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Table 1
Our MST-inspired outlier detection algorithm. L & ¢l j &3 plef (cime o ollis 033

Input:
data a set of N data points =3 s <=y

15l 5! asgarma

k the number of NNs of a data item  «sls uols » gls ) o slaw
K the number of clusters at each step 4>, ;o ;3 s a5 duw
SOM-TH global outlier detection termination threshold - slme S5 ol dio ¢ ale]
MAX-MIN-TH local outlier detection termination threshold = &li=e 25 Lls Bl ot
Output:
a set of ranked global outliers GO, a set of ranked local outliers LO s sa guz a3, dome glime sl 2 5 sl aspeme gl (o g 005 can a3, 5
Begin #:-
set k to be the largest outlying cluster size plus 1
perform a sequential initialization (SI) =5 L2l g 0 o 23,lade
run DHCA multiple times until the percentage difference between two consecutively updated kNN is below 10~5; e D=l
find miniMST for each data point  aki | =3
for each i=2:k < i o =i
{ compute three 1-dimensional arrayg of the estimated outlying scores for iNN, namely, MST-MAX, MST-MAX-MIN and SOMysr, and
sort the first two in a non-increasing order and the orders are remembered in MST-MAX-INDEX and MST-MAX-MIN-INDFX, respectively;
GO_T=[L AR
for j=1:N - .
( 335 caedpn Jbls a4 )0 S ol g aS can At Al o 2
find true iNN for MST-MAX-INDEX[j];
recomputed the global score and SOMs;
if (SOMyss:{ MST-MAX-INDEX(j]] > SOM-TH)
GO_T=|GO_T MST-MAX-INDEX[j]]:
end
}
GO=[GO GO_TJ:
LO_T=|[):
for j=1:N
{
find iNN for MST-MAX-MIN-INDEX[j);
recomputed the local score; 0l aile Suzme e sl
ifl MST-MAX-MIN[j]] > MAX-MIN-TH)
LO_T=[LO_T MST-MAX-MIN-INDEX[j]]:
end

)
LO=[LO LO_T];

End

GO_T and LO_T are temporary arrays to hold ranked outliers for each i.

3)ls &% 61 o gl ], 0a (gan 43, (hime o e b A s SB sl

DHCA 3G 5l pgas 56 IS0
Jobial MalS 09,5 115 90 4 yomie ilgh oo (G0 el § el AL Jolato 0 Sl (e (a9, ,0) Ll

2
aloen 5 4l S5 53,5 i Jhocol sgan ams 351 dslas 3 b 5| abisgs st O(ANT)

23




ool oS gl oo Uy Alg Caond U 0 00ls slrusly (6 den a5 Sloj 40 9590 (0 g Sl o5 Lisle
Dgds 085 i Jolae SB50 5,50 leie 4 il o Sww 4 DHCA (gl 1Sl fylo) (Sauzes 0l dales
S e Ceomd SO0 00l (g Akl oad ools lid 6 JSKs Canly G j0 &S 5b les (8 (sam )]
lo abgs slajye ;0 0ols blis el Koo Caond 12 35 10 5l (] 6 Blaod (p 5 o5 4) 5 o3 ol Albgs

QS oo Gizme |y Lo slasls DHCA oS slaws 0pl plo ol sy 6 JS 5 Solw s ailgs oo oS

Table 2
The node class.

Name S Explanation z-2s

#3+5 5 o2 slad public data members:
5 sampleNumbers; An array holding the indices of all samples in the cluster 2 4%/, g5 0 G ¢
centroid; An array holding the indices of the randomly chosen cluster centers
childNodes; An array holding the indices of its child Nodes in the Node array
parent; An integer holding the index of its parent Node in the Node array
vecindex; An integer holding the index of the current Node in the Node array

3, public Methods: L anlyp
& void DHCA Our DHCA Procedure

Table 3
The DHCA member function.

Procedure name J=:!)% ol DHCA

- Pt

Input: oals sty po g wlas | rpy7 Seop gl S s

dist_knn, edge_knn The auxiliary arrays to remember k-nearest neighbors(kNN) for each data item
k The number of NNs of a data item  ools 5ol K sls o of Sloss

nodeArray An array of the Node structures o, sls, b5l jl 4]

currentNode The current Node in the Node array o5 ¢ <!)] ;o =5 o,

K The number of clusters at each step da s ;5 ;o ls 4235 sluss
data The input data set

clustersize The maximum size of
Output:

updated dist_knn, edge_knn, and newly generated < K Nodes
Begin

5 S ol doaaze
ch clusters 4235 o gojlail o pmis

S8
e

randomly select K centers from sampleNumbers of currentNode; o5 <= &= o)F s 4=
generate K newNodes; 5 atss s o) 5
for each sample i in sampleNumbers of currentNode that is not a center S e & 3= 0)f (¢ 3=l gl oylat
{ find its nearest center jout of K; ¥ =l Sl L0 o2 Fe an Sy
if (dist_knn[i]l.max > distance{ij)
update dist_knn, edge_knn;
end
assign sampleNumbers|i] to the group of center j;
)
for each newNode j=1: K
{ if (newNodelj].sampleNumbers.size > clustersize)
push newNodelj] to the end of nodeArray;
assign values to data members parent and vecindex;

end N TN
e el asls g

End

dist_knn[i].max is the kNNth nearest neighbor of data item i.
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Table 4
«als cls assame the sets of data.

Data set sl assame 25l Size (N) sly Dimensionality

Dataset1 515
Dataset2 78
Dataset3 473
Shuttle 14 500
4532l Lymphography 148
lonosphere 351
| Optical digits 5620
<5 Multiple features 2000
IPUMS 88 443
s ge Covertype 581 012
same U LT UScensus 2 458 285
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