Mot s6 phirong phép phdn cum dir liéu DHDL Hai Phong

MUC LUC

IMUC LUC ..ottt sttt 1
DANH MUC HINH MINH HOA ...ooovooeeeeeeeeeeeseeeseeesesseseseseses s sessesesessssesesssesenassnessseees 3
LOT CAM ON..cooooooiiiimmimieseeesesessssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnns 4
CHUONG 1: TONG QUAN VE KHAI PHA DU LIEU ....ovvvoreeeeeeeeeeseeeeeseeersssssessesenns 5
1.1  Gidi thidu v& Kham pha tri thIC ....c..ovveeeeeeeeeeeeeeee e, 5
1.2 Khai pha dit li€u va cac khai niém lién quan ..........c.cceeovevinieiiiniiiiene 7
1.2.1 Khai niém khai pha dit HEU........ccoveviiiiiirieiicieeee e 7
1.2.2 Cac phuong phap khai pha dlit li€U ........ceevvreriiiiie e, 7
1.2.3  Céc linh vyc tng dung trong thurc tin ...........cccevveeveeevereeeerecereeeen, 8
1.2.4  Céc hudng tiép can co ban va ki thuat ap dung trong khai pha dir liéu8
CHUONG 2: PHAN CUM DU LIEU VA CAC TIEP CAN ...ovvooveeeeeeeeeseeseeeesseeseenn 10
2.1 Khai ni€M ChUNG .....oiiiiiiiii e 10
2.2 Céac kiéu dit 1iéu va d0 do tWONE t....cvveeveeereeeeeeeseeeeesieeee e 10
221 CACKICU AT LU ...ttt ettt en e 10
2.2.2 DO do trong tur va phi trong tl.......oovvvviiiiiiie e 12

2.3 Céc k¥ thuat tiép can trong phan cum dit ieU .......cccovvveveveerrrereeeeseeseeenens 15
2.3.1 Phuong phap phan cum phan hoaCh...........cccoviiiiiiniiiiice 15
2.3.2  Phuong phap phan cum phan CAp.........coevvevrreereereesresrssessessesiereenens 15
2.3.3 Phuong phap phan cum dya trén mat d0........c.cceevvvieieiienienie s 16
2.3.4  Phuong phap phan cum dua trén [udi .....ccoeevvieieiiee e 17
2.3.5 Phuong phap phan cym dya trén mo hinh..........cccoocoiiiiiiiiie, 18
2.3.6  Phuong phap phan cum c6 dit li€u rang budc .......cccevvvreeiiveieesinnnnn, 19

2.4 Céc g dung phan cum dit lI€U .....ooovviviiiiiice e 20
CHUONG 3: MOT SO THUAT TOAN CO BAN TRONG PHAN CUM DU LIEU.. 21
3.1 Cac thuat toan phan cum phan hoach ..........cccocoiiiiiiii, 21
3.1.1  Thult todn K-MEANS........cccceeiiiiiiiiiiiiriee e e e e e 21
3.1.2 Thuat toan K-Medoids.........ccceciiiiiiiiiiiciee et 23

3.2 Thuat todn phan cum Phan CAP ........o.eveevcueereeeeeeseseeeeeeeeeesie e, 24
3.3 Thuat todn COP-KIMEANS ......cceiiiiiiiiiiiiiieieee e ssrrrre e e e e 26

Vii Minh Bong — CT1002 1



Mot s6 phirong phép phdn cum dir liéu DHDL Hai Phong

CHUONG 4: UNG DUNG THUAT TOAN K-MEANS CHO PHAN BPOAN ANH. 28

4.1 Tong quan v& phan VONE AN .......c.coeeveieieeeeeeeeeeeeeeee e 28
4.1.1 Phan vung dnh theo ngudng bi€n d0 ........ccceevvvveviiiii i, 28
4.1.2  Phan ving anh theo mién dong nhat...........coccovevveveverrerrersrereeeeienean, 29
4.1.3 Phan ving dya theo duong DIN .........coooeiiiiiiiiee e, 31
4.1.4  Phan doan dua theo K&t CAU BE MAL .....vvvrrvrrererereirisnieeeereneeens 31

4.2 Thuat toan K-means cho phan doan anh............ccccoiiiiiiiiiiii e, 32
4.2.1 MO tA DAL LOAN ..ovviiiiiie ettt 32
4.2.2  Cac budc thuc hién chinh trong thuat toan...........ccceeeveiieiiesie s, 33

