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2.1 H e i g T- a ed di ib i

T H T- S
- . T H T- :

T 2 = (X − X̄)W−1(X − X̄) (1)
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X , X̄ , W
X . T H T-

F - :

Fp,n,α ∼ T 2 (n− a)

a(n− 1)
(2)

A F - F -
. T F - . W

F -value = 3 .

Figure 1 A ( )

3 K-means clustering algorithm
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Algorithm 1 T

Input: T
Output: W - K-
N = T
T = T
K = T
F − V alue = T
Phase 1: Identif Benign Outliers
hile N do
(1) I Benign.Outliers (1) (2)

end hile
Phase 2: Initialise K-means centroids
(1) Centers = P K Benign.Outliers
Phase 3: un K-means
hile Iter < T do
(1) F Centers E :√∑N

i=1

∑K
j=1(Datai − Centersj)2

(2) R Centers
end hile
return W -

O K-

. T
(A 1) . T ( . .,

) O(N),
( . ., K- ) O(T.N.K). T

O(N + T.N.K), O(T.N.K).
I , O(N)

,
.

5 E perimental results
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. T
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(K J , 2014). F 2 .
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Figure 2 S K J (2014), ( )
(D = 1,020, K = 5) ( ) (D = 399, K = 6) ( ) (D = 1,200, K = 6)
( )

( ) ( ) ( )

N : D – ; K – .

able 1 T

Da a e Fea e C a e Pa e

I 4 3 150
G 9 6 214
W 13 3 178
I 34 2 351
Z 17 7 101

5.1 Re f he ic da a

F 3( ), 5( ) 7( ) . W
K

. T ( . .,
) . I

. F 3( ), 5( ) 7( )
2D

.
T MSE F 4, 6,
8 K . A , MSE

. H ,
K- ,
MSE . T - MSE

. I ,
DR FPR ,

. T ,
10

T 2–4. A ,
DR, FPR

.
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Figure 3 T (K = 20), ( )
( ) ( )

( ) ( )

Figure 4 MSE K , ( ) K = 7 ( ) K = 12 ( ) K = 20
( )

( ) ( ) ( )

able 2 T

K (ce e) Me h d MSE S d. DR (%) FPR (%) P i

7 P 0.237 0.1023 83.17 3.43 0.96
K- ++ 0.2312 0.1001 82.66 3.45 0.955

D K- 0.2313 0.1002 82.53 3.88 0.954
12 P 0.174 0.073 92.86 1.40 0.98

K- ++ 0.169 0.0758 88.30 2.46 0.96
D K- 0.18 0.0796 90.68 2.71 0.96

20 P 0.1354 0.0555 100 0 1
K- ++ 0.1279 0.0533 98.33 0.45 0.995

D K- 0.1298 0.0541 94.73 0.84 0.98
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Figure 5 T (K = 17), ( )
( ) ( )

( ) ( )

Figure 6 MSE K , ( ) K = 12 ( ) K = 17
( ) K = 20 ( )

( ) ( ) ( )

able 3 T

K (ce e) Me h d MSE S d. DR (%) FPR (%) P i

12 P 0.1824 0.088 94.22 5.28 0.925
K- ++ 0.1537 0.0925 91.09 5.33 0.904

D K- 0.177 0.0868 89.77 3.86 0.897
17 P 0.1641 0.0807 96.10 3.04 0.9323

K- ++ 0.1353 0.0669 94.27 6.15 0.9223
D K- 0.1379 0.0933 93.28 3.97 0.929

20 P 0.119 0.067 97.73 1.19 0.9674
K- ++ 0.1175 0.0634 95.76 2.22 0.9599

D K- 0.1181 0.068 95.35 1.44 0.9574

5.2 Re f be ch a i g da a

W G
. I , - - 10 B. F 9

G .



A e ce id i i ia i a i f K- ea c e i g 9

Figure 7 T (K = 10), ( )
( ) ( )

( ) ( )

Figure 8 MSE K P , ( ) K = 8 ( ) K = 10 ( ) K = 14
( )

( ) ( ) ( )

able 4 T P

K (ce e) Me h d MSE S d. DR (%) FPR (%) P i

8 P 0.1421 0.0998 97.73 1.32 0.975
K- ++ 0.1432 0.102 97.02 1.61 0.9717

D K- 0.1424 0.1 96.83 1.80 0.9708
10 P 0.1322 0.0942 98.26 1.22 0.979

K- ++ 0.1268 0.0897 97.71 1.46 0.976
D K- 0.1319 0.0939 97.12 1.52 0.972

14 P 0.107 0.0725 99.03 0.59 0.989
K- ++ 0.1157 0..0834 98.19 0.9 0.983

D K- 0.1069 0.0764 98.47 1.011 0.98

A 10 K
, (A .) (SD)

. I , 70%
.

A , ( )
. F ,

A, 12 B, C,
B A C
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. T T 5. T

(A .) SD .

Figure 9 A G ( )

able 5 C (%)

Me h d T e C i e ia Da a e

I i G a Wi e I he e Z

P T A . 3.804 12.684 13.854 8.375 7.51
SD 0.83 1.958 1.747 1.892 2.035

T A . 3.361 11.345 12.91 7.286 6.631
SD 0.858 2.02 1.927 1.892 1.688

K- ++ T A . 5.211 16.689 16.011 9.533 9.727
SD 2.129 2.836 2.86 2.593 2.648

T A . 4.407 15.437 16.203 9.464 9.592
SD 2.118 2.958 2.675 2.532 2.157

D K- T A . 4.461 16.474 15.875 10.658 9.201
SD 1.563 2.739 2.442 2.941 2.287

T A . 4.496 15.279 15.523 9.078 7.899
SD 1.572 2.765 2.23 2.578 2.311

K- T A . 4.74 15.043 17.112 10.103 10.01
SD 2.165 3.401 3.545 4.001 3.877

T A . 6.192 16.123 15.455 9.912 9.136
SD 2.152 3.131 4.031 4.002 3.563
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6 Conclusions

I , K-
. T

. B
90%–95% . A

,
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