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Weakly supervised label distribution learning by
maintaining local label ranking

QIN Tian, TENG Qifa, JIA Xiuyi
(School of Computer Science and Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: Label distribution learning (LDL) is a novel learning paradigm for solving labeling polysemy. Most existing

LDL methods are designed based on complete data information; however, because of high labeling costs and the limita-

tion of labelers’ level, complete labeling data information is difficult to obtain, which leads to performance degradation

in traditional LDL algorithms. In this paper, we propose a novel weakly supervised LDL by maintaining a local label

ranking (WSLDL-MLLR) algorithm. We improve algorithm performance under incomplete data labeling by maintain-

ing relative relationships between the not-yet-missing labels and using label correlation to recover missing labels. Ex-

tensive experiments conducted on 14 datasets verified the effectiveness of the algorithm.

Keywords: label distribution learning; label polysemy; weakly supervised learning; label ranking; weakly supervised la-

bel distribution learning; multi-label learning; label correlation; local label ranking relation
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Fig. 1 Framework of weakly supervised distribution learning by maintaining local label ranking
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Table 1 Basic information of the 14 data sets

3.1

i LUEITES FEARANE FROEAERL  ARid 4k
1 Yeast-alpha 2465 24 18
2 Yeast-cdc 2465 24 15
3 Yeast-cold 2465 24 4
4 Yeast-diau 2465 24 7
5 Yeast-dtt 2465 24 4
6 Yeast-elu 2465 24 14
7 Yeast-heat 2465 24 6
8 Yeast-spo 2465 24 6
9 Yeast-spo5 2465 24 3
10 Yeast-spoem 2465 24 2
11 SJAFFE 213 243 6
12 SBU 3DFE 2500 243 6
13 Emotion6 1980 168 7
14 Twitter 10045 168 8
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Table 2 Evaluation measures of label distribution learning

S R HEEZN
UIEpS it
S
Wi LT DATN
S B
L
did;
j=1
AR ——
AL &\ &
Jj=1 Jj=1
L —_
R AV Er Z min (d,, d./)
j=1

BeAh, T R TR AT HE A 55 W B bR il A
2 3 8 (WSLDL-MLLR) 7EAR H i JF L R J7
TP, FRATT 3 ST T — N FE bR ] HE Fy 40 3k
5 R 2 HAE YR 0 e br, BRI R & 4
S0k O R B, IR B R (-1, 10, 45 ok 3k
B S VE AR 4R hn aC HE Y T 1 A5 R A, 2 i Y
WRICHEF 5 BRI HE T o e — B, W R 2
AR BB 1o X FH B M) B kR il o A
AR BRIC /AR ds, i B 2R 8 25 9 AR 5 BB 28

o3 (a-a)

T IE-1)
33 XWiEE

R T AG 5 W B AR IC 40 A 2 ST AT 45 T AR
P4, FRATAE VIR v BE HLH 257 3b ik 2 5085
I N HUK B2 B s B 0, it 4E B AR C 4 A
L ARARMM . SR, BE AR IE 2 [A] AY sk
T sy M E R 30%. 20% Fl 10%. FoAT7E X B
T — A EMEN R E . ALK AL
HOBCHE 2 1 90% FHAE N2, 10% FH Tk . &
J&, il 3.2 WA 6 AN PE 4R B AR A
i A Fh B MR RE 22



«5] #KR, %

S5 R ARIC O &R Y 55 B AR e o A o

51

Sz BB A s A A SBUEES
F&{107°,107,---,10%) . BLAb, HEFEW FICH 9] 45 1k
JEREAILEY, ARSI 25 ) B AR A 100,

T ik WSLDL-MLLR B3 i A 5k, &
115 6 A ] i) B34 7 %F L, 43312 : Incom-
LDL-a", IncomLDL-p"!, WSLDL-MCSC™, Incom-
LDL-LR", TncomLDL-SNI" I % GRME", ix 4t
55 WB 12 o A 2 > Bk R 8 S8 AR 2
TEAE SR SC I L
34 EWER

