S A ki o B =

CAAI TRANSACTIONS ONJINTELUIGENT] S"ﬁSTEM.

"

—FHT IR R BN TR RE R B

FMi5E, £t

FIHASLC:

RN, F 8. — Mo i R AR e NTUARRHIE R SR, B RE R GE7 I, 2021, 16(4): 649-661.

LI Shunyong, WANG Gaibian. New MRMR feature selection algorithm[J]. CAAI Transactions on Intelligent Systems, 2021, 16(4):
649-661.

FELE L View online: hitps:/dx.doi.org/10.11992/tis.202009016

L] RERGBR A HAN SO
(Ai1x eSS €/ DB Z AN Tet SR (I e S RS

Multi-label feature selection algorithm for cost—sensitive data

BHER G AR, 2019, 14(5): 929-938  hitps://dx.doi.org/10.11992/tis.201807027
BTN B 2 > SRR 1) S LY 9 558 A 1 B S )

Recognition of difficulty level of piano score based on metric learning support vector machine

BIBE R Gi244]. 2018, 13(2): 196-201  https://dx.doi.org/10.11992/tis.201612012
A SRR R A e AL

Extension support vector classification machine

BHE RS FR. 2018, 13(1): 147-151  hitps:/dx.doi.org/10.11992/tis.201610019
B I RAS B R 0 o 20 o

Research on classification of diseases of clinical imbalanced data in tradi—-tional Chinese medicine

BIRER G M. 2017, 12(6): 848-856  https://dx.doi.org/10.11992/tis.201706046
ST RHIE ARG AT R IR PR 0 15

Spectral feature selection based on feature correlation

BB RG24, 2017, 12(4): 519-525  https://dx.doi.org/10.11992/tis.201609008
FEFHURE R AT 028 (5 B RO FREDL AL BRI e B vk

A feature selection approach based on rough set relative classification information entropy and particle swarm optimization

FHREFR S 2= 2017, 12(3): 397404 https://dx.doi.org/10.11992/tis.201705004



http://tis.hrbeu.edu.cn/
http://tis.hrbeu.edu.cn/
https://dx.doi.org/10.11992/tis.202009016
https://dx.doi.org/10.11992/tis.201807027
https://dx.doi.org/10.11992/tis.201612012
https://dx.doi.org/10.11992/tis.201610019
https://dx.doi.org/10.11992/tis.201706046
https://dx.doi.org/10.11992/tis.201609008
https://dx.doi.org/10.11992/tis.201705004

5516 B 4 W B OoRE R & % it Vol.16 No.4
2021 47 H CAAI Transactions on Intelligent Systems Jul. 2021

DOI: 10.11992/4is.202009016
[ £& H AR b 3E - https:/kns.cnki.net/kems/detail/23.1538.TP.20210406.0853.002.html

—MF &R XKEAXR/NTRFIERFER R

FIREF, TRE
(LB XF HFHFFR, LB KR 030006)

 E LGN TR PR 43 L, i T R B TUAR BE FIRR DG BE PPN A5 v B — DT (o 75 0 24 50 7
N TR 2 R o XX A TR R, AR SCHR S — 0T I de R A DG B /N TU AR R IR SR B AR, I VR AR B B RRAE Z 1) 0T
A E BT AE N g | AT PRI CAS [R) 0 SE AN D 5 AE R 5 280 Z B AESC B 5T AT 4 B AS [R] B9 TEA
W, A7 A 8 AN ] A RRAE BE R A e, DA (B 4502 B vk o S BRI . A, ol AL 55 0 5 KM S e /N T AR
A 35 B B R AN REAR B P S s 5 SR A B0 248 B R AT R AR 1 48 . BT LA, ST T 387 1) Bt A Dl 220 imi ) P 52 B A 4
WAL RE TR, 3-8 T —FloHT i B Am s BOK SR S LA AE T 48 R FH S 45 i) S LR 4 > UCT U408 45 PR AE 4R F
TTT 8, fen, PR JSIERG 2 | 0T A0 T A 56 5 40 B0 4iE T 3% 3506 0 A 3 o

AR FRIETE PR ; TUAREE s AHOCRE s B 4E; 32 43 B3 SCRem bl ; T K

FESES . TPIS]  XBEREL:A XZEHS:1673-4785(2021)04-0649—13

RS ARR: EINE, TUE. —MFHRAEXS/NTRFEERFEEE J). R RHEFR, 2021, 16(4): 649-661.
Z325| 183K LI Shunyong, WANG Gaibian. New MRMR feature selection algorithm[J]. CAAI transactions on intelligent sys-
tems, 2021, 16(4): 649-661.

