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Multi-granulation Incremental Feature Selection Algorithm for Dynamic Hybrid Data

WANG Feng, YAO Zhen, LIANG Ji-Ye
(School of Computer and Information Technology, Shanxi University, Taiyuan 030006, China)

Abstract: In the era of big data, the sample scale and the dynamic update and variation of dimensionality greatly increase the
computational burden. Most of these data sets do not exist in the form of a single data type but are more often hybrid data containing
both symbolic and numerical data. For this reason, scholars have proposed many feature selection algorithms for hybrid data. However,
most of the existing algorithms are only applicable to static data or small-scale incremental data and cannot handle large-scale dynamic
changing data, especially large-scale incremental data sets with changing data distribution. To address this limitation, this paper proposes a
multi-granulation incremental feature selection algorithm for dynamic hybrid data based on an information fusion mechanism by analyzing
the variations and updates of granularity space and granularity structure in dynamic data. The algorithm focuses on the mechanism of
granularity space construction in dynamic hybrid data, the mechanism of dynamic update of multiple data granularity structures, and the
mechanism of information fusion for data distribution variations. Finally, the paper verifies the feasibility and efficiency of the proposed
algorithm by comparing the experimental results with other algorithms on the UCI dataset.

Key words: dynamic hybrid data; data distribution variation; multi-granulation computing; information fusion
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}
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k k
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(nk-Dis) , HoH Dis() RNBABFEATERFE o, L EE RS BRI 2 B R, 2B 3% 2.1-2.3 (MBS R 52 244 228 O(lY, |-
Dis +|U -Y,|- Dis + nk- Dis) = O(|U|- Dis + nk- Dis) . BT n SR, k F3m 8%, 1EFSBAREE n R & G 2 [F
SEAVAEI, B nk = nxck AR, KL R 2.1-2.3 IR A 228 B2 U FIR/MASK, Bl O(U|- Dis) . 45 b, 5953
(KBS 1) 52 2% £ 2 O(m|U |- Dis) . FHILTT 1S, ReliefF S (17T SRR SRS, REARUB LA R BUR 4B H X &, H
It 5 0 A o A ARACLE BEEE B FRIVR N AR R, A () AR LR B B T Bt 2 LR R WA B Relief F SV I AT R0%.
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TR HUE I ReliefF BFIAHRN B 1A SCHR H ¥ 22 00 B 1 SRR IR BEoR ARAE AL o, it 35 4.2 97, 58 4.3 st
IR T R AR 220 I B R AE IR R AE S 1) ReliefF 572 (i 4) 1B vt BV, I 20 T A 7 THT R 365 1IF 7%
MGIFS FIA R VE R R, &%, 45 4.2 5 b 22 B8 F MGIFS 5503 A0 1778 & 55088 (1 ReliefF SE34E 10 M4
FRAREFIEHE 45 R, I U BCRRIE A R 45 R 4y 2P RESR I UE MGIFS Bk 1A &tk Fok, ik — B30 5k
MGIFS =8t 25 4.3 179 a1 Lol b S0 7E Bl SR 82 22 YRR AL R I LT SRERT . 7E SRRt b, SRt — 2056
UES % MGIFS BIRTAT1E, 58 4.4 5 v SOREUT B AN UL 42 SR H AR 18 R a5 8 SRV A D ke Bl R R AT S 36 43
Hr D401 A Sz (A IR 1% /2 Intel(R) Core(TM) i7-10700 CPU @ 2.90GHz, WA 16.0GB, Sk 4wFE1E = 4 Python,
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KR FEA K= BAEEREEGE S EREECE FRAE AL Z %
700 101 16 1 17 7
flags 194 26 3 29 8

audiology 200 0 68 68 24

anneal 798 8 26 34 5

german 1000 5 15 20 2

cortex 1080 78 3 81 8
sick 2800 5 22 27 2
chess 3196 0 36 36 2

hypothyroid 3772 28 0 28 4
mushroom 5645 21 0 21 2

42 BYMHESH

N T IR EEA RE, AT BN T ANE U (NBC) ATSZ e AL (SVM) PiANH I 2» FE 885K X MGIFS 5
0 ReliefF FVATER 1 10 MRS DRMERSE L R 007 28 REEAT 0 LLIGAIE, 43RG BEAE T 14138 LB IE
i ERA T B AAE. T, BT A B AR, B AL EBURE A% A i — AN 1 B 2, 0 S X B i s SR
R ), FRAEAS 25 FREHE SEAH [R]; 15 i T2 BEA L EURE A2 i, BT LA B 4210 20 A5 nT e 5 IR BB EAFE AN ).
TEUREER b, W30 48 U BRI B EUR SN R B RS2 h, HA ) R IR PR VA SRAR IR B 45 . 38 2 AN
R 3AAIH T BRI BIETER N AR ER R AR B HRFAE L £ 45 BAE 4 9528 NBC A1 SVM A 43 kg BEXT LE
SEIL. R A RHIH T BIRREAE 10 ANEESE B BEOSUEE B RRAEHE T 45 SR, 3R AP AN B HE R A R R
o