TR ] BEH BR BEALYE R 1 R, AR SCHE
HANBIEE LT 10 R 10 9138 WK HESL K, B
PR M, R SEE T, B B 4R R AR B B LYY
2180430 10 40y, Hepoo i FHF U2k, 1 4y T

o FRATXE 10 RBENL S 5045 2 /9 Ir A A 46 A
SRR BMEM T 22, T CEREA R, AT
S5 SR A R

F3~5 S T AR SR R DL hR i
222G th B SEIR A5 R, XA EE 4R b Ay
R EEE R IR R o O T TSR, RAk
TR BT A Sl 75 . WSLDL-MLLR 5 i
MLLR. IncomLDL-SNI 4 5 & SNI. IncomLDL-
LR fii5 & LR, WSLDL-MCSC {5y MCSC, 5L
Eah T LA ), FERE B AR F5 65 I, WSLDL-
MLLR 78 K Z $08a 45 1] LS 5 4 1 MERE .
B — 3002, EHOF R4 1, IRATA L AE BT
BHEEE DA T s iR . Xt — 2 Ui
WSLDL-MLLR A] DAFE— & 2 B 5 B 4E R b i
Z IR JRER T KR o

&3 WSLDL-MLLR #VILL EXREFITFMNIER LWER (REFw=10%)
Table 3 Results of WSLDL-MLLR on Chebyshev evaluation (missing rate w=10%)

AEIEE S

MLLR

GRME

SNI

LR

MCSC

IncomLDL-a

IncomLDL-p

Yeast-alpha
Yeast-cdc
Yeast-cold
Yeast-diau
Yeast-dtt
Yeast-elu
Yeast-heat
Yeast-spo

Yeast-spo5

Yeast-spoem

SJAFFE
SBU 3DFE
Emotion6

Twitter

0.0134+0.0000
0.0162+0.0001
0.0511+0.0000
0.036 6+0.0004
0.0357+0.0003
0.0162+0.0002
0.0418+0.0002
0.058 1+0.0001
0.0907+0.000 1
0.086 6+0.0002
0.0914+0.0002
0.1081+0.000 1
0.3026+0.0001
0.2929+0.0035

0.0135+0.0002 0.0136+0.0003 0.0136+0.0000 0.013 5+0.0000

0.01610.0001
0.0512+0.0023
0.0370+0.0013
0.0367+0.001 1
0.0165+0.0003
0.0432+0.0015
0.0577+0.002 3
0.0912+0.0025
0.0870+0.0005
0.1159+0.003 4
0.1093+0.0023
0.3129+0.0023
0.3154+0.004 5

0.0163+0.0003
0.0510+0.0003
0.0376+0.0002
0.0361+0.0003
0.0164+0.0004
0.0424+0.0004
0.0594+0.0003
0.0911+0.0003
0.0876+0.0005
0.1163+0.003 4
0.1134+0.002 5
0.3201+0.004 5
0.3276+0.0037

0.0164+0.0004
0.0513+0.0002
0.0375+0.000 1
0.0361+£0.0005
0.0163+0.0002
0.0422+0.000 1
0.0590+0.0004
0.091 5+0.0004
0.0887+0.0003
0.1026+0.003 5
0.1125+0.002 1
0.3176+0.0029
0.3289+0.004 6

0.0163+0.0005
0.0512+0.000 1
0.0371+0.0003
0.0363+0.0002
0.0165+0.0002
0.042 5+0.0005
0.0581+0.0025
0.0910+0.0003
0.0879+0.0005
0.1023+0.004 6
0.1098+0.003 4
0.3134+0.0076
0.3167+0.0043

0.0135+0.0005
0.0163+0.000 1
0.0520+0.0002
0.0378+0.0003
0.0365+0.0003
0.0165+0.0003
0.042 6+0.0002
0.0594+0.0003
0.0916+0.0008
0.0883+0.0004
0.1223+0.001 6
0.1247+0.003 4
0.3256+0.0023
0.3285+0.003 7

0.0135+0.0000
0.0163+0.000 6
0.0521+0.0003
0.0377+0.0002
0.0365+0.0003
0.0167+0.0002
0.0429+0.000 6
0.0596+0.0003
0.0918+0.0014
0.0882+0.0004
0.1235+0.003 1
0.1256+0.0024
0.3276+0.003 5
0.3305+0.0042

*x4

WSLDL-MLLR £ #i E REEREX RZEITMIBIRLHER (A FEw=20%)

Table 4 Results of WSLDL-MLLR on Spearman’s rank evaluation (missing rate w=20% )