New MRMR feature selection algorithm

LI Shunyong, WANG Gaibian
(School of Mathematical Sciences, Shanxi University, Taiyuan 030006, China)

Abstract: The application scopes of traditional classification algorithms based on feature selection are limited due to the
single evaluation criteria of redundancy and relevance adopted. To solve this problem, this paper proposes a new max-
imum relevance, minimum redundancy (MRMR) feature selection algorithm, which enlarges its application scope by in-
troducing two different evaluation criteria to measure the redundancy between features of measurement, measuring the
correlation between features and categories, and deriving eight different feature selection algorithms. In addition, be-
cause the traditional MRMR feature selection algorithms cannot realize feature selection according to the data dimen-
sion of users’ actual demand, the study also applies an indicator vector A to achieve that, proposes a new objective func-
tion to obtain the optimal feature subset, and conducts experiments on four feature subsets of UCI using a support vec-
tor machine. Finally, the study verifies the effectiveness of the algorithm using classification accuracy and pairs of uni-

lateral T-tests.
Keywords: feature selection; redundancy; relevance; dimension reduction; classification; classification accuracy; sup-

port vector machines; T-test
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Fig.1 New-MRMR feature selection flow

1.1 TUREEMEN

FROEERE 2N 1T K BRI R EEE T i TT AR S
ik, IR BIEAE H A B, R HIICA BE VT vl LA
£ New-MRMR FFE 2 £ 5505 19 — 3 43, HHE
AR SRR s PN RRAE A8 RH O BB, DU A A
MEICAR MR R . EZ, BT PRI AR Z B TR
JE UL RCRAAIE 5 28 1 Z TR AH SC BE R HE A 22, HL H
R Z AHOCHT5E 45 Hh ELAIR A D7 vk B3 1 WP A
Byn2em o Fr LA, AR SCHH R ACR T T
Pearson 13 R A" LUK H A B 1 o U)ok
IR Z B TOAREE .
1.2 83X EIFH D

TR AR PEFE S R v, G RO S e 5 28 A
SR PE B BYRRAE, T AR AE 79 B S A — s PR |
B e 15 28 00 R RH O B R/, DR, A O Y
ot VR DU S0 2 A B T R M R M T AR AE
R VA A AR 22, 40 Fisher score” | {5
S 14 25 (information gain, IG)™ | Laplacian Score"”
Chi-squar Test”' ™ %%, Fisher score =% j& 4% R 2
) ER = A N S (1SRN L v R el S K
BB Z W RHAIE, RO, 15 2 R AR i 2
55 200 AR R G R IR AR BV 4 e T 5 T R R
ER A HTHG IS B A5 BRI A Z R AR EAT 4T 03, 5
ISR AN I N A R TR S 1 A T SRS B VRPN
JEE 8K 5 Laplacian Score 2 AR 45 4138 437 7 47 AiE e S5f
SERS BN RRAETE Sy, SR i 5 25 AR B L AR &5
P LR FERE 0 B0k R AF, FLA (A 7, AR IE B
%, New-MRMR 5k A1 R HTIX 4 F i 4 o U £

T € O Ak 5 28 0 = ) AR O 1k R .
A=A A - A1, n R IR RFAE AR O RFAE R . 2 A,
YBCAEL R O B, 350 B 08 7 18 AR A AN 2 1 96 o e 2
FORFAE 746, A IRUIEOAC IR, 28 WY JHEOT 7 A R A
o B I AR AR

Xt F 1% H AR R AR A, 5 iR A bm o — ik
LS ) AR, AR SCR T BN B i ok
fifp LA H b o BRY Be AIE A#% o

2 EBERE M

21 HEREERRTEMIER

N HAIE New-MRMR 595 B9 A R0t AR SCfd
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AL B4 S MER % (classification precision,
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. H1: CC(correct classification, CC) A 1E #3251
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Table1 Experimental data set

ACITES FAIER  REAEL DdE UNZRgE
isolet 617 7797 2599 5198
waveform 40 5000 1666 3334
clean 168 476 158 318

Parkinson's Disease 754 756 252 504

S, 5T R L AT R LU SRR R BE R AR
1541 %] /& : Fisher Score, #& T Information Gain 1%
775 . BT Laplacian Score 777 . 3T Chi-squar
Test 7775 . 2 F MRMR [ 5%, #2510 T L
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Table 2 Comparison of 8 newly proposed feature selection algorithms with other algorithms

