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Manifold Nearest Neighbor Sample Envelope and Hierarchical
Multitype Transform Algorithm for Ensemble Learning

YAN Fang, MA Jie, LI Yong-ming', WANG Pin, QIN Jian, LIU Cheng-yu
(School of Microelectronics and Communication Engineering, Chongqing University, Chongqing 400044, China)

Abstract: Ensemble learning is an important branch and research hotspot in machine learning. The current main para-
digm of ensemble learning algorithms is to obtain multiple sample subsets based on the original sample set, then to train the
base classifiers separately and integrate the base classifier results. The main problem of this paradigm is that the diversity
among subsets is significantly reduced since all subsets are derived from the original sample set. This problem is especially
serious when the data size of the original sample set is small, the sampling ratio is large, and the degree of imbalance is
high. In addition, the improvement in the divisibility of the sample subsets obtained by resampling is also limited when the
divisibility of the original sample set is low. In order to solve this problem, this paper proposes a manifold nearest neighbor
sample envelope and hierarchical multitype transformation algorithm for ensemble learning. It aims to improve the diversity
and divisibility of the sample subset by transforming the original sample set into a hierarchical enveloped sample set with
differentiation through the envelopment mechanism and the multitype sample transformation. First, the manifold nearest
neighbor sample envelope mechanism is designed to transform the original samples into sample envelopes. Second, a multi-

type sample transformation is performed on the sample envelope to reconstruct and generate hierarchical envelope samples.

AR H 11 :2023-10-26 5 & 1] H 1 :2024-03-08 ; 52T 4 - B4 70
A 2



4126 H, ¥

EE 2024 4

Third, the inter-layer consistency preservation mechanism based on joint structure domain adaptation is designed to pre-

serve the distribution consistency of the samples before and after the transformation. Thus, improving the high representa-

tion ability of the envelope samples to the original samples. Four, feature dimensionality reduction and basic classifier train-

ing are performed separately for each layer of the envelope sample set. Finally, the final classification results are obtained

using the two dimensional decision fusion mechanism. More than ten datasets and several representative algorithms are

used in the experimental part for validation. The results show that compared with the original sample set, the proposed algo-

rithm improves the diversity of the sample subsets, which improves the ensemble learning performance with up to 18.56%

accuracy improvement. Compared with related ensemble learning algorithms, the accuracy of this paper’s algorithm has

been improved by up to 7.56%. This paper provides a new idea for the improvement of existing ensemble learning algo-

rithms, and it is valuable to transform the paradigm of “ensemble learning directly based on original samples” into a new

paradigm of “ensemble learning based on hierarchical envelope samples”.
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T= t%l Iy Loy _ 7;2 :[tl t, t/v]
b b o tpd LT,
ui:[uli Uy; ui,-]T’ti:[tli by tA;,,-]T’iﬂ]
M5y B BT U5 10 2 N SR R AR
EL 1Y 2k Uh
I
E;ZETWE'U“(}'F[:LZ,-“,M) (17)
-1
A (17) Al — b RR A
Ej=u't, (18)

Heu'=[u] ul ).t RO T (51T %
HEATT A HES D RAS S . W T, Sl 1 < N 4 B 1 46

~

I

T 383 I R Tx N e R T, =1 (T, ) =| 7 |

N ..

PSR (16) BN '
E? =[reshape(u'T)[" (19)

,EQEP,}:[;I t, ot ;M},reshape()%i?

B B T 2% H BRAT A 5 A9 0 e 5 HE 5 R AE Bl N x
M RE R .
CRAE T RERME 7~ .

v q //Ogég = N
(o o)
S o &V in

=== ar) ) BB (y() - ==

I I

I I

| f t !

I e

i A/ A/A AL N /i

| (A A A |
(As, A 4 = |

! A ANA ﬁ,( i

L D i E, WS

I

|

|

I

I

I

I

0| [0 mmmn]
/E— |

EREME
HACFEALE

K7 CHRRETRER

4.4.3 ETEEEMIEIERMNE B —HEREF S

H BT ST A REAS AR 43 AR A IR R H AR,
PRBRAE i J BT AR A SR A9 iR SR A RE T, B T TS
2R Sl 7 14 22 1] — SO DR AL X 55 H AR - Y5k
(] P 4 Jmy AUR) BB 23 A1 . 4 S R B s 2 S 1R R IR, o A
KAV T W5 BAR AL E,, BRAVE I 7
Je B4R Ey 1 C 2B AR 5 78 4 5 B 4R E 43 )
YE R E ARSI, {7 P 25 7 3045 &8 A Bl 107 1Y) 2 () — Bk
1% £5 ML #] (Joint Structure Domain Adaptation Mencha-
nism, JSDAM) ZR 45 S8l 3 W Ji 118 5 8 87 A1 H AR £ s 46
E; .E,;fE/.

