A4 4R ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn
Journal of Software,2016,27(9):2320-2331 [doi: 10.13328/j.cnki.jos.004872] http://www.jos.org.cn
O R Bt AT 58 BT RB BT A5 Tel: +86-10-62562563

Ao N *
—MET L EBERFRE LN E X
ToRL OB OEL & RL R OB, ORRE RAG
VIR ML E I 430072)
2RO PR B G0 430072)

JERBURY E R AR WAL 5 430072)
JBRAE#: ¥, E-mail: haohuang@whu.edu.cn

OB HHEENGBAFRARRANAREGRIBEE T OENE HH RS ERIBHERGHA L, FHKIE
= A BARARARAVAEIR S5 R b A AR sk K G R A A RRER TR A I B S NAZ A I SIS R AL LA Sz R
B 57 A2 I A EAR M FL ok AR AR A VAT FAR(1) AT 2R b AR 553 (2) MRS EIE R E B ek
Iodmif Je 3B R b AR BABAEARPT SIS R T —H AT k ARV B 89 L se e bak A4 £48 ) Sk KRED, @ i
FIR A KBABAE AL TEE N B E A BT A4 5 B AR o A 0 R — BObE R AL AR A 2.4 3L KRED 4552
FAB RIS k ARVLE ST BB b ATR ENSE e ih K69 BACRG A B R AG R K G TR S L 69 AR AE AR H A
H IR R FHosE BRI KRED A 238 5 7 LA & &AL 6 20E A B 442 T SLEEATH S 0.
FEBEIR: AR ANk ARE B B A R R SR

FEX7ES: TP311

TR GIRE S WA, B R T N, ALY, PN B R & A0 I A A A I R R R 24 4R ,2016,27(9):2320-2331.
http://www.jos.org.cn/1000-9825/4872.htm

5| %30 Wang S, Huang H, Yu G, Liang N, Wang LW, Sun YM. Rare category detection algorithm based on k-nearest
neighbor graphs. Ruan Jian Xue Bao/Journal of Software, 2016,27(9):2320-2331 (in Chinese). http://www.jos.org.cn/1000-9825/
4872.htm

Rare Category Detection Algorithm Based on k-Nearest Neighbor Graphs

WANG Song', HUANG Hao', YU Guo?, LIANG Nan', WANG Li-Wei’, SUN Yue-Ming'

!(Computer School, Wuhan University, Wuhan 430072, China)
%(Zhongnan Hospital, Wuhan University, Wuhan 430072, China)
*(Int’] School of Software, Wuhan University, Wuhan 430072, China)

Abstract: Rare category detection aims at finding at least one data example for each class in an unlabeled data set to prove the existence
of these classes, especially the rare classes (a.k.a. rare categories) that have only a few data examples. It has various applications in the
fields like financial fraud detection and network intrusion detection. Nevertheless, the existing approaches to this problem suffer either in
terms of time complexity or the requirements for prior information about data sets (e.g., the proportion of data examples in each class). In
this paper, a prior-free and efficient algorithm, called KRED is proposed for rare category detection. The algorithm explores the changes
on local data distribution caused by the presence of the compact clusters of rare classes. To this end, it transforms a data set into a

k-nearest neighbor graph, and investigates the variations in both edge lengths and in-degrees between the nodes. Finally, nodes with the
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maximal variations are selected as the candidate data examples of rare classes. Experimental results show that KRED effectively improves
the efficiency of discovering new classes in data sets, and notably reduces the execution time.

Key words: rare category detection; k-nearest neighbor graph; data distribution; variation coefficient; in-degree
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4.1 KWIRE

WA T UCT $4E S 8 AN B 45 R MR TR AT 523,73 B & Glass,Ecoli,Statlog, Yeast, Abalone,
Shuttle,Wine Quality f1 Page Block.J: ™1 Statlog & — M FHEARE S, EMEHHE KB AT HE LS. FHEALE
Statlog REME 1R I Hit ST L0 77 28 £ 4 70 I S B0t v (19 1 00, B A0t — NI P A 008t 4R 4% JROSCRR[ 7070 TR b
HE, AL T Statlog Fd 52,5 Ho b I I KRB 0 HA 256 MFEA, HALSE I R AMK R, B 2w DR & A
8 MNEHEFEA SR 2 TEAN UL I T X LU RIS B I AT DR AE, L P R B R AR AN B d R m S A B Largest
F Smallest 73 74 2 5 R ISR $5 /NS oy 2 2504 45 149 LU AT DX /IN . TR) B, A9 A Ok — e e, DA L 000 S A0 T b v Ak Ak
TS 7 B R AR A AN JE 3B N 0,07 %5 4 1A AR ST B340 5 R 3 A2 42 MATLABT7.9 H SEER, SE 56
135 4y Intel Core 2 Quo 2.8 GHz CPU,2GB W 7.

