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tion and Computing of Anhui Province, Anqing 246011, China)

Abstract: Label distribution is a new learning paradigm. Most of the existing algorithms use conditional probability to
build parametric models but do not consider the links between samples fully, which increases computational complexity.
On this basis, the spectral clustering algorithm is introduced to transform the clustering problem into the global optim-
um graph partitioning problem based on the similarity relation between samples. Thus, a label distribution learning al-
gorithm combined with spectral clustering (SC-LDL) is proposed. First, we calculate the similarity matrix of the
samples. Then, we transform the matrix using the Laplace transform to construct the feature vector space. Finally, we
cluster the data to establish the parameter model with K-means algorithm and use this new model to predict the label dis-
tribution of unknown samples. The comparison between SC-LDL and the existing algorithm on multiple data sets shows
that this algorithm is superior to multiple contrast algorithms. Furthermore, statistical hypothesis testing illustrates the

effectiveness and superiority of the SC-LDL algorithm.
Keywords: spectral clustering; label distribution learning; similarity matrix; Laplace transform; K-means; parametric

model; label distribution; machine learning
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Table 2 Data sets

FUEIIES EXN FHIE bric
Yeast-alpha 2 465 24 18
Yeast-cdc 2 465 24 15
Yeast-diau 2 465 24 7
Yeast-heat 2 465 24 6
Yeast-spo 2 465 24 6
Yeast-cold 2 465 24 4
Yeast-dtt 2 465 24 4
Yeast-spo5 2 465 24 3
Yeast-elu 2 465 24 14
s-JAFFE 213 243 6
SDU 3DFE 2500 243 6
Movie 7700 1 869 5
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Table 3 Results in Chebyshev (|)

B PT-SVM PT-Bayes AA-KNN AA-BP SA-IIS SC-LDL
Yeast-alpha  0.017 0£0.0020  0.099 6£0.005 1  0.014 6£0.0004  0.036 7+0.001 3  0.017 0£0.0005  0.013 5+0.000 1
Yeast-cdc 0.020 0£0.003 1~ 0.108 7£0.010 1  0.017 5£0.0004  0.038 8+0.002 1  0.020 0+£0.000 5  0.016 2+0.000 1
Yeast-elu 0.019 0£0.001 0 0.112 1£0.006 1  0.017 6£0.0004  0.038 9+0.001 8  0.020 3£0.0004  0.016 3=0.000 1
Yeast-diau 0.046 0£0.004 0 0.157 7£0.006 9 0.039 140.001 3 0.050 1+0.0020  0.041 2+0.0009  0.037 5+0.001 2
Yeast-heat 0.046 0£0.001 1 0.174 120.010 5  0.044 7+0.001 7 0.053 0+0.0027  0.046 6£0.001 1  0.042 7+0.001 2
Yeast-spo 0.065 0£0.006 1~ 0.17542£0.009 0  0.062 9£0.0027  0.067 1£0.0035  0.061 3+£0.001 5  0.058 1£0.001 7
Yeast-cold 0.057 4£0.003 1~ 0.183 1£0.0133  0.0550+0.001 7 0.059 1+0.002 6  0.056 6+0.001 6  0.050 80.001 4
Yeast-dtt 0.040 1£0.001 1 ~ 0.181 8+0.0134  0.039 7+0.001 7  0.043 3+0.001 5  0.043 6£0.001 3  0.036 60.001 3
Yeast-spo5 0.092 9£0.006 0 0.201 3£0.0133  0.097 0£0.0054  0.094 2+0.003 5  0.095 0+0.0023  0.092 0£0.002 7
s-JAFFE 0.127 1£0.017 1 0.1232+0.008 3  0.098 8+0.0139  0.139 1+0.0129  0.116 0+0.0141  0.114 7+0.010 8
s-BU 3DFE  0.119 1+0.006 0  0.138 6£0.003 7  0.103 0£0.0035  0.142 9+0.006 4  0.134 4+0.0050  0.133 2:0.006 1
Movie 0.213 0£0.039 1  0.201 4£0.0028  0.124 0£0.0026  0.139 1+0.0034  0.147 3£0.0020  0.129 7+0.003 1
B 3.750 0 5.666 7 2.166 7 4.666 7 3.416 7 13333