VESREA FH O 2, BARISAEAH Vol . ol
B S Y — A - B AR R 5 P ) AR R R )
A A (RIR R Qo= 0,,) B B Fn S8R0 P50 380 95 2 114 34
GME A A A AHSE (RIR N Py= Py . BG4 A % 5%
7 TR AR AR R A PR UM AR BAY  Z MER
Gy A AL Py~ Py, HAR A5 A AL Qg = O, I
/MU B AR R TG IR, an=X(20) 25 1
PR . 2 (20) 55 2 T00FN 3 T0T 4 4% 1) 2 5 el A Ak
FEA Z ] ) Jay TR 45 40 15 . B AR ek AT LR s
#H (20) 7R

2
1 <& . 1 < .
Jispant = 702«5(0» - H—VZ(;&(vj)
i= Jj= H

n

£33 66,096, |15, 20

m=1n=

Y FCRETH] H

p=ld=1

Hrh,0=5, 3, 5%]Hﬂﬁs[a 5, - gji
1o Fll ny, A3 A5 R IRIORT H AR RE AR |- || A R0
RES TR 9C) ML R B S, 1S, 31227 TR SR
HAREREAR R ERME TR, Hm 50 AHE p Hd
N EEN

8 J& JSDAM 1 TAE/R B . Kb &£ 55555
FFK A IR H PR REAS  RE A =2 2 mil 3k
FRFERFEA . K 8(a) FR A RIS GIHEATE TR H
A A SO € R I ROV < 9 e o = 2 N S | N s =
8 (b) g i T R IR H AR IRAL 43 A7 X 55 5 IR AR 3 A7
oA 00, vl LA AN 555040 T AP B RE AR 41 45
B RR, I REDFER 2w K 8(e) Bin T
JSDAM 2 Ji5 BIREA M A RNk oA, A REAR TS X 55 J5
AR 8 () W R LR TP I FR |, (AR 7E 46 /Nl (B] 25
A [ ) SR B B G i A5 L il e b o325



% o12 M B

7 T B A ) I TR A SR REAR QL 2% 5 70 R 2 AR B 1

4133

PRI IE B A
PRI A

(a) FEUUAEARIRIE S B AR IEAR A5 (0) AU FFPTRE AR A1

FARIE B R A
bR 1 B A

(c) TR G R SR VL J 800 43 A1

P8 I SRS N

H#r Py~P) H Qp~ Q) , BB 33 1 4> e 5
$0) 1T LL 13 5 Po( p0)=P,@(7)) H 0,(¥,|$0)) =
O Y| $07)). TG 2 /N B 2 1 B 1
dat R A4 A AR AR — B 2 1T LT 43 BT (Transfer
Component Analysis JTCA) ¥ FH e RIS E 22 5% (Maximum
Mean Discrepancy, MMD) S & 2 >4 7 22 0] A BR 55
5h

dist(0. V)= (21)

niagqf»(a,.) - ;11,,2(15(‘;/)

ST A/ (21) BT 14K S ), (2 1
SR 1 AR 72 4 25 SR 7 L5 50 15 ) B A /N
. S5 5T PR R, W B Akt A B 3t
B A2 T rh . LM, 220 el I B Tk O il El
(4(0) $0)) ($(0) (7))

(¢7) $(0)) ($7) $07))
{’; I’i] R ECSR 3 45 o Y ) IR e
FEAR B 2555 T (R, ELIR M 2058 K. M2 MMD 55 %
FURR W IE 2 00T T

B V] BL R B4 K=

1
2 Uis

nohg ’

1 .
M--: s Vis /'EV (22)

v nyn,

<0

e
e

13

<

s

il NI T ) 31 S M R 0 A 2 5 T RE S R AR 2
]t 0h 09 5C R 250, AT S 20A G B 2% . NI,
HeF SR ER AR B8 5 55722 (Locality Preserving Projections,,
LPP) r [ B2 Hs 40 SR 4 69 JELAEL, 5 A SRR JE R
BUOREAS (1 Jm S A A A5 8 . JRIIORT o Bl 11 £ A5 4Tl
e LN

