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MEFRICER ¢, € (0,1} FoR, XH [ € D.
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i fE e mRMR KW Kb i 2 6] 9 A DG 1 5 BOM BR TCARRAE 5 19 53 258G B 0 BAS SBUAEL 9 n] L, 32 B
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KT E Sl R AR SEPER T AR .
MAX(F,1) :Hi—‘E/,HNMHf,;n - WOL (D). (13)
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24 ZRRIBHEEEEZ
B UL, 1T F ReliefF A1 mRMR ) Z2 R0 F-AE £ 51 15 (Multilabel feature selection algorithm using
ReliefF and mRMR, MFSRM). ¥ 55 558 AR 10 A 454~ R AE A bR 10 8. 22 [8] (860 OC B2 , 0 1k 16 R AR 7
B AR A THI R AR AR S D )RR 14 RS T MR (84S B R AR EHE Y PSR

By 1 MFSRM 49 7 End For;
WA MDS=<U,C.,D.,T). H 8 For WAFHE fE€C;
il mAURRIE TR R. HH 9 RIERADHEFENE w, ;
HY& 1 For BAHric [ € D FIBAHRE £ € C; #4810 End For;
S 2 AR At 0 g i AR i AL BRI KRR AR ACE 3 £ i A AR AR T 4R R CRRAE
WOL (1) FUESAERBR T4 2 18] {46 56 E Corr (£ D) PERA IR =2 R D.
A% 3 End For; W12 For FFMETH R, ;
B4 AR IE AR D8 Z WY Corr (£.D) {315 AP LS RBEA AR MR KR )
S5 HE A 79 Ry CRRIENBOR R | Ry = 2 | Ry | = 14 End For ;
LR D). YR 15 X MR EH#ATHET IR IR £ 0T ¢ A FRAE AR 5
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3 LA

3.1 XWER

SN T M MEFSRM 8032 1970 28 P B8 L B LT Mulan 2045 % (http: //mulan. sourceforge.net) J1 [ 8 4L
PEAE AT S0, 2% 1 H3R T 8 AN B 4 iy BE A M 5L KA Sk [ 16 11 F- ¥ 53 K5 (Average Precision, AP) |
7 55 % (Coverage, CV) W W it ¢ (Hamming Loss, HL ) .1 4% 1% % (One Error, OE) . ¥ #ii ¢ (Ranking
Loss, RL)F8ARAE A 43 P REFHE P MEREAY 5 D PEM IR 4R 1 58 70 B U A SCRE I A 80t SR B3R 5 A4
BT X G P 45 Br AR SRR AR L R DE N SR B PR RE L o AP (EUBOCR R R M RE A (IR L E R D)
HAY 4 A H8 R E FVRRAE 1 £ Eb 491 /N D) 53 3k M RE M. R 245818 K i 4B (Multilabel k-nearest neigh-
bor, ML-KNN) 73 28 25 , 5 BT 488 10 B8O 1.8 IR 50 Windows 10, CPU Intel (R) Core
(TM)i5-8500 3.00 GHz FIPHAF 8.00 GB, K MATLAB 2019a T HA{ #1740 4.
3.2 ML-KNN 4228 ER R 547

KT S5 R MFSRM B3k 78 AN A B4 45 b i A7 bk 88 5 FPxd L 33 : MLNB(Feature selection
for multi-label naive Bayes classification)™" \PMU (Pairwise Multivariate Mutual Information)™® \MLRF
(Relief for multi-label feature selection)"*, MFSR (Multi-label feature selection algorithm based on im-
proved Relie[F)"? il WESNR(Weak label feature selection method based on neighborhood rough sets and
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RelieD™, i — 2 & #i F1 SMERITHEENESR

MFSRM % 3 7 ML- Tab. 1 Information of eight multilabel datasets

KNN 432645 L 5 448 ¥ 5 i 4 e A i I 254 IRER S
(AP HL .CV ,OE 1 Art 5 000 162 26 2 000 3 000
RL) B S oG 45 B & N5 2 Reference 5 000 793 33 2 000 3000
Y £ 47 S2 56 1) FIr %8 1) 3 Computer 5000 681 33 2 000 3000
LR 'S N 4 Education 5000 550 33 2 000 3 000
2 #iik T MFSRM & 3 5 Recreation 5 000 606 22 2 000 3000
5 5 B ZhRiC R L B 6 Health 5 000 612 32 2 000 3000
FBIRAES A FE bR T Y 5K 7 Entertainment 5 000 640 21 2 000 3 000
e 8 Business 5 000 612 32 2 000 3000

