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[951-1000] 3712 0.054.

[1001-1050] 2392 1.01E-Qg***

R 52 AR FLAE T 2T 6 R, AiREr, ERERBARM
MRt p LA F AR F MR, MARERBEERIFANE. N THERK LR
R~ HZ M R Z T, AR OGERIT Z R BRI BTG et SR N3RPT,

® 52 ARWEETETITR

W F-value P-value
[1000-1500] 2339 <Qe-16%%*
[1650-1900] 2209 <Qe-16%**
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[1700-2150] 4357 <2e-16H%*

HHER 5-2 BN 6] 7= ML B 25 08 723 BE[1000-1500]. [1650-1900]. [1700-2150]01 /7 2 5
Hres BaTh, 1EIX 3 DB LA ESIE P EH/T 0.01, {644 B 5= iz # 6 20 4h
B AR A TP R E = R R, BT LA A B = #2561 (0 Hh 20 ARt 2 i 70
EZ[1000-1500]. [1650-1900]. [1700-2150] LEEIFE RERERM.

5.2 ETNRFIFENAM SR

521 EARH B

(1) ZRrAENL (SVM) « FF AR Sk o7 S AR 1) 2 5w 4 5 BOREAE (8] 1)
EMEH R, HEEESMRETRFEELNE TR AER Y. S THE
FIREARLSE D={(x,1). (. 1) (x. v )y HEFve{-L1}, ZRHAENEETEIHL—
A BEB RIS D A ATE BT I, E54 FEZRA B ATT BRIk W FAA
21 (A (1738 TR T DA A An T [ 28 M 05 FE Sk e«

wix+b=0 (5-1)
FHEA “wANRME” T, &
2
max —
wi v (5-2)
sty (wix +b)2Li=12,--,m
EAATEN A
! 2
min— ||
s 2 (5-2)
s.t.yl(wrxl +8)2Li=12,---,m
SIANF RS H T o, WIS H bRk HN:
J(w,b,a)=%”w||2+Zal(1—yl(wfxi+b)) (5-3)
i=1
TR F)_F 2R 8 [l 20  2R
mngal —EZZaiajyiiji X,
1=l i=1 j=1
(5-4)

3 =0
s ; &

a 20,i=12,---,m

(2) BEMLEEM (RF) : BENLZRMZ B Breiman F 2001 448 e i —Fh It FAE R
JBEMEMEE, BB,

a AT MEIREH FENER £ MR, KmAZE (b hTFHETFm) , R
SFARIER k R B ST R

b.IFEE n ik EWAIILRE, FRXEF PN ESTAFRFEILE A S 7 R F
VLT

13



o 28 JE X g R HE R 0 FH BEATL AR B R TN 25 5, e P A T, ST EAM
PR h AR 7 fh R,

dat AT RIR R, BEBEA, B E S 2 20 T2 BE Abatl Ak
PR VR R 2T 25 5

(3) LightGBM: 2 A T ff# GBDT £l EXIHERIN AN R HN, £EFRE
R ERRE R AL, B REAEMNFTIS, FEEAERNIIGESE. EEMN
WEEAE. FIFMHERRAE ., XA UtE e EBHIESH A, THTHF. o
2. EELRRZ AT IES S
5.2.2 Pt 44T

TR R AR B — DR RUF IR OCHE, AR 0 PE £ 454 Precision. Recall,
Fl-score L & Accuracy.

R R E M ENRERME, RBEFENE X

TP: % IE2E TR A9 IE 2820

TN: A4 G R 25

FP: G KTy IR 2R HORR

FN: 4 IEBTNA 7L
FE AR 2 (Precision) 2 3 A: P= e

TP +FP

I o e mirs &, BT /0 EBI B 0.

TP+ FN
s . TP+TN
AR (Accuracy)iE R ACC =
TP+IN+FP+EN

Fl-score 5& X HN: F = % HH P 4 Precision, R N Recall. &7/ A4 7 3 A
A [[] 3 g —F B
5.2.3 #R R

R TP FE P R AT A RS R, AR SCZEH T LightGBM. XGBoost. SVM.
RF. GBDT fl MLP &S fHLBEF R Hik. AN, AEFEEFFRFHRAMNER
PERIX 20, A SCK R aa SR AT T BR4E R0 508 Bk EAF{EALFE, BIDL 20, 50 A1 100
{10 1) ool R A e S TN X ), TR AR T B R IRERTE A I HE A FERE. A A
FEHREIZ T FIN 85 I E A R B 45 R 3R 5-3 Fon.

% 5-3 FETHLES% S5 R025 M P bh A4 BB Lh A

TR L4 A IE G A7 ] o SEFr oA IE AT EL .

7 A% (Recall)5E L H: R=

HAR R H B & GES EETES F1{&
sve 0.869 0.876 0.871 0.870

RF 0.500 0.538 0.335 0.506

MR XGBoost 0.566 0.599 0.588 0.568
GBDT 0.502 0.520 0.529 0.500

LightGBM 0.570 0.604 0.600 0.571

MLP 0.514 0.538 0.550 0.509

sve 0.876 0.869 0.870 0.871

PCA [EH4EHUR RF 0.538 0.500 0.506 0.535

XGBoost 0.599 0.566 0.568 0.588

14



GBDT
LightGBM
MLP
SVC
RF
XGBoost
GBDT
LightGBM
MLP
SVC
RF
XGBoost
GBDT
LightGBM
MLP
SVC
RF
XGBoost
GBDT
LightGBM
MLP

HB-20 S

i B-50 4

HE-100 §dE

0.539
0.516
0.521
0.914
0.915
0.970
0.881
0.964
0.313
0.861
0.869
0.915
0.793
0.923
0.812
0.824
0.334
0.881
0.314
0.850
0.787

0498
0473
0488
0.921

0.929
0.974
0.389
0.968
0.339

0.368

0.882
0.935
0.334
0.932
0.820

0.835

0.871

0.897
0.335
0.366
0.795

0.500
0.475
0.482
0913
0.927
0.970
0.900
0.964
0.328
0.363
0.857
0.921
0.816
0.925
0315
0.825
0.853
0.887
0.822
0.854
0.790

0.541
0.512
0.521
0.916
0.915
0.970
0.883
0.964
0.817
0.860
0.861
0.920
0.799
0.923
0.809
0.823
0.841
0.884
0.822
0.853
0.785

WRS3UES, EaEEIREL, XGBoost BIAIERERTRS. 7K &N
SMBRNERR I E TR HHE A PCA SRR IO BURIERA S, B ik BR 20 AR

SRR,

125

F1‘(E

s

B 5-1 R R A

zEE

Iy

BA

. 8sVC
B =
W
" eeor
I wom

MLP



sve
RF
xe8
GBOT

R LeH
MLP

FiE i . | amE AT
FhsE

B 5-2 ER-20 SR T
I 5-2 B SR AT M RAN 5-3 JBI-20 S T T IR o R
e LR ARHNARNER, A2 MR k XGBoost 7l LishtGBM F7
AR TR R . AN ETLLRENE S, HE20 MEEEA ALY
BIE T ERGEE, D ARBIIE R A R A R,
5.3 RERMBHEHTES)

AT ARG T EBLER, ALFIA L @HF SVC. XGBoost. R,
LightGBM flés<2 A, REINEERDRE RMTFRAT.

