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Hybrid Feature Selection Algorithm Combining Information Gain Ratio and Genetic
Algorithm

XU Zhao-Zhao, SHEN De-Rong, NIE Tie-Zheng, KOU Yue

(School of Computer Science and Engineering, Northeastern University, Shenyang 110819, China)

Abstract: In recent years, the application of information technology and electronic medical records and medical records in medical
institutions has become more and more widespread, which has resulted in a large amount of medical data in hospital databases. Decision
tree is widely used in medical data analysis because of its high classification precision, fast calculation speed, and simple and easily
understood classification rules. However, due to the inherent high dimensional feature space and high feature redundancy of medical data,
the classification precision of traditional decision trees is low. Based on this, this paper proposes a hybrid feature selection algorithm
(GRRGA) that combines information gain ratio ranking grouping and group evolution genetic algorithm. Firstly, the information gain
ratio based filtering algorithm is used to sort the original feature set; then, the ranked features are grouped according to the density
principle of equal division; finally, a group evolution genetic algorithm is used to perform a search on the ranked feature groups. There are

two kinds of evolution methods: in-population and out-population, which use two different fitness functions to control the evolution

« FERIUH: K H RIS (62172082, 62072084, 62072086); [H 5 £ K 141 (2018 YFB1003404)
WIS 1) 2020-01-23; A& ) 2020-03-09; % FH I 1) : 2020-04-09

© TEBREEEEIEDT  htp/ www. jos. org. cn



Fu

HFBB E BhOE B B kel Ab Bk 6 RA XA IR AE E ik 1129

process in group evolution genetic algorithm. The experimental results show that the average precision index of the GRRGA algorithm on
the six UCI datasets is 87.13%, which is significantly better than the traditional feature selection algorithm. In addition, compared with
the other two classification algorithms, the feature selection performance of the GRRGA algorithm proposed in this study is optimal. More
importantly, the precision index of the bagging method on the arrhythmia and cancer medical datasets is 84.7% and 78.7% respectively,
which fully proves the practical application significance of the proposed algorithm.

Key words: medical data; decision tree; feature selection; genetic algorithm; information gain ratio
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8 20 B AT 4 FRR 4f 5E 1k (symmetrical uncertainty, SU)?. {% B (information entropy, IE)P2VfIEE 4E A &
(ReliefF, RF)*%%. Sosa 45 NP A A5 B BT SEAEANREAE (R0 BR 1, e 1 5 HE 5 28 31 LA SRS AIE 2 1) fr)AH
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ReliefF 5 Spark Rli¢5 48, ARIEAFAE XU BH 5 FEA IR X 43 B DT BEATRRAE VAL, FH T8 ol I B4 1 R AE Uk 45
W)L A R Y — P L T B 25 LU (information gain ratio, GR) KT yE L% 158, i s B 25 1
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11) End For
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I, P(Cq)=ZZ:1\Cm|/\S\, P(Cpo)=ICpql/|S. HRIEAEA BIRFAE F AT R 50 J5 BOREAAS BRI E B, W]
PLSRASFE AR SR B = G(SF), R
G(SF)=I(9-1(SF) ©)
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(a) Spambase i 4k (b) Meu £ 4E
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FH T 2 T4, R R A A5 S 1 S EU IR DR /N 6T JSUAG R A BEAT HE 7, y Bl R B A 43 A AR % 40 N RRRAE T 4R,
11l Spambase i 4E | Feature ranking grouping=10 I, F7R% 10 MFAEHF 14 MFE. MELE 2(a)FE 2(b),
FRAE 05 1 25 LB,
— 41 Spambase %4 #i4E I Feature ranking grouping=1). 74k, 5 QIG5 LN 0 EFIE AR 40 41, (% %y
TEAR SR B F TR BE R a4 R b B4, or 4 b0 L Sk (WA B A A I AR v i ) 3 45 .

