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Tossaporn Sirampuj 2013: Integrating Constraints in Semi-supervised Stream
Clustering. Master of Engineering (Computer Engineering), Major Field: Computer
Engineering, Department of Computer Engineering. Thesis Advisor:

Associate Professor Kitsana Waiyamai, D.U. 57 pages.

Large number of stream clustering techniques has been proposed in recent years.
However, these techniques still lack of using background knowledge which is available from
domain expert. The advantages of using knowledge improve accuracy and performance of final
clusters. In this research work, CE-Stream, an incremental method for stream clustering by

using background knowledge as constraints is proposed.

Instance-level constraints have been used to guide better clustering behaviors i.e. using
Must-Link constraints on Cluster Splitting and using Cannot-Link constraints on Cluster
Assignment. Also, constraint operators are introduced to support evolving characteristics of
dynamic constraints i.e. constraint activation, fading and outdating. Constraints operators
seamlessly integrate into E-Stream to check active and update constraints and prioritize
constraints. Likewise, CE-Stream reduces an excessive splitting during clustering process and

misguide of cluster assignment.

Experimental results, using Covertype and KDDCup’99 datasets which are Rain forest
typology by geographical and Network Intrusion Detection respectively, show that both F-

measure and Purity increased with respect to an original technique E-Stream.
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U

=X 9
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A v o ' 9 ~ < = < =
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mﬂuﬂmmmﬂquﬂﬁzuﬁﬁﬂ’ayja nHaluiu AemAiia E-Stream (Udommanetanakit. et al.,

2007)
2.1 E-Stream: MANAMsUIINgunseuadoyaBad imnnms

a a 1 1 <3 Y 1

iNATiA B-Stream tduonuIAn lumsungunszuadoya Taonudmnuyeingy

< b 4 o w ] o

Jo1ya (Cluster Representative) tNUMSINUTYANIHUALBININTTINAN A IUNUIBANIUT

9 9 ¥ A 9 Aa X I < ' A

wagms lanudaynumsnlasuulasvesioyaninayuegesiaGuaz oo aveIn e
' { a J < 1

Joya TasuialszmnveanmsnlasuulamgAnssuvesnguioya sonilu 5 szian 1dun

Y

NIINAVU fﬂi‘ViNJU]JJ msasuudaidaues MIsIaIny uag MsLenaINy

Tags1wazidean15Muveunaiia E-Sream vz lUsaunazesuionisld

v 9 o

1199and3NY CE-Stream
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Frequency

Lo N = ) B+ s

Interval

MNA 1 uaasanyauzna livesda Taunsy

[

Y
ANz Ye9dd launIuINa1euUAIl (Tague, 2004)

a <3| a i o
3.1 u1n@ (Normal Distribution) Msnszneiluliawilng Anndsdiulvajegase

AN

MNN 2 anyauzVeIdd launsuuuvlna

I 9 A a 9 Aa
3.2 uuusenune (Detached Island Type) VBYANNUANUDGALYNDDNIINVDYANY

U Rl

A o a s v Ax A
AITUDAN amﬂmTﬂmmmmauammam@umﬂzﬂu
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3.3 1UDI24lag (Double Peaked Type) aNHAEANNDZIANDIBOAN NN 1ABATINA
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Wuanuoa nannvayan iIuILantg 2 GIjﬂNﬂWLﬂﬁfJiiJmWﬂu HIDIINDIN 2 UHAIUDY A

QU

=1

AN

v 1

MW 4 dnYpEURIFa TAUNTNIUUIZAIE

Y H F T
34 pyuWuilar (Platean) lungazsaruianudmnosasunull mevuldiie
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ﬁ1u’;u6ﬁ'au“anm”lmmﬂu HASUANA NN UUINTS T INY NYUNAANU

MNA 5 an¥UVoIFE Taunsunuuulan

3.5 wuUWIH (Cliff Type, Skewed) ALRAvYINAnUAYODINAAT 1T10391NAEIY
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o A ' v 1A a 49! I T oAa A v
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=1 [ 1 9 d' 9 o 1 [ dyd [ 1
Lﬂ‘%ﬂumsmﬂuﬂqmayammmwamaﬂum G]’JE]EH\‘IﬂJENﬂﬁ'J@WﬁIﬂEJ sUAOMIIaA Lo
9

4 v 1 a QJ U 9 . = a o g 9 1
103 (F-Measure) HAZNITIAANANNUIFNTUDINQNUBDY A (Purity) 99147 pilgnsdesnlu

N15IANE
U d
4.1 auenires (F-Measure)

