
!10"#$%&

'()*+,-.

!"#$%&'

2022(7)



!"

w !"

w #$%&'(

w #$%&)*+,

w -.#$/0)*1LOF2
w 345,6-.#$/0)*1CBLOF2
w 78



#$

w #$9:;<=>?@ABC69:

ID 0 1 2 3 4 5 6 7 8 9 10
score 80 85 87 82 69 71 0 69 73 77 72
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%&'(+,-. (1)

34Z[VW

am¦§¨0VW

am©ª0VW

am«¬0VW

am®0VW

……

w 34HI1Statistics-based26J*
ü �40+,A¯°��1±²³05HI´�=>µ¶5·34n0

¸¹º�4n;µ¢qµ»>0¼½?

ü �iWQ¾�>¿1+,À&)�01±5·'�01±qBC-Á

Á=ÂÃÄ5&·ÅÆ��¬VW0oÇºÈÉ?



w 34KL1Distance-based26J*
ü ÊË�+,ÌÍ)�n5ef§VË�n9ÎÏn

0©ªXÐÑ)�nAÒ234n

ü 𝑜!97ÎÏn0©ªÓ»Ô5;µ7Õn»234

%&'(+,-. (2)

𝑜"
𝑜#
𝑜!

𝑜"
𝑜#

𝑜!

w 34MN1Density-based26J*
ü ÊË�+,ÌÍ)�n5§VÕ0ÎÏ®º7Ö

×n0ÎÏ®5am'Ø�®8§V/;�

®5;�®Ù>534Ú®ÙÛ?

ü 𝑜", 𝑜#, 𝑜!0;�®;µm7;Ü��Ýj»Þ5
»>!F�234n?



w 345,1Cluster-based26J*
Ê+,�bß12Jl0à5áâÞà-0�bÍ2ãá34n5

"äãán��0àºãánåæ0©ªÍ2AÒ¢q340ç,

%&'(+,-. (3)

𝑐"
𝑐#

𝑐!

𝑐!2Þà57è0+,!é~ãá34n5 𝑐", 𝑐#2>à57è0
+,!Í2ãá�4n
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/0%&12+, (1)

w LOF63OPQ

efµ»Ë��bº7Üê�b0®XÐÑ��bAÒ234?�

b0®Ùë5ÙT!FA34n。

LOFVW-�b0®ef�b0k©ªÜê§Vìí5·JAef�
�§Vìí5'î0ïk©ªÜêð�2�VW-ï�¿ð0ñò?



/0%&12+, (2)
w LOF6RSTU
（1）k©ª（k-distance）
�bOº©ªO0ók×0�båæ0©ª5k2ôõö�0÷8ø

𝐷$ 𝑥% =∥ 𝑥% − 𝑥%,$ ∥= (𝑥%" − 𝑥%,$" )#+(𝑥%# − 𝑥%,$# )#+⋯+ (𝑥%' − 𝑥%,$' )#

7-5𝑥%,$ùú©𝑥%ók×0�b，𝑥%ùúói��b，||𝑥%−𝑥%,$||ùúØ�
bæ0©ª，tùú�b*®?

A(0,1) B(1,1)
C(1,2)

D(3,3)
H(4,4)

E(−2,3)

F(−3,−3)

G(3,−2)

O(0,0)

k=18) 𝐷! 𝑂 = 1
k=28) 𝐷" 𝑂 = 2
k=38) 𝐷# 𝑂 = 5
k=48) 𝐷$ 𝑂 = 13
k=58) 𝐷% 𝑂 = 3 2
k=68) 𝐷& 𝑂 = 4 2



/0%&12+, (3)

（2）k©ªûê

（k-distance Neighborhood）
í�bO0©ªÞmO0k©ª0üT�b�
�0�]

k=38)O%k9:;<={A, B, C}
k=48)O%k9:;<={A, B, C, E, G}

A(0,1) B(1,1)
C(1,2)

D(3,3)
H(4,4)

E(−2,3)

G(3,−2)

O(0,0)

F(−3,−3)

（3）!ý©ª
（Reachability Distance）

𝑅𝐷$ 𝑥%, 𝑥(
= max 𝐷$ 𝑥% , ∥ 𝑥% − 𝑥( ∥
Ìxiíxj0©ªµxi0k©ª>
M，xiíxj0!ý©ª2||xi−xj||
5Ò¤2xi0k©ª?