#4 Clark(]) IEFRER
Table 4 Results in Clark (|)

e/ S PT-SVM PT-Bayes AA-KNN AA-BP SA-IIS SC-LDL
Yeast-alpha 0277 1£0.031 0  1.1729+0.0395  0.230 5+0.004 1  0.7349+0.031 1  0.261 4+0.007 1  0.211 1+0.005 1
Yeast-cdc 0.260 1£0.029 0 1.080 1£0.0619  0.2354+0.0049  0.595 7+0.0362  0.257 8£0.006 3  0.215 5+0.004 2
Yeast-elu 0.2340+0.0150 1.0343+0.0496 0.217 140.0057  0.544 9+0.0279  0.240 4+0.003 5  0.199 6+0.006 2
Yeast-diau 0.246 0£0.0140  0.753 120.0333 0211 0£0.0062  0.2753+0.0104  0.221 5£0.0052  0.203 7£0.007 5
Yeast-heat 0.198 1£0.007 0 0.683 8+0.038 6  0.193 9+0.0070  0.232 1+0.0132  0.201 0£0.004 7  0.184 0+£0.005 1
Yeast-spo 0.273 1£0.024 0 0.684 3+0.0302  0.266 8+0.0103  0.290 7+0.016 4  0.262 4+0.007 4  0.249 4+0.005 3
Yeast-cold 0.1552+0.008 0 0.495420.0351  0.149 7+0.004 7  0.160 9+0.006 9  0.153 2£0.0049  0.138 7£0.003 2
Yeast-dtt 0.108 0£0.0050  0.498 6+0.0358  0.107 5£0.005 1  0.1183+0.0042  0.117 2+£0.0039  0.099 7+0.004 0
Yeast-spo5 0.187 0£0.0130  0.418 0+0.0278  0.1958+0.0113  0.189 5+0.0073  0.191 4+0.0051  0.185 4+0.006 2
s-JAFFE 0.457 0£0.039 0  0.439 7£0.0152  0.348 5£0.030 6  0.5229+0.048 7  0.415 5+£0.0256 0.414 8+0.020 9
s-BU 3DFE  0.494 0+0.0220 0.412 5£0.007 0  0.403 1£0.008 7  0.4654+0.0199  0.413 8+0.0072  0.407 1+0.013 2
Movie 0.797 0£0.108 0 0.806 5+0.008 6  0.548 8+0.0102  0.640 5+0.016 5  0.582 4+0.007 6  0.592 8+0.008 2
PR 4.000 0 5.083 3 2.166 7 48333 3.166 7 1.3333

% 5 Canberra () F5IR&E R
Table 5 Results in Canberra ()

B PT-SVM PT-Bayes AA-KNN AA-BP SA-IIS SC-LDL
Yeast-alpha 0921 0£0.1070  4.193 7£0.1492  0.7532+0.0140 2.420 8+0.0956 0.861 8+0.0232  0.684 6+0.014 8
Yeast-cdc 0.785 0+£0.084 0 3.5412+0.2258 0.7121£0.0147 1.798 6+0.1084  0.783 1£0.0157  0.646 3£0.010 4
Yeast-elu 0.691 0£0.047 0 3277 8+0.1712  0.641 9+0.0179  1.5983+0.0830  0.712 5£0.0093  0.585 7+0.016 5
Yeast-diau 0.528 0£0.031 0  1.708 6+0.084 0  0.453 9+0.0151  0.594 4+0.0207  0.478 7£0.010 1  0.437 70.015 5
Yeast-heat 0.396 0£0.016 0 1.444 0£0.0827  0.3903£0.0135  0.467 1£0.023 6  0.404 2+0.009 8  0.367 2:£0.009 6
Yeast-spo 0.5650£0.049 0 1.443 1£0.0689  0.549 0£0.0220  0.595 1£0.0337  0.5394+0.0159  0.513 0+£0.010 7
Yeast-cold 0.267 0£0.014 0  0.866 9+0.062 0  0.2593+0.0072  0.277 3+0.0123  0.264 9+0.008 5  0.239 0+0.005 3
Yeast-dtt 0.186 0£0.008 0 0.871 9£0.0649  0.184 7+0.008 1  0.204 1+0.007 6  0.202 7+0.0072  0.171 4£0.006 5
Yeast-spo5 0.287 0£0.0190  0.648 8£0.0450  0.3003£0.0170  0.291 1+0.0112  0.293 9£0.007 7  0.284 7+0.009 2
s-JAFFE 0.9350+£0.0740  0.9225+0.039 1  0.7142+0.0640 1.071 6+0.1133  0.862 0£0.058 0  0.863 0+0.042 0
s-BU 3DFE  1.147 040.0640  0.902 5+0.016 0  0.831 5+0.0193  0.9823+0.0385  0.896 9+0.0180  0.878 6+0.031 6
Movie 1.5370£0216 0 1.563 5£0.018 8  1.0553+0.0210 1.2238+0.0305 1.1199+0.0164  1.130 8£0.018 0
AHEN: 3.4167 5.666 7 2.166 7 4.8333 3.000 0 1.4167
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% 6 Kullback-Leibler () #5454 R
Table 6 Results in Kullback-Leibler (])