TR 2 (R AR 2 D — AL, R S Al BOBOR, RRORAE T RE RV — MR IE R A

& cighthr # cighthr
M) 4 * Spambase , * Spambase
- E & Commma ] » &— Comma
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904 - # : i 11— H 1] ¥ Meu v Meu
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(a) GRRGA FyJ: 1 1 1) 43 AR5

K 3

(b) GRRGA 5k i (1) FRAE 1 55 A
3 LB AL SR I P RE AN AL A

& 3(a)rr 4, Rt BECAC B EE Y, C4.5 59:4E 6 41 UCT #di 4 L1 Precision $54r £IUSL TG B 14
B I RBOTT LRI, C4.5 HILIK Precision FArI5IE BIBARY. X322 TR 1A D 3 BusL 4
AE AL R IR LB IS, T BN SR B L. R 3(b) R IR, Bl HEALARE I, S5 E 4R
HoH 2 B, FEAMEYEE LR RO, EERARE EA. k, ARG HIET C4.5 Sk
) Precision FAFME FAEMIEH, 41 Urban £04s 2L HUER 8 AN St AP BE A%
322 SRR R SIL IR LS

T % GRRGA ByE IR, AFTEIT 10 Pk S ik e B BVE AT 6 st e, ILrh, ok ak
G35k GRML ReliefF2 A SURY, 125 0407000 5 o GAPOL PSO™ AT EARY, TR & 595478 GRGA.
GREA Fil GRPSO. 4 T f KR EE AT GRRGA S AR E BT FE R (MR B B8 ), B4R G RETVENE
PSP BEAE AR A O BME S5 X 3 Bl geid 3 R A M B AR I 2 B0 AT I . (R C4.5 SRR ik
PG B AT AR, S0 45 R LR 2 Fgk 3.
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%2 GRRGA L5 LG L F VAR 6 41 UCT B4k L7 FR L

$iR A G Filter Wrapper Hybrid
o GR ReliefF SY GA EA PSO | GRGA GREA GRPSO GRRGA

eighthr 92.1 91.4 91.1 91.4 92.2 88.2 92.2 91.9 91.7 922 93.1
Spambase | 93.0 90.9 91.0 92.7 93.1 93.0 93.5 91.3 91.1 90.7 93.8
Comma 89.5 88.8 88.4 88.7 90.9 90.2 90.4 90.0 90.6 90.2 90.6
Meu 64.2 65.2 42.8 64.7 65.2 64.8 65.5 65.5 65.8 66.4 66.4
Urban 80.2 82.1 77.6 77.9 79.4 82.4 81.9 82.6 82.6 83.7 83.2
Scadi 88.8 90.0 90.0 90.0 92.6 92.6 90.8 95.7 92.6 91.4 95.7
] 84.63 | 84.73 80.15 84.23 | 85.57 8520 85.72 | 86.17 85.73 85.77 87.13

%3 GRRGA Fik 5L GHERFESIEAAE 6 41 UCT i 4R L5 b s ik 1 S A A

. Filter Wrapper Hybrid
Dataset | UM [ —Gp Rl SY | GA  EA __PSO | GRGA GREA GRPSO _GRRGA
cighthr 7 37 39 40 4 8 3 8 10 4 8
Spambase | 57 24 25 18 29 30 36 19 17 16 26
Comma 96 41 64 41 51 37 37 I 14 18 6
Meu 71 28 4 30 39 32 35 2 21 19 19
Urban 147 64 35 35 79 68 65 30 32 2 39
Scadi 205 | 141 124 141 | 4 69 36 33 34 31 33
SEE) | 108.00 | 55.83 5483 5083 | 40.67 4067 3533 | 2050 2133 1833 21.83

H3& 2 f3E 3 "0, C4.5 BikAE 6 HRIAEUE4E LY Precision $RARIEAN K 84.63%. X F B2 il T 45
0 e R I 2 1) R 7 RE A LA AR K R S T C4.5 SR 0 2K P RE. R 3 AL Rt e VR R BIL, 7ER
FIEEE L 2IA MR, (BRI S, S0d GRETVEAHEG IR . XL 3 B 40 1 B 2% 2 5 ml 4,
1 H PSO 1E 448 K kg I R e L, C4.5 5EAE 6 A4 L1 Precision {HIEN 85.72%, 4 HKuk AL
o2 i e A e R UL, YRR I R MR R 5 1) IE 1 4 TR RE AR 22 1) R 0L