I % = J o 1 o 9
L']J‘Llﬂ']ijﬂwallﬂﬂﬂ’]ﬂu@ﬂ 615\1!ﬂuﬂ'liijuﬂuigwg']\iﬂ'ﬁjﬂwaIﬂﬂﬁl"]fﬂ']ﬂg']ll

1 9 v A

Y
9 - 1 9y [ ]
gnaed (Precision) (AZAINNUATUDIU (Recall) ﬂ']i'lﬂWaﬁﬂguaﬁllﬁagﬂauﬂlauaNaaW‘ﬁ

Q U

] 9 =3 [ 1 9 o Y. I J 9 A o .
l,l,'LNllﬂ lﬁﬂﬂlﬂﬂﬂﬂﬂﬂ@ﬂﬂlﬂyaﬂﬁlﬂaﬂ Myuali i LﬂUﬂQNﬂlﬂNvaW'ﬁLﬂaﬂ NITUIU n, LAY )

[

I 19 J A o 1 4 9
L“]J‘Llﬂ’sjiJ"ll@ialjaWﬁ WD UTUIU n, ﬂu’f)ﬂml%f]iﬁﬁﬂiﬂWWUl@mﬂﬁiJﬂﬁ

2*recall (i, j)* precision(i, j) (1)
recall (i, j) + precision(i, j)

F(, 1)=

' 1 1 v . a v v o
TaganNuATUBIU YeIngw i Tunquioyanadns j Aa lanindasiaausiuau

[ v [ 1 v J 1 o 1 . g}/ 1
Joyaveingu i weeglunquieyanadns j Aot 1uIuToYAVEINGY i NINUA AIAWATURIY

U

aunson lannaums

n.
recall (i, j) = n—’ )
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1 1 1 [ Jd . A [ 1 o
ANNYNABIVBINAN i Tunguioyanadns j An lAnndasiarudiuiudoyaves
1 . 1 1 v 7 1 o 1 o Z’, 1
nqu i g lungudoyanadnt j Aesuiudeyaveingudoyanadns j Narua A1ANUYN

) v
ﬂﬂﬂﬁTiJﬁﬂﬁWulﬂﬁ]WﬂﬁiJﬂ'lﬁ

n..
precision(i, j)= —- ®)
nj

o Y o 9 2 1 4 Y
Llagﬂ'lﬁuﬂclﬂ n ﬁamuaumay’amwuﬂ ﬂ’ll’t’]‘i/\ll,lllﬂf@ii:]ll’E'T'liﬂﬁﬂﬂflﬂinﬂﬁﬂﬂ'ﬁ

F= > maF (i, )} @

4.2 MANNUIGNT (Purity)

Do,

I 1 a I [ { A ] ] ]
msdamanuuigns umsiarannnsanilussazngu aunsonendoya 14

[ o Aa ] 1 Y @ { 4
pgndanunoaiioals Tasnmsaansmuuunlnimminuesnnugnaesinigaves

] 9 [ [ 9 v J A [ Y d' d‘ o Y]
naudeyalunnngy (lunguvoyawaans j laq az1aenaIANUYAABININNFATIHIY

1 g’/ o a 1 g o 1 g’; 1

doyalungu i MInuIzhAANEsIWILVAIINMINYBIANNYNADIHATIY) NMIHIAL

g Y
ANVUIGNTNAUMIAIY

n.
purity = 2 max {precision(i )} ®
i
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=

A A 9 v A 1 a o ] A A 9 [
Lﬂﬂﬁ'ﬁ‘ﬂLﬂt’J’JGllfJQﬂ‘]JNfJull"’UGlugﬂmJ‘U@]NC] UHag MMUIVYNHIUNININYIVDINUNITHNTUNT U

9 ]

d' 1 1 9 1 1 = = v 1 dy

Naullmaﬂuﬂmgmﬂqmmgauazmmmﬂquﬂizumayja “NiJﬁEJﬁ%L@EJﬂﬂW]E]]l‘]Ju
& .

1. NE)‘M"lsll (Constraints)

v w 1 a 4 ' @ 4

Tutfapiuds lufimstiewanuvunevesou lu ldedresaonlu maasniesdums
= 9 A . . ' < A a o
iSou3u0n509 (Machine Learning) 8614 l5naw anuninevesdon luludszuumsdanms

9 ]
g udoya (Database Management System) 1 lationn 1371 dorisaunsocou lvlumsenana
< { a f o

Idinumwzdoyaimuzanaslugiudoya (Codd, 1970) Taasiawnsaldiewiingauiaa

s v Ay A Y1 oo A A ¥ VY o oo A
TusnaasmemumsiBeuivounsosIdmunu Taen Soulniuszninennui Jetisrumse
A A 1 A Y o Y Y =\ a A é’ A
Jouluiememae sz o Idedgndeaziilsz@nsamunau Soulvawso