% 54 AR R AT AR 5 R

MECKR 3 14 38 48 S8 71 79 8 89 110 134 152 227 331 618
20-5VC 6 1 4 10 10 6 9 6 3 4 9 10 5 7T 3
WXGBoost 6 1 4 6 10 6 9 11 3 4 9 2 2 8 3
20-RF 6 1 4 6 6 6 4 10 3 4 6 2 5 8 3
0-LightGBM 6 1 4 9 10 6 9 10 2 4 10 9 4 8 3
50-5VC 6 1 4 7 6 7 9 2 3 4 9 2 5 8 3
50-RF fullhly Mg BTSN N ‘W I Y 3
5EXGBootmmtmt] 4= 10 Shanl) - TIH Y D HE Sl 7
50LightGBM 6 1 4 6 10 6 4 11 3 4 9 2 10 8 3
wosve-—ompeldtorn ferp Vistanee-—-5—28 3
100-RF 6 1 4 6 6 6 4 6 3 4 9 10 5 8 3
100-XGBoost 6 1 4 6 10 11 9 11 3 4 9 10 5 7 3
100-LightGBM 6 1 4 6 10 6 9 11 3 4 9 2 5 8 3

¥E: 200 50, 100 RFHEB AR, SVC. XGBoost ZRENBFTHT
B 5-4 FAREE N REAMT SR L R4, RS BRI R M

BHERAMR, ATHRMAM N AT ERENER, ACRAZERRES UL
BEMTE S, BREBIINR 55 FrrfR M ERLE R,

16



R 5-5 REZEMPHERSR

No 3 14 38 48 58 71 79 86 g9 110 134 152 227 331 618

OP 6 1 4 6 10 6 9 11 3 4 9 2 5 g 3

7Ny AR =R BRE S SOK AR

B A FERH SR T G M AE 2 LR 6§ X 5] EL B &, AERANE S MRy b 2 A TE E
BN, BEIERENRE. BEELEEI. BOh RIS erh A st
X S, (RIS LS AR P 20410 T AE 5] - BB 2570 2800 )28
R RS TPEE R LR, Mo, EAREPEAELIGE, St SRR
Horp 2GR TE G E R PR E R, &P AM LR R
6.1 ETHLRFFIENEANERIRRI P LM~ hEFRE

HAFH FREN (SVM) .« BENLARA (RF) « fHimbeE R (XGBoost) « 6
ERIFRER (GBDT) . LightGBM 12 ZREAMNL (MLP) BTS2 70 K Hix
FITUTLL AN AR AT 2R, S RWT.

#6-1 ET L2825 51 803F 404 6 SR 60 h 264 7= h U B R A L

Hite R 7 [ % e HERE F1{&
SVC 0.873 0.892 0.878 0.804

RF 0.694 0.684 0.698 0.665

g XGBoost 0.665 0.679 0.661 0.648
GBDT 0.602 0.637 0.604 0.597

LightGBM 0.696 0.730 0.698 0.683

MLP 0.557 0.539 0.555 0.521

SVC 0.873 0.892 0.878 0.864

RF 0.937 0.949 0.939 0.933

PCA M 1B XGBoost 0.847 0.873 0.845 0.841
GBDT 0.784 0.818 0.771 0.761

LightGBM 0.888 0.911 0.890 0.884

MLP 0.788 0.823 0.792 0.779

SVC 0.896 0.931 0.898 0.891

RF 0.929 0.936 0.931 0.923

W 20 i XGBoost 0.886 0915 0.884 0.889
GBDT 0.778 0.845 0.763 0.766

LightGBM 0.943 0.960 0.947 0.942

MLP 0.813 0.858 0.812 0.809

SVC 0.896 0916 0.892 0.898

RF 0.935 0.947 0.939 0.930

50 MR XGBoost 0.886 0.924 0.890 0.883
GBDT 0.792 0.847 0.783 0.785

LightGBM 0.918 0.942 0.922 0.915

MLP 0.776 0.818 0.776 0.764

17



SVC 0.896 0.922 0.898 0.891

RF 0.943 0.960 0.947 0.941

. XGBoost 0.906 0.935 0.906 0.904
IR BE-100 #oi

GBDT 0.760 0.815 0.759 0.750

LightGBM 0.931 0.946 0.935 0.929

MLP 0.786 0.818 0.788 0.778

H#E 6-1 o UEY, FRESESE LY FREVER NS R ERERS, FHE-20
4 L LightGBM AW R IF, M7F PCA FR4ERE S0 B -50 Al Br-100 %L
WL, MR MER QR RN, A5 BEUEE NN TR EMR T HEGHIESE
F1 PCA HHEEE.

6.2 EFHLEBZIH LI sAiER IR h M = S RE R

FIA S FFa L (SVM) . BENLA&M (RF) . HERALEMR (XGBoost) . FfijEHE
FFRGER (GBDT) . LightGBM F & ZIEAIHL (MLP) AMHLE 2] 45 BB 4
SMETESAR AT 4 R, SRR

*® 6-2 BT UL D) B PaA 6iE SR B b 294 e S AR B EE A

R &7 H 52 ELES RS F1{&
SVC 0.906 0.925 0.910 0.904

RF 0.647 0.663 0.649 0.622

U XGBoost 0.625 0.663 0.629 0.610
GBDT 0.561 0.567 0.547 0.535

LightGBM 0.616 0.640 0.620 0.598

MLP 0.710 0.726 0.706 0.699

SVC 0.898 0.920 0.902 0.895

RF 0.901 0.924 0.906 0.898

PCA [EUE XGBoost 0.816 0.841 0.816 0.806
GBDT 0.729 0.750 0.735 0.723

LightGBM 0.880 0.902 0.882 0.877

MLP 0.735 0.774 0.735 0.723

SVC 0.924 0.934 00247 0.916

RF 0.941 0.958 0.947 0.942

15 B0 MedE XGBoost 0.898 0.928 0.902 0.895
GBDT 0.775 0.808 0.771 0.752

LightGBM 0.953 0.966 0.955 0.952

MLP 0.819 0.848 0.820 0.813

SVC 0.902 0.912 0.906 0.897

RF 0.935 0.949 0.939 0.936

W 850 i XGBoost 0.890 0.902 0.894 0.885
GBDT 0.749 0.808 0.751 0.742

LightGBM 0.929 0.939 0.931 0.925

MLP 0.767 0.785 0.771 0.751

EEE-100 HiR SVC 0.857 0.874 0.857 0.852

18



RF 0.906 0.926 0.910 0.904
XGBoost 0.869 0.898 0.873 0.863
GBDT 0.784 0.893 0.783 0.776
LightGBM 0.911 0.930 0.914 0.905
MLP 0.786 0.818 0.778 0.788

H#E nfLEH, EEREIEE EFREIER SR EMERS, 20 194
#EEE F LightGBM MRV S i, 1114E PCA B2 500dE 8205 BE-50 A B -100 [ 4UE %
L BENLERME R A R et k. B 7R 0 B R AR b AR I A AR R AR AR R
1 PCA HHES.