𝑅𝐷$ 𝑥%, 𝑥( ≠ 𝑅𝐷$ 𝑥(, 𝑥%

x2(3,3)
x3(4,4)

x1(0,0)

x4(4,3)



/0%&12+, (4)

（4）�¿!ý®（Local Reachability Density）

�bO0k©ªÜêè0�bíO0þÓ!ý©ª0ÿ+ø

𝐿𝑅𝐷$ 𝑥% =
1
𝑁5
()"

*

𝑅𝐷$ 𝑥(* 𝑥%

+"

ÉxNùúk©ªÜê-TN��b5𝑥(*ùúxN-0ój��b?

（5）�¿346!（ Local Reachability Density）

O0k©ªÜê-üT�b0�¿!ý®0Ó89O0�¿!ý®åµø

𝐿𝑂𝐹$ 𝑥% =
1
𝑁∑()"

* 𝐿𝑅𝐷$ 𝑥(*

𝐿𝑅𝐷$ 𝑥%
"𝐿𝑂𝐹$ 𝑥% >÷85¤+,345Ò¤�4。



/0%&12+, (5)

w )*VW
#~ø+,�b� X={x1, x2, ⋯, xn}, xi= {𝑥%", 𝑥%#, ⋯ , 𝑥%'}(1≤ i≤ 𝑛)

$1%ö�Üê8kº÷8e

$2%§Vk©ªºk©ªÜê
$3%§V�¿!ý®

$4%§V�¿346!

$5%µ»�¿346!9e0>Þ
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x2(3,3)
x3(4,4)

x1(0,0)

x4(4,3)

>?@ABC9:

>?k9:

𝑥! 𝑥" 𝑥# 𝑥$
𝑥! 0 4.24 5.66 5
𝑥" 4.24 0 1.41 1
𝑥# 5.66 1.41 0 1
𝑥$ 5 1 1 0

𝐷" 𝑥! 𝐷" 𝑥" 𝐷" 𝑥# 𝐷" 𝑥$
5 1.41 1.41 1

𝑥! 𝑥" 𝑥# 𝑥$
𝑥! 0 5 5.66 5
𝑥" 4.24 0 1.41 1.41
𝑥# 5.66 1.41 0 1.41
𝑥$ 5 1 1 0

>?@ABCDE9:

FGk=2)
HIe=1.5



/0%&12+, (7)

𝐿𝑅𝐷𝟐 𝑥! 𝐿𝑅𝐷𝟐 𝑥" 𝐿𝑅𝐷𝟐 𝑥# 𝐿𝑅𝐷𝟐 𝑥$
0.216 0.828 0.828 0.707

>?JKDELM

𝐿𝑂𝐹" 𝑥! 𝐿𝑂𝐹𝟐 𝑥" 𝐿𝑂𝐹𝟐 𝑥# 𝐿𝑂𝐹𝟐 𝑥$
3.549 0.926 0.926 1.172

>?JK71NO

PHIQ1.5RSTUV

𝑥! 𝑥" 𝑥# 𝑥$
71 01 01 01



w )*

/0%&12+, (8)

WXn´n%@ACYZD //D(i,j)[\]iT]j^)Di[\]iT
For i=1 To n Do

For j=1 To n Do
D(i,j) ←>?@AxiPxj_C%9:

End For
Kdi←`aDi>?@Axi%k9:
KNi←`aKDiPDibc@Axi%k9:;<@A%de

End For
For i=1 To n Do

For each j in KNiDo
D(i,j)←max{KDi, D(i,j)}

End For
End For

LOF (𝑋 𝑥!, 𝑥", ⋯ , 𝑥( , k, e)



/0%&12+, (9)
For i=1 To n Do

LRDk(i)← ⁄(∑)∈+,!𝐷(),/) |𝐾𝑁/|)
1! //>?JKDELM

End For
For i=1 To n Do

LOFk(i)← 8!
|+,!|

(∑)∈+,! 𝐿𝑅𝐷3(𝑗)) 𝐿𝑅𝐷3(𝑖) //>?JK71NO

End For
For i=1 To n Do

If LOFk(i) > e Then
𝑁 ← 𝑁 ∪ {𝑖} // 𝑥/(71@A

Else
𝑀 ← 𝑀 ∪ {𝑖} // 𝑥/(01@A

End If
End For
Return LOFk, M, N   
//fghLOFkhJK71NOYZiMh01BdeYZiNh71BdeYZ

Mæ&'®: O(n2)
(æ&'®: O(n2)



/0%&12+, (10)

w XF

VW)�#$5JQu*+,�1±5HF+,Ë��b034Ú®?

w YF

VWMæ&'®2O(𝑛#)5Ì+,++º*®=>M5§V+-./ì
=>0Ê�bJl*®12åæ0<y3l¡45TMHJ\]C5Q

65.7X+8º§V+09:0IVW0ùB=ç;mk8º÷80
áâ?
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!"#$%&'()*+,- (1)

w3O'Z

«¬øÊ+,12G�à5<!F=àè;>®>ràæ;>®Þ

34Z[øZ[+,-J\]^_`2034+,

?@ø4A0«¬VWBÇC�FÈÉm34Z[

w3OPQ

(1) �+,�bD`«¬ìíà�]

(2) �Ë�à-�b0++Êà12>àºÞà

(3) §V34ì15-PA)��bíE×0>à-F0©ª

(4) GH�b034ì1ÐÑ��bAÒ1m34n



!"#$%&'()*+,- (2)

)*VW

+,�b�𝑋 = 𝑥", 𝑥#, ⋯ , 𝑥%, ⋯ , 𝑥, , 𝑥% = 𝑥%", 𝑥%#, ⋯ , 𝑥%'

w Step1. «¬

Ê𝑋«¬2𝑚�à5𝐶 = 𝑐", 𝑐#, ⋯ , 𝑐- , 𝑐- 2ó𝑚�à-0�b++

w Step2. ß1à

Ê𝑚�àG�b++D`IJ5¾ö 𝑐" ≥ 𝑐# ≥ ⋯ ≥ 𝑐-
üK�G+ø |𝑐"| + |𝑐#| + ⋯+ |𝑐.| ≥ 𝑋 ×𝛼, 𝛼 ∈ 0.5~1 默认20.95
𝐿𝐶 = 𝑐%, 𝑖 ≤ 𝑏 2>à�]

üLMø 𝑐. /|𝑐./"| ≥ 𝛽$NO255LM5P%5𝑆𝐶 = 𝑐(, 𝑗 > 𝑏 2Þ
à�]



!"#$%&'()*+,- (3)

w Step3. §V+,�b034ì1$ 𝑥0�b2¶%ø

ü"𝑥0A>àîQ0�b5#R§VÕíà-F0©ª�!

