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Figure 1 Flowchart of adaptive subspace imputation
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Figure 2 Comparison chart of feature distribution before and after imputation

Kb I O REALARMAE Y, V' o5 ¢ MR T4 5 P
N ox, B RER,

TE 5 JAE 55 Hp 3 M5 I 8030 A 0 3 5
Je AL [ 23 A1 Y o SRS A 58 B B i A
SRS E A VEITE G IR SRt RIS YU e
Yo A X o AP A —SE W22 o O 1 PRA X Fh o A 22
S A3 2 46 R T B Y B, R SCR T JS
Rt 2 4 A0 IR I 25 2 5 0 1 2 TR Y O3 A 22 5
PR, 4 U o B i 45 21 B 73 2 45 2R 00 4 Jm T 2L
PER Ty, AT5E CH

! (7)

Yi =

o

};Jscﬁaﬁtﬁeﬁ» +e
A fre ™ HUILREE DA ¢« AT D | AR
WS40 5 fres MR PS5 o A F DS A4
GE AR 53 A 5 & iR 270

0 55290 3 B A 1 43 A 5 011 5 4 7 EE AL U
AR I 25 W B2 ) Y5 3 5 R W8 0 302 1L )
T KR | AT 5 128 T 1 4 o T

TEAS 58 BOBUHE 43 2 oh | Je) 35 o ) T A A5

TRAE o 5 JOCHE DX ) 00 A R P A A R G
O REAEUR T 3 P B A A A 1 T &4 2R 5 AR T
AR PR AT 25 (] 208 48 P9 B S AR 28 O3 A 1Y 22 S, 2 A5
bR RIY S RS TR DRI T8 O (B - o 8 N ¢
M, PO AT &, TG R AR RO 22 e L
TR B A e RS TS A A — 1 05 2%, LARAIE I 4R
AR R AE TTRR I , I3 Ao g S A AR fe 48 el A
25 A S HER SRR R 2 A

PRt , AU ZRAS R i 45 21 i 73 2R 25 5 14 ) 1 o
BEN T B, nlE SN

T
B =18/ 218

K
IS =Y w, ISk (9)
j=1

Ay, WEAELBMAE; i WEEARRRT]; IS,
Ry IHRE AL
2.3 EEHESER

RBNFEA «, 1Y 4 Jry 2 R 0 Jmy 30 i B
HF e, B A «, A T G55 78 0E 4 4 P AE 22
T ARG FEGE A AT LIAE Ry — A UE R I Ak A

HH

(8)



54 #

WA, 2 ¢ 1 IO T4 b 10 R 5 5 MO0 W A 4 43 2 >3

IESE R — D2/ E B MR EE I, T
PRI T A R85 R E R A SCE L T —F &
HGEEEHET A,

)‘u:('yu+Bu)/z(7u+ﬁu>o (10>
TEAAR AT A TN T, (0 P 28 3L HR 47 4
PARYE A, KA REE R IA BE E AnF
R -
m(w,)=21,P(w,);
m(D=1- 3 1,Plo,). (11)
o m () RIEAMSATAE L T HERHE LR T A 4%
KR R B B TR — KR B 0
DRt IR /& B Y CIE
5 T T B 0 T 0038 s 06 I R R 405 A 0 1%
AR ] w58 WA AR B i KK LE R P (w,) "
S SLIF TR .
Y mli(w,)mi(w,)

m Nm
u v

P (o) = - (12)
TUTULY mlie)mi(w,)

m,Am =0

R IE  pignistic BER R AS SR (S AR 40
PIC e Al Dy 28 B SR 0 A1 B9 T 33X o A or 28 R AT
REFFFEA B AR > 48 AR Y2650, 20 D-S Bl & )5,
pignistic HEA 55 %

()
BetPi(w() - z W
w ef]

AP Q208 QPRI B BeaP(0,) JIIKE
FEAS AT LA 23 21 M 3 Je KA 28001

3 XBRERSH

3.1 HESE

A% 3R A UCT Bdi 2 v 10 A~ HAT AR R
BAE A AT 5L IR I, 53X 10 AN EUHE 4 ) B0 A 58
REEHE B G Y 57 R B SR 4y S il R AR R
M 4R | SR 5 4 BRI 2 48 R I 4 4% Rl AL Bk 2k
209% FHE 1 7 sAEAT AL B, SR 10 YRk Sy HE R S
B 22 5 00 S 306 K 1 B Bl AL R 38 X 52 56 45 AR 1Y 5
M, 2 1 FRANE T SE G BT B R 58 5 R 4R 3
AER
3.2 iEMIEARAIXTLE iR

TESEB R A SCH ARIPY FL AP AR Jg A 45
P VA AN [) B AN 58 B R G 43 S8 07 ¥R I PERE . ARI
TR A 4 5 LS AR 4 2 ) A AR DL M RS E T B AL
SYBC S s AP (B HE PP ) BE VEAE LAY R RE 25

+mi(w,), (13)