#2 NBC ZERREEXTH F 3 SVM HIHKEER L

R MGIFS ReliefF pAETES MGIFS ReliefF
700 0.8578+0.0591 0.8483+0.1194 700 0.9400+0.0700 0.9200+0.1200
flags 0.7955+0.054 4 0.8095+0.1168 flags 0.9662+0.0602 0.9393+0.0642
audiology 0.9900+0.0400 0.9900+0.0400 audiology 0.9900+0.0290 0.9900+0.0290
anneal 0.7805+0.0505 0.7805+0.0505 anneal 0.7992+0.0118 0.7992+0.0118
german 0.7248+0.084 8 0.7188+0.0787 german 0.7238+0.0838 0.7167+0.0467
cortex 0.9790+0.0052 0.9790+0.0052 cortex 0.9449+0.5000 0.9449+0.5000
sick 0.9289+0.003 1 0.9228+0.0234 sick 0.9517+0.0161 0.9389+0.003 1
chess 0.8714+0.1170 0.8479+0.1396 chess 0.8539+0.1328 0.7663+0.1163
hypothyroid 0.9025+0.0084 0.9013+0.0045 hypothyroid 0.9279+0.0013 0.9228+0.002 1
mushroom 0.8597+0.084 6 0.8509+0.3642 mushroom 0.9216+0.1659 0.9241+0.3141
average 0.8690 0.8649 average 0.9019 0.8863
R4 RHEH T R
KRR MGIFS ReliefF
700 4,9,2,5 4,5,9,11
flags 18, 20,24, 13 18, 11,20, 13
audiology 64,13,1,57 64,13,1,57
anneal 3,12,5 3,12,5
german 14,3, 1,20, 10 14,1, 3,10, 12
cortex 81, 80,79, 78, 34 81,79, 80, 78, 34
sick 13,24, 18, 10, 12, 20, 28 28, 13, 24, 26, 25, 18, 10
chess 33,21,10,15,1,35,6 33,21,10,15,1,34,6
hypothyroid 21, 18,20, 14 18, 20, 21, 19
mushroom 8,10,4,7,17 8,10,4,7,6
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M 2 B 3 S HL i 4 S m] U H, 59 MGIFS 508 FE# U E 5 T ReliefF 5%, sih 4 ik
B, T MGIFS Hi%AT LUK B — A5 ReliefF HyEMEAEH0L £ 2 BRRISHET . TP, T3 2 500 4L R
FUAE A B, TR 3 M B 1 20 AT 5 B AR R 20 A TRV 22 e VR B R . |l T~ MGIFS BEfE 2R i
18, 8 IR S B HRE S K0S B ARk AR 3 ORI BT, T E SR BN e R R E R RS RS, A
A L BB I A S AR A HE Y 45 SR AR A A S i — AR AR o3 AT 172 A, 8 17— IR 8 S B I TE R AR AR
BUE F B H, (R, Bl 20 SE B (1 2 25 19 N, MGIFS S5 AT SR AR B — AN A U RE L B 45 1. 1 ReliefF 532
1414 B8 2 52 B HIATE R B LA R A R B A AR R s e, B B RS g 3G, B0k vh B b Ot 2 B R 35, 5 )
ek JE Y EN O T

R 42 EIRPIFPEVELE 10 MR B IRAEE P45 R AR L, 2R A A ) HARRAEA S HE 7 S T 4. KR
4 RS LLgs A kI, 75 B 4E audiology. anneal. cortex 5% MGIFS #BGEHE B 55 ReliefF Sy [A) 4%
TEF4E; TEHRBIRESD, WAk B LB BIR WARIE T4E. 456K 2. K 3 P J 8 L 18, /8 MGIFS &
EAUA] LU B — /MRS ReliefF B4 RHIE T4, L RAEM D HIEE LT LR F] 5 ReliefF H2AH 105
IETF48, i —PIIE T 5% MGIFS 1A R
43 Y