Y
uia ldnaneilszian aaae 11l

A v 9 B A A ~ a
1.1 N’rau”lmﬁzmﬁgﬂmauua (Instance-Level Constraints) 1® Nau"lwgﬂwmimﬂu

v 9 (J

sEAUUDIYATDYA AI019aY Nou lutuienae (Must-Link Constraints) #1814 fUBIYA
9 d' 1 1 9 =\ [} d‘ 1 d' 1 . .
doyannlseglunquioyamedny uazitou luuu ludoune (Cannot-Link Constraints)

WNEDN UosgaToyanaITegauaznguloyaniy

1.2 ou'luszaungudolya (Cluster-Level Constraints) fio 3ou lvfigniiatsanu
seiuvaenguioya dedugu Feulvlumsimuannunszduvestoyaluudasngu
o3y (Compactness Constraints) ﬁ"au”lmslumifﬁwmﬁmauﬁm%m‘?uﬁﬂumiazﬂz:jwfl'au“a
(Minimum Members Constraints) 1oz 13ou lulumsimuaszezieszninanguioyn

(Separation Constraints)

A v vy
2. miwauwmmaau‘flm‘lummmnqumaya
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ti' ) =) = Aav A dy ) tﬂ'
NATUNN ﬂJﬂﬁf”fﬂ‘H']L!.ﬁ%’)ﬂfJ!.ﬂﬂ"’Ul!@fJNiﬂﬂiJ'lfJﬁluﬂﬁNﬁiJNﬁWuNﬂuul‘UGluﬂﬁ

1 1 9 = = [ tg’
HUNNQUUDYA Iﬂﬂhi'lﬂazlﬂﬂﬂﬂ\‘]ﬁﬂllﬂu
2.1 COP-KMeans Clustering

) R ) ) A o A Y} a
NUIERTVI DedunuIsentiunsng naulalumsihGen lvinly Taed
a @ 1 Aa . A Y J9 ]
LUIAANAUIABEBAINNATA K-means Clustering 71 1ana12 1391941 #9 COP-KMeans
. I a { o A v 9 P 1 '
Clustering (Wagstaff et al., 2001) Hlumatinmhiceu luluszaudoyauldlumsuings
9 4 A o Yyyy 1 A A 1 A 1 A ' ~
doya TaoRou luiminnly laun Soulvuvudenas uaz Roulunuy liyoude vinnnm
2, Y Y vy o A A ' 9
7 3EUVILHFUMNMIAUATNIANANNGUIOYA (UFINAN 1) 1azaTWITUINTAINOVTOYA
a Y T 9 1 v A 4 1 U y E)
anFnldunngudeyaniug nunnsanteuly minluiinsdiuionlylag doyaazgn
1 Y o 1 9 { 9 4 [ Y 9 o 9 1A 9 [
avlinunguieyanlnangeuazszilivganartlndeanassnuveyaluineinn aslu

o A o %" 4 1 1 1 Y Qy
Uii%ﬂﬁ 218 3 i$°l_l°l_li]$“l/n@1ﬂhlﬂl§’é)ﬂc] IUNIN ﬂﬁLL‘LNﬂQiJ"Umga%a‘UQ‘ﬂm

COP-KMEANS(data set D, must-link constraints Con= C
D x D, cannot-link constraints C'onx C D x D)

1. Let (... be the initial cluster centers.
2. For each point d; in D, assign it to the closest cluster
C'; such that VIOLATE-CONSTRAINTS(d;, Cj, Con=,

Con) is false. If no such cluster exists, fail
(return {}).

3. For each cluster C;, update its center by averaging all
of the points d; that have been assigned to it.

4. Iterate between (2) and (3) until convergence.

5. Return {C)...Ck}.

MW 7 11@AI8ane3 Ny COPK-Means Clustering

HAMINABIN 1ABYININAADIUY 5 NgNA0619 1ALN soybean, mushroom,
. .. % g’/ 3 1 % [] a},
tic-tac-toe, part-of-speech La¥ iris @amwumﬂunqumamammgm UCT Huiinun Tduves

v Y v x
Uszansnminavuediadiuldda soulde Idnh sz gad 19 lunenwansuas ailouana
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<3 o w 4 v ' 4 a
Tdmudennudnglumslsitonly ufe msdunuduniivouuveunsosdamualeszuy
) o . . ) o .
muuadurisuu Tan (GPS) TaelFidou lvn lduinn manudoyavesdiuilumsnlaen

duauy WierelumsAunudunianuuvesszuy

] a3 a dyo/ [ A A a A YA a

0619 lsnay malatdsamnsodSulsuiemuilszansnm ldonuinune o1m
1 o w v A o A o A Yo w A =
wu mMyaaunmslgdoulululuszuy sude minszuurimadenl¥diduveadon'ly]d 1ua

o 9 1 1 1 g’/ =} (') ) 1 9 d' g
e ldmsudsngulugiwsmiuliguame i ldgmsldnalszuananuinau
2.2 Constrained K-Means