3> 296,965,

m=1n=1

M

e LSS 66,0605
p=1d=1
(23)

R JSDAM B 248843, 55 1 (IR B A H
T 38R A8 23 A AR A — B0, 55 2 30 20 1 B3 R AR R AR 4R I 45
B LT AR BT B PR /N R SEORT E A s [ 7 43 A
25, DAE 52588 T LA I H DE ORI . IS A B R
T R P RS R A 22 [ ()T AR 254, i DR L A UM B
ANZ ISR L PR K 530 A S R R A R A
S5 TE—iE . JSDAM HAw gt (20) AT DL — 22 3R0R

" ( L g0y g0y + L g gy
g, ny,

1 N T T 1 A\T T >
—mﬂo)u o) - Tﬂ()) I 1g(V)

ny

+ % > (966, )06, )+ 46, 96,)"

m=1n=1

~(8,)06,) ~ $6,)(6,)")S,.,

22 (906, )96, )+ 965,965, )"

b, )5, — $F, )G, ) S,
(24)
AR A PSR P G T 2 S, T B % (24)
LM (25)
Jispan=tr(BM) +tr(4(0)p(0)' L,
+tr (7)) L, )
FUri A R MMD S A2 22565 1 5 E A IR 10
BEARTHEARE 1, Ky=pO)pO)", K, =p(0)pV)'. L,=
Hy— S AL, =H,— S 5% 9 g IR Bl 5303 Hr 07
KL H, FH 53 500 RS AT B BE A , S U8

B0 SR AR RS S Sy H bR 8RR R . AR (25) ik
HR=(26):

(25)

Jispan = tr(KM)+tr(K - L) (26)

P () F5 KRIL (55, L = [LO L" }
ST 5 1 PR R 2 39 7 i, ) 5 0 R
5150 (27) , 60t EBR B EGE T ME -
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min u(¥" KMEW)+ uW"L'W)+ i 'W) (o7
s.t. W KHKW=1
Sk T el ) i ey M —  FE SRS T AR
W IE SR B, LR KR L B 3, AW W) 2 1E )
WL FRAAMEHEFE, QDT EHELRN
min tr (W™ (RME+L"+20W)~te(W " KHKW-DZ )
(28)
Horp, Z SR S Rk Y H 3130 A4 X £ A 6 Wk T
0Kk 515 .
(KMK +L" + . )W=KHKWZ (29)
#(29) (kS (KMK + L + 1) KHK (5 d e 45
T, d<ng+n,. e, 01 B2 0 e 553 0 e o
SR B ARSI T AR R TR B A B S I E ) E) EL.
4.5 ZHERKRBEHLE
FEF FIRE) MNEMT J7 i, 45 & 4 U3k b5 L
il , 75 218 B 4R 2 > HE 2R 551k MNEMT_EF. — 4
A UH BRI AR 5B 14 xR BRI
Y FE AR S, F1 MNEMT 153 2] (9 EL . EL Fl EL fH H
PCA Bk e 13 B M4 J5 s 56 FL L F, (F, FI
F,. 5520 XK AEAS S 4T HH R A0 RE AR 75 e 45
1k, 15 2 E/;testzY(Stest’E/,x)’El;testzY(Stest’El;)’Eétestz
Y (S EL), H I B9 B8 48 5 I 38 BE AR N F =
Y (S Fr)s Fros=Y (Ef o Fs)s Froy= Y (E} o Fy)
Fioi=V (El o Fy) Y (a.b) FREETF I b 0 R T
BRI aCE . 34, T F, F, F, M F, 1% 43k
32t AR EEAR R F o Fo s Faeas Faee M
YE LAy AR A5 B 4 BE 03 JE A 0 I AR B B Y=
Yu Y 0 Yu

Yo ¥ y - o b — Bt B A0
Ho LA R B Y S

Y Yo ot Vi

Ya Yo o Va

e IAR A 13 B R A TUERA: . X THEA S i
APMEERFEAIT

) _ ,8)

ypredict_y S (C*: 17 2’ Tt C*)

argmax Count(y... )’