Table 2 Properties of the real data sets
F2 FSRHEREMA KR

Data set n d m___ Largest (%)  Smallest (%)
Glass 214 9 6 35.51 421
Ecoli 336 7 6 42.56 2.68

Statlog e 19F 7 50.00 1.56
Yeast 1481 8 10 31.68 0.33
Abalone 4177 7 20 16.50 0.34
Shuttle 4515 9 7 75.53 0.13
Wine quality 4898 11 6 44.88 0.41
Page block 5473 10 5 89.77 0.51

4.2 KREDE LRI

AT BRATH KRED VAR B3 T 20 30 SR M B A K0 D0 575 NNDMPL, I8 26 56 4R O F A3 2846
W57 HMSPL, SEDER), CLOVERP®ILL K Bifi WL Af J5 1% (random sampling, fi #k RS)7E 8 MR E IR 4L kAT
Pl A, LIIE I KRED S35 81 ) R /D (1 1) 1) 70 200K I B0 45 P 1 I 28, HLAAT 8¢ v i e T 43 .

(1) 4RI T 550 N 4 R I — A 2R BT 7 B0 i) I3 A B R ] DL H:KRED & 03R4
P4 v BT 2T 7% 14 30 1) Y B0UT (2 /DT NNDM 5590 . HMS 505 il SEDER 0325 (1441 7] ¥k %%, 55 CLOVER 5.
IR I IR EOR AR, HAE K 2 8015 B T g /> CLOVER Hoik.

(2) TATIEFR T SEAEIENSAT I ), AR 3,30 mp BB 50 (07 B0 DR A BB ATLR A 12 e A 0 B4 3047 4317,
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Fig.4 Performance comparison results on real data sets

K4 SkAe s idin g EPERESE R I



2328 Journal of Software #AF5¥# Vol.27, No.9, September 2016

1 i Te ’
08 ,‘ f 08 1
06 I RS 1 0.6 RS |

+ NNDM NNDM
04 s 04 s
SEDER SEDER
0.2 CLOVER | 0.2 CLOVER |
— @ -KRED —@ - KRED
0 L L L L O L

0 20 40 60 80 100 0 50 100 150 200 250

Percentage of Classes Discovered
Percentage of Classes Discovered

Number of Queries Number of Queries
(c) Statlog (d) Yeast
1 — 1 r
el el
[} [}
S
g 08 1 g 08 1
2 2
o o
0 0
% 0.6 RS R % 0.6 RS 4
@© @©
o 04 NNDM o 04 NNDM
5 U HVS ] -l HMS i
- SEDER - SEDER
g 02 CLOVER 1| g 02 CLOVER
5 —@  KRED 5 —@ - KRED
o 0 1 1 1 1 1 o 0 1 1 1
0 100 200 300 400 500 0 100 200 300 400
Number of Queries Number of Queries
(e) Abalone () Shuttle
1 ‘ —_— 19— -
el el
(5] (5]
: .
g 08 1 g 08 1
2 2
o * o
0 0
% 0.6 RS E % 0.6 RS 4
@© i @©
o 04 T NNDM o 04 NNDM
5 O HVS 5 HMS
- SEDER > SEDER
g 02 CLOVER 1| g 02 CLOVER |
5 —@ KRED 5 —@ - KRED
o 0 L L L L o 0 L L L
0 50 100 150 200 0 50 100 150 200
Number of Queries Number of Queries
(g) Wine quality (h) Page blocks

Fig.4 Performance comparison results on real data sets (Contiuned)
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Table 3 Runtime performance of each algorithm ()

3 SOLisATI I AL (s)

Data set NNDM HMS SEDER CLOVER KRED
Glass 0.09 4.54 0.71 0.16 0.06
Ecoli 0.11 9.98 1.04 0.18 0.09
Statlog 0.25 30.85 13.48 0.49 0.19
Yeast 5.18 284.33 25.42 1.35 0.63
Abalone 42.71 3789.75 166.98 7.26 3.55
Shuttle 26.34 257293 292.35 7.91 391
Wine quality 19.88 812498  515.76 10.21 4.77

Page block 15.61 7828.76  524.22 13.05 5.72
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