KL 3 FAR SR A REVE T, EAFEIESE L 2SR, EHIEE Scadi L, GRGA Hikl4:
WAL, MAESHNE Meu [, 553 GRPSO 45 K i, {HIRIKT &, GRGA FHykAE 6 255 1 Precision
FeAr ¥R 86.17%, THRAL T S AbBI AL, XA SCTIR GRRGA HkFIfL G i & U VAT 4, 78
Comma F1 Urban Z0#i 45 1045 R IEAZ BRI, (HEERIN T, AT GRRGA HILTE 6 41 UCI Hdi4E -1
Precision 5 4n41E N 87.13%.
323 HHARR RN ST

H28 3.3.2 AL AT S, ASSCHTHE GRRGA SELE 6 41 UCH H¥i g L (R fE i SRR 2 i, (B2,
Fe X BAT A C4.5 BHAE NG EER G — R R, ik, A2 A H 5 4P Aoy KB (NB AT
KNN)EAT A LS5, DA IEASCHTER GRRGA HIEMIMERENE A . thah, A TSR s A B, ASCiE
WEH T ARS8 GRGA SEME X LA, Sesb 45 RNk 4 F1R 5 Fion.

B4 W5, 5 C4.5 HiE—F, NB A KNN 75 R da B 48 B0 o JERG FERR I 22 1. R, a1 e 4
AR IR B 35 T SE0R 0 2 Mk 8. 3 P o RS R 3R 4 L BB AN 45 R, 41: 7F Spambase 5541
AR b CA.5 BVEM A SRS AR T I A 529, T 7F eighthr AR 4E b, KNN Sk (045 REEAL. (34K, C4.5
HVETE 6 41 UCT #4245 111 Precision R4 3I{H 4 84.63%, - T- NB Hl KNN.

F4 3P REEELE 6 4 UCT SR AR EI 25k i

_— C4.5 NB KNN
SR 4R GRGA GRRGA 5 UG GRGA GRRGA J5UE GRGA GRRGA

eighthr 92.1 91.9 93.1 93.1 87.8 87.8 92.1 93.1 925
Spambase 93.0 91.3 93.8 84.2 89.3 89.7 90.8 90.4 92.8
Comma 89.5 90.0 90.6 80.3 95.8 98.7 75.8 89.0 90.5
Meu 64.2 65.5 66.4 74.1 65.4 76.1 46.0 57.1 59.2
Urban 80.2 82.6 83.2 82.1 84.8 86.3 76.1 84.8 84.2
Scadi 88.8 95.7 95.7 86.2 90.2 96.9 85.7 93.6 96.9
P 84.63 86.17 87.13 83.33 85.55 89.25 77.75 84.67 86.01
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253 AN HILIELE 6 4L UCT KR S L1 (5 1 1 T8 B
. N C4.5 NB KNN

B S GRGA GRRGA GRGA GRRGA GRGA GRRGA
eighthr 72 8 8 1 1 20 25
Spambase 57 19 26 14 8 16 25
Comma 96 11 6 7 1 3 2
Meu 71 22 19 15 44 15 21
Urban 147 30 39 21 46 32 9
Scadi 205 33 33 40 11 44 6

Ty 108.00 20.50 21.83 16.33 18.50 21.67 14.67

A Frdt GRRGA 595 544501 GRGA 51757 4, GRRGA SLiEAN A R b BRAR T Bl i E 50 H
i H. 3 iy HAE GRRGA HyEik o KB4 LB IEH T 2F 8T, 76 6 41 UCT $did: B
Precision 5 5 Y1H 73 3 4 87.13%, 89.25%K11 86.01%, U E P 4E L 43 ml4e T+ T 2.50%, 5.92%F1 8.26%. L4k,
Zik GRRGA VAT )G B & R IE T B B/ 10, B8 405 T C4.5 SLyk i A7 i ).
3.3 MALE

55 4 G R L 3 R T X L S
A TG IER. B ARATRS NE LS AT GRRGA Hik7#E 2 41 UCT B 22 534 L st
LLsist. HU0Urscat—4F, N SCR Pl A C4.5 BUEVEA MRS, LS HERAr P IS —8. K6
R THHT CA.5 HIEAERFEIE IS M B 24 50 dm 4E L seae 45 1.