9
1u911298H (Davidson et al., 2005) §IA91IINITWAUIABIOADIN COP-KMeans

. @ YA [ 9 y A A [ 19 =
Clustering Tagdanaldiiou luszaugadoya uaz ldmutou lvluszaungudoyaluszuudn
Y Y 1A o o 9 1 9
a1 laun Soulylumstmuaanunszduvesdoyaluuaazngudoya (Compactness
Constraints) 1oz [9ou'lylunsfvuaszezriiesznIanquioya (Minimum Separation

. au Ay A A A ' 1 A ' g
Constraints) 1ag914398% lana11a1 iesniniten luiuy iweuseuas lileuse 1W @150
noldmadanludwesiaimslszuianauos K-Means Clustering 919 151221111 taz

9 ) ] ' o ' ] A o ANy Yy v
ﬁguuﬁ@\iﬁi']\?ﬂqMﬂl@lluaGh’n]ﬁa']ﬂjﬂllﬂuﬂﬁgﬂﬁﬂqillUQﬂQNm@l}!aﬂQV] ﬂﬁﬂ"lﬂﬂa”ljvh“mmu

[

A

[ 9
Lﬂﬂﬁ)@ﬁﬂﬂﬁﬂﬁWﬁﬂQﬂﬂijﬂgﬁ‘%ﬁﬁﬂluiﬂﬁlﬁmMTﬂﬂWﬁﬂNaiﬁ}ﬂﬁzﬁwﬁﬂi‘lﬁmﬂﬁﬁ UDNINNUU
Y A R %Y = Y 1 A Y1 Y ~ A 7
NHJEJ‘L!fN"lﬂllﬁﬂ\‘lﬂﬁﬂ’ﬂilﬂ"t’)ﬂﬂﬁﬂﬁﬂlﬂ\illﬁﬁmﬂﬂull"lﬂuﬂﬁcl%ﬁ’JiJﬂu IﬂﬂllﬂﬁWg"ﬂu%N

QU

a 4 [ o
asiamansias lnasmsiannududon (Complexity Measurement)

24 25
-] 22 e o /\ ¥
et e A / &
ES 18 / P iy - / o " — k-means
2? :i‘ " 15 . No——* +— con. k-meang

= 7 *

i 124 ¢/ /

" -+

2 3 4 5 68 7 8 8 10 2 3 4 5 6 7 8 9 10
Number of Clusters Number of Clusters

MW 8 HAAIHANITNAADIAUNAITINIUTOUYBINGUTDYANAAD Pima (418) 11AZ Breast

Cancer (V21)
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v
Hanmsnaaoaiu latinsfSeufieuny K-Means Clustering U4 2 Ngudoya
= 9 ! = a o
NAABINIATYIU UCT 34110 PIMA 1ag Breast Cancer lagifSouiionlugavossiuiusoun
] 1 o { g o @ a < a o 1 J Y
MSULINGNVBITZUY AINNA 8 uana Nty 63 lanaaesnuuennansuIT U usuas g1
] Y { < ' <
loTug (Aibo robot) lumsutisnguiagiueutiulasimanSeuiiensenig msveutiulag
A A < a A = = a A ' 1 A
lutidouly nagmaneunuTaeiiSou v Feamnsonaasialsz@ninmmsutnguauia

Ed [l < Y o @ A
Gllu'ﬂﬂ'l\uwuvlﬂﬂfﬂ ANNINN 9

3 < ' o 1 ' 4 4
M 9 ugasmsueururueuanouieusznae liliSoulv (@e) nagliton'ly (v)
2.3 C-DBSCAN

mAtA C-DBSCAN (Ruiz et al., 2007) iumatiaiannaeseaainmsuiengy

Foyauuud19venuruiy DBSCAN Tagthideu laluszaudoyaunld laun Sou'ly

A ' v A 1A = 2 ' A v A v 1 2
UUULBDUND uaz”lmm@m@ mwazmﬂﬂmumummwumﬂmau"lmmm"lﬂu

' z H 4 1A 1 .
23.1 msadungudoyaluiuineldtou vy ludeude (Creating Local
Clusters under Cannot-Link Constraints) 9z@519nqudeyaldusnoenviniuminiifeu lvuu