4221  TImKiEm Top X COION ..ot e, 34

4.2.2.2  Tinh khoang cach va phan cum .........cccccevveiiiiiniin e 36

4.2.2.3  Tinh lai trong tAm CUML.....cccveviiiiiiiieeiiie e 37

4.2.24  Ki€m tra DOT t covveecercreeriscrieeiesess e 38

423  Két qua thuc NGHIBIM.....c..cvveeveeveseieeeeieeee ettt 39
4231  MOI truong Cai Gat........ccooeiiiieiiieeiees e 39

4.2.3.2 MOt SO ZIA0 QiGN ..cvoverceeeeeeieeeee e 39

KET LUAN oot eee s es e ss e s ae s as e s as s ses s aesenes e s ee s ses e sesenenseneseaees 41
TATLIEU THAM KHAOQ ..o seeeese e esssssesess e sssessssesessesesssasseses s ssssssseees 42

Vii Minh Bong — CT1002 2



Mot s6 phirong phép phdn cum dir liéu DHDL Hai Phong

DANH MUC HINH MINH HQA

Hinh 1. 1: Quy trinh phat hi€n tri thirc........ccooooiiiii 6
Hinh 2. 1: M6 hinh cu tric dit HEU TS ...cvovuevirieeeceieeeees s 18
Hinh 3. 1: Céac cum dir liéu dugc kham phd bdi CURE..........ccocoviiiiiiiiiiies 24
Hinh 4. 1: Thuat todn K-MEaANS .........coiiiiiiiieeee e 34
Hinh 4. 2: Tim Kiém Top X COLOT. ....cvvuvirieeeieeeeeeeeeeeeesseeseee e 35
Hinh 4. 3: Phan CUML .......oooiiiie e e e e e e 36
Hinh 4. 4: Tinh trong tAm MOT. ...oc.eeeiieieiiie i 37
Hinh 4. 5: KIEIM 1A 0T T 1.veveveeeeeeeeeeeeeete e eeeeeeet et et es et seeeee et e e esesen e e eeeseeeneeeans 38

Vii Minh Bong — CT1002 3



Mot s6 phirong phép phdn cum dir liéu DHDL Hai Phong

LOI CAM ON

Trudc hét em xin chan thanh cam on thiy Ngo Truong Giang 1a gido
vién huéng din em trong qua tinh lam dd an. Thay d3 giup em rat nhiéu va da
cung cap cho em nhiéu tai liu quan trong phuc vu cho qué trinh tim hiéu vé

dé tai “Tim hiéu mot sé phuong phap phan cum dit liéu va tmg dung”.

Thir hai, em xin chan thanh cam on cac thdy co trong bd moén cong
ngh¢ thong tin da chi bdo em trong qua trinh hoc va ren luyén trong 4 nam
hoc vira qua. Pong thoi em cam on cac ban sinh vién 16p CT1002 di gan b6

vGO1 em trong qua trinh rén luyén tai truong.

Cubi cing em xin chan thanh cam on ban giam hiéu trudng Pai Hoc
Dan Lap Hai Phong da tao diéu kién cho em c6 kién thirc, thu vién cua trudong
1a noi ma sinh vién trong trudng co thé thu thap tai lidu tro gitip cho bai giang
trén 16p. Pong thoi cac thiy co trong trudng giang day cho sinh vién kinh
nghiém cudc sdng. Voi kién thic va kinh nghiém dé s& gitp cho em trong

cong viéc va cugc song sau nay.

Em xin chan thanh cam on!

Hai Phong, ngay  thdng nam 2010

Sinh vién

VU MINH PONG
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CHUONG 1: TONG QUAN VE KHAI PHA DU LIEU

1.1 Gi6i thiéu vé kham pha tri thirc

Néu cho ring cac dién tr va cac song dién tir chinh 13 ban chit cta
cong nghé dién tir truyén thdng thi dit liéu, thong tin va tri thirc hién dang 1a
tiéu diém cua mot linh vuc méi trong nghién ctru va tng dung vé phat hién tri

thirc (Knowledge Discovery) va khai pha dir liéu (Data Mining).

Thong thudng ching ta coi dit liéu nhu mdt diy cac bit, hodc cac s6 va
cac ky hiéu, hodc cac “d6i twong” véi mot ¥ nghia nao d6 khi duoc giri cho
mot chuong trinh dudi mot dang nhat dinh. Chung ta sir dung céc bit dé do
luong cac thong tin va xem nd nhu la cac dir liéu da duoc loc bo cac du thira,
dugc rat gon toi mirc tdi thiéu dé dic trung mot cach co ban cho dir liéu.
Chung ta c¢6 thé xem tri thirc nhu 14 cac thong tin tich hop, bao gdm céc su
kién va cac mdi quan hé gitra chiing. Cac méi quan hé nay co thé dugc hiéu
ra, c6 thé dugc phat hién, hoic c6 thé duoc hoc. N6i cach khac, tri thirc co thé

dugc coi 1a dir liéu c6 do triru tugng va to chirc cao.