K2 SNMHIEBELcHEZES MERTHILRER

Tab. 2 Comparison results of five metrics with six algorithms for eight datasets

FEhR Bk Art Reference Computer Education Recreation Health Enter Business
AP MLNB 0.488 7 0.597 4 0.628 0 0.524 8 0.459 7 0.672 8 0.551 4 0.871 1
PMU 0.479 5 0.614 8 0.628 5 0.543 4 0.439 8 0.671 4 0.558 9 0.875 2

MLRF 0.453 7 0.584 3 0.615 8 0.484 3 0.411 0 0.644 1 0.498 5 0.865 1

MFSR 0.488 1 0.617 7 0.623 3 0.672 8 0.445 9 0.672 8 0.558 0 0.872 4
WESNR 0.496 9 0.599 8 0.626 8 0.521 4 0.441 6 0.645 2 0.554 7 0.868 0
MFSRM 0.515 1 0.638 8 0.636 8 0.556 6 0.525 7 0.678 8 0.594 0 0.875 6

HL MLNB 0.061 7 0.031 8 0.040 3 0.042 9 0.062 3 0.044 0 0.062 0 0.028 2
PMU 0.060 9 0.030 8 0.039 8 0.041 5 0.063 7 0.043 5 0.061 3 0.027 6

MLRF 0.063 2 0.033 6 0.042 2 0.044 1 0.064 8 0.048 1 0.066 9 0.028 5

MFSR 0.062 2 0.032 4 0.040 8 0.043 0 0.063 9 0.044 3 0.062 3 0.027 8
WEFSNR 0.062 1 0.030 5 0.040 7 0.042 6 0.063 6 0.046 6 0.061 6 0.028 6
MFSRM 0.060 7 0.028 9 0.039 3 0.040 1 0.059 3 0.042 6 0.060 1 0.027 5

cv MLNB 5.599 0 3.611 0 4.468 0 4.071 0 5.038 0 3.489 7 3.370 0 2.434 7
PMU 5.416 7 3.379 0 4.476 0 3.973 7 5.126 7 3.403 0 3.361 7 2.318 3

MLRF 5.929 7 3.760 3 4.698 3 4.493 3 5.503 7 3.737 3 3.734 0 2.480 0

MFSR 5.515 3 3.521 3 4.533 2 4.149 1 5.175 4 3.498 5 3.331 3 2.367 5
WESNR 5.471 3 3.507 7 4.477 7 4.097 7 5.087 7 3.521 0 3.392 7 2.417 3
MFSRM 5.398 0 3.286 0 4.377 7 3.899 7 4.794 0 3.475 0 3.127 7 2.375 7

OE MLNB 0.663 3 0.502 3 0.451 3 0.621 7 0.702 3 0.417 0 0.607 7 0.126 7
PMU 0.647 3 0.489 3 0.445 0 0.592 7 0.725 7 0.428 0 0.592 3 0.124 7

MLRF 0.718 3 0.516 0 0.463 0 0.673 7 0.763 7 0.460 0 0.687 3 0.134 7

MFSR 0.659 4 0.473 6 0.456 0 0.633 1 0.717 1 0.416 6 0.595 3 0.126 6
WEFSNR 0.656 0 0.504 7 0.453 3 0.627 7 0.722 7 0.470 3 0.596 3 0.132 3
MFSRM 0.618 7 0.449 3 0.441 0 0.569 3 0.603 0 0.407 3 0.556 3 0.122 3

RL MLNB 0.152 7 0.094 2 0.093 2 0.096 9 0.190 5 0.065 6 0.126 8 0.043 1
PMU 0.151 2 0.087 2 0.093 5 0.093 6 0.194 2 0.063 7 0.126 1 0.041 2