lusrounooy

19 &' ~ YA A ' .
2.3.2 f‘nii')llﬂi‘;llléll'f]%I‘aGl,uwu‘ﬂﬂ181@LQ@H16ULLUULGB6N¢]@ (Merging Local Clusters

under Must-Link Constraints) 9211 1ngudeyai 14010 2.4.1 msawduminiidou luuy

]
=

4 1 1 =) 1 1 g
iFouaong taziiewdn unungudeyaluiiui (Core Local Cluster)
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233 masunguaoyanelaou lvuuylukeuas (Merging Cluster under Cannot-
. . 0 ) L Adyy ey A A
Link Constraints) 321 unungudeyaluiuin 1énn 2.4.2 msaungunudeyaiiiae Tag

a zﬂl ] d‘ 1 d‘ @ 1 9 gﬁ
wosann Qoulvuuyliweuas e luld1d andunou 2.4.1

a A a A = 9| = o Y 2 L
mﬂuﬂuﬂzwmimmﬂqNauuhmgﬂﬂf)uﬂluizuu %Q@Wﬂﬂ?iﬁlﬂﬂﬂ@um@yﬁ

4 . & o v
uunlaa@en (Singleton Local Cluster) Wusuaunnld

3. mswannauteululumsuiangunszuadoya

[

v a Ay a X2 gy A A A
nITILFUDUAN ﬂEmglﬂw1$1/]61]f]3;l“aLﬂﬂmuqﬂﬂa@ﬂllagﬁﬂlu@ﬂ Iﬂﬂ N'E)ull‘ll‘ﬂfﬂz

QU

A3

[

i lddesdonndeazsesiuaeanyuzmmizyoInszuddoyadoruny 39 Inauide
v A o

A 2 ] ] < = = ao A
“luwmummmau"lumﬂ @ﬂ']\?uljﬂﬂ'l‘ﬂ Mﬂ?ﬁﬁﬂlﬂl'llla3'Jﬂﬂiuﬂ'lﬁWﬁllWﬁ'luN@uuhliuﬂ']ﬁ

] 1 £ [ = 1 A:al)
LL‘]Nﬂ's]llﬂizllﬂ"ll@ll“aﬂ\ii”lﬂﬁgli’)ﬂﬂﬁ’ﬂulﬂu
3.1 User Constraint over Data Stream

Y ) [
119113988 (Ruiz et al., 2006) Iarinaus smsnavnau@on lvinledlums
] 1 9 9 1 1 9 9 1 d‘ d‘ ] 1 d‘ v
uuangudeya lFlumsuiengunszuadoya laun Soulunuyouas uaz lirouse
o Y A A @ 1 9 9y A o o a g’; o v
nazdd ldmuteulvluszau nqudeya laun Soulvlumsimuasuaundnauda luua
) ' < ao & (= 9 <3|
aznguieya pg19lsnam Tuadtell lulimsnaassazranmsnaaosuugadoyalas 1iu

Y
Lﬁﬂmmgmﬂ@mmu
3.2 C-DenStream

I awv 1
C-DenStream (Ruiz et al., 2009) W UUIABYDAINITUUDY (Ruiz et al., 2006)
TagIdhuuafan lagninaueainandssisum ianldlu matianmsuiengunszud
9
U3 DenStream (Cao et al., 2006)

9
mﬂuﬂﬂ"ﬁu”ﬂ\iﬂ’sjllﬂi%uﬁ“ﬁ}@yjaLL‘]J‘]J?%)N’QN?’I’NWI’THTLLUH DenStream 1!11!(1“191}

a J < o
LLH'Jﬂ'JTlIﬂﬂm@ﬂﬂ@ﬂ%}ﬂyjallﬁﬁﬂaﬂTﬂ (Micro-cluster) 1‘1?11«!ﬂ15Lﬂﬂ@nllﬂuﬂlﬂﬂ"ﬁj@yjallﬂuﬂTi



a a ' ES
INUIAT0YANN 99 21NNATIA DBSCAN (Ester et al., 1996) Tasngudoyauuuganiniung

< [ 1 Y 1 2 J 1 ?_,’ ] 1 9 I 1 4
m‘ummuﬂﬁmm"lmm w GmLﬂummwuﬂﬂlmnqmagmmugamﬂ C !ﬂuﬂWﬂuﬂﬂﬁNﬂJ’ﬂﬁ

1 I [ '
ngudeyauuuyana uaz rilusadivesnquioyauuugania

ES Y o A A A 9 [ V9
C-DenStream uunlﬂﬂ']ﬂ15LW3JLV|ﬂUﬂLWf]ﬁl?ﬁ@\iﬁ‘llﬂ‘llﬂQNm@HaLLUU@.aﬂWﬂﬂJ@Q

