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Abstract: This paper proposes an efficient algorithm named CATION (rare category detection algorithm based on
weighted boundary degree) for rare category detection. By employing a rare-category criterion known as weighted
boundary degree (WBD), this algorithm can make use of reverse k-nearest neighbors to help find the boundary
points of rare categories and selects the boundary points with maximum WBDs for labeling. Extensive experimental
results demonstrate that this algorithm avoids the limitations of existing approaches, has a significantly better
efficiency on discovering new categories in data sets, and effectively reduces runtime, compared against the existing
approaches.
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Fig.1 Example of rare category in 1-dimensional data set
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Fig.2 Two-Dimensional synthetic data set
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Fig.3 Positions of rare-category examples selected by CATION
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Table 1 Properties of the real data sets
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ata set " " Largest cal gory (%) Smallest cal gory (%)
Abalone 4177 7 20 16.50 0.34
Ecoli 336 7 6 42.56 2.68
Pen digits 1040 16 10 49.23 0.77
Statlog 512 19 7 50.00 1.56
Wine quality 4898 11 6 44.88 0.41
Yeast 1484 8 10 31.20 0.34
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Table 2  Properties of the minimum-s category i in each real data set
F 2 HESHERAET s HER/DZE T AR E M

ata set ategory i Prop rtion (%) s(i) Rankir of s(i)/n
Abalone 2 0.36 2.40E-21 3061/4177
Ecoli 5 5.95 1.43E-17 123/336

Pen digits 6 1.54 1.36E-64 327/1040
Statlog 7 1.56 6.79E-48 116/512
Wine quality 2 0.41 8.45E-41 33/4898
Yeast 10 0.34 4.39E-25 683/1484

RT3 g 22 R LA B CATION SFykANS2 %6 B 22 S KNS O THE X — & 1K 4 4511 CATION
FLYE P RS AN B FEA BT R s {5 0] LRI, AT s B IFAS 200 B/ BF )7, B CATION L7k AR 52 %5 i
ZE 5 KON B, ] D JRE G T 5 2 S A B SIS B 1 SR B

—~~ 2'5 —~ —~ 1.5
¥ 20 T 10 =
3 15 2 % 10
g L0 o 05 S 05
3 05 3 8
[2) [2) [2)
0 0 0
20 40 60 1 2 3 4 5 6 10 20 30
Example selected by CATION Example selected by CATION Example selected by CATION
(a) Abalone (b) Ecoli (c) Pen digits
8
b E w6
2 10 g °© S
RS X 4 X 4
« %)
ooy (%]
2 05 @ 9 g 2
o Q o
[2) < wn
0 “ 0 0
5 10 15 2 4 6 8 10 12 20 40 60
Example selected by CATION Example selected by CATION Example selected by CATION
(d) Statlog (e) Wine quality () Yeast

Fig.4 Score s of each example selected by CATION
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Table 3 Properties of the minimum-iso category i in each real data set

F 3 LA iso /MY T KA OGS 1k

ata set ategory i Prop rtion (%) iso(i). 50(1) CI(i)
Abalone 19 0.34 0.0076/0.2346 0.097 4
Ecoli 6 2.68 0.0274/0.4340 0.198 5
Pen digits 9 0.77 0.0078/0.5007 0.109 4
Statlog 7 1.56 0.0198/0.5464 0.197 8
Wine quality 2 0.41 7.5931E-23/0.2128 1.2135E-11
Yeast 10 0.34 0.0042/0.3172 0.123 5
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Fig.5 Comparison results on real data sets
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Table 4 Each algorithm’s runtime (s)
F 4 SMEVENIZATI ] ()
Data set HMS  SEDER NNDM CATION

Abalone 3789.75 166.98  46.88 29.12
Ecoli 9.98 1.04 0.10 0.06
Pen digits 151.64 44.97 1.82 1.07
Statlog 30.85 13.48 0.24 0.26
Wine quality 8124.98 51576  20.01 14.88
Yeast 284.33 25.42 5.26 1.87
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Table 5 Number of queries needed to discover all the categories using

different boundary points detection approaches
F5 AR AL F s I 75 305 N e B A0 28 T i 1) e 2

D aset | ORDER BRIM BAND CATION
Abalone 180 - 92 71
Ecoli 32 25 22 6

Pen digits 49 — 43 36
Statlog 26 - 19 15
Wine quality - — - 13
Yeast 113 52 89 63
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