Phat hién tri thirc trong céac co s& dir ligu 1a mot qui trinh nhan biét cac
mau hodic cdc mo hinh trong dit liéu véi cac tinh ning: hop thitc, méi, kha ich,
va ¢6 thé hiéu duoc. Con khai thac dit liéu 1a mot bude trong qui trinh phat
hién tri thirc gém co cac thuat toan khai thac dir liéu chuyén dung duéi mot sb
qui dinh vé hiéu qua tinh toan chép nhén duoc dé tim ra cac mau hodc cac méd
hinh trong dir liéu. NOi mét cach khac, muc dich cia phat hién tri thirc va khai
pha dit liéu chinh 13 tim ra cdc mau hodc cac mo hinh dang ton tai trong cac

co s& dit liéu nhung van con bi che khuat bdi hang nui dit liéu.
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Quy trinh phat hi¢n tri thirc:

[ Hinh thanh va }
Dinh nghia bai toan \

Thu thép va
Tién xit Iy dif lidu

\ Khai pha dut ligu
Ruiit ra cac tri thifc K

\“[Pr}ﬁn tich va kiém ﬂinh]
k&t qua -\

S dung céc tri thifc
phat hién duoc

Hinh 1. 1: Quy trinh phét hién tri thirc

Buéc thir nhdt: 1a tim hiéu linh vuc tng dung va hinh thanh bai toan,
budc nay s& quyét dinh cho viéc rit ra dugc céc tri thirc hitu ich va cho phép
chon cac phuong phép khai pha dir liéu thich hgp vé1 muc dich tng dung va
ban chat cua dit liéu.

BuGc thir hai: 13 thu thap va xir 1y tho, con duoc goi 1a tién xtr 1y dit
liéu nham loai bo nhiéu, xtr 1y viée thiéu dit liéu, bién d6i dir liéu va rat gon
dir liéu néu can thiét, budc nay thudng chiém nhiéu thoi gian nhét trong toan
bo qui trinh phat hién tri thirc.

Buorc thir ba: 1a khai pha dir li€u, hay no1 cach khéc 1a trich ra cac mau
hodc cac mo hinh an duéi cac dit liéu.

Bude thir tur: 13 hiéu tri thite d3 tim duoc, dic biét 1a lam sang to cac mo
ta va du doan. Cac budce trén co thé 1ap di 1ap lai mot s6 1an, két qua thu duoc

c6 thé duoc 13y trung binh trén tit ca cac lan thyuc hién.
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1.2 Khai pha dir liéu va cac khai niém lién quan
Khai pha dit liéu nhu 1a mdt qui trinh phan tich duoc thiét ké dé tham
do mot luong cuc 16n cac di ligu nham phat hién ra cac mau thich hop hoic
cac mbi quan hé mang tinh hé thong gitta cic bién va sau d6 s& hop thic hoa
cac két qua tim duoc bang cach ap dung cac miu di phat hién duge cho cac
tap con moi cua dit liéu. Qui trinh nay bao gém ba giai doan co ban: tham do,
xay dyng mo hinh hodc dinh nghia miu, hop thtc, kiém chimng.
1.2.1 Khai niém khai pha dir liéu
Do sy phat trién manh mé cta khai pha dir liéu (Data mining) vé pham
vi céac linh vuc ung dung trong thuc té va cac phuong phap tim kiém, 18n c6
rat nhiéu cac khai niém khac nhau vé khai pha dir liéu. Trong bai nay em xin
néu ra mot dinh nghia ngin gon nhu sau:
Khai pha dir liéu la qua trinh kham pha cac tri thiec moi va cdc tri thiec
c6 ich & dang tiém néng trong nguon dir liéu da co.
1.2.2 Cac phuwong phap khai pha dir liéu
V6i hai dich chinh cta khai pha dir li€u 1a: dy doan (Prediction) va mo
ta (Description), nguoi ta thuong str dung cadc phuong phap sau cho khai pha
dir lidu:
- Phan 16p (Classfication)
~ Hobi qui (Regression)
- Truc quan héa (Visualiztion)
- Phéan cum (Clustering)
~ Téng hop (Summarization)
- M@ hinh rang budc (Dependency modeling)
~ Biéu dién mé hinh (Model Evaluation)
~ Phan tich sy phat trién va d6 1éch (Evolution and deviation analyst)
- Luan két hop (Associantion rules )

~ Phuong phap tim kiém (Search Method)
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1.2.3 Cac linh vuc tng dung trong thuec tién

Phan tich dir liéu va hd tro ra quyét dinh.