A 9 [ ° =2 Y o A v 9
DenStream ‘lulclf\jsllf]\jﬂ'ﬁic]fﬂujﬂﬂj’llm'lﬂﬁgll']aWa ﬂq]lﬂu'llﬁu@ Nﬂull"’llllﬂﬂﬂqmallﬂial‘a

. . 4 1y v
98010 (Micro-cluster Constraints) tag Tuitou lunuungudeyagamnavzilsznoudie Uszian

v X Y A 4 ' T A 1 ?3’ Y] .
(Type) Hanpvsznnveaidonlvlaun Reulvuuueuae was lumeuae 111iin (Weight)

= A % 4 d‘
mﬂaumuﬂmmm'au”lm

) ¥

Using InitPoints and constraints CO from I}S:
INICTALIATE {InitPoints, CO).

2.
To

Adding new points:
Vp
Adding new constraints:

Veo € DS: MERGE-CONSTRAINTS(ca, CO).

Updating micro-clusters and micro constraints:

if

end

a.

if user request then

end

Setting up micro-clusters and micro constraints.

Online step: Maintaining micro-clusters and micro constraints.
= [“}Iﬂgl: 7 ft l]-|'

€ DS: MERGE(p, p-buffer, o-buffer).

{t mod T, = 0} then
UPDATING MICRO-CLUSTERS (p-buffer. o-buffer).
UPDATING MICRO CONSTRAINTS (CO-MC).

Offline step: generating final clusters.

C-DBSCAN (p-buffer, CO-MC).

MNN 10 LAAIBANDINY C-DenStream

9
%

9

' ' : Y
INMNA 10 (5UAY C-DenStream M3 ard 1ungudoyann@onlaiaua Tu

{ (% g ] I J U 4 o
TuABUN 1 HAINNY dzuteeeniluaesaiu Ao dauves aaulall (Online Step) 911N3

@ A = v A 4 . A
INH1 NQUUBDYAYANTA LA Nau"lém,mu?amﬂ HasanNaIUAD aavxl”lau (Offline Step) tW®

9 1
AINNQU

Q

9

U q

Y ~ A Y =
Foyagame Tunsaingldinsizong
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Algorithm CE-Stream

Retrieve new data X,

CheckActiveAndUpdateConstraints

FadingAllClusters

PrioritizeConstraints

CheckSplit

MergeOverlapCluster

FadingConstraints

FlagActiveCluster

(minDistance, index) €= FindClosestCluster

if minDistance < radius_factor
ClusterAssignment(X, ,FCH, , )

else

create new FCH from X,

waiting for new data
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Algorithm CheckActiveAndUpdateConstraints

1 forctin CT

2 if (X, = ct) ct_status = 1

3 if (ct, exists in CurrentCT) setIncreaseWeight(ct )

4 Else setlnitialWeight(ct ) ; CurrentCT,add {ct }

5 if (X,= ct) ct status = 1

6 if (cty exists in CurrentCT) setIncreaseWeight(cty)

7 Else setInitialWeight(cty) ; CurrentCT, add {cty}

8 endfor

9  for ctin CurrentCT,

10 if(ct status = 1) AND (ct .weight < W) CurrentCT,= CurrentCT, Remove{ ct_}
11 if(ct,status = 1) AND (cty.weight < W) CurrentCT,= CurrentCT, .Remove{ ct, }

12 endfor

PN 14 LAAIOANDINY CheckActiveAndUpdateConstraints

4.2 FadingAllClusters
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4.3 Prioritize Constraints

[ a R dal o v o o A ~Aq ¥ ¥ Y o YA A
PANDINUU Fﬂg‘]/l'lfnﬁi]ﬂﬁ'lﬂllN’E]uhlsll‘ﬂalﬁlf\ﬂuﬂ\?ﬂuﬂjﬂﬂi% 'E]G]i'lﬂ?'ii"]ﬂ\“lﬂuhl"ll N

Y vy ¥ A g9 v o A ' o w 4 v  ax A
Vlﬂﬂa’ljvl'gsln\iﬁu LW@GI,W IONTUNUY ﬂ'lila@uw']ﬂuagﬂ']ﬂ'313Jﬁ']ﬂiUusllﬂ\°|!\3@uhlell PANDINUUILS
[ 9 o vg X = a a v o w A g A
G])"JEJGLW fl'gﬂ‘]_lﬁ'lﬂ']iﬂﬂ'l\ﬂuvlﬂﬁjﬂ]u Llagﬂﬂigaﬂ‘ﬁﬂ']w Iﬂﬂﬂ'liﬁ]ﬂa']ﬂll Na@\iﬂﬁglﬂ'ﬂ HUND

v o w 2 ) v o w . v o o 2 2
NITIAATAVLUUVU (Ascendlng) HAagN1IIAATIA ULV VN (Descendlng) ﬂ’liﬁ]ﬂa']ﬂﬂllﬂﬂ"]]u&ﬂu
o A An v 9 o a 1 v o w <3| o A A