6.3 ETHLBZIME, POIKIERIERN PZEH LR ER

BT A S M RIT SN B LR R, A 28 e 204X Bl i B, R
ARG . P ELLAMEIE AR RRAER P A M = ORI T S K5 . B RF M ENL (SVMD |
BENLERFR (RF) . HOOm#E I8 (XGBoost)  fEIRFF SR (GBDT) . LightGBM
ML ERGHL (MLP) SN TR, SRINE 6-3 fin.

%63 ETULBEIGNE. P EEEERE 10 2k P bh s B R

i Ay gE=E RS = F1{&
SVC 0.898 0.933 0.902 0.89
RF 0.692 0.733 0.694 0.681
XGBoost 0.724 0.792 0.722 0.725
JRAG AR
GBDT 0.620 0.656 0.633 0.631
LightGBM 0.763 0.797 0.763 0.754
MLP 0.582 0.567 0.584 0.555
SVC 0.898 0.933 0.902 0.895
RF 0.892 0914 0.894 0.888
PCA [EUE XGBoost 0.818 0.855 0.820 0.813
GBDT 0.743 0.824 0.743 0.723
LightGBM 0.867 0.899 0.869 0.865
MLP 0.792 0.822 0.792 0.780
SVC 0.954 0.967 0.955 0.951
RF 0.976 0.984 0.980 0.976
5 820 MedE XGBoost 0.950 0.965 0.951 0.950
GBDT 0.845 0.895 0.844 0.843
LightGBM 0.949 0.963 0.951 0.948
MLP 0.837 0.887 0.836 0.830
SVC 0.922 0.940 0.922 0.918
RF 0.973 0.982 0.976 0.972
50 R XGBoost 0.884 0918 0.890 0.884
GBDT 0.820 0.844 0.812 0.807
LightGBM 0.924 0.941 0.927 0.919
MLP 0.868 0.894 0.873 0.862

% BE-100 HiR SVC 0.918 0938 0.922 0.916
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RF 0.963 0.974 0.967 0.962

XGBoost 0.916 0.939 0918 0.915
GBDT 0.800 0.853 0.796 0.797
LightGBM 0.951 0.961 0.955 0.950
MLP 0.798 0.838 0.804 0.792

MR 6-3 AILLE 2 IR A PCA BB & LI R B VR R p KM R =
i, EoRBERE LEARER S R h et . 5 RERITLME g R A
(AP AL AN IR ERAT L, IR A . 2L S0t AR vT DA AR R B 7 SRS P

128

100

025

FIig HRE BEE =
PHIER

[ 6-1 RaeEdRmR

FliE R ] _ BEE SEHE
Tk Ea

H 6-2 HE-20 BB A ik
B 6-2 IR H TR SRR AL LB A B 5-3 S BL-20 BB R IR L BT DL, TR IR R AL
et F SRR BB R B RIT, AN E-20 MBHEE LIV A MR M Bt 1 B AR
FHEER, FAhrCEZNE N, WHE-20 MEEES HERRSE LT R
EE, WASTHBRBS RS RER RS EERE.
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6.3 EFEHEHLS LightGBM &FE AP 254 7= i H A

6. 3.1 LIS E BB E R M P iR

R R P AR B SR BT A SE Mirjalili 25 A 2016 S HiR@ ML EE (WoA) , BEHHR
PEfTEE ., BEEBINSED, b RE XS A, e R E LB A BRI,

1. R %S YI(Encircling prey)

EXREERINEZ R, R MRS R AR EER MR EHENNLE. X
—AT BT A RERR

13==‘C?‘;?*(1)——)?(r) (6-1)
X(+)=X"(H-A4-D 6-2)
Hofr R B AR, AMC RAKEE, X' () F Hal A R e g m e,
X FRLATH AN E A, | |[FRRARE . G ISR b A R R I S
EHX (). MEARCHETENT.
A=2dr—-a (6-3)
C=2¢ (6-4)
2%

a ISR, E2E R E o, a=2- , 7R [0a]H rpEL R

2. JEEMEEH TR

T8I i A B IRl AR ol B P e T VR R T AT A AT R S

(D W RG] ZlfEBdrER R R a B0, R MR
B, AN TIEA A BFCA TR M B A AT E .

(2) BEhE A E .

X+ =D& -cos(a)+ X (1) (6-5)
Hof D'=|X(0)- X0y RS kBRI B ISR AR R RAERD, bR
¥, ST RPEERR R, [ 1] e
(BT
)?(t+l)={)f g s B 9.2 (6-6)
D'-e” -cos(2a)+X"(t) if p=0.5
P [0.1] 2z R BTBEAL 3L -

3. EEEY
BEAL TS B A b~ 1h B ER T R, S iRiai R A ME R B S I . A I3
Ay
D=C.X . -X
(6-7)
X+)=X_,—4-D 63)
X e TR LG 8 0 5 0 o R
WIEUEL 3 Hb R | £ P X o 2 b M 5 B BT LA LightGBM K
RS, R T7iE— P EEAENTE, FHEEs, &HRERIEZX LightGBM
P 1~2 % (learnin_rate. n_estimators) HHATACAL, ELEE[R—HE B R FAS RS 10 5
EEMES RINE  Fw.
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F 64 SRS LightGBM HEEY 7526 HE i 22
FE ITLLANE R R PR S RERE RSP IE S EERER

W o0~ Oy bth B W b
— o = e e

-
W o= O
o

S S

—
'S

0.5
1
17 1
M 6-4 BEEBE H, X FImersb eIl £ ik, B 20 IIEUETE LightGBM A B
W T, WERIEIAR T 0947, BB R XL R SR EIER T
0.959. £ T X HLERBIRHIT A2, I FHH AL MRS ER &R, )
GREEET 62 MEA, HRA M 10 iU IEMZEN 0.83, Har- M EmERN 1. P
S L TEREE B, BB 100 1 Light GBM B R F RS, FEZREGaEMEEZRR
k. Light GBM fIF &8, RAILEHIREE A 0971, HEMERTTT 1.6%, RAESH 8 #
IEAERAN 1. [FIRfE AL, PAAMUEE 928, [FFE LightGBM TEFFE A3 B 100 By
i ERNAEE, SR EERNHEREN 0982, GIHHIASHIERREAN 1.
FRAE Lk 347 4k BT 20 S JE LR A 100 B3R, LightGBM A7 2508
{BFE R4y 2EAEE A 0.982, BT HHREAE A B B PR AT VR4, JRENAY B =AM
R 65 FILEZEMEF