# 6 GRRGA Hik 5k GRHL L FEHIEAE 2 21 UCK P22 8dla i L1070 RS 12

3.3.1

" . o1 Filter Wrapper Hybrid
Aotk Jda GR ReliefF SY GA EA PSO GRGA  GREA  GRPSO  GRRGA
Arrhythmia 79.3 78.8 78.4 78.6 80.7 76.3 78.2 80.1 77.6 78.3 834
Cancer 40.6 68.4 55.2 71.9 63.3 80.1 63.8 774 75.7 75.7 774
P 59.95 | 73.60 66.80 7525 | 72.00 7820  71.00 78.75 76.65 77.00 80.40
%7 GRRGA S35 {6 SEHF i M BIETE 2 41 UCK PS5 SRS I R T4
" Filter Wrapper Hybrid
A i
Btk W GR ReliefF SY GA EA PSO GRGA GREA GRPSO GRRGA
Arrhythmia 279 131 114 131 120 140 90 55 65 44 26
Cancer 56 8 31 8 19 16 23 3 4 4 3
P 167.50 | 69.50 72.50 69.50 | 69.50 78.00 56.50 29.00 34.50 24.00 14.50

MK 6 T4, SIS K45 S —HE, C4.5 BETE 2 41 UCH BE 28 4 1020 28 45 MH R 22 10, Mg Ak
it e X FVE RN, C4.5 FAE 3 P JE VAT IE 5 I U 48 1Y) Precision FRARHIE N 2511, X F 22
T ES IS E L N TUARRHE. A, 4SRN E R RRA G2 h BT MRS H.
LG IR A AR A A S $: GRRGA Bk 41, GRRGA H3k7E 2 40 UCT B2 2534 1Y Precision $5 kR 7>
TN 83.4%F0 77.4%, TEFTARHEEFHIE P& R 2w . Ak, M 7 7741, GRRGA 52 1k 14
HEF A2 MUREAR I 35 /. GRRGA 572 Dl /N AR, SRR AP 250 R
3.3.2  HHABRE IR S

MG UE 5258 T 4, C4.5 STAe M dER e 25 R B be 48 B b i dme ft. (B AR R 40 ii 48 B 5 HAT )
RIS A T — B0, 5IFs2i—#E, A GRGA SLVEVE X Eb 83, 3048 A A (0 2 Bk AT s2 56
F QMR 9L T 3PS EILAE 2 4 UCT BE 2254 i) sz it 45 5L

F 8 3 RAIELE 2 41 UCH b= #8411 4 K5

- C4.5 NB KNN

i Ji A GRGA  GRRGA JR R GRGA  GRRGA Jidd GRGA  GRRGA

Arrhythmia 79.3 80.1 834 78.4 82.7 82.4 64.2 76.9 79.0
Cancer 40.6 77.4 77.4 63.1 81.5 84.7 50.7 82.5 82.5
-1y 59.95 78.75 80.40 70.75 82.10 83.55 57.45 79.70 80.75
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93 RIFRAAL 2 4 UCK B2 Hdi 4R b i e e A1k 7 4 A

S g n C4.5 NB KNN
Atk St GRGA GRRGA GRGA GRRGA GRGA GRRGA
Arrhythmia 279 55 26 63 50 30 39
Cancer 56 3 3 5 22 3 3
- 14 167.50 29.00 14.50 34.00 36.00 16.50 21.00

