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Mixed data clustering initialization method using
outlier detection technology

YANG Zhiyong, JIANG Feng, YU Xu, DU Junwei
(School of Information Science & Technology, Qingdao University of Science and Technology, Qingdao 266100, China)

Abstract: In recent years, the clustering problem of mixed-type data has received wide attention. As an effective meth-
od to process mixed-type data, K-prototype clustering algorithm usually uses the strategy of random selection to initial-
ize cluster centers. However, it is difficult to guarantee the quality of clustering results in many practical applications. To
solve above problem, in this paper we select initial centers for K-prototype algorithm based on outlier detection, and
present a new initialization algorithm (Initialization of K-prototype Clustering Based on Outlier Detection and Density,
denoted as IKP-ODD) for mixed-type data clustering. Given a candidate object, IKP-ODD determines whether the can-
didate object is an initial center by calculating its distance outlier factor, weighted density and weighted distances from
existing initial centers. IKP-ODD prevents outliers from being selected as initial centers by using distance outlier factor
and weighted density. When calculating the weighted densities of objects and the weighted distances between objects,
we use the granular neighborhood entropy in neighborhood rough sets to calculate the significance of each attribute, and
assign different weights to different attributes according to the significances of attributes, which can effectively reflect
the difference between different attributes. Experiments on several UCI datasets show that IKP-ODD performs better
than the existing initialization methods when solving the initialization problem of K-prototype clustering.

Keywords: initialization of clustering; mixed-type data; outlier detection; neighborhood rough set; granular neighbor-
hood entropy; distance outlier factor; weighted density; weighted distance
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T Al IKP-ODD R PERE ELL T 10 4> UCT
BOEE FEAT T 9286, Credit Approval(Credit),
Statlog (Heart) (SH), Hepatitis, Statlog (German
Credit, SG), Heart failure clinical records (HFCR),
Statlog (Australian Credit Approval, SA), Teaching
Assistant Evaluation (TAE), Acute Inflammations
(Acute), Immunotherapy (Immu), Cylinder Bands
(Bands), & 10 >4 4 093 4015 B & 1
FIr7s o
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Table 1 Description of the 10 data sets

FIETEN FA XA IR A%
Credit 2 690 15
SH 2 270 13
Hepatitis 2 155 19
SG 2 150 20
HFCR 2 299 13
SA 2 690 14
TAE 2 151 5
Acute 2 120 6
Immu 2 90 8
Bands 2 512 39

B TAE B3R 10 > UCT B 8 EibA7 505, A
SCib i scikit-learn A2 A% T 2 N AN T U4 4 gene-
reted dataset 1( GD1) Fll generated dataset 2(GD2),
HFRARARIRIIG X R R, GDI
1 GD2 43143 7 800 MHEA, X LEAEAJ) 3 Jg T
4 AN [R5
5.1 EWigit

A SCHEF Python i 7 SC 8L T IKP-ODD, 4%
AL SR 25 R 5 6 AP AR R
KWIR LT T I, 31X 6 Fp s ik 40 o : Bl
PLJ7 1 (Random), Cao"" #7712, Huang""” )7
¥, Sajidha™ 77 %, Peng™ 975122, Dinh™ fy 7
Pio Hr, Cao W7 & — M T ¥ R 1k
75 ¥, Huang 1477 25K BOE 3 0 i 19 K A s A
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BRI LT 7%, Peng I 7 08 — Fh L T AL 2
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Table 2 Accuracy values produced by different methods