—_—
wn

-
— = = = = e e = s e e e e s e e

— = e e e e e e e e e

1 k 66 11 std 34 21 k 70
2 K 64 12 K 81 20 std_45
3 k55 13 sk_3 23 k 67
4 k17 14 sk_17 24 K 77
5 sk 19 15 k 20 25 sk 4
6 sk 12 16 sk 7 26 std_43
7 K 61 17 k 19 27 K 65
8 std 23 18 k 32 28 std_48
9 k2 19 k3 29 sk_23
10 sk 28 20 sk_63 30 std_49

22



E: kRIS, kREMRE.
M 6-5 SR B EME T A0 LIE N, REENFIERZE REAEE, i
HEAN [E P 29 o i) e EE ANE AR TR N E 7, R B P g M S R R E L R & .
R TR AR AT MR A A, AR SR A _EIREHE SVC. XGBoost. RF.
LightGBM #3855 88, {F flE R BB T84, REBEIME 6-6 FinlARA
ZOAE P A A R
K 6-6 RHZHTF= 2R 457

No 4 15 22 30 34 45 74 114 170 209

OP 17 11 1 2 16 3 4 10 9 14

. [EEEERAAE 7 SRR

TE o) R U, 7 RS A PR BE A TLAD 29 A I 0 AN 2R, SR 258 iy K50 5 7 1.
L B DR BT SR, T A RS, SPTIOERBREEETE, HE
Class B¢, OP #5328 3 A 52 hril, FEIRAUESRRIIER . Bk, 2T 2R 3K a0 % 25 i it
AT R AR = Hud AT 58 22 B35 = 0T LRGN —F JLah:

1) CEPZMETEZER, BRAEF M L REERIRA, &R “OP” IREEk;

2) TR, BERETGMEN ETRETEW, &K “Class” REHE;

3) X F A BRI AR = P M TR N DARS, AUERE P e R FE
TEUE B LR AR, JERR “Class” #1 “OP” #R&E [E]R 61 2% .

It X PA E=EMAFE R EL 5, £ T L8522 X0 2504 38 5 A0 7 474 e
A, A RELRAENN EMEERNERE, NESFMAERTRER.

BxTUL B =M, BT EERIRENA 77 A LLRG A BT B R

1) PUIZZLAMEIEEE, XL E AR TR A, ikt AR S R AR 1 28
B, S5 A ATLAS 5 S BE AT o 25 1 2 SR M AT A A e SR T

2) HTANE R ZA SRR = 1 i 2= F A, B 7-1 B, RS S RO I
{AE B 2B 206, AR 2R B A ZE ] £ 8 B RIS AR 19 2 2 b 44
N T MR S T AR A A A L PR, AT AR I A A e P R 2 R T A R
AR EN B A 2R AR AT PRI RL, BESEAANGHE , X 2501 7 Mk 2 T 2
[F3E, R Sode P2 A 7 TR AR, AR B P 2 A A P b AT TR A bR,
WEJE AANIFAE kA 2564 25 14 o 25 ] T3S AL
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50

o w>»

T T T T 2T D0 2 =g 2

a o [~ o o o o [~ [= 1 ! T 1 1 1 1

o o o o o o o o o (=9 B a. (= [= o o
= =] o o =3 =3 o

B 7-1 JEanyh e Eos o oA W= o 2R 5 s = E

AR PR, BB YLES S > BN R 258 1 Pe LRI SR R R AT S e 4y 2. IR,
FERY RSy SRR b, {75 ] L= R R T el R0 ] R = A 2 e 2 R B A SR R s . A,
T B A SR A B B — B R R A 2 B

B, BIEERMFIEN AR, mTLLg . N EIREFIE, FEMBRE (35
PE =R 058 RS B TR0 5928 B B = Hhbr s, BIVRT N 2 T R 45 e iS4 R AL 2822 X1 7
YR 4r SETIUME R N4 AE R A AL #2521 vk R BE TN A 7R . 3 — P Rl & R R )
PLBs%2 > 7%, i SVR, RF. GBDT Ml XGBoost 284328805, AR UM FEE H At
22 X BGURS B S A BV A R R BUERRE R B2 A e .
7.1 ETRIBAIERIEVEES I FEAR P A £ RS

JR UG e VAR B 4 M R 25 B TR 1 PR BUE R PEARE, D TR E5 SR AL i )
RAHZODHFIESS S, Rk, T JRAG 6 ARAER S LER 52 21 5 v50T AR 254 1 28 70 AT P b
Y RE A RE RS HETR R 5 R E R RN P . AR T-1 s TR IE GG AL T AY B2
ML S r iRz A M Re A4S R

F 71 BT RIFOCESIENALAEF 2 AR R s R

Class 4 257 OP 43257
iRt =R P EE-20 W50 i EE-100 W EE-20 W EE-50 W EE-100
Precision 1.000 1.000 1.000 0.870 0.844 0.806
RE Recall 1.000 1.000 1.000 0.856 0.841 0.802
F1 1.000 1.000 1.000 0.839 0.822 0.774
Accuracy 1.000 1.000 1.000 0.868 0.851 0.834
Precision 1.000 0.994 1.000 0.768 0.779 0.779
Recall 1.000 0.991 1.000 0.728 0.720 0.686
LGBM
F1 1.000 0.992 1.000 0.725 0.722 0.703
Accuracy 1.000 0.992 1.000 0.794 0.788 0.774
Precision 1.000 0.991 0.997 0.788 0.801 0.749
XGBoost
Recall 1.000 0.985 0.996 0.775 0.804 0.739
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F1 1.000 0.987 0.997 0.755 0.782 0.722
Accuracy 1.000 0.988 0.996 0.831 0.819 0.814

MERFAUEL: X FHEHIERIGRAM, FRPAMILER BHFTERERA, fl
R BIR R ORI 28 X TR AMP I RINE, RF M KTNARAR, AEE
iz R,

7.2 ETHEREHNZEE I EN AN R R AH EREE

AT HIEFNHERAE SR ZFRIE, B, EBRARKIREHYEE
C {5 B Ry R TIN R TT — ERIPERE . 2R 4 2RI A2 &, RERBIE TR L
PR FEAC 2R IR B E HUARRE, T R AR AT MR Z — R4, HERRN MR
FEIRFI R, LU QAR S B, AR P2kt A0 ) 7 R R . A
W, AR, A T 256 25 N @ 7 R, So il M B h 2 R 2] TR
AR, XF ARAH 2001 R APR BRI AS S ATARGE , SEREE — P BTl /R, TR
LLANGTEAR BN P 25 1 2R A bR 25 ARG P 200 P TR A B, 52l 58 B B TR, A
WARZ AP B 2o S AL . AR, 729 RTRN P 24 7 i RN SRR -

FEREWESR, AT A0 R B B AR R A R SR RS, TRk IR R s
RIS A o 20 2R 1 A0 7= bR AR B Al et Les 52 5 0 R TR AL AT X EL . T 4R 7-2
FER T ZR A EIAEE T BB LA 2 ST o R TINAR R 72 AL RE MRS R