Phéan 16p van ban, tom tit vin ban, phan 16p cc trang Web va phéan

cum anh mau.
Chuan doan triéu chimg, phuong phap trong diéu tri y hoc.
Tim kiém, ddi sanh cac hé Gene va thong tin di truyén trong sinh hoc.

Phan tich tinh hinh tai chinh, thi truong, du bao gia c6 phiéu trong tai

chinh, thi truong va ching khoan.

Béo hiém ...

1.2.4 Cac huéng tiép cin co ban va ky thuit ap dung trong khai pha dir liéu

Cac k¥ thuat khai pha dir liéu thuong dugc chia thanh 2 nhom chinh:

K¥ thuat khai pha dir liéu mo ta: c¢6 nhiém vu md ta vé cac tinh chét
hodc cac dac tinh chung cua dir li¢u trong CSDL hién c6. Céc k¥ thuat
ndy gom c6: phan cum (Clustering), tong hop (Summerization), tryc
quan hoa (Visualiztion), phan tich sy phét trién va d6 1éch (Evolution

and deviation analyst), luan két hop (Associantion rules)

K¥ thuat khai pha dit li€u du doan: c6 nhiém vu dua ra cac du doan vao
cac suy dién trén dir liéu hién thoi. Cac ky thuat nay gém co: phan 16p

(Classification), hoi quy (Regression). . .

Sau day em xin duoc gi6i thidu 3 phuong phap thong dung nhét 1a:

phan cum dit liéu, phan 16p dit liéu va khai pha luan két hop.

Phan lop dir liéu: Muc tiéu ctia phuong phdp phan 16p dir liéu 1a du
doan nhan 16p cho cac mau dir liéu. Qua trinh phan 16p dit lidu thuong
goém 2 budc: xay duyng md hinh va sir dung mé hinh dé phan 16p dir

liéu.
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Buoc 1: mdt mo hinh s€ dugc xay dung dua trén viéc phan tich céc mau
dir liéu sdn c6. Mdi miu twong Gng voi mot 16p, duge quyét dinh boi mot
thudc tinh goi 1a thudc tinh 16p. Cac mau dit liéu nay con duoc goi 1a tap dir
liéu hudn luyén (Training dataset). CAc nhan 16p cua tap dir liéu hudn luyén
déu phai dugc xéac dinh trude khi xdy dung mé hinh vi vy phuong phap nay
con duge goi 1a hoc c6 thay (Supervised learning) khac véi phan cum dit liéu

1a hoc khéng c6 thay (Unsupervised learning).

Bude 2: st dung md hinh dé phan 16p dit liéu. Trude hét ching ta phai
tinh d6 chinh xac ctia mé hinh. Néu do chinh xac 1a chép nhan duoc, mo hinh s€

duogc st dung dé du doan nhén 16p cho cac mau dit liéu khac trong tuong lai.

- Phan cum dir liéu: Muc tiéu chinh cta phan cum dir li€u 1a nhom cac
doi tuong tuong ty nhau trong tap dir liéu vao cac cum sao cho cac ddi
tugng thudc cung mot 1p 1a twong ddng con cac ddi tuong thude cac
cum khac nhau s& khong tuwong déng. Trong phuong phap nay ban s&
khong thé biét két qua cac cum thu dugc s& nhu thé nao khi bat ddu qua
trinh. Vi vay, thong thuong can c¢6 mot chuyén gia vé linh vuc d6 dé
danh gia cac cum thu dugc. Phan cum dit lidu con 1 budce tién xt 1y
cho céc thuat toan khai pha dit li¢u khac.