itk Random Cao Huang Sajidha Peng Dinh IKP-ODD
Credit 0.5279 0.8087 0.8072 0.5648 0.7982 0.7541 0.8102
SH 0.5200 0.7963 0.7963 0.5519 0.7926 0.7876 0.8037
Hepatitis 0.6948 0.7000 0.7028 0.6875 0.7000 0.6500 0.7250
SG 0.5918 0.5690 0.5337 0.5750 0.5280 0.5260 0.6420
HFCR 0.5300 0.5452 0.6010 0.6355 0.6263 0.6388 0.7191
SA 0.5253 0.8029 0.7999 0.5565 0.8000 0.7740 0.7884
TAE 0.6657 0.6755 0.6596 0.6755 0.6755 0.6661 0.6954
Acute 0.5917 0.5917 0.5917 0.5917 0.7125 0.5917 0.8250
Immu 0.5491 0.5456 0.5493 0.5761 0.5739 0.5556 0.5889
Bands 0.5202 0.6209 0.6209 0.6101 0.6083 0.6032 0.6173
GD1 0.8163 0.8551 0.8636 0.8631 0.8645 0.8626 0.8788
GD2 0.8139 0.8262 0.8260 0.8373 0.83775 0.8371 0.8513

R3 AEVBHTERF-ENEER
Table 3 Precision values produced by different methods

B Random Cao Huang Sajidha Peng Dinh IKP-ODD
Credit 0.5029 0.8067 0.8052 0.6223 0.7975 0.7626 0.8082
SH 0.5198 0.7938 0.7938 0.5593 0.7910 0.7860 0.8012
Hepatitis 0.6946 0.7023 0.7019 0.6767 0.6918 0.6523 0.7230
SG 0.4976 0.5095 0.5091 0.5152 0.4866 0.4504 0.5545
HFCR 0.5134 0.4897 0.5522 0.6646 0.6168 0.6665 0.6847
SA 0.5012 0.8004 0.7976 0.7779 0.7983 0.7763 0.7871
TAE 0.7821 0.7876 0.7790 0.7876 0.7876 0.7785 0.7970
Acute 0.5931 0.5931 0.5931 0.5931 0.7250 0.5931 0.8846
Immu 0.4403 0.4371 0.4587 0.5286 0.5219 0.5958 0.6086
Bands 0.5097 0.6090 0.6090 0.5919 0.6003 0.5956 0.6062
GD1 0.8416 0.8512 0.8630 0.8629 0.8646 0.8623 0.8786
GD2 0.8121 0.8252 0.8261 0.8376 0.8381 0.8377 0.8518

R4 ARMBLFTERFENBEERE
Table 4 Recall values produced by different methods

Bl Random Cao Huang Sajidha Peng Dinh IKP-ODD
Credit 0.5021 0.8079 0.8065 0.5911 0.8004 0.7592 0.8096
SH 0.5200 0.7933 0.7933 0.5592 0.7875 0.7855 0.8017
Hepatitis 0.7005 0.7086 0.7078 0.6709 0.6770 0.6570 0.7299
SG 0.4978 0.5102 0.5108 0.5164 0.4848 0.4481 0.5481
HFCR 0.5151 0.4893 0.5552 0.6849 0.6301 0.6873 0.6970
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VS Random Cao Huang Sajidha Peng Dinh IKP-ODD
SA 0.5010 0.8014 0.7992 0.5016 0.8014 0.7763 0.7903
TAE 0.6668 0.6733 0.6627 0.6733 0.6733 0.6671 0.6965
Acute 0.5957 0.5957 0.5957 0.5957 0.7107 0.5957 0.7900
Immu 0.4240 0.4186 0.4488 0.5461 0.5369 0.6412 0.6623
Bands 0.5101 0.6176 0.6176 0.5980 0.6083 0.6032 0.6148
GD1 0.8162 0.8551 0.8636 0.8631 0.8645 0.8626 0.8787
GD2 0.8139 0.8262 0.8260 0.8373 0.83775 0.8371 0.8513
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Fig. 1 Initial centers selected by different methods in GD1
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Fig. 2 Initial centers selected by different methods in GD2
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Table 5 Paired t-test results

S EWRET  WET  AREF

HIplE HIpfE fIpfE

IKP-OOD vs. Random 0.0013 0.0011 0.0006
IKP-OOD vs. Cao 0.0414 0.0425 0.0346
IKP-OOD vs. Huang 0.0342 0.0465 0.0297
IKP-OOD vs. Sajidha 0.0065 0.0180 0.0059
IKP-OOD vs. Peng 0.0168 0.0182 0.0066
IKP-OOD vs. Dinh 0.0095 0.0462 0.0143
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