ﬂ’lﬁu’ll\clauhhlﬂlllllﬂﬂgﬂGLGIfU’I‘JJ’IWFﬂ']im']ﬂ@u ag ﬂ’ljfﬂﬂa'lﬂ‘llln_llla\uﬂUﬂ'liu’lNauhl"Uﬂgﬂ

THnigamnnsannou
4.4 CheckSplit

Y v
ganes Nuilagyhmsutaenngudoyalunnaianiimsuandinuuesdd launsy

@ 1

Taginsaanga launsuniianyuziuusaiag (Double Hump Type) 1n89a111i9039 010

A 1 A 9 1 9 1 A 9 ] Aana Aaa & [
AD PINNUUVDYAN UL UUUDYITEVIN JANNUDYAVUULUUEGN ﬁmﬁg‘ﬂﬂlum%mwuwmﬂqm

U

@ [ [

v 9
Joya Tashgaulaiy szdelianuuanaennganuniugeedeiivedifg asnn

g

15

=h.

aa Falnupsunouuly  FalnuATUNaINITULY 38 INUNTUHAINITILN

AT AUV

N Y N\
o /\ N L T

MNN 15 anvaemsuyeda launsululianieg

] < g‘; ] dy =\ o A A 1 9 A 1
’E]El'l\?ul,iﬂGnﬂJ Mmuﬂaummmuﬂﬂu ﬂzﬂJﬂ'liu'leJuhl"lll,L‘U‘lJL“]f’E)ﬂJG]’E)iJ'li“IﬂW’E)‘]S’JEI

9 1 1 9 g’/ = Y 49{ % ] 1 dd‘Q =
I NITHUUINNAUVDUAUUNANYNADININUU AIDYINULTU Tuvnensainga Taunsudl



29

anbaz nuuulal (Platean) Falinnwdnaaunu e ldmsutawennqudoya Ins

4 o Y ' o 9 A A A 1 1
ﬂmmﬂaauuaz‘wﬂwmwmmumaﬂuaﬂm IﬂEJ‘VI NﬂulléllLL‘UULG]ff)iJG\f) VSBIYATIVADUNIT

] 1 9 d' ] 9 o 1 ] 1 9 d' 9 1 o dy [
u,muﬂﬂﬂqmeyjaﬂ"lugﬂﬁm u,azu1"lﬂqmmmgwﬂﬂqmammﬂﬁmuammummnmu 12

U U

MU 16
Splitpoint /" potential split point
I
|
21
,'DA.
R RRR
O ClassA | - Qal
I : : —
& ClassB l<—Th|s split pointis ignored.” <—correct split point
10 -
|
2 [
8 UBoundi-l I UBOU"d,‘
7 : |
, ole
3. o ! I )
| ' '
Q ' \
35 | e
@ ! \
& 4 - 1
3 - 1K |
2 - l p— —
g o 1
F |
Fading Cluster Histogram at dimension n

d' 1 v 9 A v A
MNN 16 uﬁmmmmﬂ’qwuaylaiﬂﬂmmu"lmmﬂmaa

g
FINHIN ISLUUIN ﬂﬂ mmﬁumuumaﬂammm WWﬂLL‘lNﬂﬁiJ"UE]iIﬁI@EIGI,“H

Q

<
"lgl}f] ﬁaluﬁ)'\iﬁﬂﬁ %mgiﬂchﬁ’wamﬂu@@ ﬂl,!,‘]N L'LIENﬂ1ﬂllﬂ’ﬂilﬂu1lluuﬁ1ﬂ’ﬂﬂﬂ1ﬂﬁ’t’]\i“l/]N

9
@B]ITL!"U’N @Em"liﬂmaflui;wgﬂumﬁ fll au"lmmm%mamama HUIPAINN mmu"lmaa

Gluizdeﬂ'mfzmmmuummuviﬁaimgﬂiwgﬂum (Upper bound)) tag Lmqaﬁimmiwgﬂ



30

=

" o w J 9 & I v o Y a ] 1 9 {
HUNANPUNBUYI U (Upper boundi_l) G]N%glﬂuﬂﬁﬂﬁﬂﬂﬁlﬁigﬂ‘umﬂmEJmﬂﬂﬁLL‘]NﬂﬁjiJﬂJE]qujﬁ“Vl

