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Label-correlation-based Common and Specific Feature Selection for Hierarchical
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Abstract: In the era of big data, the sizes of data sets in terms of the number of samples, features, and classes have dramatically increased,
and the classes usually exists a hierarchical structure. It is of great significance to select features for hierarchical data. In recent years,
relevant feature selection algorithms have been proposed. However, the existing algorithms do not take full advantage of the information
of the hierarchical structure of classes, and ignore the common and specific features of different class nodes. This study proposes a |abel-
correlation-based feature selection algorithm for hierarchical classification with common and specific features. The algorithm uses
recursive regularization to select the corresponding specific features for each internal node of the hierarchical structure, and makes full
use of the hierarchical structure to analyze the label correlation, and then utilizes regularized penalty to select the common features of
each subtree. Finally, the proposed model not only can address hierarchical tree data, but also can address more complex hierarchical
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DAG data directly. Experimental results on six hierarchical tree data sets and four hierarchicall DAG data sets demonstrate the
effectiveness of the proposed algorithm.
Key words: feature selection; hierarchical classification; common features; specific feature; recursive regularization
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Wi 2~ (6), TR X (B)FFT R A AL, (7).
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Bk 1 TR KRBENIL A S5 E 4 4 )2 FR1E % B (label correlation based common and specific
hierarchical feature selection, LCCSHFS).
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4. FOR i=0:N DO

5 RS ) =12 W, L) . SREHE DO
6:  ENDFOR

7. FORi=0:NDO

®

N
S W W = (XX + zDi<‘+1))-1[xiT Y-a ) c,jwf“”J

j=0,j#i
o: END FOR
100 WED=[Wo,W,,... Wa]
11 t=t+1
12: END WHILE
13: R[H W
25 WSS
ARATE MG 2 P 1 RS 1 WS BT 2 M
F1 AU W TAEZEWAES afl b, o] LLE AL L 2 2(10) k.

a-2 <ph-— (10)

© TEBREEEEIEDT  htp/ www. jos. org. cn



WA . AT HRE LTG5 Eo KA 5 BA Mk E 2673

2

W O (a-b)®=0 41, W15 a*+b?=2ab, ¥ W13 2ab-a’<<b? B LL AT 2a—%< 2b-b, M,

IR 2. 5Lk VAER: — JOsAH ualas gd 2 30(5) H AR, IRl
WA RS t UOEAR, AEECARAT AT AR S T N

N
V\4<‘*1’=argmin|| XWO =Y, [ +ATH (W) DW) +a . Cw@Tw® (11)
j=0,j#i
[Rlik, A4k S &5 %ﬁu/\f(lz)ﬁ)ﬁ
” Xivvi(IJrl)_Yi ”'2: +ﬂTr((VVi(H1))T Divvi(t+1))+a i J I+1)TW(I+1) <
j=0,j=i (12)
N
I XWO =Y, 2 +ATr (W) DWD) +er Y CwOTwW®
j=0,j=#i
H WD ||, = ZII(W‘ YE N, FTES A (12) A X (13) TR
” Xivvl(nl)_Yi”F z”( j)(Hl) ”2 i W(I+1TWI+1
12] (W) “2 i0.1%
100 2 13)
| XW© =Y B +4 2+ Y CWOTWO
z2II( N, Jozj : :
M EE 1, 2 a=| (W) ||, b=l (W) . T4 R 2 X (14) BT,
+ Il W) 2 o W)@ 12
(W) |, e < (W) O |, - 14
2201 w)Y |, 2201 w)Y |, (4
Rk, mrfg4h B o X (15) .
it ||(Wi)(t+l) ”2 m - ”(Wj)(t) ”2
A W) ED ||y =22 [ << A (W) |, —o 2 (15)
Z[ © 20w, Z 220w,

A (12)5 A K (15), ArEEE R w A X (16) k.