ACITE S

MLLR

GRME

SNI

LR

MCSC

IncomLDL-a

IncomLDL-p

Yeast-alpha
Yeast-cdc
Yeast-cold
Yeast-diau

Yeast-dtt

Yeast-elu

0.1992+0.0010
0.1810+0.002 1
0.2284+0.0023
0.3982+0.0019
0.1982+0.0023
0.1883+0.0056

0.1952+0.0019
0.1693+0.0020
0.2193+0.0017
0.3893+0.0017
0.1872+0.0014
0.1823+0.0024

0.1894+0.0032
0.1682+0.002 5
0.2145+0.0025
0.3886+0.0024
0.1883+0.0023
0.1836+0.003 5

0.1884+0.0027
0.1653+0.002 1
0.213240.0022
0.3871+0.0023
0.1871+0.0023
0.1838+0.0024

0.1961+0.0021 0.1742+0.0037
0.1712+0.0021 0.1578+0.0043
0.2216+0.0026 0.2145+0.002 1
0.3901+0.0014 0.3803+0.0027
0.1897+0.0014 0.1812+0.002 1
0.1841+0.0020 0.1785+0.0023

0.1738+0.003 1
0.1582+0.003 5
0.2142+0.0034
0.3802+0.0014
0.1813+0.002 6
0.1789+0.0024
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FYEITE S

MLLR

GRME

SNI

LR

MCSC

IncomLDL-a

IncomLDL-p

Yeast-heat
Yeast-spo
Yeast-spo5
Yeast-spoem
SJAFFE
SBU_3DFE
Emotion6

Twitter

0.1673+0.002 6
0.1986+0.002 1
0.1101+0.0010
0.1165+0.003 4
0.5120+0.0031
0.3543+0.0012
0.3392+0.0021
0.5712+0.0020

0.1612+0.0016
0.1932+0.002 1
0.1053+0.0013
0.1123+0.0013
0.4983+0.002 1
0.3512+0.0012
0.3321+0.0017
0.5543+0.002 1

0.1621+0.003 1
0.1921+0.0023
0.1045+0.002 1
0.1110+0.002 1
0.4876+0.002 5
0.3501+0.001 6
0.3312+0.002 1
0.5512+0.0023

0.1613+0.003 1
0.1913+0.0021
0.1026+0.0023
0.1112+0.0021
0.4884+0.0023
0.3483+0.0025
0.3301+0.002 1
0.5567+0.002 6

0.1625+0.002 1
0.1942+0.002 3
0.1075+0.003 5
0.1135+0.0024
0.4992+0.003 1
0.3495+0.002 1
0.3367+0.0017
0.5642+0.0017

0.1552+0.002 1
0.1883+0.002 1
0.0984+0.003 1
0.1096+0.002 6
0.4876+0.002 1
0.3432+0.002 1
0.3300+0.002 5
0.5483+0.004 5

0.1554+0.0020
0.1876+0.0023
0.0989+0.002 1
0.1091+0.0032
0.4883+0.0023
0.3429+0.002 6
0.3294+0.0022
0.5474+0.003 2

%5 WSLDL-MLLR £ AREEBIFMERLEHNER (REEW=30%)
Table 5 Results of WSLDL-MLLR on Intersection evaluation (missing rate w=30% )

FYEITE S

MLLR

GRME

SNI

LR

MCSC

IncomLDL-a

IncomLDL-p

Yeast-alpha
Yeast-cde
Yeast-cold
Yeast-diau
Yeast-dtt
Yeast-elu
Yeast-heat
Yeast-spo
Yeast-spo5
Yeast-spoem
SJAFFE
SBU 3DFE
Emotion6

Twitter

0.9625+0.0000
0.9575+0.0000
0.9408+0.0001
0.9402+0.0000
0.9585+0.0000
0.959 0+0.0002
0.940 8+0.0002
0.9156+0.0003
0.908 7+0.0000
0.9132+0.0000
0.8756+0.0004
0.8632+0.0007
0.587 8+0.0002
0.6174+0.0037

0.9624+0.0000
0.9574+0.0000
0.9407+0.0001
0.9399+0.0002
0.9585+0.000 1
0.958 5+0.0000
0.9403+0.0000
0.916 0+0.0002
0.909 3+0.0000
0.9126+0.0002
0.8502+0.0004
0.862 5+0.0032
0.576 5+0.0024
0.6123+0.004 5

