=01,2]
data_13% 44 PO,

sve_pred=predict(svo_zodel ,newdata=data_un}

amatas . nuneric(svm_prad===i ¥}

data_un$svz_pred=svm_pred

head(datal)

table(data ung® & 5 ' data_un$ave_prad)

#aes HROCHE &

sve_roc <- roc(data_un$" ¥ %' as.nuzeric{sva_pred))

plot(sve_roc, print.aucsTRUE, auc.polygon=TRUE, grid=c(0.1, 0.2} grid.colsc("green"”, "red"),
max.anc.polygon=TRUE auc.polygon. col="skyblue", print.thres=TRUE,zain='SVHH# T ROCH &

kermel = radial')

#logiaticll 5

datal <= datal(,c(2,7:200]

narea(datal) [nazes(datal) ==*HA4"] <-=x"
nazes(datal) [nazes(datal) === {4 (FBOI"] <=-"x1"
naces(datal) [nazes(datal) === {i{ (Bal}"] <-"x2*
datal$z[vhich{datalfz=="7F K {.")] <=0
datal$xz[vhich{datal§z=="[{{ "1]<-1
datal$x<-as.nuseric({dataldx)

datal§x<-as. factor(datalfx)

log_res<-gle{x-. family=binomial (1ink="logit'} data = train_data, control=list(maxit=100))
suczary(log res)

anovallog_res.test = "Chisg™)

predictest = predict{log_res,newdata = test_data,type = "response®)
predictest <- ifelsa(predictest > 0.5,1.00

predictest
n = lengthi{predictest)

correct=0
for{l in 2:n}{
if{predictest [1] <= predictest[1]){
answver = TRUE
ansver
lalsa{
anaver = FALSE

angwar
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kzsans(data_un_K,2)

library(ggfortify)
autoplot{kzeans{datal 2}, data = datal, labal=TRUE, label.size = 3.frazme = TRUE)

install.packages("geforify")
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