B PT-SVM PT-Bayes AA-KNN AA-BP SA-IIS SC-LDL
Yeast-alpha  0.009 0£0.0020 0277 6£0.023 8  0.006 5£0.0002  0.087 2+0.947 5  0.008 5£0.0004  0.005 5+0.000 1
Yeast-cdc 0.010 0+£0.002 0  0.283 1£0.0421  0.008 2+0.0003  0.067 2+0.009 8  0.009 9£0.000 5  0.007 0:0.000 1
Yeast-clu 0.008 0+£0.001 0 0.282 5+0.0328  0.007 3£0.000 4  0.060 8+£0.0092  0.009 1£0.0003  0.006 2:£0.000 1
Y east-diau 0.019 0+£0.002 0  0.269 8+0.027 6  0.014 9£0.0009  0.026 4+0.0024  0.015 7£0.000 6  0.013 5£0.000 1
Y east-heat 0.014 8£0.001 0  0.268 4£0.0345  0.0144+0.001 0  0.021 6+0.0029  0.0152+0.0007  0.013 0£0.000 1
Y east-spo 0.030 4+0.0050  0.278 8£0.039 8  0.029 1+0.0023  0.033 2+0.003 9  0.026 8£0.001 5  0.024 5+0.001 3
Yeast-cold 0.014 7+0.001 0 0.217 4£0.0356  0.013 9+£0.001 1  0.0162+0.001 6  0.014 6=0.001 0  0.012 1:0.000 1
Y east-dit 0.007 3£0.001 0 0.226 4£0.0393  0.007 4£0.000 8  0.008 9+0.000 6  0.008 0+£0.000 6  0.006 40.000 1
Y east-spo5 0.030 1£0.003 0 0.206 6£0.0427  0.034 7+£0.0039  0.031 2£0.0023  0.031 4£0.001 5  0.029 7+0.001 9
s-JAFFE 0.086 0+£0.016 0 0.076 3£0.006 3  0.053 8£0.010 7  0.117 3£0.024 5  0.069 3£0.011 6  0.068 7+0.008 5
s-BU 3DFE  0.089 0+0.007 0  0.084 9+0.0029  0.081 8+0.0039  0.102 3+0.009 6  0.081 9+0.004 0  0.080 6=0.005 1
Movie 0.268 0+£0.079 0 0.729 7£0.059 0  0.117 7£0.0051  0.166 4£0.010 7  0.131 7+£0.004 6  0.124 0+0.005 1
SAHEN 39167 49167 23333 49167 3.2500 1.166 7

R 7 Cosine (1) EIRER
Table 7 Results in Cosine (1)