Horfr, Count() AT EU e g . WHEA S, B HUIME 25 1
A L O A f ik (95 -y &), MUyt 9
IR Ry

_ 4 L _
Count(p)= > fron -3 (31)
i=1j=1

Horr g (@ b) AT RE, S a=biT £, (a.b)=1, 750
Soom (@ b)=0. ASSCHE H WA AAS AN 1 s .
4.6 EZESH

AT B E VAL TR T B R R R ek HAO T
52 2% B F MNEMT Fl 2 P 3 il G AL 2 1 P R 4

(30)

BE1 REESHEABRSSESAXBTRERERIEREE

BN EIRHEALES

Mt BTN R Y, i

s

135 MNE A4 B 3T 4 45 RE A S

2. BT MT M SVEL I IREARA e JAGE B E

3BT T A5 2 P B 7 1) )22 18] — B DAL 3 B X S HILE
E . E 1895340 (U3 0, DR 2 B REAS 23 A (1 — 20k AR E ),
E{FIE(

4[] PCAKRYEAS F\.F,.Fy.F,

5. HETHARSE F\. Fy, Fy. F 000G REA T 25 I F I 25 4 < LA5E
Ay AR N TN AR

6. HAE B0V L& I FRAE S BN R A TSR Y e

MNEMT i35 8 2% B i ORNGG)+20(g'g)+ O(N (1, +
n, ), Hot, G IR IR FEA KR, N A RFIES, MT A5 40 J5
FEAR U ]y g, AT AS Bl g, g Rl my, 43590 by U8
S A AR SRR AR AN B . YR B S BRE B R A T
HAER O((d, f*+n-log(n)- N)KL), Horh LA K 53 51
R 4 AR 23 18] 2 B5ORT 3 2R 25 058, R n 43 31K
TS T4 M RRAE A BORFEAR AN B, d, ol FRAEE A
B PG, 8 SRR AT 24 O O (max {(2NGG +
2g'g+N(m,+m),(d, f*+n-log(n)- N)KL}).

5 REERSHM

R T B UEAS SO S A O AT R T 34
S B 1 2H S e T AR B IE MNEMT (94 2 .
55 2 S R FVA T LSS AR R R A A
SEARPRIY LHR . 56 3 2 S AR R SR AT
5.1 SEWIRE

R T B EA SO A R AR G R T 19 MR
P B9 UCT A1 LIBSVM 2> 3 88l 46 . Bodls 56 i P 4i 15
L AT YE 55 32 (https : //archive.ics.uci.edu/ml/index.php) Fl
(https : //www. csie. ntu. edu. tw/~cjlin/libsvmtools/datasets/)
kB XSG TR A YR
U BE AR B 150~7 000 AN SRR AE B 4~
5 000 &5, SR 2~7 RANGE, g 2 T A
SRR S EIE . 322 WoR T HRENEAG R

FEAE T 1047238 g ER: . Bk S E0 E
LSRR T BEALARAR R AR A 1 Kl
by 50 (52535 E Gy 15 255 075 100 200 500) , F %5
() 50 TR 40 (S I 18 T L O 20~40) , (28 FE A B
R 7 (S B B R 2~9). 3 2 A R O VR A e b
WS E. SIS AE 64 457 Windows 101154l L isfT, il
1804 Intel i5-9400 CPU, 2.8 GHz, 16 GB N7, i Jf]
BRAF R MATLAB 34 (1 R2018b JitAs .

AR HER % (Accuracy) i 2 (Error) R Hff
% (Precision) | 3 [1] % (Recall) | F, 53 %1 (F score) Fl
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K2 BUREERER

peES AR FHIEEL %k
Balance 625 4 3
Banknote 1372 4 2
Biodeg 1055 41 2
Breast 286 9 2
German 1 000 24 2
Heartl 270 13 2
Iris 150 4 3
Liver 345 6 2
Tonosphere 351 34 2
gisette 7 000 5000 2
Seeds 210 7 3
Segment 2310 18 7
Sonar 208 60 2
Thyroid 215 5 3
Transfusion 748 4 2
Vote 435 16 2
Wdbe 569 30 2
Wine 178 13 3
Pima 768 8 2

