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A Set Pair k-means Clustering Algorithm for Incomplete Information System
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Abstract: For the data clustering problem of incomplete information system, the set pair analysis theory is
introduced into k-means clustering. At the same time, to better represent the relationship between the
sample and the cluster, a set pair k-means(SPKM) clustering algorithm for incomplete information system
is constructed. Firstly, a set pair distance measurement method is proposed according to set pair theory,
and the measurement method is applied to the k-means algorithm to obtain the preliminary clustering
results. Then, for samples belonging to multiple clusters at the same time, the samples are assigned into
the boundary region of the corresponding clusters. And for samples belonging to only one cluster, it is
assigned into the positive region or boundary region of the corresponding clusters. The clustering results are
expressed by three parts, which are the positive region belonging to the cluster, the boundary region that
may belong to the cluster and the negative region which does not belong to the cluster. Finally, six data

sets in the UCI database and four contrast algorithms are selected for experimental evaluation.
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Experimental results show that the SPKM algorithm has good clustering performance in accuracy, F,;
value, Jaccard coefficient, FMI and ARI.
Key words: set pair information granule; incomplete information; k-means; set pair distance measurement;

set pair k-means clustering
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R2 InisBBREERASHT RS

Table 2 Performance analysis of Iris dataset under optimal parameters

C, c.uc,
;4/0 - -
kA JC FMI ARI JC FMI ARI
5) 0.947 0.946 0.920 0.993 0.987 0.980
10 0.847 0.853 0.785 0.973 0.947 0.921
15 0.713 0.683 0.544 0.893 0.808 0.712
20 0.593 0.632 0.464 0.860 0.760 0.639
JE AR e, = 0.16, 6, = 0.79 A5 i+t 25 o 1 8. £3 CAHBEEMBREHR
TR RE 0 e B B M RSB a=0.6, = Table 3 Optimal parameters for six datasets
0.09. X4 i {9 100 ¥ 4 (1 1) /K 52 o fi ik 5] P SR —
Iri 0.16 0.79 0.60 0.09
0.922( i ) ,0.923CIE R A7 F) . I 6 7] "
B A Tris 19 0k 0 2 B0k 0.16 0.7 Wine 0.18 0.28 0.69 0.24
% s AL = R Seeds 011 023 015  0.30

@=0.6,4=0.09. X THMS PBAEMEILEL o0 disorders 010 031 070 0.38
95 7 XA T RS BARGS R Ik 3 s . Wave form 0.26 0.44 074  0.05

R2H MM REIEE s EERIES B TR Page blocks 0.28 0.32 0.90 0.10
KGR, T LLE IR TEHE b5 JC, FMIFI ARIL T ¥145%
B T HAF R . HoP B IE RO Ak C U C,, FEBR R 5% (9 1E BT A5 1 IC FE ECh
0.993,FMI 2} 0.987, ARI 2 0.980; 7E it 2k 2y 10% HYIE &L F 5% T JC 4 0.973,FMI Ky 0‘947,ARI%7
0.921. [RIBF, Nt nl LLE 2], B 1E [ C, 45 8] A PFEN FE AR K T e C.UC, FRY. X &R
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X5 T AT 1 [ 380RN 34 B IOY B RS A R HEAT LIV ANY o BT AR ST RIS X G0 AN S8 A B 4
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A S TEM bR T RGN T 4—8 iR o FEA RIS Z (0] 19 dc L 45 S FRLAR R A7 A e o