F 7.2 FRAERE A ROHL A 1T RPN B 25 S AR A LR S R

it OP FEMETAM Class 4328 fb5 Class FRIETRI OP 4325
kit TP TR AT WEL-20 BEB-50 PEE-1000 EEB-200 RS0 EKER-100
Precision 1.000 1.000 1.000 0.687 0.660 0.640
RE Recall 1.000 1.000 1.000 0.737 0.715 0.694
Fl 1.000 1.000 1.000 0.691 0.670 0.642
Accuracy 1.000 1.000 1.000 0.800 0.798 0.775
Precision 0.993 0.992 0.993
) Recall 0.985 0.985 0.988
LightGBM
Fl 0.989 0.988 0.990
Accuracy 0.991 0.991 0.992 - -
Precision 1.000 0.996 1.000 0.622 0.588 0.626
Recall 1.000 0.993 1.000 0.659 0.641 0.668
XGBoost
F1 1.000 0.994 1.000 0.618 0.587 0.623
Accuracy 1.000 0.995 1.000 0.751 0.728 0.765

MEFR T2 /A 1D B BRI R o, B B AR B 0 2R 0] — i B
TR AR R % [R]  (RAIE 28 31 A= 4 2 BE D v, AR SRR AR X T 7 o 2 T AR Y
R T ERAFAE, RERB MR IR O RPN R PERE; 20 FISE bR EE A A b 20 2L
FFE BIRILER 52 2 7 iE o R TR AU AT b, 28 T Bp S8 A B B B A 2L 1 E LA
ETE, RARETREARER B IR 2 77 24T, [FIR BT 55— B s
WoE B 2R IERE: 3) MULEMEEINLE £ IR u] AL, R T LL S SR RE 8 v 45 7
HEGH P RIS R, BE9EIE A LR BIE ARG RE, X 5 B 70 R AL EF
HWERAFEAEM.
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Bt 3%

R R T B 1
#install packages(" factoextra” #RIFRL
#install packages(" fpc")

library(factoextra)

library(fpc)

library(cluster)

library("stats")

mydata=read.csv("data.csv")

R UE

is.namydata)# B E HER R T HBRKIME
sum(is.na(mydata)# 5k 2K AR I3
datal=mydata[c(-201,-136,-64), )4z B HEEEE L)
data=datal[,-1]#4 5z B —%1

std.data=as matrix(scale(datay)# 48 AR 18

T R T
#41 T EEN
fviz_nbclust(std.data, kmeans,method = "wss" k.max = 10)
2 S R ENE
#K L2 310, PHEK
K=<-2:10
round <- 10 # BRIEAR 10 1R, BRBEHRL
rst <- sapply(K, function (1)§
print(paste( "K=""1))
mean(sapply (! :round, function (r){
print(paste( "Round" 1))
result <- kmeans(std.data, 1)
stats <- cluster stats(dist(std.data), result$cluster)

stats$avg. silwidth

m
P
plot(K.rst,type= 1 ,main= FCE RIS K [F2CHR', ylab="5T R24)
#3 ARGt
stat_gap <- clusGap(std.data, kmeans, nstart = 25, Kmax =10, B =5)
fviz gap stat(stat gap)

T c———
K-means FH

km_result=kmeans(std.data,centers=3,iter max=10)
HREUEARZE I B 5 ARt T & F
dd=cbind(data, cluster =km result$Scluster)
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Hwrite.csv(dd," D/ 5 [ SRR (] 81 1 B8/ -means+FREE. csv")
HEER—RRIHH
table(lam _result$cluster)
HEAT AT AL R
fviz cluster(km result, data = std.data,
palette = ¢("#2EQFDE", "#00AFBB", "#E7B300"),
ellipse.type = "euclid",
star.plot = TRUE,
repel = TRUE,

ggtheme =theme_minimal()

R R P C A, [R 2

rm1=cor(std data)

rsl=eigen(rm1)

val=rsl$values

(Standard deviation=sqgrt(val))

#HT R ETEREM ZATIRE,

(Proportion_of Variance=val/sum(val))

(Cumulative Proportion=cumsum (Proportion_of Variance))

HE o B 2

par(mar=c(6,0,2,7))

plot(rs1$values,type="b",cex=1,cex lab=1cex. axis=| Ity=",lwd=2,
xlab =" T M55, ylab="SFEAE (GE K 57 20"

HIRBUES B RHIE R B (W FR 4 Loadings, 24T 5 ).

U=as.matrix(rs1$vectors)

TR TR, 3R7F PC score:

PC=std.data %*% U

pe_data =PC[1:3]#E 8 3 M F# 4

pc_data = data.frame(pc_data)

#write.csvipe data,"D:/ 5L S8/ EEAE/[A] B 1 #0HE/PCA data.csv")

result=dist(std.data,method="euclidean")
he_result=hclust{d=result,method="ward D2")
cluster=cutree(hc_result, k = 3L pR 25

dd=cbind(data, cluster = cluster)

Hwrite csv(dd, "D/ 5 ] SRR [A] B 1 Frdls/ Ward HH5 28 csv")
#EEG—RHHE

table(cluster)

fviz_dend(hc_result.k=3.cex=)5,
k_colors=c("#2E9FDF" "#00AFBB","#E7B800"),
color labels by k=TRUE,rect=TRUE,ang=-1)
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A A e L
fF R 2

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt
import seaborn as sns

import statsmodels

import xgboost as xgb

import time

import math

import lightgbm as lgb

from sklearn.model_selection import train_test_split # -4t sE

from sklearn.svm import SVC

from sklearn import metrics  # 5| A QS HIEISIE F I E

from sklearn.model selection import GridSearchCV

from sklearn.model selection import cross val score

from sklearn.metrics import 12 _score, mean squared error, mean absolute error
from sklearn.ensemble import RandomForestClassifier

from sklearn import ensemble

from sklearn.neural network import MLPClassifier

# ARG M

data =pd.read csv(Q2 feature 20.csv')

dataa = pd.read excel( VUCE feature 20.xlsx")

feature data =data[~data[OP].isna()] # BN LEZTFREEE (sheetl)

X =feature data.ilocl:,:-1]

Y =feature_data.iloc|:, -1]

#HE LRy

X train, X_test,y train, y test =train test split(X, Y, test size=0.2,random state=0) # HriEE R4

#SVC

tuned parameters = [{'kemel's (linear’, 'tbf', 'siemoid), 'C': np.logspace(-3, 3, 13), 'gamma’: np.logspace(-3,
3,13)}] # &BEBHFIE

opt_clf = GridSearchCV(SVC(), tuned parameters)

opt_clf.fit(x_train, y_tramn)

print(opt_clf.best_params )

final clf = SVC(C=3.1622776601683795, kernel=rbl’, gamma=0.01, decision_function shape='ovr')

final clf = SVC(C=3.1622776601683795, kernel=rbl', gamma=0.01, decision_function shape='ovr')
pfitness = cross val score(final clf, X, Y, cv=>5,scoring="precision macro').mean()

rfitness = cross_val score(final_clf, X, Y, cv=>5,scoring=Trecall macro').mean()

ffitness = cross val score(final clf, X, Y, cv=>5,scoring=f1 macro').mean()

afitness = cross_val score(final clf, X, Y, cv=3,scoring=accuracy').mean()
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final_clffit(X, Y)
predl =final clf.predict(dataa)