Kappa Y R #7555 1038 45 . Kappa PEAE 2 4~00 25 25 5
H 2 18] ) —Z M 7K S, R B 2 IEAR AR . K B2 & vh 34y
F48 (1) °F- 1) Kappa {HAE A5G 1Y Kappa {i . Kappa {E #
1=, ZFEERRAIR
5.2 HEARRR-BUMLIEIE

T B E MNEMT (A7 R0 , A8 SCR TS Rl 25
[FZFEASE AT T 3080 . 1058 T 10 RS 1Y M (H 43
FUER 3, B )R REA AR C4.5 VE R 23 258 , AN
FEAER B 3 A5 RN R 3 R . 3R 3 AR : Il
FEARLE S0, 55 1 2 UBHEARE s 1,5 2 RO AR 2,563
JRAIBFEARLE 83,55 1 )2 550 2 R AR AR B s 1&s2 LA
FSET A AR ENER G sall. 75383 Tha HkE
SEuRaE AL ARG ULEERE - hitps://pan.baidu.com/s/
1ySkWBWpPawM 1hITCg8P60A? pwd=Tjwv .

FH 28 3 AT, X AL FEAR AR s 1 RN 82, 76 K 43 4K
YA b LA R MER R ORI L LA DR F B T
JEFEASE 0. X AL FEALE o3, HAEA [ 4R 3=
IAFAE2E 5 7 Pima B4R D ERRAR T IRAEALE , 1M
1E Tonosphere , Breast 1 Sonar BAREE 3 UER R AR T
JEAEAAE SO HERG R B4R 5 T 2.84% .5.38% F19.21%.
TR Z S5 2 ) BHFEARER G s1&21 7 , 21
BAR RIS PRI T Z B FEAR RS I ZE R . X
Z )AL sall, 7E 2 B 4E LARAS T e fEf
BRI R ] 23 2R A SR X 43 2 ff 23R 114 5 1]
ANRFEAE B AN 275 R AR AR 2 AT 4R 12 > S

BEMA R . 53 R AL $3 BARTE 284k
EPEREFR RS T IR EE A S <0 Al s1&s2, (HIE T A 2Rl &
sall P25 0L 8 T s1&s2, X2 K R 25 3 )R s HEA SE 3
TR RENE N T R W 2 BTSSR TS
S 1 1
5.3 JFiEbE®

R T AR AR SCR I A R L A SO 8 B B
) vk SR H 9 MNEMT_EF #5475 Hed . % L4
& Rotation Forest, Bagging. Random forests, Adaboost
Xghoost ,Light GBM 5.7% .
5.3.1 5RBEHFIEELR

TE L9 MR T T 1 6 P AR plioy: 2] Bk
FA SCER AT S . v, 6 4 B84 2 19 23 R T
BRAGHEE A FRHF RN R 4 PR . HAL K 4R
SC 6 25 LR 43 M1 WA+ https://pan. baidu. com/s/1ySk-
WBWpPawM 1hITCg8P60A? pwd=7jwy. S i FHIE/32
PR . AR S0 Tk MNEMT_EF 76 19 80408 4R 1
10 H s f e HER % . P 7E Liver 8445 F 1 Ada-
boost BIEMERM R T 13.94% , 7 Sonar BG4 I, A%
FHERIZRAS 2 =1 Adaboost FLILHER LT T 7.64%.

TE Wine B8 82 I, AR SCH AR T o e HE B R 1Y
FRAURKAR T 0.53% F1 1.87%. SR, 16w %
T3 A SCREE R 2 806 55 1 I e e 45 5 Ho# 7t
ELR TR oy Bae 4 T 5 3R A5 B 45 SR i X L3 ik
ZERRBN BRI SRR A N . BETEARR
BndE bR 22 S I A I A5 R AN SR 5 TR
2 P K OF- R 0.05, ¥ P-value /I F 0.05 B9 AU bR 7
pIlIE::

W 5 s, A SR ST A R % 25 5
4, Bagging 5% 5 Random Forests . Xgboost I Light GBM
B e B 35 2% 5V, Rotation forest 5 Random forest
WAFAE 25 25 5k
5.3.2 EEHEMFIEELER