R4 STHEXAEIRIR Accuracy THIXFLE &R

Table 4 Comparison results of five algorithms under index Accuracy

YGRS B ® /% CE3-k-means 3W-DBSCAN TCM  Adopted methods ~ SPKM
5 0.865 0.606 0.873 0.933 0.993
. 10 0.823 0.560 0.853 0.913 0.973
ris
15 0.785 0.593 0.832 0.873 0.893
20 0.738 0.520 0.793 0.820 0.860
5 0.702 0.348 0.743 0.725 0.915
10 0.674 0.331 0.722 0.711 0.859
Wine
15 0.646 0.298 0.713 0.698 0.836
20 0.629 0.236 0.685 0.689 0.644
5 0.861 0.524 0.858 0.743 0.869
10 0.828 0.367 0.850 0.732 0.851
Seeds
15 0.805 0.205 0.836 0.719 0.812
20 0.786 0.200 0.802 0.698 0.803
5 0.575 0.420 0.548 0.432 0.581
10 0.566 0.409 0.527 0.422 0.569
Liver disorders
15 0.559 0.420 0.516 0.419 0.562
20 0.560 0.426 0.498 0.390 0.544
5 0.560 0.329 0.481 0.512 0.613
10 0.550 0.309 0.448 0.503 0.602
Wave form
15 0.536 0.298 0.429 0.510 0.601
20 0.506 0.298 0.412 0.493 0.599
5 0.867 0.848 0.755 0.880 0.880
10 0.857 0.837 0.742 0.871 0.852
Page blocks
15 0.562 0.831 0.737 0.851 0.849
20 0.596 0.808 0.721 0.840 0.842
#5 STHEEEEIE Macro F, TR L& R
Table 5 Comparison results of five algorithms under index Macro F,
ETES Bde#/%  CE3kmeans 3W-DBSCAN TCM  Adopted methods ~ SPKM
5 0.865 0.773 0.913 0.929 0.993
. 10 0.823 0.667 0.900 0.901 0.973
ris
15 0.785 0.633 0.887 0.867 0.893
20 0.738 0.527 0.851 0.852 0.860
5 0.702 0.348 0.785 0.719 0.881
Wine 10 0.674 0.331 0.712 0.702 0.864

15 0.646 0.303 0.699 0.698 0.842
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EVEITE S Bige#/%  CE3%kmeans 3W-DBSCAN TCM  Adopted methods ~ SPKM
20 0.629 0.254 0.625 0.667 0.833
5 0.861 0.509 0.775 0.893 0.904
10 0.828 0.409 0.735 0.886 0.900

Seeds
15 0.805 0.357 0.727 0.887 0.857
20 0.786 0.309 0.715 0.805 0.833
5 0.575 0.428 0.550 0.432 0.730
10 0.566 0.373 0.519 0.443 0.718

Liver disorders
15 0.559 0.379 0.502 0.402 0.653
20 0.560 0.371 0.486 0.389 0.631
5 0.562 0.329 0.401 0.391 0.613
10 0.537 0.170 0.391 0.385 0.602
Wave form
15 0.520 0.124 0.401 0.386 0.601
20 0.492 0.121 0.387 0.374 0.599
5 0.867 0.873 0.690 0.659 0.880
10 0.851 0.748 0.681 0.642 0.852
Page blocks
15 0.857 0.543 0.682 0.644 0.849
20 0.823 0.370 0.669 0.626 0.842
®6 SHEEERERIC THILER
Table 6 Comparison results of five algorithms under index JC
SRS §Ji%/%  CE3-kmeans 3W-DBSCAN ~ TCM  Adopted methods ~ SPKM
5 0.865 0.630 0.933 0.721 0.993
. 10 0.823 0.500 0.931 0.715 0.973
T1S

15 0.785 0.463 0.890 0.704 0.893
20 0.738 0.357 0.858 0.699 0.860
5 0.702 0.211 0.691 0.540 0.915
) 10 0.674 0.199 0.687 0.523 0.859

Wine
15 0.646 0.175 0.667 0.502 0.836
20 0.629 0.134 0.641 0.498 0.644
5 0.831 0.355 0.619 0.601 0.850
10 0.828 0.224 0.603 0.598 0.846