N
WYY IR +AIWED Jly +er Z CWEITWED I XWO =Y, [ +A WY [y +ar 3T CWOTWE (16)

j=0,j=i J=0, j#i

Il X

P, ) A (16) a1 A K (17) .

N N
Z[n XWX, [ AWy e > C, W) w,.w] <

i=0 j=0,j#i

) . (17)
Z(” xi\/vl(l) =Y [ +4 "\Num [, +e Z Cuj(\Ni(t))iTVVj(t)]
i=0 j=0,j#i

ARQA7) SR, Bk 1A X (5) H bR, FRIBSL. O

3 ZRBERSHH

ARG, JRET 10 AN LA T2 UK 45 A (10 B 1 S 4 PR 5 SR RN I DR K8l 4 T S 7R 559 LCCSHFS
HIPEfe. 2L,
o OIS IR, 4 W R SR 42 DDA F194127 ) % 14 F i 4E voCi® | ILSVRCE5/2Y,
SUNESUZE Cifar100t%2,
o A AN NAT [ TCIR B S R I R DV 2, 2> 5004 Eisent®¥, Derisit®, Cellcycle®¥ i Gaschf*3,
T LA T HARE A AR S

© TEBREEEEIEDT  htp/ www. jos. org. cn



2674 HAEFIR 2022 54 BEETH

R1 HARGEAE
i) Kbt IUIESES PIRENS A RS 7 J= 5 Sk 2R
1 DD 3020 605 473 32 27 3 Tree
2 F194 7105 1420 473 202 194 3 Tree
3 voc 7178 5105 1000 30 20 5 Tree
4 ILSVRC65 12346 11 845 4096 65 57 4 Tree
5 SUN 45109 22556 4096 343 324 4 Tree
6 Cifar100 50 000 10 000 4096 121 100 3 Tree
7 Eisen 1048 820 80 3574 1707 1 DAG
8 Derisi 1598 1255 64 4120 2037 12 DAG
9 Cellcycle 1612 1274 78 4126 2041 12 DAG
10 Gasch 1632 1275 53 4132 2043 12 DAG

31 XWTMIBRENERE

TV TR SE LSS, B TR AR e R TOUMS B2, TR U 4t K R AR R (A, ARSI 5N P Rl
IY RS KRN 45 KR Tree Induced Error(TIE)®4RI Hierarchical-F1 measure!® 4 P4 532 M RE AO 545

Ly, VO MERREEASRIL AT AR, HEAA H R 0 R AR I R R A

Yog = YU ANC(Y), Y, = YU Anc(Y),

b, Anc(y) F1 Anc(Y) 43 SR FEA bR D y FITI AR IC § FAH 2615 RidE S

e Tree Induced Error

RRFEAR TR § FFEAFRI y 702 R G546 5 s 2 10 S, 2 = (18) .

TIE(Y,Y) =ZE:(y, ) (18)

e Hierarchical-F; measure

TRy JZWERA RN A B R R, 02 X19) .

Hierarchical -F, measure= ZEPH RTH (19
+
H
_ |Yaug ﬁY"aug | _ IYaug ﬁY"aug |
H = = — =
Ak, Vg | Yaug |

Xt T IX A PRV FR b, TIE SEARIUE /N T, 1T Hierarchical-F; measure $545 it R R K 5 i B 47

URAN, ASCHESR T 5 Floy 2 A 355104 9 % L 459, B HierFisher (i1 Fisher score®& ik 43 J2 45 i
HRRHL), HierFSNM (th FSNMUME 54 43 J2 5 iF 3% 3 57 4%), HierMRMR™M, Hier-FS™ Al HiRRfam-FSI*. 1L
1, Hier-FS 1 HiRRfam-FS IX W AN H VA I S 5 A% &4 10, HiRRfam-FS (155 ol S5 B N 1.