5 JE AT 1AL B ORE A T i A
ZA T AR R PR A S5
F1 TEBEYREERER

Table 1 Basic information of incomplete datasets

Kot 4 BEAKR B o, @,
Tic 957 9 625 322
Stalog 270 13 150 120
lonosphere 351 34 225 126
Diabets 520 16 320 200
Ecoli 335 7 142 77
Acoustic 400 50 100 100
Raisin 900 7 450 450
Credit 689 15 383 306
Biodeg 1 055 41 699 356
HTRU_2 17 898 8 16 259 1639
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Table 2 ARI of different datasets classified by different methods %
Mg ‘ : o _ o_—
MEAN EM MICE KNN LLA GAIN Difflmpute TGAN-MTL A3k
Tic 34.05 32.84 33.47 29.57 41.25 47.35 42. 67 52.48 66. 32
Stalog 96. 03 95.34 96.21 93. 67 97.24 98. 14 98. 54 99.07 99. 58
Tonosphere 72.95 72.89 73.41 73.93 78. 47 82.33 87.09 92.32 98. 85
Diabets 72. 69 69. 47 70. 35 74. 47 80. 44 81.35 85.42 88.63 93. 11
Ecoli 29.35 31.65 32.43 33.13 37.56 35.33 40. 10 45.18 57.19
Acoustic 45.79 51.37 52.36 47.07 54.71 41.95 60. 35 68.52 81.47
Raisin 73. 67 76.92 77.35 73.72 79.98 65.27 81.24 90. 76 93.83
Credit 38.55 37.41 38.32 39.68 40. 31 33.54 39. 87 39.75 39.94
Biodeg 51.55 56. 05 55.37 56.94 61. 35 69.43 71.24 77.98 82.12
HTRU_2 83.95 84.07 84. 31 83.24 87.24 85. 67 81.53 89. 67 94.29
REki 59. 86 60. 80 61.36 60. 54 65. 86 64. 04 68. 81 74. 44 80. 67
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Table 3 AP of different datasets classified by different methods %
VEITE S v ; o
MEAN EM MICE KNN LLA GAIN Difflmpute TGAN-MTL ARk
Tic 81.19 80. 73 79. 24 83.05 81.47 84. 54 85. 89 84. 62 85.39
Stalog 80. 47 84. 84 80. 36 84.27 84.24 86.91 83.74 86. 07 87.96
Tonosphere 96. 43 93.20 93.26 98. 34 97.31 95.74 94. 48 98. 28 99.21
Diabets 93.10 94.09 91.27 96. 30 94.26 96. 32 95.27 97. 40 98.24
Ecoli 76. 88 75.22 79.31 80. 25 78. 63 79. 85 85. 69 82.47 82.43
Acoustic 78.37 80. 34 81.45 79.97 81.13 85.77 81. 64 83. 64 83. 81
Raisin 91.37 92.52 86.97 92.03 90. 54 91.25 93. 87 93.55 94. 08
Credit 88.73 88.57 87.43 89.55 89.78 78.24 84.33 91.26 92.73
Biodeg 93.63 95. 48 92.24 95.29 95.35 92. 65 96. 27 95.85 97. 62
HTRU_2 90. 06 91. 45 88.33 92.32 91.90 77.54 92.30 93.51 93. 36
-2 87.02 87. 64 85.99 89. 14 88. 46 86. 88 89.35 90. 67 91.48
100 100
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Figure 3 Classification results for the Biodeg dataset with various missing rates by different methods
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Table 5 Execution time of different methods

AT ] /s

K e MEAN EM MICE KNN LLA GAIN Difflmpute ~ TGAN-MTL A3 H ik
Tic 0.723 1 1.473 1 1.326 3 0.9723  2.4165 5.3846 4.982 7 7.385 1 6.572 4
Stalog 0.796 5 1.546 3 1.282 1 0.6347 3.5407 9.8805 3.653 1 8.2156 7.390 1
Tonosphere 0. 869 3 8.3199 7.795 8 1.0999  4.376 3 10.804 2 5.830 2 11.237 4 10.944 9
Diabets  0.386 9 1.268 6 1.336 3 0.5537  7.2759  4.1140 7.048 3 8.735 1 6. 840 2
Ecoli 0.482 4 1.314 7 1.938 5 0.8643  6.2279 10.051 1 6.912 8 13.574 2 7.908 5
Acoustic  1.4358 177.6333  195.292 8 2.4126 48.578 3  12.406 7 8.603 2 12.027 1 15.619 0
Raisin 0.701 8 1.135 6 1.0177  0.7353  2.8944 9.5192  10.317 9 15.329 4 11.899 4
Credit 0.441 8 1.283 9 1.3706  0.7944 5176 8 11.067 1  11.6517 14.035 7 13.047 1
Biodeg ~ 0.8227 177.4825 198.9690  3.6234 13.3629  6.7475 7.822°5 10.728 4 23.201 0
HTRU_2 58.2116 68.6427  68.3568 94.1114 77.9158 20.7639  20.3186 25.285 1 48.347 3
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Ensemble Classification of Incomplete Data Evidence on Adaptive Subspace Imputation
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Abstract: In response to the issue of biased estimates affecting classification performance in imputation-based clas-
sification methods when dealing with missing data, an incomplete data evidence ensemble classification method
based on adaptive subspace imputation was proposed. The proposed method utilized adaptive subspace imputation
and dual evidence integration to enhance the model’s classification ability on incomplete datasets. Firstly, spectral
clustering was used to dynamically partition the feature space into multiple subspaces, where missing value imputa-
tion based on neighbors was performed independently within each subspace. Secondly, a dual importance evalua-
tion mechanism was designed, which calculated the difference in data distribution before and after imputation in the
training set to assess global importance, and evaluated the local importance of classification results by assessing the
classification capacity of the classification model on the test set samples’ neighbors in the training set. Finally,
based on evidence theory, local and global importance were fused to enhance classification performance by levera-
ging the complementarity of information from different subspaces. Comparative experiments on standard datasets
showed that the proposed method achieved improvements of up to 6. 23 percentage and 0. 82 percentage, respective-
ly, in the ARI and AP metrics compared to suboptimal methods, validating the effectiveness and advancement of the
proposed method.

Keywords: incomplete data; classify; global importance; local importance; evidential reasoning





