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Semi-supervised class preserving locally linear embedding

DENG Tingquan, WANG Qiang

(College of Mathematical Sciences, Harbin engineering university, Harbin 150001, China)

Abstract: To make local linear embedding (LLE), the nonlinear feature extraction method for unsupervised high-dimen-
sional data, more optimal in classification or clustering learning, we propose a nonlinear semi-supervised class pre-
serving local linear embedding (SSCLLE) feature extraction method. This method integrates semi-supervised informa-
tion into LLE. First, pseudo-labels are assigned to the nearby neighbors of the labeled samples to increase the number of
labeled samples. Second, the distance between the labeled samples is partially adjusted to reduce the distance between
similar samples and expand the distance between heterogeneous samples. Simultaneously, the constraints of the glob-
ally same sample spacing and heterogeneous sample spacing are added in the local linear embedding optimization ob-
jective function so that the extracted low-dimensional features can ensure that the same sample points are near each oth-
er, whereas the heterogeneous sample points are separated from each other. In a series of experiments, the clustering ac-
curacy and visualization effect of the proposed method are significantly higher than those of unsupervised LLE and the
existing semi-supervised flow feature extraction methods, indicating that the features extracted by this method have
good class retention characteristics.

Keywords: nonlinear feature extraction; manifold learning; semi-supervised; labeled information; clustering; visualiza-

tion
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Table 5 Average clustering accuracy of COIL_20
dataset under different methods %

Dataset LLE  SSLLE SSLE CCDR SSCLLE
Group;  62.96 63.57 54.17 5477 93.52
Group,  49.07 51.39 48.19 5227 80.56
Group;  70.85 71.99 43.56  51.99 88.89
Group,  49.35 52.18 48.94  51.16 80.09
Groups  51.39 51.85 47.22  48.80 74.54
Group,  75.00 78.03 44.21 59.17 77.63
Group;  81.53 86.11 46.71 63.29 87.50
Groupg  63.98 63.10 51.02  71.16 81.02
Groupy  74.93 75.00 55.93 69.54 89.81
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Fig. 3 The clustering accuracy of COIL_20 dataset under
different labeling ratios
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Table 6 Paired sample statistics

X PS5 Ak FEIME AR bRz AR ZETEME

— LLE 0.8995 30 0.09354  0.01708
SSCLLE 0.976 0 30 0.01262  0.002 30
SSLLE 0.9022 30 0.13321 0.024 32

EEXT 2
SSCLLE 0.976 0 30 0.01262  0.002 30
SSLE 0.9071 30 0.08525  0.01556

Fe %t 3
SSCLLE 0.976 0 30 0.01262  0.002 30
CCDR 0.9368 30 0.08690  0.01587

FiX 4
SSCLLE 0.9760 30 0.01262  0.002 30

a2 8 W LI | SSCLLE 5 HiAfth 4 oy i
() 8 2 PE /N T 0.05, B X LA R KE A
BEZES . FXTHIME, 7 WA SC SSCLLE Jrik
AR Ho A Dy 5 RE A 5 b B v R AIE 1 B S8R
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Table 7 Correlation of paired samples

B P itk R MM RENE
BLxt 1 LLE & SSCLLE 30 0.677  0.000
KXt 2 SSLLE & SSCLLE 30 0.542  0.002
Bc*f 3 SSLE & SSCLLE 30 0.703  0.000
Bi*f 4 CCDR & SSCLLE 30 0.667  0.000

6 4R

AR SCHE LLE Fefit I, 38T —Fp 2 B 25
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K B BE BB AR R RO 1 Jm R e MR 25 4 SCRE B2 Y
Bos o B, ) B AT o, 49 BIAR 4 ) Ay
TEFRHUSCR . 78 UCT £l 5k . SEidia 4 COIL_20
TS84 MNIST | X 45 7 e e AT 5256 X b,
33 SSCLLE J7 % 78 S 2K B L K vl M4k b iy 4
Y T M4 >] LLE Jr ik Ff 2% 2] SSLLE,
SSLE. CCDR J5 7%,

&8 EXNHEARKLE
Table 8 Paired sample test

B2
RO ik o 05 WIEKE . HlE
T BREE RS TA
T R
FEXT 1 LLE-SSCLLE -0.076 46  0.08550 0.01561 —0.10839 —0.044 54 —4.898 29 0.000
BXT 2 SSLLE-SSCLLE —0.07385 0.1268 1 0.02315 -0.12120 -0.02649 —3.190 29 0.003
Fext 3 SSLE-SSCLLE  -0.068 88 0.0768 9 0.01404 -0.09759 -0.04016 —4.906 29 0.000
HEXT 4 CCDR-SSCLLE —0.03918 0.07904 0.01443 -0.06869 —0.009 67 -2.715 29 0.011
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