TESRI Y, RSP SR m s HUIE 250 2848 S 8A R o M #%{0.001,0.01,0.1,1,10,100,1000} H 48 % .
XS S I BR SR, SHARE N 10, 8ok B R 0.1, A& I E 45 S 4, S8k
H M 100, Z¥ otk & N 0.001.

KIS RGN — &M A 16 GB W 1£. 1.90 GHz K Intel Core i7-8665U CPU #l Windows 10 % ;1)
A NENL. TR Matlab 2016a 3.

32 EMLEHMEIRE LRSI
321 5 AT RRAE S AT R AE > 1 e LR

H T HE LCCSHFS I i (1 A7 e fiE 5 [ A AR5 AE 10T R, AR5 43 B0 LG 7 8% 115 s R FH RS IR 30
LA R AE 5 [ A R R B (0 23 SRS 5. S0, AN A R Rk SRR AL B A 8. O TSR
HARENE, AT 6 A E 2 UOR 4504 (0 B B B0 25 5 BG4 o 450t — AN S R AR B e 2 (B
P4 F194 5 SUN 1 SEERHH A8, BT fdt A ) e A0 200 v S B0 11 5%, 10%, 15%, 20%, 25%, 30%, 35%FH 40%.
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B RF IR B3N, B T A L5 R T D BT R AR 4 R B R T RS TR A R E I A RS AN, K
O EOLT, #2711 2 S 1 B LA AT

5 /R T BB AR AL SUN 1 20 AP FET s rb, BEALERIE I 6 AN AUR A B0 1 LG R A L5 [
FRFAEI 1) RS BE. BT T DUR Y, &1 RUIRAT R AE 1) 23 20RS B 15 1B A RR 20K 1) 4 I8 8 72 ) 3 Ll e /)h
BEZE R HE R P30, Bk T A 13 5T 15 AR D R IR K 0 2R BE KT R R AR 1 RS FE AR, K
FOMEDLE, [FAEHS I [ G R E 10 73 SV e LU A

gr b, R TUHONE SR AN 2 R S S bR B S0 [ A R AR 1 22 e PR L MR BR AR B B, TRIONE, [ A R AR 1
S RMEBE— M LS R AR L, 2 BRI A ok B 1 S 1R E LG G B B0 AR i B S B 0 ) B
322 BHEBZEMMEREX

h T Wi B LCCSHFS fEAL& 2 R 45 /B B PERE, A5 B TR 1) R 0 28 0 S35 1) AL
ER 2828, S RANE S R AR LR EEIRE DL T, R FEA R 55 &0 (0 43 8 PE REEAT 0 A oo,
LCCSHFS 18 F [l A RFAEAE D R AR e R M 45 5, WIR, o T 5 HiRRfam-FS Fl Hier-FS fR %8 —34, $(4E4E DD M
F194 E# 10%[FRFE, JLAM R 23 20%0 KA 1iE.

K25 T AR 4y JZ R IEIE B R AR R EER 4 L0 TIEME (K 45 B bR LA B R AR — 1L Ab B, Hhix
U (R 45 SR TR o, SEIR S5 SR, FrdRsdyl LCCSHFS 76 B 4E b B30 T 2ot 7y R fE v R 45 k.
LCCSHFS 7 K Z %W T, t HiRRfam-FS 7l Hier-FS £ H 4. HHaE

R 2 ANFHFAEGE P FVA AN R B 4 B bR AL TIE 45231

PiinES HierFisher HierFSNM HierMRMR Hier-FS HiRRfam-FS LCCSHFS
DD 0.1355 0.088 6 0.0919 0.0850 0.083 6 0.0843
F194 0.1945 0.2123 0.1800 0.1746 0.1730 0.156 8
VOC 0.2271 0.214 4 0.2188 0.2143 0.2138 0.2132
ILSVRC65 0.0336 0.0350 0.0335 0.0328 0.0329 0.0328
SUN 0.1341 . 0.1322 0.1280 01271 0.1277
Cifar100 0.1285 4 0.127 3 0.126 9 0.127 2 0.126 5