TEATT T DREAS A 5 H T oRT i 48 Ly ) Bk
HEAT T R, B TR R A BIE AR | LU AR A Rk 6 s

1 2% 6 AJ A, A SCHR IR AF Breast 5086 S U T et
I ZEUETR RN 82.05% , 75 Liver B 8 S T i ifE
11 % R 80.35% , 7¥ Sonar B £ I 3k 21| fi = HE B 5 H
91.31%. TEEHEEE Wine I 5 B AL HER 58 19 52 AR
72 2.41%, 1E Pima BUHE 56 1 5 5 O ME B R A 22 T
6.94%. S\BYRE, A SCRLE B BB R A R AT
MRS E AT R & 1 R %
5.3.3 ZHEMELEE

AT T AR R D& EHEARER 2N, W
FeAE TR S o2 de 2R . O T B LR IE , AR 3C
1E balance . breast . ionosphere . liver . pima #l wdbc Bon4E
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®3 AEBHAENIEERILE A %
— WErbdsh | A 0 B UREAHE | 2R MM | B3 RMAHE | 5 1%?@%2%@%# ZRFEASER
A4 sl A s2 A3 ARG s1&s2 4 sall
acc 74.93 82.21 86.57 84.14 87.10 91.31
pre 76.03 84.75 88.10 85.81 88.93 91.54
sonar
rec 74.96 82.32 86.79 83.97 87.88 91.82
F, 73.19 80.27 85.67 82.64 86.27 90.62
ace 93.27 87.78 92.12 85.42 95.56 97.22
pre 93.72 89.28 90.41 86.24 94.01 94.81
Wine
rec 93.84 87.30 91.05 85.40 93.63 95.74
F, 93.35 86.98 89.99 83.75 93.63 95.18
ace 71.88 72.01 68.62 71.87 68.62 70.06
_ pre 69.07 76.62 69.11 77.15 73.03 71.36
Pima rec 65.84 61.20 55.17 60.86 55.52 57.57
F, 66.16 59.80 49.29 59.06 50.40 53.52
acc 7228 7225 78.40 77.66 77.67 82.05
pre 65.81 70.50 75.63 74.62 72.07 80.31
Breast
rec 67.00 69.10 65.34 68.55 69.02 71.50
F, 65.83 65.97 64.86 67.80 68.04 71.36
ace 61.79 75.70 70.50 74.27 79.79 80.35
_ pre 60.56 75.97 72.19 73.63 80.66 81.46
biver rec 60.78 75.68 68.13 73.53 78.48 78.55
F, 60.15 74.84 67.17 7272 78.43 78.79
acc 86.04 89.75 80.06 88.88 87.47 92.74
Tonosphere pre 87.46 93.13 83.05 91.35 87.21 94.21
rec 82.33 85.61 74.41 85.34 83.45 88.48
F 83.64 87.60 73.60 86.64 83.69 90.31

E O 2 e L 4h

TR Y R S S AR B, A IR AR A AR <0, £
BFEARLE 51,5283, AN[A| JZFEALE LA sall (1 Kappa-
Error f8 b5 . eI T Hrp 2% 45 4 (liver Fl breast) 1945
REER A 9. 78BN s B o e g X 1 73 2K 1
25 BN IR 73 2R XT Y Kappa {A .

J TR H A SCR 7 (Proposed ) 5 i 48 507 4 36 43
KA ZHEME AR SCEE B T LA B« Rotation forest
(Rof) . Bagging (Bag) , Randon Forests (Rf) . AdaBoost
(Ada) , Xgboost (Xgb) . LightGBM (Lgb) , Jf- 7£ X%} Lt 52 %
rh R AR [A] 1Y 356 43 25 45 5, 7F balance | breast | iono-
sphere . liver . pima I wdbc BiaE FitaE T Kappa-error
& . P E T o 2 AN EOE 4E (liver FT1 ionosphere ) Py 25
P e & 10.

L 10 IR, ARRAS S5 125 (Proposed ) Y 55 €4, 54
A3 DB, HLIR R 73 58 6 R AE 1 20 A1 1E i A A
B 5 D 26 L X 3 B A SRR HA IR error {EL

FIHAIK Kappa (B, AT HABS L B A 3R 0 2
5.4 SEHW

AT T A EE A, LA [ R e R [ 3 4026
TECR A RPERER B, N 7 FioR . Ange 7 s 4 T
Balance $04f8 45 , 3 10 e o 56 o R A B0 2 75, % 1
German E ¥ 45 | FLa L 3 70 a8 B0 02 75, X T Vote
B R 0 R AR B 2 75, X T Wine £l 48
A 2R R 2 25.50.75.500. 1L FAr ARl g,
AR SR 8 0 o P 35 0 28 A B0 3 o 6 A A
S 07 AT