e/ S PT-SVM PT-Bayes AA-KNN AA-BP SA-IIS SC-LDL
Yeast-alpha  0.991 0+£0.0020  0.848 5£0.007 0 0.993 6£0.0002  0.947 5+0.0032  0.991 4+0.0004  0.994 6:0.000 1
Yeast-cdc 0.991 0+£0.002 0  0.850 8+0.0130  0.992 1£0.0003  0.956 4+0.004 5  0.990 2£0.000 4  0.993 3:£0.000 1
Yeast-clu 0.992 0+0.001 0 0.853 1£0.0092  0.992 9+0.000 4  0.959 7+0.003 9  0.991 0£0.0003  0.994 0:£0.000 1
Yeast-diau 0.982 0+0.002 0  0.863 8+0.0070  0.986 3£0.0009  0.977 3+0.001 7  0.985 3+0.000 5  0.987 6£0.000 1
Y east-heat 0.986 0+£0.001 0 0.866 8+0.0103  0.986 3£0.0009  0.980 3+0.002 0  0.985 4+£0.000 6  0.987 7£0.000 1
Y east-spo 0.971 0+£0.0050  0.861 1£0.0093  0.972 7+0.0022  0.969 5+0.003 2  0.974 7£0.001 3 0.977 0£0.001 1
Yeast-cold 0.986 0+£0.001 0 0.893 6£0.009 5  0.986 8+£0.000 8  0.984 8+0.001 4  0.986 1£0.000 8  0.988 6£0.000 1
Y east-dit 0.993 0+£0.000 5 0.895 0£0.009 8  0.992 9+0.000 6  0.991 6£0.0005  0.991 5£0.000 5  0.993 9:£0.000 1
Y east-spo5 0.9732+0.003 0  0.898 0£0.0106  0.969 4+0.0033  0.972 3+0.001 8  0.972 1£0.0012  0.973 8+0.001 4
s-JAFFE 0.920 0+£0.0140  0.928 120.006 3  0.948 4£0.0109  0.899 1+0.0189  0.934 7£0.0112  0.935 20.008 3
s-BU 3DFE  0.914 0£0.006 0  0.917 9£0.0028  0.9202+0.0035  0.903 7+0.006 9  0.920 3+0.003 6  0.924 1£0.004 7
Movie 0.806 0+£0.061 0 0.849 5+0.0022  0.922 4+0.0032  0.902 8+0.004 5  0.908 1£0.003 0  0.919 4+0.003 4
PR 4.000 0 5.5833 2.250 0 48333 3.166 7 1.166 7

& 8 Intersection (1) I5FR&E R
Table 8 Results in Intersection (1)

B PT-SVM PT-Bayes AA-KNN AA-BP SA-IIS SC-LDL
Yeast-alpha  0.949 0£0.006 0 0.772 5£0.007 8  0.958 4+0.000 8  0.874 0+0.0043  0.951 8+£0.001 3  0.962 2+0.000 1
Yeast-cdc 0.948 0+0.006 0 0.771 1£0.014 6  0.953 1+£0.001 0  0.886 7+0.006 3  0.947 8£0.0009  0.957 5+0.000 1
Yeast-clu 0.951 0+£0.003 0  0.7727£0.0109  0.954 7+0.0013  0.891 7£0.0052  0.949 1£0.000 7  0.958 7+0.001 2
Y east-diau 0.926 0+£0.004 0 0.769 0£0.010 8  0.937 0+£0.0022  0.917 7+0.002 8  0.933 1£0.0013  0.939 3+0.002 0
Y east-heat 0.9350+£0.003 0 0.770 8£0.0122  0.9359+0.0022  0.923 5+0.003 5  0.933 2+£0.001 6  0.939 4+0.001 5
Y east-spo 0.906 0+£0.008 0 0.769 120.010 8  0.909 5+£0.003 7  0.902 2+0.0053  0.910 9£0.0026  0.915 6+0.001 7
Yeast-cold 0.9339+0.004 0  0.796 5£0.0139  0.936 0+£0.001 6  0.931 7£0.003 1  0.934 4+£0.0020  0.941 1+0.001 3
Y east-dit 0.954 0£0.002 0  0.796 4£0.0147  0.954 4+0.001 8  0.949 6£0.001 9  0.949 6£0.001 8  0.957 7+0.001 5
Y east-spo5 0.907 1£0.006 0 0.798 7£0.0133  0.903 0+£0.0054  0.905 8+0.003 5  0.905 0£0.0023  0.908 0:£0.002 7
s-JAFFE 0.839 0+0.0150  0.843 0£0.007 7  0.876 3£0.0133  0.818 1£0.0195  0.853 6£0.0119  0.853 3+0.008 3
s-BU 3DFE  0.827 0+0.009 0  0.838 8£0.0032  0.847 9£0.003 8  0.823 6£0.006 7  0.839 4+0.003 7  0.842 3+0.005 9
Movie 0.711 0£0.052 0  0.722 6£0.002 8  0.822 4+0.003 8  0.797 6£0.005 1  0.803 2+£0.0033  0.811 6+0.003 6
AHEN: 33333 5.583 3 2.0833 49167 3.250 0 13333
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