NFE— B IR VL MGIFS fE 30, A Ebi T MGIFS 5%, ReliefF 5L AN £ S0 38 B AL A
W EREIT . Seae v, BT B AR, B AL BURE AR A B — AN I BE A, B B0 S R UBORNRRAE A 2 S R
SRR, AR 4 A0 7] R K AR AR Ak FE IR A b, A SR 50 AR de o A 0 2, i A B 50 H 4R 43 i 8 17,
3 RS BEALEA E , SR 5 AR o3 o 35 S A o3 n 28 S 35030 5 v, 385 m AR asd 52 v 23 ) A 3R P B0 SR AR AR A
AR, HAT BN S R K 5. R 6 M 2. Hop, R 5 PRS2 R I 3G =40 42 T 2 el Hua 45 -
BITHEI (8], 3R 6 RN 8 131G B HHE AR AR A DD B S A AR b S B B SR TE], B 2 b B SE H T RRIRR N
5B AR S PR SRR I T SR ] LA

RS ESLOR S X K6 AR EIN A X L

BB MGIFS (s) ReliefF (s) THEI IR G (%) & MGIFS (s) ReliefF (s) THEI IR G (%)
Z00 1.16 10.56 89.02 700 18.10 140.32 87.10
flags 6.54 33.70 80.59 flags 123.56 571.77 78.38
audiology 8.24 59.70 86.20 audiology 158.56 973.08 83.70
anneal 17.32 58.40 70.34 anneal 298.09 1031.65 71.10
german 21.37 56.14 61.93 german 260.99 1027.68 74.60
cortex 349.47 791.30 55.84 cortex 3116.46 12062.49 74.16
sick 84.63 526.45 83.92 sick 1243.45 12151.70 89.76
chess 109.88 450.99 75.63 chess 980.65 8961.07 89.06
hypothyroid 193.41 721.46 73.19 hypothyroid  1738.56  15741.89 88.96
mushroom 199.60 910.94 78.08 mushroom  2349.71  20355.73 93.37
average 99.15 361.96 72.61% average 1028.81 7301.74 85.91

HRAEEE 3.5 17 AP0 R MGIFS B 52 34 FE B 7007, BhABUE £ 10 0 A 28 Ak 23 BB R W VR T BERE AT, oy
I, TSGR A BB AS 25 VI NS [F) RS ) 1 B AR AR, 17 B o A LR [ 385 B A S A S in 3 JR B 4R
P, BRI NI AR R AN DL S ST BB & AN 58 1, 3607 51 RS P 2 A R AR R A B 1. AR 5 AN
R 6 L MGIFS 435 A BRI 46 A0 SR A5 S R0 0 B 40 42 1A T SR RT ) T 45, A AN B V8 I 1) 28 AR 42 10 o A
A T SN E) A B RIS, GBI AE chess A hypothyroid FORUMIZEEL EL 8RR, (E R R B EUR4E S, B
YEEE chess MTTELAS AW & /N T hypothyroid FITHELEA], T S BT hypothyroid (138 & 585 5 I 5RE A AR L L
AR, Fi A, B R £ B BRI B, WA cortex 7E 10 MR RIS R B oK, (HZ4EHUR
i, W 5 T2 6 Hhifgs aT R B, 8 0% MGIFS 23 BIALE cortex I3 At Bodi S A0 1 B 4E SE 103 0 A
75 10 MRE TR R Z 1. 746, BT RSN EEIRENTRN, ReliefF LR X TFEETMAL, HiFERBSmHEE
Hm, Bt ReliefF BIAMTHER ML RG22, 3£ 5 FIK 6 PIosEiess Rk —PI00E T 592 MGIFS Siatt.
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Algorithm time comparison--zoo
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Algorithm time comparison--audiology
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Algorithm time comparison--german
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Algorithm time comparison--sick
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Algorithm time comparison--flags

--- ReliefF 4
+ — MGIFS _/’
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Times of add_data
(b)

Algorithm time comparison--anneal
- --- ReliefF P
— MGIFS P
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Times of add_data
(d)

Algorithm time comparison--cortex
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Algorithm time comparison--chess
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Algorithm time comparison--hypothyroid Algorithm time comparison--mushroom

16 000

| --- ReliefF 20000 | --- ReliefF
14 000 F — MGIFS 17 500 - — MGIFS
12000 - 15000 +
710000 212500 |
g 8000 - E]oooo.
= 6000} & 7500+
4000 | . 5000 -
2000F e 2 500 [t S s S -
e e e e e ] s e e e B
0o 1 2 3 4 5 6 7 8 o 1 2 3 4 5 6 7 8
Times of add_data Times of add_data