AR SCR 1 R L R A A S B AR OR (R A AR A
iR A RUER R AN 11 7R . 7E Heart L 5idE4EK 11(a)
AR SCER REAEAN R 2 FE AR BT 38 B 9 d e R B R
HAE# R 2 0 BB B/ e B 11 (), A
SCE IR AE A AR N 75 W BUES T B i A A 2R U
R
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F4 HHRERZESERMILE A%
PGS PERETEbR fotation Bagging Random Adaboost Xghoost LightGBM MNEMT_EF
Forest Forests

acc 80.74 74.45 83.17 83.67 82.67 80.79 91.31

pre 80.44 74.19 84.95 83.64 81.97 80.47 91.54

o rec 80.41 74.09 81.84 83.05 81.44 80.21 91.82
F, 79.28 73.09 81.46 82.57 81.11 79.38 90.62

acc 92.12 96.11 97.75 96.08 97.75 96.63 97.22

. pre 92.93 95.60 98.06 96.71 98.13 96.91 94.81
Wine rec 92.55 96.30 97.86 96.90 97.86 96.71 95.74
F, 92.33 95.63 97.89 96.50 97.88 96.71 95.18

acc 73.45 77.35 76.31 74.62 75.79 75.53 70.06

) pre 70.72 75.05 74.25 72.53 74.39 73.24 77.36
Fime rec 69.56 74.87 7291 72.03 70.51 72.39 57.57
F, 69.63 74.63 72.87 71.62 71.08 72.26 53.52

acc 67.95 70.44 73.70 70.09 70.79 74.49 82.05

pre 59.85 65.39 65.58 64.20 64.62 72.09 80.31

Breast rec 59.16 65.07 63.51 62.53 64.64 60.12 71.50
F, 57.82 64.38 61.81 61.31 63.08 59.92 71.36

acc 67.30 70.45 74.50 66.41 72.22 69.87 80.35

' pre 65.94 69.44 73.94 65.22 71.94 68.85 81.46
biver rec 65.28 69.86 72.89 65.29 71.87 66.62 78.55
F, 65.07 69.35 7276 64.79 71.26 66.39 78.79

acc 92.59 93.75 94.03 91.45 93.45 93.17 92.74

pre 92.10 94.24 93.86 90.94 93.84 93.93 94.21

lonosphere

rec 92.02 92.35 92.88 90.42 91.99 91.65 88.48

F, 91.45 93.03 93.05 90.31 92.55 92.35 90.31

T ML B R w24

#=5 XfhEE KR

. Rotation Random MNEMT_EF
B g Bagging AdaBoost Xgboost LightGBM
forest forests (proposed)
Rotation for-
— 0.759 8 0.012 1 0.484 7 0.004 5 0.070 9 0.1799
est
Bagging 0.759 8 — 0.004 7 0.693 7 0.011 6 0.020 6 0.140 6
Randon for-
0.012 1 0.004 7 — 0.023 4 0.7273 0.061 1 0.652 9
esls
AdaBoost 0.484 7 0.693 7 0.023 4 — 0.0377 0.089 0 0.077 3
Xgboost 0.004 5 0.0116 0.727 3 0.0377 — 0.154 2 0.6142
LightGBM 0.070 9 0.020 6 0.061 1 0.089 0 0.1542 — 0.387 6
MNEMT_EF
0.1799 0.140 6 0.6529 0.077 3 0.614 2 0.387 6 —
(proposed)

T R 7R P-value /N 0.05 [H4UE .
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xR6 SRMEMEXLE PAA % RT AXEFEARDLEBHEBFRANSRERR 0%
Bt Algorithm Acc — FEAN AN EL
ELBAD™! 74.31 N 15 25 50 75 100 | 200 | 500
Breast HBoost"™ 76.47 Balance | 82.54 | 84.13 | 82.54 | 90.25 | 79.37 | 84.13 | 82.54
reas
ECBIW?" 72.20
German | 79.10 | 79.60 | 78.90 | 81.10 | 79.84 | 79.80 | 79.70
MNEMT_EF(proposed) 82.05
FLBAD®! 93.56 Heart] | 91.11 | 90.00 | 91.48 | 92.96 | 92.59 | 92.59 | 92.96
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