Seeds
15 0.805 0.114 0.598 0.587 0.812
20 0.786 0.111 0.577 0.575 0.603
5 0.575 0.273 0.407 0.195 0.581
i . 10 0.566 0.271 0.487 0.185 0.569

Liver disorders

15 0.559 0.266 0.464 0.167 0.563
20 0.560 0.271 0.459 0.159 0.544
5 0.562 0.197 0.457 0.501 0.598
Wave form 10 0.537 0.093 0.426 0.500 0.552
15 0.520 0.066 0.425 0.487 0.575
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EES

EVEITE S Hge#/%  CE3kmeans 3W-DBSCAN  TCM  Adopted methods ~ SPKM
20 0.492 0.066 0.408 0.466 0.573
5 0.867 0.801 0.715 0.525 0.880
10 0.851 0.703 0.709 0.520 0.852

Page blocks
15 0.857 0.522 0.689 0.515 0.849
20 0.823 0.351 0.671 0.501 0.842

RT SWEHEERFFMITHLER
Table 7 Comparison results of five algorithms under index FMI
e Bde#/%  CE3kmeans 3W-DBSCAN  TCM  Adopted methods ~ SPKM
5 0.785 0.719 0.875 0.753 0.987
- 10 0.775 0.771 0.859 0.741 0.947
T1S
15 0.687 0.729 0.847 0.726 0.808
20 0.659 0.678 0.834 0.718 0.760
5 0.572 0.569 0.536 0.600 0.838
) 10 0.543 0.581 0.515 0.595 0.750
Wine
15 0.522 0.564 0.505 0.588 0.726
20 0.494 0.573 0.499 0.560 0.426
5 0.762 0.585 0.806 0.665 0.812
10 0.717 0.534 0.790 0.651 0.783
Seeds
15 0.676 0.504 0.778 0.644 0.780
20 0.649 0.536 0.669 0.623 0.703
5 0.543 0.538 0.529 0.507 0.608
10 0.548 0.515 0.520 0.482 0.578
Liver disorders

15 0.552 0.615 0.515 0.481 0.696
20 0.549 0.456 0.503 0.467 0.551
5 0.495 0.616 0.499 0.398 0.675
10 0.229 0.577 0.488 0.412 0.594

Wave form
15 0.522 0.535 0.481 0.407 0.654
20 0.478 0.535 0.476 0.381 0.610
5 0.881 0.895 0.789 0.548 0.852
10 0.721 0.723 0.771 0.527 0.774

Page blocks
15 0.681 0.667 0.765 0.531 0.700
20 0.581 0.506 0.662 0.522 0.673

K8 STHEXERMARITHXLLER

Table 8 Comparison results of five algorithms under index ARI

EVEITE Bedk#/%  CE3kmeans 3W-DBSCAN TCM Adopted methods ~ SPKM
5 0.675 0.559 0.791 0.622 0.980
Iris 10 0.662 0.568 0.781 0.615 0.921

15 0.530 0.511 0.645 0.600 0.712
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gk

EVEITE S Bed#/%  CE3kmeans 3W-DBSCAN TCM Adopted methods ~ SPKM
20 0.476 0.443 0.621 0.590 0.639
5 0.354 0.493 0.290 0.387 0.756
. 10 0.308 0.428 0.281 0.367 0.624

Wine
15 0.268 0.445 0.266 0.360 0.576
20 0.216 0.204 0.247 0.354 0.426
5 0.644 0.244 0.650 0.459 0.481
10 0.575 0.161 0.519 0.441 0.479

Seeds
15 0.434 0.319 0.474 0.429 0.477
20 0.426 0.113 0.441 0.420 0.457
5 —0.004 0.537 0.028 0.015 0.308
10 —0.003 0.465 0.020 0.011 0.237