#RF

clf =RandomForestClassifier(n estimators=99, max_depth=89,max_features=28)
plitness]l =cross val score(elf, X, Y, cv=3,scoring=precision macro').mean()
rfitness1 = cross val score(clf, X, Y, cv=>5,scoring=recall macro').mean()
ffitness] =cross val score(clf, X, Y, cv=3,scoring={1 macro').mean()

afitness1 = cross_val score(clf, X, Y, cv=5,scoring=accuracy').mean()

rf model = RandomForestClassifier(n_estimators=99, max_depth=89,max_features=28)
rf model.fit(X, Y)
pred =rf model.predict(dataa)

#xghb
xgbe = xgh. XGBClassifier(max_depth=3, learning rate=0.28005144974158647,
n_estimators=473, objective=multi:softmax’,

eval metric=error', num_class=11,

booster=gbtree', n_jobs=4,

gamma=0, min_child weight=0.01226452121030943,

subsample=0.37768775627497536,

colsample bytree=0.8, seed=7)
plitness = cross val score(xgbe, X, Y, cv=5,scoring=precision macro').mean()
rfitness = cross_val score(xgbc, X, Y, cv=5,scoring=Trecall macro').mean()
ffitness = cross val score(xgbe, X, Y, cv=3,scoring=11 macro').mean()

afitness = cross val score(xgbe, X, Y, cv=5,scoring=accuracy’).mean()

xgbe.fit(X, Y)
pred = xghc.predict(dataa)

#GBDT
clf = ensemble.GradientBoostingClassifier(n_estimators=100,

max_depth=3)
pfitness3 =cross_val score(clf, X, Y, cv=3,scoring=precision macro').mean()
rfitness3 = cross_val score(clf, X, Y, cv=>5,scoring=Trecall macro').mean()
ffitness3 =cross_val score(clf, X, Y, cv=3,scoring=11 macro').mean()

afitness3 = cross_val score(clf, X, Y, cv=5,scoring=accuracy').mean()

clf.fit(X, Y)
pred = clf.predict(dataa)

clf = MLPClassifier(solver=1bfgs', alpha=1e-5hidden layer sizes=(50, 50), random_state=1)

pfitness4 =cross val score(clf, X, Y, cv=3,scoring=precision_macro').mean()
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rfitness4 = cross_val score(clf, X, Y, cv=>3,scoring=Trecall macro').mean()
ffitness4 =cross val score(clf, X, Y, cv=5,scoring=f1 macro’).mean()

afitness4 = cross_val score(clf, X, Y, cv=>5,scoring=accuracy’).mean()

clf.fit(X, Y)
pred = clf.predict(dataa)

gbm =lgh..GBMClassifier(learning rate=0.19681498709141632,

n estimators=225)

gbm_merge20 pre =cross val score(gbm, X, Y, cv=3,scoring=precision macro’y.mean()
gbm merge20 rec =cross val score(gbm, X, Y, cv=>5,scoring=recall macro’).mean()
gbm merge20 {1 =cross val score(gbm, X, Y, cv=5,scoring="{1 macro').mean()

gbm merge20 ace =cross val score(gbhm, X, Y, cv=5,scoring=accuracy').mean()

gbm.fit(X, Y)
pred = gbm.predict(dataa)

SR 3, SRR 2
dataa = pd.read_excel('Q3 1 20
HE T

data 3 1 1=pdread excel(Q3 1 feature 20 xlsx)

data 3 1 20=data 3 1 l[~data 3 1 1[OPLisnaQ] # IFM77FEFESARE (sheetl)

X =data 3 1 20.loc[:,:-1] # SF{E

Y=data 3 1 20.loc[:,-1] # M BER

# BRI

X_train, x_test, y_train, y_test =train_test split(X, Y, test_size=0.25, random_state=0) # #5545
#RF F3770 LIHE

clf =RandomForestClassifier(n_estimators=100, max_depth=None,

2 xlsx)

min_samples split=2, random _state=0)
RF merge20 pre =cross val score(clf, X, Y, cv=5,scoring=precision macro').mean()
RF merge20 rec =cross val score(clf, X, Y, cv=5,scoring=recall macro’).mean()
RF merge20 f1 =cross val score(clf, X, Y, cv=>5,scoring=fl macro').mean()

RF _merge20 acc =cross val score(clf, X, Y, cv=5,scoring=accuracy').mean()

clf.fit(X, Y)
pred = clf.predict(dataa)

#IVC

tuned parameters = [{'kemnel’: (linear', 'thf, 'sigmoid’), 'C': np.Jogspace(
-3, 3,13), 'gamma': np.logspace(-3, 3, 13)}] # #iESHFIE

opt_clf = GridSearchCV(SVC(), tuned parameters)

opt_clf.fit(x_train, y_train)
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print(opt_clf.best params )

final clf = SVC(C=0.01, kernel=linear', gamma=0.001, decision_function_shape=ovr')

SVC merge20 pre =cross val score(final clf, X, Y, cv=>5,scoring=precision macro').mean()
SVC merge20 rec =cross_val score(final clf, X, Y, cv=5,scormg=recall macro').mean()
SVC merge20 f1 =cross val score(final clf, X, Y, cv=>5,scoring=f1 macro').mean()

SVC merge20 acc =cross val score(final clf, X, Y, cv=5,scoring=accuracy').mean()

final clf .fit(X, Y)
pred =final clf .predict(dataa)

#XGBOOST

xgbe = xgb. XGBClassifier()

XGB_merge20 pre = cross_val score(xgbe, X, Y, cv=5,scoring="precision macro').mean()
XGB merge20 rec =cross val score(xgbc, X, Y, cv=3,scoring=recall macro’).mean()
XGB merge20 f1 =cross val score(xgbc, X, Y, cv=5,scoring=1{1 macro’).mean()

XGB merge20 acc =cross val score(xgbe, X, Y, cv=5,scoring=accuracy').mean()

xgbe fit(X, Y)
pred =xgbc .predict(dataa)

#GBDT

GBDT = ensemble.GradientBoostingClassifier()

GBDT merge20 pre =cross val score(GBDT, X, Y, cv=5,scoring=precision macro’).mean()
GBDT merge20 rec =cross val score(GBDT, X, Y, cv=5,scoring="recall macro’).mean()
GBDT_merge20 f1 =cross_val score(GBDT, X, Y, cv=5,scoring="{1 macra').mean()

GBDT merge20 acc =cross val score(GBDT, X, Y, cv=5,scoring='accuracy').mean()

GBDT .fivX, Y)
pred = GBDT .predict(dataa)