=1

Y ] ] )
901 Feonatianuidluly 1dnaanaesrzidluaananuusae lienainiulil

q q q U

Algorithm ClusterSplitting
1 For fch in FCHs
2 if (fch.CheckSplit(S_bin,S atr))

3 For ct in CurrentCT

N

if( feh[S atr].Ubound[S bin-1], fchlS atr].Ubound[S bin] cover [ctx,cty] Then
5 IGNORE_SPLIT; ct. HITRATE++
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1 @1
dist(C,,Cp) =—.

d

centeré - centerJ
a b

l g

J

Algorithm Merge pp
1 fori € 1 to #isolate

2 forj € i+l to #isolate

W

if (dist, [i,j] <minDistance  (FCH,, FCH,))

num

4 Merge(isolate,, isolatej)

PN 18 LAAIBANDINY Merge pp

v
4.5.2 ﬂqﬁijuﬂ'&juq}@\iﬂquéﬁhu‘.a IﬂflmiGliﬁﬁ]ﬁﬂﬂnﬂﬂﬂlmﬂ’qM%@Hﬁiﬂﬁzﬂﬂﬂﬂ
vy ) ] 9 ¥ vy Y ¥ o A
ﬂ@llal]@ll“aslslf\‘]']u Llazﬂqmmu“a"liﬂ%ﬂu Tﬂﬂ%z’iﬂuﬁmﬂqmlﬂy’mﬂnﬂwﬂu ABDLUBDAN

] 1 o "o 4
i$EJ$‘IriNSZW’JNﬂuﬂﬂﬁ?ﬁﬁ@ﬂﬂ’ﬂﬂ]tﬂﬂ!%ﬂﬁi’)ﬂ (merge_threshold)

Algorithm Merge gg

1 fori € 1to |FCH]

2 for j € i+1 to [FCH|

3 overlap,,.[i,j] € dist(FCH,, FCH)) - merge_threshold*( FCH,.sd, FCH_.sd)
4 if (overlapl[i,j] > 0)

5 if (i,j) not in S

6 Merge(FCH,, FCHj)

MNA 19 LAAIOANDINN Merge gg

4.6 FadingConstraints
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4.7 Limit Maximum Cluster

I @ a R o @ o ) = v 1 J
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Algorithm LimitMaximumCluster

1 while [FCH| > maximum_cluster or #isolate > maximum_isolate
2 fori €1 to |[FCH]

3 for j € i+1 to [FCH|

4 dist[i,j] €= dist(FCH,, FCH)

5 (first, second) € argmin(i’j)(dist[i, iD

6 Merge(FC,, ., FC_..»)

NNA 20 1AAIBANDINY LimitMaximumCluster
4.8 FlagActiveCluster

o Aa R A a v 9 19 Y I "9 Y A [
@aﬂi’Ji‘VHJL‘W@L‘]JﬁEJ‘L!foI"IuSﬁU’ENﬂZjﬁJ“U@HalliJGLG]fQ"Iu Lﬂuﬂqum@gaimm onqy

] S

FoyaruiimnnudiAgunniunusniue



33

Algorithm FlagActiveCluster

1 fori €1 to [FCH]

2 if FCH.W > active_threshold

3 flag FCH, as active cluster

4 else

5 remove active flag from FCH,

MNA 21 UAADANBINY FlagActiveCluster
4.9 FindClosestCluster
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Algorithm FindClosestCluster

1 fori €1 to |[FCH]

2 dist[i] > dist(FCH,, x,)
3 (minDistance, 1) € min(dist[i])
4 return (minDistance, i)

MNA 22 LaAIBanes Ny FindClosestCluster
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1

2

Algorithm ClusterAssignment

for each closest cluster fch in FCH
for each dimension d in fch
if (X, BETWEEN fch[d].min AND fch[d].max ) bool_flag++
end for

if (bool_flag = dimension) fch.add(X)

next closest fch

PN 23 LAAIBAND3 NN ClusterSplitting
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Algorithm CE-Stream

1 Retrieve new data X,

2 CheckActiveAndUpdateConstraints O@N)

3 FadingAlIClusters O(K)

4 PrioritizeConstraints O(N_ log N)
5 CheckSplit O(KJN)
6 MergeOverlapCluster O(KZJ)
7 FadingConstraints O(N)

8 FlagActiveCluster O(K)

9 (minDistance, index) €= FindClosestCluster O(KJ)
10 if minDistance < radius_factor

11 ClusterAssignment(X,,FCH, , ) O(KN)
12 else

13 create new FCH from X,

13 waiting for new data
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