F 3N T AR S 245 3% B VR AR R R B0 45 1 ) Hierarchical-Fy measure {i. M S2E6 45 5 b ) LA HY
575 TIE e84 FAHRI 4518, 8 8 B H % L LCCSHFS 1 5 AN L 80vE 2 (i) 4» B8 0E e 25 5, SINGE i)y
¥ Friedman £ %% 5 Bonferroni-Dunn & 457,

K3 ANRVRRIEE B VEAE AN R 2R 4E 11 Hierarchical-F; measure {H

PiinES HierFisher HierFSNM HierMRMR Hier-FS HiRRfam-FS LCCSHFS
DD 0.7741 (6) 0.8524 (4) 0.8468 (5) 0.8584 (3) 0.8606 (1) 0.8596 (2)
F194 0.6758 (5) 0.6462 (6) 0.7000 (4) 0.7089 (3) 0.7117 (2) 0.7387 (1)
VOC 0.6576 (6) 0.6739 (4) 0.6669 (5) 0.6754 (3) 0.6758 (2) 0.6769 (1)
ILSVRC65 0.9580 (5) 0.9563 (6) 0.9581 (4) 0.9591 (1) 0.9588 (3) 0.9590 (2)
SUN 0.8324 (5) —(6) 0.8348 (4) 0.8400 (3) 0.8411 (1) 0.8404 (2)
Cifar100 0.7859 (5) —(6) 0.7879 (4) 0.7885 (2) 0.7880 (3) 0.7891 (1)
RESES 5.33 5.33 433 25 2 15

G k ANFVER N ARG, ol R ANEEES | ANEERE LI, BT BRI T A

1 & SRy N VN N = Y Y ALz, N-1) 2 st - 4 N 5 -
R=y2on BTSRRI L F, 30 FF=W TG e, Horh,

2= (iRZ-k("ZDz]. % 4451 T RS Hierarchical-F; measure (i1 778, 7 sk 74 3 Fp=30.79,

Frkk+)\ &
KT BT 0=0.1 I (11 S8 R F(6-1,(6-1)x(6-1))=F(5,25)=2.09, K 1HFH £ i 47 539 Mk i AH [ (1 415 .

ik, 3225 K Bonferroni-Dunn K560 i 1 A LL AN [ B2k B 22 S, T 0ok IR T B3P S84 1 2 ) 11

k(k +1)
N

& ¥H{H 3k CD, = q, , FERFEMAKT0=0.1 FH q,2.326, L5 H CD=2.5124 (k=6,N=6).

6 IR T X 6 MR SEHE T 0=0.1 ) Bonferroni-Dunn & 5 45 5. 45 5L B, LCCSHFS 1) Hierarchical-F,
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M 7(d) ] AR B, {E$E4E Derisi th, LCCSHFS () Hierarchical-F, measure {2 1Y kb HiermRMR 74 2.

NI PR R 4 FivReAE 3 R 2 1 B AN R REAE £ 1) Hierarchical-Fy measure {2 1 B3 2 7, A
WHEAT T Friedman kK. 2513157 G HL 20%, 30%H1 400045 fE B I, Fe 52090 5, 7 #1 3.32, KT &M
HKV-o=0.1 I Il Sl F(4-1,(4-1)x(4-1))=F(3,9)=2.81, [N H4Fi £ i 47 S ME e A Al iRl 1. k2548
Bonferroni-Dunn 4%, 762 %MK T 0o=0.1 N4 q,=2.218, KA 5 H1 CD=2.0247(k=4,N=4). M\ IH 8 nJ 41,
A [F R E S0 |, LCCSHFS 1 Hierarchical-F; measure {5 %% HierFSNM A 2B 2= %, W58
HierFisher 1 HiermRMR #H Z A K.