#LGB

def woagbm (fitness, noclus, max _iterations, noposs, min_values = [0,5], max_values = [1,500]):

poss_sols = np.zeros((noposs, noclus)) # 7 &7 &
gbest =np.zeros({noclus,)) # 2R EEGEM T
b = 1.0 X HaR e AR B 4
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values = [0.1, 14BN E T EMAGERAE ST, 1. B8R, 01 Fald
# FPEENIGaAL
boundary=np.zeros((noclus,}))
for j in range(noclus):
boundary[j] =isinstance(values[j], int)#¥| 2 4~ 2 B AL
for 1 in range(noposs):
if boundary[j]==1:
poss_sols[i][j] =np.random.randint(low=min_values[j],high=max_values[j]}
else:
poss_sols[i][]] =(max_values[j]-min_values[j]) *np.random.rand(}+min_values[j]
poss_sols=poss_sols.astype(objecty## 75 T LEAE R ANF 5 B AR e — A4 8
poss_sols[:, 1]=poss_sols[:, 1].astype(np.int)£E 5 7Y B3 5| Hrf 248 gl R Ay
# poss_sols[:, 2]=poss_sols:, 2].astype(np.mnt)
global fitness = np.infHIE TS5 K
for 1 in range(noposs):
cur_par fitness = fitness(poss_sols[i])
if cur par fitness <global fitness:
global fitness =cur par fitness
ghest =poss_sols]i]
# JFIRIEA
trace=[]
for it in range(max_iterations):
for 1 in range(noposs):
a=2.0-(2.0*t)/(1.0 * max_iterations)
r = np.random.randomy)
A=20*%*-a
C=2.0%
1=2.0 * np.random.random() - 1.0
p = np.random.random ()
for j in range(noclus):

x =poss_sols[i][j]

ifp<05:
if abs(A) <1:
 x'=gbest[j]
else :

rand = np.random.randint(noposs)

~x =poss_sols[rand][j]

D =abs(C* x-x)

updatedx = x-A*D
else :

_x = gbest[j]

D=abs( x-%)
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updatedx =D * math.exp(b*1) * math.cos(2.0%* math.cos(2* math.pi* )} + x

if updatedx < min_values[j] or updatedx > max_values[j]:

updatedx = (max_values[j]-min_values[j]) *np.random.rand()+min_values[j]

poss_sols[1][j] =updatedx
poss_sols=poss_sols.astype(object)
poss_sols[:, 1]=poss_sols[:, 1].astype(np.int)
#poss sols[:, 2]=poss_sols[;, 2] astype(np.int)

fitnessi = fitness(poss_sols[i])

if fitnessi < global fitness :
global fitness = fitnessi
gbest =poss_sols]i]

trace.append(global fitness)

print ("iteration”,it," f(x) =",global fitness)
return gbest, global fitness,trace

def fitness(parameter):
gbm = Igb.LGBMClassifier(leaming_rate=parameter[0], n_estimators=parameter|[1])
fitness = cross_val score(gbm, X, Y, cv=S)mean() # FIT2E LL8T FEUE
fitness =1 - fitness

return fitness

ghbest, fitness,trace=woagbm (fitness,2,100,50)

=Ry

print( 5 L ' fitness)

print( f AT E A, gbest)

gbm = lgh.LGBMClassifier(learning_rate=0.24725041153210093, n_estimators=37)
ghm merge20 pre =cross val score(gbm, X, Y, cv=>5,scoring=precision macro’y.mean()
gbm merge20 rec = cross val score(gbm, X, Y, cv=35,scoring=recall macro').mean()
gbm merge20 f1 =cross val score(ghm, X, Y, cv=>5,scoring="f1 macro').mean()

gbm merge20 acc =cross val score(gbm, X, Y, cv=>3,scoring=accuracy').meany)

gbm fit(X, Y)
pred = gbm .predict(dataa)

#MLP

MILP = MLPClassifier(solver=1bfgs', alpha=le-5hidden layer sizes=(50, 50), random_state=1)
MLP merge20 pre = cross val score(MLP, X, Y, cv=5,scoring=precision macro'hmean()
MLP merge20 rec =cross val score(MLP, X, Y, cv=>5,scoring=recall macro').mean()

MILP merge20 f1 =cross_val score(MLP, X, Y, cv=>5,scoring=11 macro').mean()

MLP merge20 acc = cross_val score(MLP, X, Y, cv=5,scoring="accuracy').mean(}
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MLP.fit(X, Y)
pred = MLP .predict(dataa)

HHEHEHI AR B 4, S BRI 2
# AN RO

data_4 = pd.read_excel(fFHF 4.x1sx)

data = pd.DataFrame()

for iin range(l.-1):
tem data = pd.DataFrame([mean list[1], std list[i], quantile low list[i], quantile mid list[1],
quantile_high list[i], sk_list[i], k_list[i]],
index=['mean '+str(i), 'std"+str(y), 'quantile low '+str(i),
'quantile mid '+str(i),
'quantile high '+str(l), 'sk '+str(), 'k '+str()])
data = pd.concat([data, tem_data])

data = pd.DataFrame(data.values.T, index=data.columns, columns=data.index)
#data['OP'] = data 2['OP']
data.to_excel( YUCE feature 100 xlsx, encoding=ANSI")
HHRFLIRER
def extract feature(data, w):
mean list=[] # ZE
std list=[] # Az
quantile low list=[] # RFI4{z
quantile mid list=[] # HFfiiL
quantile high list=[] # EII4r
sk list=[] # fW/E
k list=[] # Up
L. = math.ceil(data.shape[1] / w) + 1
data = data.reset_index(drop=True)
for 1 in range(l, L):
if (i==T):
tem_data = data.iloc[s, 3+ w * (1-1):] # REELE
mean_list.append(np.mean({tem_data, axis=1)) # &
std list.append(np.std{tem data, axis=1)) # FuifEZE
quantile low_list.append(np.quantile(tem_data, 0.75, axis=1)) # = P04 %
quantile_mid _listappend(np.quantile(tem_data, 0.5, axis=1)) # 17 %
quantile high list.append(np.quantile(tem_data, 0.25, axis=1)) # _EI04pA7 4
sk listappend(st.skew(tem data, axis=1)) # HEhWE
k_list.append(st.kurtosis(tem_data, axis=1)y # I 2=
else:
tem_data = data.iloc[s, 3+w * (i- 1): 3+w *i] # $EEHE
mean_list.append(np.mean({tem_data, axis=1)) # &
std_list.append(np.std(tem_data, axis=1)) # FRifEE
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quantile low listappend(np.quantile(tem_data, 0.75, axis=1)) # JPU5-R%L
quantile mid_list.append(np.quantile(tem_data, 0.5, axis=1)) # F/i7 %L
quantile_high list.append(np.quantile(tem_data, 0.25, axis=1)) # M4+ %L
sk_list.append(st.skew(tem_data, axis=1)) # LI"H{RE
k_list.append(stkurtosis(tem _data, axis=1)) # {TEUEEF
data_ = pd.DataFrame()
for i in range(L-1):
tem_data = pd.DataFrame([mean_list[i], std list[i], quantile low list[i], quantile mid list[i],
quantile high list[i], sk_list[i], k list[i]],
index=['mean_'+str(i), 'std '+str(i), 'quantile low '+str(i),
'quantile mid "+str(y),
'quantile high '+str(d), 'sk '+stri), 'k '+str(i)])
data_ =pd.concat([data_, tem_data])