PONRA RIS FRIEEREST TUARBEVEAHED] FHICBE PP ]
New-MRMR-F-P Pearsonff ¢ R4 Fisher Score
New-MRMR-F-NI HiFE Fisher Score
New-MRMR-L-P Pearsonff ¢ R4 Laplacian Score
New-MRMR-L-NI HAFE Laplacian Score
ASSOHHE 8T 512
New-MRMR-K-P PearsontH ¢ R EK Chi-squar Test
New-MRMR-K-NI HAFE Chi-squar Test
New-MRMR-IG-P PearsonfH ¢ R4 Information Gian
New-MRMR-IG-NI EXE) =) Information Gian
MRMR HIFE HFE
Fisher Score Fisher Score Fisher Score
g ask Laplacian Score Laplacian Score Laplacian Score

Chi-squar Test

Information Gian

Chi-squar Test

Information Gian

Chi-squar Test

Information Gian

K3 HEEBERKR, BIEE isolet EZFE LS A AT FMFEH

Table 3 Number of features selected by various algorithms when the Classification precision is maximum on the isolet data-

set

X HES FRAIEREREI JIT AR AR Wi TS

New-MRMR-F-P 340 0.9583

New-MRMR-F-NI 341 0.940 5

New-MRMR-IG-P 343 0.963 5

New-MRMR-IG-NI 387 0.958 3

RSO 8P -1

New-MRMR-K-P 289 0.9558

New-MRMR-K-NI 332 0.9557

New-MRMR-L-P 342 0.9457

New-MRMR-L-NI 288 0.9453

MRMR 391 0.908 8

Fisher Score 389 0.8857

(= NS Laplacian Score 487 09184

Chi-square Test 542 0.9335

Information Gain 489 09161

I, JUHUZR B 1 Bk New-MRMR-IG-P, Ho 4y
KUEHRIEF T 0.9635, i TSN 5 FhRfE
VERRL . TEOGUIEHER RIS DL, FLTBE M RRAE
B ¥ /NTFAEG R 5 R R Bk . WL, AR SC

M1 3 T LA, i DA A% R I 0 Bt 4
isolet HEATHFFAELEE 5, I FH S HF 1] 18 AILXT iy 2 4
MEFAEPEAT 7328, AN SCOHT 2 HH B9 8 MR AR e 555
TR RUER R, S TG 5 R £ 5
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HRAEY K
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MRMR TEE IR isolet F L EBERNTHESR
Fig.2 Correct classification trend of New-MRMR- F-NI,
New-MRMR-F-P, Fisher-Score, MRMR on the
dataset isolet

I 2 FTLLE Y, X FAEAS A 48 R 1 3 28
HEDR 22, B P A RR1E 3 #2550 35 New-MRMR-F-
NI. New-MRMR-F-P B 2 & T4£ 4 B 1 Fisher
Score, MRMR. JIr LA, X F 9 /b 5t G R fiF £ H 1)
TOA MU R E, New-MRMR-F-NI, New-
MRMR-F-P 5 4 3

AR YERETS , A SR #2575 New-MRMR-K-
NI, New-MRMR-K-P, {44 & % MRMR, Chi-
Square-Test 7E 545 £ isolet [ %) 4325 i i R AR 4k,
EHILIE 3,

1.0
L e nitong
A A
5 0.8 F _*/ IJ.
’g s d
& 07
&R < Chi-s
-square-Test
S 06 --MRMR
-+~ New-MRMR-K-NI
0.5 -+ New-MRMR-K-P
0'4 1 1 J
0 200 400 600
B4 K
3 New-MRMR-K-NI,New-MRMR-K-P, Chi-Square-
Test. MRMR ZE£{ & £ isolet F 2 FKEWEMT L
FEE

Fig.3 Correct classification trend of New-MRMR-K-NI,
New-MRMR-K-P, Chi-Square-Test, MRMR on the
dataset isolet

Kl 3 Wow, AR4ERE T, New-MRMR-K-P 1

Iy ZEUER AR & W T & T AL GER IR R R 2, O

H, 7E T HE FAE 00 289 i, Ho /2w R ik
BT S5, BRAR G b 25 B T JRUAR AR AR A R B TR
FURH CHRAE, AR T 2 2R e %, oh, &
% New-MRMR-K-P F& T 7E4E B8 195 B /5325
WER R 545 4858 5 MRMR AT 2 A6, 16 Al 2k 7
B 2R R 24 5 T Chi-Square-Test, MRMR,
AL DL, AR SO )RR S RS IR ACR A

AT BE R, B 3 M A0 5 I 2 B B 75 New-
MRMR-L-NI, New-MRMR-L-P, 1% % fiF 2 £
7% MRMR , Laplacian-Score [ 4328 i R AR L #4
FLE 4,