CD CD CD
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L HiermRMR L — LCCSHFS L—LCCSHFS
HierFisher HierFisher HiermRMR
HierFSNM LCCSHFS  HierFSNM HiermRMR HierFSNM HierFisher
(8) 20%F51iE %L (o) 30945 il #t (c) 40%IF1iE %

8  ANIRIHHE S A FHAS R £ i 1 [ A R AR, 5EF Bonferroni-Dunn 4536
tb#: LCCSHFS vk 5 HiAth &35 1 Hierarchical-F, measure {i

gi b, T TP (R T A T O B BT L IR AR AE 3500 LA B, BRFR A RS EER £, A
JT 5 IR AE 5 FEAR S A X 4>, 0T A5 L2 VR &5 14 2 AR 100 i P45 E 3 3% B8V 18 ST R 1) 40 2 R HE IR B 47
7% HierFSNM, HierFisher, HiermRMR 1 5, & f#kEE T /A 93870 21 150 AT 4, BRIB IR 7 A 1528
PHERE. HMRAL R DR AEAEE BN E MM EER4E b, LCCSHFS ARG &R A 2 B R4
JERFAEIE B LR IS T i B AR e
34 SEHPHMED

A5 M TR 5L LCCSHFS [0S 0 AR addb AT BUB M o0 BT, Fovh, A5 I e IE AR B FE 5, oA il 3k
HFLE IR, R 4 53R 5 7000 T A5 2 W 45/ 11 £ 5 ILSVRCE5 58 A I JoFF &1 45 84 1) £ di
4E Eisen 2B 20% I FAE IR, 1504 [7] 2 8091 43 i Hierarchical-F, measureft. &M Mk I8 R 7%, 78— 2 Wi H
WX Z BN ol AT 4. 28N a5 5{0.001,0.01,0.1,1,10,100,1000} H 1%k #£.

4 FET ILSVRCE5 It H Uk i/ bt

a

0.001 0.01 0.1 1 10 100 1000
0.001 0.9558 0.9558 0.9558 0.9558 0.9558 0.9558 0.9558
0.01 0.9558 0.9558 0.9558 0.9558 0.9558 0.9558 0.9558
0.1 0.948 2 0.9558 0.9558 0.9558 0.955 8 0.955 8 0.955 8

1 0.9511 0.951 2 0.9558 0.9558 0.955 8 0.955 8 0.955 8
10 0.9590 0.958 8 0.9590 0.9558 0.955 8 0.955 8 0.955 8

100 0.960 2 0.960 2 0.960 4 0.959 7 0.955 8 0.9558 0.9558
1000 0.959 0 0.959 0 0.959 0 0.959 0 0.959 3 0.955 8 0.955 8

#5 AT Eisen IS H U T

23
0.001 0.01 0.1 1 10 100 1000
0.001 0.3110 03110 0.3110 03110 0.3110 03110 03110
0.01 03110 03110 03110 03110 0.3110 03110 03110

0.1 0.3110 0.3110 0.3110 0.3110 0.3110 0.3110 0.3110
1 0.3110 0.3110 0.3110 0.3110 0.3110 0.3110 0.3110
10 0.369 2 0.3110 0.3110 0.3110 0.3110 0.3110 0.3110

100 0.3750 0.368 6 0.3110 0.3110 0.3110 0.3110 0.3110
1000 0.363 8 0.363 8 0.363 8 0.311 0 0.311 0 0.3110 0.3110

M 4 53 65 il LUAHL, ARt 5 B gk i) Bt S ik A2 0 54 ek g R B 4R, o= A0,
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4 B &5

ASCHE T P IE TAR B OCIRVE K 70 /2 20 FIAT 55 WA R AR AR £ 50 M 3 VA TR AR X 2= T 4 A P
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TR RE. 5B 1070 2 R AL IE F SR AR B, AR SO 7 23 R RIS 10 J2 IR S R B A A 8L, A )=
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