MLRF 0.170 6 0.098 4 0.098 9 0.108 6 0.210 2 0.072 7 0.143 8 0.045 2

MFSR 0.154 1 0.091 2 0.095 6 0.099 6 0.196 6 0.066 3 0.124 6 0.043 0
WESNR 0.152 1 0.091 5 0.093 2 0.097 4 0.194 0 0.067 3 0.126 8 0.044 1
MFSRM 0.149 0 0.083 9 0.091 2 0.091 5 0.175 6 0.065 6 0.115 7 0.042 8

2 2 Al 40,78 AP #5845 F , MFSRM & 7E 14 Education M8 7 D834 |, MFSRM & 3k 1y 52 16 4%
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T HoAh 5 Fh e Jo HAE Recreation 044 | MFSRM %53 R AL B9 MLNB %535 55 0.066; 7E Edu-
cation B4 I, MFSRM &3 Uk Ak, He B A A MFSR 954K 0.116 2,/ MFSRM % 4k [ HoAt 4 Fhaa 3k
0.013 2~0.072 3.7 HL 4845 F ,MFSRM 5k 7E 8 N 4E [ RIB N R A6 CV 845 T . 7F Business
s 4k b MFSRM 532 i AL PMU B3 AR AL 19 MESR 585543 51 &5 0.057 4 Fi1 0.008 2;7E Health %X
P4 I MFSRM SRk AL A9 PMU 59k 5 0.072 (B HAh 6 84848 I, MFSRM 535 #4548 T 3 At 5 F
ZhRCRRIEEBE L E OF 4845 T, #E3X 8 M4 I, MFSRM 5k 34 it 78 RL $8 45 F . MESRM 5.
EFEBR Business Fll Health PAAMY 6 D8R4 T A9 S2 5 25 SR /e 4 ; ¢ Business 0 ¥E4E [, MFSRM %7
e iy PMU 8355 0.001 637 Health %4 % -, MFSRM 3k AL, e e i PMU 2 %55 0.001 9,
REAR AR T HoAh 4 PO 7E Recreation 54 I+, MFSRM 553k B @ A F Hofth 5 AR 535, oAb 5T 3k
fik 0.014 9~0.034 6. N AR FH , MFSRM 1L A R AR 43 5045 48 L 1) 3R B34 S O, 7 A ) 590 46 I iy 48
FRFE PR KA ANAE CV FII RL 4845 F . Business #l Health i% 2 844 F MFSRM B i 6 B4 2%, 5L
JZ Business fil Health iX 2 ~%H5 4 B 5 H M B 45, IE B T MEFSRM 832 78 13X 256 55 56 R 50 48 Ry
Ay PR RE AR S B R I . 3X 6 A AE Art FIl Recreation 3% 2 NEUHESE 119 AP {8 35 3% (K T 5k g
T 50 %0) G R K T BB A&« 7F Art Fil Recreation X 2 /N E4fE 46 &, WO B304 Akl 43 B85 B T 6 6 SF- 35 43 2%
K B2 AT T B DT 5 BO0E A7 K 22 B0 A T 0303 1) S 30 &85 5% v 222 B0 1) °F- 2 0 280K B2 2 /8. 255 1 T ik, MFS-
RM Bk PR 2 T A 2Ub i 7.

TEAT SEH IS 2 #4024 MESLM Bk 55 1 #4010 4 fh ZFriC R AE L £ 55 1% . MLRF 535 . PMU
Bk OMFSR B k1 WESNR ByEVEXT EL a3 #r . 45 i 2 1 ' Art,Business,Computer, Entertainment , Refer-
ence X 5 I 5 45 R AE 28 R B IR AE S RV RRAE LU T A9 20 05 0. 18 1 JB /R T 5 R IR AE R R R TE L9
AP 6 b5 0728 A o L LR T R B ] JE Ay 4 S de b Y 78 Ak e B AT LBk B L