~ Khai phd ludn két hop: Muc tiéu ctia phuong phap nay 1a phat hién dua
ra cac moi lién hé giita cac gia tri dir liéu trong CSDL. MAu dau ra cta

giai thuat khai pha dir 1i€u 1a tap luan két hop tim duoc.
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CHUONG 2: PHAN CUM DU LIEU VA CAC TIEP CAN

2.1 Khai niém chung
Khai pha dit liéu (Datamining) 13 qua trinh trich xuét cac thong tin c6
gia tri tiém an bén trong tap dir li€u 16n dugc luu trit trong cac co sé dir lidu,

kho dir li¢u. Nguoi ta dinh nghia [1]:

“Phan cum dir li¢u 1a mot k¥ thuat trong Data Mining, nham tim kiém,
phat hién cac cum, cac mau dit liéu ty nhién tiém An, quan trong trong tap dir

liéu 16n, tir d6 cung cap thong tin, tri thirc hitu ich cho viéc ra quyét dinh ”

Nhu vay phan cum dir li¢u 1a qué trinh chia mét tap dir liu ban dau
thanh cidc cum dir liéu sao cho cdc phan tr trong mdt cym “twong tu”
(Similar) véi nhau va cac phan tir trong cac cum khac nhau s& “phi tuong tu”
(Dissimilar) v6i nhau. S6 cac cum dir liéu duoc phan & day c6 thé dugc xac
dinh trude theo kinh nghiém hodc co thé duoc tu dong xac dinh.

2.2 Cac kiéu dir liéu va do do twong tw
2.2.1 Cac kiéu dit li¢u

Cho mdt mot co sé dir liéu D chira n ddi twong trong khong gian k
chiéu trong do x, Y, z la cac ddi tuong thudc D: X = (X, X2, ..., X0); Y = (Y1, Y2,
e Y, 2= (21, 2o, ..., Z)), trong d06 X;, Vi, Zi v6i 1= 1k 1a cac dic trung hodc
cac thudc tinh tuong ing cia cac d6i tuong x, Y, Z.

a) Phén loai theo kich thwéc mién
~ Thudc tinh lién tuc (Continnuous Attribute): néu mién gia tri cta no 1a
vO han khong dém duoc.
~ Thudc tinh roi rac (DiscretteAttribute): néu mién gia tri cua né 1a tap

hiru han, dém duoc.
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Lop céac thudce tinh nhi phan: 1a trudong hop dac biét cia thudc tinh roi
rac ma mién gia tri ctia né chi c6 hai phan tir dugc dién ta nhu: Yes / No

hoac False / True, ...

b) Phan loai dua theo hé do

Gia str rang chdng ta c6 hai ddi twong X, y va céac thudc tinh Xj, i

tuong tng véi thude tinh thir i cua ching. Ching ta c6 cac 1op kiéu dit liéu

nhu sau:

Thudc tinh dinh danh (Nominal Scale ): day la dang thudc tinh khai
quat hoa ciia thudc tinh nhi phan, trong dé6 mién gia tri 1a rdi rac khong
phan biét thir tu va c¢6 nhiéu hon hai phan tir: nghia 1a néu x va y 1a hai
d6i twong thudc tinh thi chi c6 thé xac dinh 14 x # y hodc x =y.

Thudc tinh cd thu ty (Ordinal Scale): la thudc tinh dinh danh co
thém tinh tht ty, nhung ching khéng dugc dinh lugng. Néu x va y 1a
hai thudc tinh tht ty thi ta c6 thé x4c dinh 1a X #y hodc x =y hoic x >
y hodc x <y

Thudc tinh khoang (Interval Scale): Vai thudc tinh khoang, ching ta
c6 thé xac dinh mot thudc tinh 1a dung trude hodc ding sau thudc
tinh khac véi mot khoang 1a bao nhiéu. Néu xj > yj thi ta ndi x cach y
mot khoang xj —Yi tuong ung Véi thude tinh thi i.

Thudc tinh ti 1¢ (Ratio Scale): la thudc tinh khoang nhung dugc Xxac
dinh mot cach twong ddi so véi diém mdc, thi du nhu thudc tinh chiéu

cao hoic can ning lay diém 0 1am méc.

Trong cac thudc tinh dir liéu trinh bay & trén, thuc tinh dinh danh

va thugc tinh cd thtr tu goi chung la thudc tinh hang muc (Categorical),

thudc tinh khoang va thudc tinh ti 1& duoc goi 1a thudc tinh sé (Numeric).
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2.2.2 Do do twong tw va phi twong tu

Pé phan cum, nguoi ta phai di tim cach thich hop dé xac dinh
“khoang céach” giira cac ddi tuong, hay la phép do tuong tu dit lidu. Pay 1a
cac ham dé do su giéng nhau gitta cac cip ddi tugng dit liéu, théng thuong
cac ham nay hoic 1a dé tinh do twong tu (Similar) hodc 1a tinh d6 phi tuong

ty (Dissimilar) gitta cac di tuong di lidu.