Liver disorders
15 —0.008 0.187 0.003 0.002 0.203
20 —0.010 0.096 0.005 0.001 0.103
5 0.267 0.289 0.049 0.0050 0.212
10 0.254 0.214 0.027 —0.0010 0.264
Wave form
15 0.159 0.162 0.007 —0.001 3 0.178
20 0.117 0.114 0.001 —0.014 6 0.132
5 0.027 0.238 0.128 0.098 0.246
10 0.021 0.189 0.087 0.072 0.188
Page blocks

15 0.021 0.123 0.043 0.040 0.177
20 0.021 0.089 0.007 0.024 0.098

IR 4 SR S5 R 1T 0, SPKM BE ZETF AN F8 45 Accuracy 15 21 19 A48 R B T Xtk 4%
i) J2 75 £ 4l 48 Iris, Liver disorders Fl Wave form , % 8 1 B HE B 52 39 & T X OB o 4 T8 48 Wine Al
Seeds, A& SCBIETE AN BUR BT A RE A BIAE 38R 2N L T X b3, Horh Wine 7E 26 65 2096
B, b Ee L3 IE AR T 0.045, Seeds 78 8t 2K 28 15% B, AR AE T 3 /X LU A3 vk o & X B4 48 Page
blocks, 75 8k & R 23 596 A1 2004 I, W6 R ATy = T B A7 % BRIk (B AE SRR R 1006, 1500 I, S5 e e )
FCH % Adopted methods A 43 31 F B 1 0.019,0.002, H A7 b 34 %ok B 33 35 14 00 R 241

D5 Ry SLEG g5 R n] LB X F 208 4 Tris, Wine, Liver disorders fil Wave form , F ¥/ #§ #1 Mac-
ro F 75 3 1 R L5 B LW b i T X8 Lok AR s it 7 SPRM B3 i DB o X 77 R Al 73 1 0080 A A
PR T ORET IR I BG4 Seeds, TEBR R 30 1500 BUAF LT, BIAE B AN 2 a5 4f 19 530 125 L (HL7E 5k
RAEH 50 ,10% F120% B, Macro F{H & T HAL 4 DX FBE L R 6 P il SERe 45 2R T LA 0 T
4 4K Tris, Wine il Wave form, FIIFA 8 b5 JC 15 20 09 RS ZE R BE T X LBk . SR 7 P i S2 36 45
A S 7 4 Bk T B 4E Liver disorders 1 Wave form 5 2 i 2845 R T X% . WFESH
S I 23 SR AT A, X T AR 4R Tris A Wine, FHPEAN 8 b8 ARTAS 2] A9 RS Z5 R Z W 0 & TR E %, 45 F
B 7 SCHR % 3R 28 B8 1 T DA ROk 30 A R OB 0 O o A B R L T EL A R i SR PR

4 LHRIE

Bt XA 8 A RO 19 SR S IR RE LA K g 1 B A M 3 R R AR 5 AR 119 O 2R, AR SO B X 20 B A AR G B
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FIAF] kemeans B, T — i 1 R 58 A 15 B R GEA R XS kemeans R T Of LR 0 N
3By JHIE IR C,, 0 F8 C,, R C 3R o A SCH I B X kemeans JREFE 5 IR R 2
AN TR AR 2 i) B ™ o 0 5 I ) 2 e JBE A 0 S JBE 3 1 A 2 19 B S, AT BB R T AN 58 4 R 4R
14 B B B A ), O 3R T X E LY T kemeans BB RIFHERIR TREAR G I Z MM 3R FR .
[, 68 T RE AR TT RE A 22 A 264 6 R A D0, 4 1 AR R B9 SRR T I R L3 23 B AR D28 ) i B B
SEBL T X SR S A R AR Y Bk L R SRR MERR AR P . T 6 A UCTHUHE S BEAT X0 He S 8, 45 R 3%
B2k T LU A DR BT SRR AE Y AN 58 S B 4 OF HLos 1R 845/ 0 RN, 2 50 28 R0 26
S5 TR, ey AR IO O A 3 9 2 B R T — 22 B A RS X v SRR B AT H BRI
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