1.0 ¢
08
R osl?
& 0. — Laplacian-Score
f_.f.} ~- MRMR
-»- New-MRMR-L-NI
-~ New-MRMR-L-P
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0 200 400 600

BladE Rz K

B 4 New-MRMR-L-NI,New-MRMR-L-P,Laplacian-
Score, MRMR 7E#{#E & isolet L, S EEHHITL
F=kz
Fig. 4 Correct classification trend of New-MRMR-L-NI,
New-MRMR-L-P, Laplacian-Score, MRMR on the
dataset isolet

Kl 4 WoR, FERRIE4E B 342 I, BBk
New-MRMR-L-P 53 K HEMf R C 4R 8 T &
=, 3 HK TAE 451 Laplacian-Score, MRMR f)
R AT, AN, £ 2 S R0k B f
if, 59 New-MRMR-L-NI Fff 3% fl 45 10F 1 45 254X
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ASTRI 4 BE R, B 3 M 5 I 2 B 375 New-
MRMR-IG-NI, New-MRMR-1G-P, 1% ¢ ¢ iF 1% %
7% MRMR | Laplacian-Score 432 UEH#f R AR 1L
FERINGIRE
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28, Y AL B ) P AR AIE £ R AL Information-
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Fig. 5 Correct classification trend of New-MRMR-IG-NI,

New-MRMR-IG-P, Information-Gain, MRMR on
the dataset isolet

P4 45T DL A5 B R A KR 4 wave-
form [ SCER 45 R, B T Rpm Ll E T3
75 21 0 53 S W R 58 B 5 R B Ir B8 1 RRAIE 5

*® 4 BN, FEEPESE waveform b, AR SCH 2
94 7 New-MRMR-F-P 19 5% K 43 25 HE 1 %55
2|7 0.9534, i K TA& G F i BE R 537 19 70 2 0
% ; If H New-MRMR-F-P 7£ 43 25 M 3% 3 i
K, Jr % ()RR E T 5 R 17, /N T ARG
5 FiRRAE BE PRI TR AE 43 R R 3 18 B a5 KB T i
FRFE T80, BRI Z A6, A OB H 1) A oy
TESE BT E 1Y) 3 R HER R, W K TAE G 1 FR1E
VEPR IRV B9 o SR %, H T %k SRR AR - AR BSORE X
KULE/N . I, 256 75 18 M 3 DL L T i
FRAE T4 2 B A T I, AR SO HR A TR R AR A
e LR

x4 HEEBERAMEIEE waveform EEFE %X 5 3 BTk 2 M HHER

Table 4 Number of features selected by various algorithms when the Classification precision is maximum on the waveform

dataset

X PE AR FRIE PRI JIT AR £ SRS

New-MRMR-F-P 16 0.953 4

New-MRMR-F-NI 20 0.890 4

New-MRMR-IG-P 24 0.891 6

New-MRMR-IG-NI 17 0.900 0

ASCHE Y 8RR

New-MRMR-K-P 12 0.9412

New-MRMR-K-NI 20 0.894 4

New-MRMR-L-P 17 0.889 2

New-MRMR-L-NI 21 0.934 4

MRMR 20 0.862 4

Fisher Score 40 0.838 4

(5= RES Laplacian Score 25 0.7252

Chi-square Test 32 0.809 5

Information Gain 33 0.798 3

AN 4 BN, AR OB 9 REAIE % B 5 1k
New-MRMR-F-NI, New-MRMR- F-P, 1 % i fiF %
PE% % MRMR | Fisher Score 76 5 # 4 wave-
form | 1Y 43 2 HERR AR (LT ILIE 6,

6 &/ H, 7805 5% waveform |-, New-
MRMR-F-P [ 3R B 4t , H AR M i 4 &
14 R E S £55. : MRMR ., Fisher-Score fFfC3#
Ik . oAk, BORAE 4 E N 24 BF, B3k New-
MRMR-F-NI [ 70 2 o ) 2% T 18 5 7k
MRMR, Fisher-Score, {HJ&, 7EHAA4EE I, New-
MRMR-F-NI /5325 #1632 % T MRMR | Fisher-

Score. ZEA M, AN SCHT #EH 1 New-MRMR-F-
NI, New-MRMR-F-P {94 1F BEPERC SR S 4

AN 4EE T, B3 New-MRMR-K-NI, New-
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Fig. 6 Correct classification trend of New-MRMR-F-NI
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Table 5 Number of features selected by various algorithms when the Classification precision is maximum on the clean data-
set
X LA IR PR BT A IIRUER R
New-MRMR-F-P 50 0.8656
New-MRMR-F-NI 70 0.865 5
New-MRMR-IG-P 130 0.8654
New-MRMR-IG-NI 60 0.848 7
AR Y R 8RR 1
New-MRMR-K-P 130 0.865 8
New-MRMR-K-NI 20 0.8759
New-MRMR-L-P 90 0.8273
New-MRMR-L-NI 40 0.8837
MRMR 110 0.8175
Fisher Score 90 0.798 2
(5 M=RFN Laplacian Score 140 0.7823
Chi-square Test 130 0.808 4
Information Gain 130 0.8259