Tat ca cac do do dudi day dugc xac dinh trong khong gian metric. Mot
khong gian metric la mot tap trong do cd xac dinh cac “khoang cach” gitra
ting cap phan tir, v6i nhiing tinh chét théng thuong cua khoang cach hinh
hoc. Nghia 13, mot tap X (cac phan tir cia né cé thé la nhitng ddi tuong
bat ky) cac ddi tuong dir liéu trong co so dir 1iéu D nhu di dé cap o trén

duoc goi 1a mot khéng gian metric néu:

~ V6i mdi cap phan tir X, y thuoc X déu co xac dinh, theo mot quy tic

nao do, mot sb thuc (x, y), dugc goi 1a khoang cach gitra x va y.

~ Quy tac ndi trén thoa man hé tinh chat sau: (i) (X, y) > 0 néu X #V ;
(i) 8(x, y)=0 néu x =y; (iii) 8(x, Y) = 8(y, X) véi moi X, y; (iv) (X, y) <
3(x, 2)+6(z, y).
Ham 3(x, y) duoc goi 1a mot metric cua khong gian. Cac phan tir caa
X dugc goi 1a cac diém caa khong gian nay.
¢ Thuoc tinh khoang:
Sau khi chuan hoa, do do phi twong ty cua hai ddi twong dit lidu x, y

duoc xéac dinh bang cac matrix khoang cach nhu sau:

n
q
- Khoang cach Minskowski: d(x, y) = (Z‘Xi - Yi‘ )Y trong d6 q la so
i1

tu nhién duong.
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. v
- Khoang cach Euclide: d(x, y) = Z L day l1a truong hop dac
i1

bi¢t cua khoang cach Minskowski trong trudong hop q =2.

n
- Khoang cach Mahattan: d(x, y) = Z‘Xi N yi‘ , day 1a truong hop dac
i=1

biét cia khoang cach Minskowski trong truong hop q =1.

- Khoang cach cuc dai: d(X, y) = MaXin:l‘Xi - Yi‘ , day la truong hop

dac bi¢t cua khoang cach Minskowski trong truong hop q— «.

¢ Thugc tinh nhi phan:

- o 1a tong sb cac thudc tinh co gid tri 1a 1 trong x, Y.

~ PBlatong sb cac thudc tinh co gid tri 1a 1 trong x va 0 trong y.
~ vy latong sb cac thudc tinh co gia trj 1a 0 trong x va 1 trong y.
~ 814 tong s6 cac thudc tinh co gia tri 13 0 trong x va y.

- 1=a+p+y+0o.

Céac phép do d6 tuong dong d6i voi dir liéu thudc tinh nhi phan duoc

dinh nghia nhu sau:

A A A r * 9 +5 > A 9 . Ao \
H¢ s0 doi sanh don gian: d(x, y) = 272 day ca hai doi tugng x va
T

y ¢6 vai tro nhu nhau, nghia 1a chung d6i xing va c6 cung trong so.

Hé sb Jacard: d(x, y) = , (b6 qua s cac dbi sanh giira 0-0).

a+p+y
Cong thire tinh nay duoc str dung trong trudng hop ma trong sb ctia cac thudc
tinh c6 gia tr1 1 ctua ddi tuong dit liéu c6 cao hon nhiéu so véi cac thudce tinh

c6 gia tri 0, nhu vy cac thudc tinh nhi phan & day 1a khong doi xing.
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¢ Thugc tinh dinh danh:

Do do phi twong ty giira hai ddi tugng x va y duge dinh nghia nhu sau:
—-m
d(x, y) = pT

Trong d6 m 1a sb thudc tinh ddi sanh twong tmg trung nhau va p 1a tong
sb cac thudc tinh.
¢ Thugc tinh c6 thir tu:

Gia st i 1a thude tinh thir tw ¢ M; gia tri (M; kich thudc mién gia trj ):

Cac trang thai M; duoc sép thtr ty nhu sau: [1... M;], ching ta co thé
thay thé mdi gia tri cuia thudc tinh br?mg gia tri cung loai r; voir; € {1... Mj).
Mbi mot thude tinh co tht tu ¢6 cac mién gia tri khac nhau, vi vy chiing ta
chuyén dbi chung vé ciing mién gia tri [0, 1] bang cach thuc hién phép bién

do1 sau cho mo1 thudce tinh:

Zi(i) — ri(i) —
M, -1
Str dung cong thirc tinh d6 phi tuong tu cta cic thudc tinh khoang ddi
V01 cac gia tri z®, day cling chinh la do phi twong tu cua thudc tinh c6 thu tu.
¢ Thudc tinh ti 1€:
C6 nhiéu cach khac nhau dé tinh do tuong ty gitta cac thudc tinh ti 18.
Mot trong nhitng s6 d6 1a sir dung cong thire tinh logarit cho mdi thudc tinh.
Hoac loai bo don vi do cua cac thudc tinh dir liéu bﬁng cach chuan hoéa chung,
hoac gan trong s6 cho mdi thudc tinh gia tri trung binh d¢ léch chuan. Véi
mdi thudc tinh dit liéu di duoc gan trong sd twong tmg wi (1 <i<k), do twong

dong dir liéu duoc xac dinh nhu sau:

d(x, y) =JZWi g -y
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2.3 Cac ky thuit tiép cin trong phin cum dir liéu

Céc k¥ thuat phan cum c6 rat nhiéu cach tiép can va ung dung trong
thue té, nd hudng toi hai muc tiéu chung d6 1a chat lugng cua cac cum kham
pha dugc va tdc do thue hién cua thuat toan. Hién nay, cac ky thuat phan cum

c6 thé phan loai theo cac cach tiép can chinh sau.

2.3.1 Phwong phap phan cum phan hoach

Phuong phap phan cum phan hoach nham phan mot tap di liéu co
n phan tir cho trudc thanh k nhoém dir liéu sao cho: mdi phan tir dix liéu chi
thuoc vé mot nhdm dit lieu va mdi nhom dix lieu c6 tdi thiéu it nhat mot
phan tir dit liéu. Céc thuat toan phan hoach dir liéu c6 @6 phuc tap rat 16n
khi xac dinh nghiém t6i uu toan cuc cho van dé PCDL, do n6 phai tim kiém
tat ca cac cach phan hoach c6 thé dugc. Chinh vi vay, trén thuc té nguoi ta
thuong di tim giai phap toi wu cuc bo cho van d& nay bang cach su dung
mot ham tiéu chuan dé danh gia chat luong cua cac cum ciing nhu dé
hudng dan cho qua trinh tim kiém phan hoach dit liéu. Véi chién lugc
nay, thong thuong nguoi ta bat dau khai tao mot phan hoach ban dau cho
tap dir liéu theo phép ngau nhién hoac theo heuristic va lién tuc tinh chinh
nd cho dén khi thu dugc mot phan hoach mong muén, thoa man rang
budc cho trugc. Cac thuat toan phan cum phan hoach c¢é ging cai tién tiéu
chuan phan cum, bang céch tinh céc gia tri do do tuong tu giira cac ddi tuong
dir liéu va sap xép céac gia tri nay, sau d6 thuat toan lya chon mét gia tri
trong ddy sap xép sao cho ham tiéu chuan dat gia trj t6i thiéu. Nhu vay, y
twong chinh cua thuat toan phan cum phan hoach tbi vu cuc bo 1a sir dung
chién lugc an tham (Greedy) dé tim kiém nghiém. Mot sb thuat toan phan
cum phan hoach dién hinh nhu K-means, PAM, CLARA, CLARANS, ...sé&

dugc trinh bay chi tiét & chuong sau.

2.3.2 Phuwong phap phian cum phan cip
Phuong phép nay xay dung mot phan cap trén co so cac dbi tugng dir

ligu dang xem xét. Nghia la sép xép mot tap dir 1iéu da cho thanh mot cAu tric
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c6 dang hinh ciy, cy phan cdp nay dugc xdy dung theo k¥ thuat dé quy co
hai cach tiép can pho bién cua k¥ thuat nay do 1a:

_ Hoa nhép nhém: thuong dugc goi 1a tiép cin Bottom-Up: Phuong phap
nay bat dau véi mdi ddi tugng duge khoi tao twong wng Vai cac cum
riéng biét, sau @6 tién hanh nhém cac dbi tugng theo mot d6 do twong
tu (nhu khoang céch gitra hai trung tdm caa hai nhém), qué trinh nay
duoc thuc hién cho dén khi tit ca cac nhdm duoc hda nhap vao mot
nhém (mic cao nhat cia cdy phan cap) hoic cho dén khi cac diéu
kién két thic thoa man. Nhu vay, cach tiép can nay sir dung chién lugc

an tham trong qua trinh phan cum.