ü"𝑥0AÞàîQ0�b51y§V7íüT>à0©ª5HáÄ
EÞ08

𝐶𝐵𝐿𝑂𝐹 𝑥0 = Q 𝑐% ×min 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑥0, 𝑐( 𝑥0 ∈ 𝑐%, 𝑐% ∈ 𝑆𝐶, 𝑐( ∈ 𝐿𝐶
𝑐% ×𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑥0, 𝑐% 𝑥0 ∈ 𝑐%, 𝑐% ∈ 𝐿𝐶

w Step4.áÄ34�bø

34ì1»>0�b�Ð�234+,
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ID 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

sales 61 36 3083 12 84 7 544 30 146 277 409 30 8159 2 55 14 1188

profit 11 6 -1665 2 14 2 91 6 34 45 68 5 -1359 -3 10 2 -950
𝑋 =

ú¶: 𝑋STU17��b5Ë��bT2�125"k-mean«¬VW2
aVWúCBLOFVW$à�+𝑘 = 3, 𝛼 = 0.8, 𝛽 = 5%

!" ID

0 1, 2, 4, 5, 6, 7, 8, 9, 10, 
11, 12, 14, 15, 16

1 3, 13
2 17

K�G+

LM

#! $!

0 1, 2



!"#$%&'()*+,- (5)

ID 1 2 3 4 5 6 7 8

!"#$ 0.102 0.158 18.591 0.206 0.077 0.212 0.768 0.170

ID 9 10 11 12 13 14 15 16 17

!"#$ 0.147 0.267 0.522 0.174 15.257 0.276 0.123 0.206 10.711

w 34�b0µ¶$)X21%5L¶�b»Y5!Z[215%%

%& ID

'()* 1, 2, 4, 5, 6, 7, 8, 9, 10, 
11, 12, 14, 15, 16

+()* 3, 13, 17
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w )*
𝐶← 𝑘 − 𝑚𝑒𝑎𝑛𝑠(𝑋, 𝑛_𝑐𝑙𝑢𝑠𝑡𝑒𝑟𝑠 = 𝑚)
𝐶← 𝑐!, 𝑐", ⋯ , 𝑐#$!, 𝑐#||𝑐#| ≤ |𝑐#$!| ≤ ⋯ ≤ |𝑐"| ≤ |𝑐!|
for b←1 to m do
LC = 𝑐%, 𝑖 ≤ 𝑏 , |𝑐!| + |𝑐"| + ⋯+ |𝑐&| ≥ 𝑋 ×𝛼
SC = 𝑐', 𝑗 > 𝑏 , 𝑐& /|𝑐&(!| ≥ 𝛽

end for
𝑈¬∅
for l←1 to n do
if 𝑥) ∈ 𝑐% and 𝑐% ∈ SC then
𝐶𝐵𝐿𝑂𝐹 𝑥) ¬|𝑐%|×𝑚𝑖𝑛{𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒(𝑥), 𝑐')} //𝑐' ∈ LC
𝑈¬𝑈 ∪ 𝐶𝐵𝐿𝑂𝐹 𝑥)

else
𝐶𝐵𝐿𝑂𝐹 𝑥) 𝑐% ×𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑥), 𝑐% //𝑐% ∈ LC
𝑈¬𝑈 ∪ 𝐶𝐵𝐿𝑂𝐹 𝑥)

end if
end for
return 𝑈

Mæ&'®: O(n)
(æ&'®: O(n)

AD_CBLOF(𝑿 𝒙𝟏, 𝒙𝟐, ⋯ , 𝒙𝒏 , 𝜶, 𝜷)
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wXF

wYF

JQR\]5^_Èq`ab+c³5_ÉmM(+,034Z[?

"áâ«¬VW0Mæº(æ&'®A`20aR×`205am

'¬VW034Z[de�>fc+,�-ATU0?

�Tgh)¥«¬VW_ÉmüT+,�5Jl+,�QRiÉJl

0«¬VW?Ì«¬VW0áÄJ]_M5�bJFjkghTst

0à5lm�iW!F.no?p�Û*(æ-0qr+,5gsØ

��bæ0©ª!F.ä4;>5«¬VW!FJ.ìíTst0à?
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w 34Z[0abcdr1¬iW5üst0uR9:

w 34Z[VWst9:0)XiWºvwrx7yzn

w 34Z[0{RVWC¶ø

-am®0LOFVW

-am«¬0CBLOFVW
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