0.962 1+0.0007
0.957 1+0.0009
0.9403+0.0002
0.9398+0.000 1
0.958 1+0.0002
0.9582+0.0001
0.9395+0.0002
0.9152+0.0007
0.908 3+0.000 1
0.9125+0.0002
0.864 5+0.0003
0.8593+0.002 5
0.5734+0.003 1
0.6102+0.0027

0.9619+0.0008
0.9572+0.0010
0.9400+0.0001
0.9389+0.0002
0.9583+0.0001
0.958 1+0.0000
0.9396+0.0001
0.9150+0.0001
0.9082+0.0000
0.9124+0.0001
0.8639+0.0005
0.8578+0.004 3
0.5725+0.0024
0.6108+0.0031

0.9624+0.0000
0.9574+0.0001
0.941 0+0.000 6
0.9407+0.0003
0.9585+0.0002
0.958 7+0.000 1
0.9406+0.0002
0.9158+0.0005
0.909 7+0.0002
0.9127+0.0001
0.862 1+0.0010
0.8627+0.0032
0.5814+0.0032
0.6145+0.0024

0.962 1+0.0002
0.957 1+0.0006
0.9398+0.0002
0.938 5+0.0002
0.9577+0.0002
0.958 3+0.0002
0.9390+0.0002
0.9152+0.0003
0.907 8+0.0003
0.9120+0.0002
0.8473+0.0010
0.8513+0.004 3
0.5712+0.002 1
0.604 3+0.005 6

0.9623+0.0003
0.9573+0.0002
0.9396+0.0008
0.9386+0.0002
0.9575+0.0003
0.9580+0.0001
0.9392+0.0001
0.9151+0.0002
0.9079+0.0002
0.9121+0.0001
0.8467+0.0010
0.8505+0.0032
0.5703+0.0019
0.6052+0.004 1
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Table 6 Results under the pairwise two-tailed t-test with a 0.05 significance level (missing rate w=10%)
AL GRME SNI LR MCSC IncomLDL-a IncomLDL-p
YISk 1121 14/0/0 14/0/0 12/2/0 13/1/0 13/0/1
R 10/1/3 14/0/0 14/0/0 11/2/1 14/0/0 14/0/0
B8 A 10/2/2 14/0/0 14/0/0 11/12 14/0/0 14/0/0
R 14/0/0 12/2/0 13/1/0 13/1/0 14/0/0 14/0/0
WA 12/1/1 14/0/0 14/0/0 12/1/1 14/0/0 14/0/0
iR 14/0/0 14/0/0 14/0/0 14/0/0 14/0/0 14/0/0
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Table 7 Results under the pairwise two-tailed t-test with a 0.05 significance level (missing rate w = 20%)

AT GRME SNI LR MCSC IncomLDL-a IncomLDL-p

Pk 11/1/2 14/0/0 14/0/0 13/0/1 14/0/0 14/0/0

S 13/0/1 11/1/2 12/1/1 13/0/1 14/0/0 14/0/0

s 9/0/5 12/0/2 11/1/2 12/0/2 14/0/0 14/0/0

A 11/2/1 14/0/0 14/0/0 12/1/1 14/0/0 14/0/0

A 12/0/2 14/0/0 14/0/0 13/1/0 14/0/0 14/0/0
Wi e IR & 14/0/0 14/0/0 14/0/0 14/0/0 14/0/0 14/0/0
=8 BEMUKFEAGSHINEREER (REXE0=30%)
Table 8 Results under the pairwise two-tailed t-test with a 0.05 significance level (missing rate w = 30%)

TP HEbR GRME SNI LR MCSC IncomLDL-a IncomLDL-p

VPR 12/0/2 14/0/0 14/0/0 9/2/3 14/0/0 14/0/0

R 11/172 14/0/0 14/0/0 8/2/4 14/0/0 14/0/0

B8 A 10/2/2 14/0/0 14/0/0 9/2/3 14/0/0 14/0/0

R 11/172 14/0/0 14/0/0 10/2/2 14/0/0 14/0/0
A 10/1/3 14/0/0 13/1/0 9/0/5 14/0/0 14/0/0

HrpR s 14/0/0 14/0/0 14/0/0 14/0/0 14/0/0 14/0/0
3.6 SHSW 030 ——
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Fig. 2 Influence of 5 parameters on Emotion6 regarding
Spearman’s rank (missing rate of 10%)
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Fig. 3 Ablation experiments on 14 data sets
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