H 35 5 AT LAE TR0 SR 32 D7 T, A SCBr
P2 SR I e K R UMER R I & T S MBS
FRAEBE BRI o 740 i 3k B IR U i T i 1)
FRAOE 4R %007 T, JUHJE 55 % New-MRMR-K-NI,
HE I 3k B R AE T SR B0 20, /N T RUAR B ERE T
EH L FrLL, M T EIRAE clean 1M 5, 48 SUHHHEH
V18 AR I 36 438 B O B A 8

AR 4EE T, ¥ New-MRMR-F-NI, New-
MRMR-F-P . &5 FR1F 3 £ 5 1 MRMR | Fisher
Score FEEUHEAE clean - (1) 43 FS R A8 Ak i #4500
K 10,

09 r
e TR R,
08l J &
g 3 _,'. 7
% ! £ "\‘ ; \
g 7 f v i
©07F - L
w A | —Fisher-Score
&R \ / ~MRMR \
; -« New-MRMR-F-NI+
0.6+ - New-MRMR-F-P
0.5 . . )
0 40 80 120 160
BARAEE K
10 New-MRMR-F-NI.New-MRMR-F-P. Fisher-
Score. MRMR 7 #{#B £ clean 7y AR ITH
BH

Fig. 10 Correct classification trend of New-MRMR-F-NI,
New-MRMR-F-P, Fisher-Score, MRMR on the
dataset clean
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Fig. 11 Correct classification trend of New-MRMR-K-NI,
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Table 6 Number of features selected by various algorithms when the Classification precision is maximum on

the Parkinson’s Disease dataset

PONEA=RFS RSB FrERHEEL AUERR R
New-MRMR-F-P 150 09142
New-MRMR-F-NI 210 0.8779
New-MRMR-IG-P 180 0.883 4
New-MRMR-1G-NI 210 09142
AR R 8 Fh AL
New-MRMR-K-P 300 0.862 4
New-MRMR-K-NI 120 0.887 4
New-MRMR-L-P 150 0.8816
New-MRMR-L-NI 240 0.901 6
o MRMR 540 0.867 0
fEG A 4
Fisher Score 540 0.8253
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Fig. 16 Correct classification trend of New-MRMR-L-NI,

New-MRMR-L-P, Laplacian-Score, MRMR
on the Parkinson’s Disease dataset
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Table 7 Test results of paired unilateral T-test between the new algorithm and the traditional algorithm

JX TAS 5 PlE T4t 95% EL A X I
New-MRMR-F-NI vs MRMR 0.0268 3.0890 (0.7987, Inf)
New-MRMR-F-P vs MRMR 0.0088 4.7566 (0.8302, Inf)
New-MRMR-K-NI vs MRMR 0.0271 3.0765 (0.796 6, Inf)
New-MRMR-K-P vs MRMR 0.0152 3.8754 (0.8126, Inf)
New-MRMR-L-NI vs MRMR 0.0105 44561 (0.8230, Inf)
New-MRMR-L-P vs MRMR 0.0321 2.8649 (0.793 3, Inf)
New-MRMR-IG-NI vs MRMR 0.0206 3.4353 (0.8078, Inf)
New-MRMR-IG-P vs-MRMR 0.0189 3.5595 (0.8089, Inf)
New-MRMR-F-NI vs Fisher-Score 0.0134 4.0658 (0.7987, Inf)
New-MRMR-F-P vs Fisher-Score 0.0005 5.7347 (0.8302, Inf)
New-MRMR-K-NI vs Chi-Square-Test 0.0030 6.9165 (0.796 6, Inf)
New-MRMR-K-P vs Chi-Square-Test 0.0026 7.3174 (0.8126, Inf)
New-MRMR-L-NI vs Laplacian-Score 0.0328 2.8405 (0.773 0, Inf)
New-MRMR-L-P vs Laplacian-Score 0.0130 4.1147 (0.793 3, Inf)
New-MRMR-IG-NI vs Information-Gain 0.0064 5.3303 (0.806 8, Inf)
New-MRMR-IG-P vs Information-Gain 0.0056 5.5739 (0.8089, Inf)
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