@ ()
B2 THER R LB R (4

Pl 2 Hp g B 25 S B M SR T R RV I AR 4 5 MGIFS. ReliefF WA SVA I VBT 8], JLh A7
P PO A A 7 VR IR 1 L, 0 AR RIS, D\ AR AR R v ST . Hox Ll 45 Sl B0, MGIFS A
SEIS TA)Z8 /N T ReliefF Sk v S 8], I FLI6 5 45 5 50 58 A AN s bn, 2 UL AS I B K, MGIFS S0 AR
AN, R AT, HE SR A AR AR T K, A R SR K R, ReliefF 59 75 ZANWT I Indh B v %, B
S8 SEHRFALE A A (0 B R A, T S A v ST T O M 2 LR . 1T BRVE MGIFS (1 S [ i 25048 0
BRI K, A0 LA 218, IX 3t — B 30AE T MGIFS (5 20R 25 52 5008 /0 A 28 A I 520, 0 SR 5508l o0 A A8
BN, AZSE I T SRR I AN 2 WS04 0 A SR I 2205008 23 A5 kA2 W R AR 4k, 59 MGIFS AJ DU BR
72 I B R R R R S, T RO N — SO AR R N 5 1015 BOR IR AR = 45 b, B0& MGIFS & T
ReliefF 5%, AN 7 8k, 2 2ot b 508 DA R A5 B b 45 55 RBARR A B4 T, A8 S8 PR R 31— AN UK RFAE
T
4.4 IEXTEE

BT FRISEI M 45 R, il — DI A SCH L MGIFS AT A7, AR5 A B T P9 NI AR B v 1 3
FURFIE I PR ERAE ot BURTE, 40 BN 2R AR R 3T UL BE 1) s R (s SRR AE e 3 7% (UARAO) IR
SR 2 005 1 4 12U P20 8] (LARNGCE)™. Jy 7 GRIE XS L S8 1A 25, A1 i B T 5 B3R SCik o AR 1)
¥1477 USRI AR X, RS0 B0 AN AT BB RO, 10 2 K S B £ 40 R 10 554003, 22 VS ISR UL 3 25 B A2 4k
(R . SEE A T R SR S 4 B A 0 UCT B4R (W3 7), R 8 Ik 9 orilaa T B ANGE S
MGIFS 7£ 4 NHE G b RFIEE 45 AR A 73 2R 88 B b AT 147 28 SCIR IR ) 43 28005 BE B X L.

F7 LI HIEE #8 SVM HIKEEENT L
o v HUEE " e e HEsE MGIFS UARAO IARNGCE
B o T (EAFAE R A A 20 28505
AR PR - - yeast  0.8567 £0.0099 0.8567 = 0.0099 0.8567 + 0.0099
yeast 1484 8 1 9 13 wall  0.9201+0.0363 0.9192+0.8107 0.9341 +0.3131
wall 5456 4 1 5 4 biodge 0.9266 +0.5265 0.8918+0.3562 0.9029 +0.1593
biodge 1055 41 0 41 2 magic  0.9387 +0.7462 0.9278 +0.2342 0.9356 +0.0153
magic 19020 10 0 10 2 average 0.9105 0.8989 0.9073
# 9 NBC 7325k BEXT L
G/ MGIFS UARAO IARNGCE
yeast 0.8743 +0.2716 0.8743 +0.2716 0.8743 +0.2716
wall 0.9378 + 0.0395 0.9356 +0.0255 0.9372 +0.0502
biodge 0.9369 + 0.2828 0.9027 +0.1718 0.9346 +0.3364
magic 0.9603 = 0.0109 0.9590 +0.0145 0.9586 + 0.0096
average 0.9273 0.9179 0.9261
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MF 8 AN 9 [ sl Rl LA Y, MGIFS HUAM) 73 NG BEAE B AR B LU LA b SR 2, IX AR T
A SO SRAE AT B A HE SR ARG I R o, G R R S AR B BB B 23 A B AR A, SRS R B A Bk
FAF B oA, HETRL M ORAIE T Bk EARAEE RS RS S A n B ERFE R 45 RS W RER) — B AN, li T
FEBLSR N v, Bl i A e — R, KA 2 AR AR S 7E 20, 1 MGIFS SARENS A7 Rt A BT 5 HL
(B 5 UL R I 777 R 45 T A, IO RO B R HL 22 Je AR i sh A e S SR 03t 1 7T LRSS (0 S8 B, 75K
B 2 FH Ao B SR 2 A A

5 B %

AT T B 2 R B v T 170 B8 70 A 3 A B 8 R 32 39 T W PO b e, i 4 2 L PE R AR BR AL, A4S T T 1)
TREHHE ISR . BRI ST T8 R AL A SR AE A EE SR DA 2 G SR B A L, SR 1 2R EEAL A T T
1F1 ) 25 1 5 At 0 0 B R G B BRI, AR S M NS IG5 SR AR HE — SRS 1 i SR A R A e R F T BR
AL T DRSS B2 5 5%, X IF AT 3028 K Hds 12 R BAT H 2 A PR R SURI
FHE. T2 (BT e B i R 2 4K e il S0k, AT AE A6 DR b SR B A B AR ) 70 A1 S Ak, I B SR A 30 i 4
) e PURFAE T .
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