HER 8 FI4 9 AT 40, 3 A4 EEIETE U UCH B= 2280 48 B or RS FERR AR ZE ). WL %¢ GRRGA 51k 4
GRGA KI, &1k GRRGA HikIfidk 5 WAL T B A EAM 7 K5 %, C4.5. NB Al KNN Hi% [ Precision
Fa bR /T ARTE T 20.45%, 12.80%F1 23.30%, 1M FLIEEK C4.5 Hi%1E N GRRGA W VFAl 532 T 0 3 (O REAE T
LA /IN14.50). EFXF PSR AT, A SCIEELT PR AR 1 ¥ (Bagging Al Adaboost) % 3 il SRR H
TR 2], 3210 AR 11 5 T PR BT VA I SE g 45 3

# 10 Bagging 7F 2 41 UCI 2504 b 14> K5 1

Hogide C4.5 Randomtree REPtree
" A GRGA GRRGA JR R GRGA GRRGA JR GRGA GRRGA
Arrhythmia 83.2 83.8 84.7 76.2 80.7 82.4 80.9 823 83.0
Cancer 68.9 78.7 78.7 52.3 78.5 78.5 65.6 70.9 73.7
¥ 76.05 81.25 81.70 64.25 79.60 80.45 73.25 76.60 78.35
% 11 Adaboost 7F 2 4 UCI B 254 5 L2 2Kk 2
. C4.5 Randomtree REPtree
B i dh GRGA GRRGA S G GRGA GRRGA i bh GRGA GRRGA
Arrhythmia 80.6 84.5 81.2 68.4 71.4 725 76.5 78.5 78.5
Cancer 45.9 77.4 77.4 42.7 78.7 78.7 50.2 75.9 75.9
Sy 63.25 80.95 79.30 55.55 75.05 75.60 63.35 77.20 77.20

M 10 A2 11 AT %0, PIRhEE T VELE 2 415105 UCKH BR824 SRR+ B, SREE
B S IS R —HE, C4.5 2 3 P SR VL 1 A AR B 1, 1 HL28 0 GRRGA i J5 A IE F 4R B 5
IR > A B X LL PR EE L) v BN, Bagging 75 3 Tl e SR 8032 o 1R B2 USSR e 0 1), Precision F 45 41 43
A 81.70%, 80.45%F1 78.35%, LT Adaboost X 3 Tl M VLRI AR B R, DRIk, WEHX Bagging 18 C4.5
SR IR 1T 1 R A S TR VA PR I R TR 3

4 2 #®

e X 1 25 A A £ v 4 A A RO 2 B AR AL U AR, AR SCHR R T bl il £ JEL 48 25 BRI 1 A 2 4 s
A8 0 T A SRR AE B B 57 70:(GRRGA). ZSVE L ZAN A 3 P40 B4k, MM B 35 b vt SRR AE
({5 S 28 bl 5 1% ZE i3 e B AN [, AR SCUGRRAE AT HE Y SRJS, MR R AIE 104 5L 26 38 B AT
WA AY, N [ P TR LA A IR B0 0 s R, A T 0 A A A 0 0 5 23 0 A 4L 4T
R, A C4.5 SEIERI N O REBEATVRAY . JErh, VPAGSEVE 4 kRl RE P RURDBE S W I A5 SRS . 7E 5256 )7
M, H9EAE 6 41 UCT $ifinde FHEATIAESc, 459 E/R C4.5 SIVATE GRRGA Sl I 46 5 (1) K 45 _F 1
Precision §FRIIME A 87.13%, B30T HARKRE LRI, Bugh, IT 5 53 40P b e SEp ST 300t L, 45 A
SCIFHE GRRGA SEE G FIVE; 55, 76 2 41 UCK B2 22 H0Hm 4 1 1 F S 36 45 5L 5 7%, C4.5 $1VA7E GRRGA 5%
U 975 6 5 TR0 804 4 L 110 Precision F8FR I h 80.40%, 54 T4k G AE ve #8523, 1 HLEE X Bagging 1
RO, BEMIRTE T C4.5 SIEII N FRE. A A ST GRRGA S515:%5 1 G2 1F5 iF 16 4 50075 v 4 0
P R ICRA TR AR T, RTE BN RE A B o BRI AR B AR (A Sacdi Bl 4E), S5 LA T A
G i /N A B0 P A 32 1)
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