data = pd.DataFrame(data .values.T, index=data .columns, columns=data .index)
data ['Class'] = data] Class']
data [OP"] =data[ OF']
data.to excel('Q4 feature 20 xlsx', encoding=ANSI")
return data
## Class TilIEAY
data 4 class feature = extract feature(data 4 class, 20)#class JEZ
#Class 3E%¢, AFEFE OP, Class Fil|#EAY
X tramn ¢, X test ¢,y train ¢,y test ¢ =train test split(data 4 class feature.ilocl:, :-2],
data 4 class feature.iloc[:, -2],
test size=0.25, random_state=0)
clf =RandmForestClassifier(n_estimators=50, max_depth=None,min_samples split=5, random_state=1)

pfitness = cross val score(clf, data 4 class feature.iloc[:, :-2], data 4 class feature.iloc[:, -2],
cv=5,scoring=precision macro').mean()

rfitness = cross val score(clf, data 4 class featurealoc[:, :-2], data 4 class feature.aloc[:, -Z2],
cv=5,scoring=recall macro’).mean()

ffitness = cross val score(clf, data 4 class feature.iloc|:, :-2], data 4 class feature.loc[:, -2],
cv=5,scoring=fl macro').mean()

afitness = cross_val score(clf, data 4 class feature.loc[:,  :-2], 'data 4 class feature.iloc[:, -2],

cv=35,scaring=accuracy').mean()

data 20 =pd.read excel(Q4-21 7 xlsx)

data 20 =pd.read excel(Q4-21 7= xlsx)

clf .fit(data 4 class feature.locl:, :-2], data_4 class feature.ilocl:, -2])

pred = clf .predict(data_20)

#Class TAMIAERY, F op 41

# Class f1 OP ¥ 49F2 1B, WLUMEESS

data_4 nonan_feature = extract_feature(data_4 nonan, 20)#4 EREHEELA 22
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# Class, #FE OP
X train ¢, X test ¢, y train ¢, y test ¢ = train test split(pd.concat([data 4 nonan_feature.iloc[:, :-2],
data_4 nonan_feature.iloc[:, -1]],axis=1),
data_4 nonan_feature.iloc][:,
-2)test size=0.25, random_state=0)

clf =RandomForestClassifier(n estimators=30, max depth=None, min_samples split=5, random_state=1)

pfitness = cross val score(clf, pd.concat([data 4 nonan feature.iloc[:, :-2], data 4 nonan feature.ilocl[:,
-1]],axis=1), data 4 nonan feature.iloc[:, -2], cv=3,scoring="precision macro).mean()

rfitness = cross val score(clf, pd.concat([data 4 nonan_ feature.iloc[:, :-2], data_4 nonan_feature.ilocl[:,
-1]],axis=1), data_4 nonan feature.iloc[:, -2], cv=3,scormg=Tecall macro').mean()

ffitness = cross val score(clf, pd.concat([data 4 nonan feature.iloc[:, :-2], data 4 nonan feature.iloc[:,
-1]],axis=1), data_4 nonan feature.iloc[:, -2], ev=>3,scorng="11 macro’).mean()

afitness = cross val score(clf, pd.concat([data 4 nonan feature.iloc[:, :-2], data 4 nonan feature.iloc[:,
-1]],axis=1), data 4 nonan_feature.iloc[:, -2], cv=>3,scoring="accuracy').mean()

clf fit(pd.concat([data 4 nonan feature.locl:, -2, data 4 nonan feature.ilocl:,
-1]],axis=1),data 4 nonan feature.iloc[:, -2])

pred =clf .predict(data 20}

#itii Class SRR AH op 71

# FHEHR

data 4 class feature = extract feature(data 4 class, 50)#class JEZ

#Class 3E%¢, AFEFE OP, Class Fil|#EAY

X tramn ¢, X test ¢,y train ¢,y test ¢ =train test split(data 4 class feature.ilocl:, :-2],

data 4 class feature.iloc[:, -2],

test size=0.25, random_state=0)

clf =RandomForestClassifier(n_estimators=50, max depth=None,min_samples split=>5, random_state=1)

pfitness = cross val score(clf, data 4 class feature.iloc[:, :-2], data 4 class feature.iloc[:, -2,
cv=5,scoring=precision macro').mean()

rfitness = cross val score(clf, data 4 class feature.loc[:, :-2], data 4 class feature.iloc[:, -2],
cv=5,scoring=Tecall macro’).mean()

ffitness = cross val score(clf, data 4 class feature.iloc[:, :-2], data 4 class feature.iloc[:, -2],
cv=3,scoring=1{1 macro').mean()

afitness = cross val score(clf, data 4 class feature.loc[:, :-2], data 4 class feature.loc[:, -2],
cv=3,scoring=accuracy').mean()

#Hop BUIAEAY A H] Class 31

# FHEHR

data_ 4 op_feature = extract feature(data 4 op, 20)#OP E=

#OP JEX, AEJE Class, OP FRMAEA

X train o, X test o,y train 0,y test o =train test split(data 4 op feature.iloc[:, :-2],

data 4 op feature.ilocl[:, -1],

test size=0.25, random_state={))

clf =RandomForestClassifier(n_estimators=50, max_depth=None, min_samples_split=5, random_state=1)

pfitness = cross val score(clf, data 4 op feature.iloc[:, :-2], data 4 op feature.iloc[:, -1],
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cv=3,scoring=precision_macro'’).mean()

rfitness =  cross val score(clf, data 4 op feature.loc[:, :-2], data 4 op feature.iloc[:, -1],
cv=3,scoring=recall macro').mean()

ffitness =  cross val score(clf, data 4 op featureiloc[:, :-2], data 4 op feature.iloc[:, -1],
cv=5,scoring=fl macro').mean()

afitness = cross_val score(clf, data 4 op feature.loc[:, :-2], data 4 op feature.iloc[:, -1],
cv=5,scaring=accuracy').mean()

#OP, #5E class

X tram ¢, X testc, vy tramnc, vy test c = train test split(data 4 nonan feature.iloc[:, -1],
data_4 nonan_feature.ilocl[:, -1],

test size=0.25, random _state=0)

clf =RandomForestClassifier(n_estimators=50, max_depth=None, min_samples_split=5, random_state=1)

pfitness = cross val score(clf, data 4 nonan feature.iloc[:, :-1], data 4 nonan feature.iloc|:, -1],
cv=5,scaring=precision macro').mean()

rfitness = cross val score(clf, data 4 nonan feature.iloc[:, :-1], data 4 nonan feature.iloc[:, -1],
cv=>5,scoring=Tecall macro’).mean()

ffitness = cross val score(clf, data 4 nonan feature.iloc[:, :-1], data 4 nonan feature.iloc[:, -1],
cv=5,scoring=1{1 macro').mean()

afitness = cross val score(clf, data 4 nonan feature.iloc[:, :-1], data 4 nonan feature.iloc[:, -1],

cv=3,scoring=accuracy').mean()
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