0. 56 0. 880 0.67
0.54 0. 66
s S 0.875} s
% 0.52} Z T 0.65
é 0.50 F § 0. 870 § 0.64F
[= 9 a [=9 »
g 0481 5 0.865 g 06
£ 0.46F = o £ 0.62
> > 0.860F >
= 0.44F = = 0.61
O‘ 42 1 1 1 1 0‘ 855 1 1 1 1 0 60 @ 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Ratio Ratio Ratio
(a)Art (b)Business (c) Computer
0.62 0.70
= 0.60 ‘ r 5 0.68F
5 0.58F % : - I/ z 0.66F
g 0860 K sady R S e} = MLRF
= 0.54r oo © ] PMU
1) y o 0.62F
= 0.52 1 e E - WFSNR
o & L
5 o0R0p Ay | 0. 60 - MFSR
0.48F = 0-58F - MFSRM
0. 46 . + + + 0. 56 . + L +
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1L SR LEBVAES MR 4R EIAPTR bR

Fig.1 AP index of the five compared algorithms on the five datasets
MK 1A%, 7E AP 3845 F .78 Art Fil Entertainment 3X 2 PGS I, MFSRM 535 78 B B AE H 1) 587N
Bf B M RE AU, AR R BEARRAE HE ) KT 0.7 B, MFSRM 53 i 1 fE 22 T MFSR #4921 Business $0#i4E b 78
PEFERAE F 5] h 0.25~0.35 B, MFSRM %5 2% F PMU 589 5 75 e 45 1F He 9o 0.40~0.45 1 0.65~0.70
i, MFSRM 5 R AL s 76 Be B A5 AE H 9 K T 0.5 B, MESRM 536 1 i 5 2% . 1F Computer $¥ft 5 |, 78 &
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FEARAE LB/ F 0.5 I, MFSRM B 3A 0 F HAB R 5. 7E Reference £U4E 4 . MFSRM B 2% 7E & £8 55 1F L 61 44
AN F HAB SR R BRI LB K T 0.6 B, MFSRM 533k 25 F MFSR H.ik.
K E AEEFERHE LB/, MESRM RO T Al 4 FhaR L I DR 0] B8 2 « 7E S PR AR AE LU 1 48
K, SO IR 22, 43 28 PERE T M AH 25 LT ik , MFSRM 8005 i otk 2 A7 3000 L 32 7 7 B0k B 1k RE.
3.3 HZitHh
A5 ] Friedman R 2 il Nemenyi TR 36 30F 2 45 10 F7E 58 B 2402 6 T [R B0 48 42 40 28 45 R 0
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Tab. 3 Statistical results of six algorithms under five metrics
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Fig.2 Nemenyi test results of five metrics with MFSRM and the other five algorithms
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Multilabel feature selection algorithm using ReliefF and mRMR

Sun Lin, Xu Feng, Li Shuo, Wang Zhen

(College of Computer and Information Engineering, Henan Normal University, Xinxiang 453007, China)

Abstract: The correlation between feature and label set is not deeply considered by existing multilabel feature selection
models, which results in low classification accuracy. To address the issues, this paper proposed a multilabel feature selection
method using ReliefF and maximum Relevance and Minimum Redundancy(mRMR). Firstly, based on the mutual information,
the correlation degree between the label and the label-set was defined. A new label weighting was constructed by calculating the
proportion of the correlation degree to the sum of the correlation degrees between all labels and the label set. Thus the relation-
ship calculation between the feature and the label set was designed to select the feature subsets that are highly correlated with
the label set. Secondly. by calculating the distance of the samples on the feature. a new feature weighting update formula was
developed to improve the multilabel ReliefF model based on the label weighting. Thirdly, based on mutual information and the
label weighting, the maximum correlation was constructed, the minimum redundancy and new maximum correlation and mini-
mum redundancy evaluation criterion was constructed, which could be applied to multilabel feature selection to further elimi-
nate redundancy features. Finally, a multilabel feature selection algorithm using ReliefF and mRMR was designed to effectively
improve the performance of multilabel classification. The experiment was conducted on eight multilabel datasets to test the Av-
erage precision, Coverage rate, Hamming Loss, One Error rate and Ranking Loss of the proposed algorithm. The experimental
results show that this presented algorithm is effective.

Keywords: multilabel learning; feature selection; label weighting; ReliefF; mRMR
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