- Phan chia nhém: thudng duge goi 1a tiép can Top-Down: Bat dau véi
trang thai 1a tat ca cac doi twong dugc xép trong clng mot cum. Mai
vong lap thanh cong, mot cum duogc tach thanh cdc cum nho hon theo
gia tri cia mot phép do do twong tu nao d6 cho dén khi mdi ddi tuong
la mot cum, hoic cho dén khi diéu kién dung thoa man. Céch tiép can

nay st dung chién lugc chia dé tri trong qué trinh phan cum.

Mot s6 thuat toan phan cum phan cap dién hinh nhu CURE, BIRCH,

...s& dugc trinh bay chi tiét & trong chuong sau.

Thuc té ap dung, cd nhiéu truong hop nguoi ta két hop ca hai
phuong phéap phan cum phan hoach va phuong phan cum phan cap, nghia la
két qua thu duoc cua phuong phdp phan cip cé thé cai tién théng quan
budc phan cum phéan hoach. Phan cum phan hoach va phan cum phén cép la
hai phuong phap PCDL c6 dién, hién nay da cé nhiéu thuat toan cai tién dya

trén hai phuong phap nay da dugc &p dung phd bién trong khai pha dit liéu.
2.3.3 Phwong phap phan cum dya trén mat do

Phuong phap ndy nhém cac déi tugng theo ham mat do xac dinh. Mat
d6 duoc dinh nghia nhu 12 sb cac d6i tuong 1an can cua mot ddi twong dir liéu

theo mot ngudng nao do. Trong céch tiép can nay, khi mot cum dir liéu da
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xéac dinh thi no tiép tuc duoc phét trién thém céac ddi twong dir liéu méi mién
1a sb cac ddi twong 1an can cla cac dbi tuong nay phai 16n hon mot ngudng da
dugc xéc dinh trudc. Phuong phap phan cum dua vao mat do cua cac ddi tuong
dé xac dinh cac cum dit liéu co thé phat hién ra cac cum dit liéu vai hinh thu bat
ky. K¥ thuat nay co thé khic phuc dugc cac phan tir ngoai lai hodic gia tri nhiéu
rat tot, tuy vay viéc xac dinh cac tham s6 mat do cua thuat toan rat khé khan,
trong khi cac tham ) nay lai c6 tac dong rat 16n dén két qua phan cum dir liéu.
Mot s6 thuat toan PCDL duya trén mat d dién hinh nhuw DBSCAN, OPTICS, . . .

s& duoc trinh bay chi tiét trong chuwong tiép theo.

2.3.4 Phwong phap phan cum dua trén luwoi

K$ thuat phan cum dua trén mat d6 khong thich hop vai dir liu
nhiéu chiéu, dé giai quyét cho doi hoi nay, nguoi ta da dor dung phuong phap
phan cum dua trén lugi. Pay 1a phuong phap dua trén cau tric dir lieu ludi
dé PCDL, phuong phéap nay chu yéu tap trung ap dung cho lép dit liéu
khong gian. Thi du nhu dit liéu duge biéu dién dudi dang cau tric hinh hoc
cua d6i tuong trong khong gian cing véi cac quan hé, céc thudc tinh, cac
hoat dong cua ching. Muc tiéu cua phuong phap nay la luong hoa tap dir
liu thanh cac o (cell), cac cell nay tao thanh cau tric ditr liéu luéi, sau do
cac thao tac PCDL 1am viéc véi cac dbi tuong trong tirng cell nay. Cach tiép
can dua trén lugi nay khong di chuyén cac ddi tugng trong cac cell ma xay
dung nhiéu mac phan cap cia nhém cac d6i tuong trong mot cell. Trong
ngit canh nay, phuong phap ndy gan giéng véi phwong phap phan cum
phan ciap nhung chi c6 diéu ching khéng tron cac cell. Do vay cac cum
khong dya trén d6 do khoang cach (hay con goi la 6 do twong tu ddi véi
cac dir lieu khdng gian) ma nd dugc quyét dinh boi mot tham sb xac dinh
trudc. Uu diém cua phuong phap PCDL dua trén luéi 1a thoi gian xir Iy
nhanh va doc 1ap véi sb dbi twong dir liéu trong tap dix liéu ban dau, thay

vao d6 l1a ching phu thudc vao sé cell trong mdi chiéu cua khong gian
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ludi. Mot thi du vé cau tric dir liéu ludi chira céc cell trong khong gian nhu

hinh 6 sau:

Mirc 1 (mire cao i / Tang 1
nhat) c6 thé chi !
chia I cell ! : ' 77
A pLe
O
Cell mitc i-1 c6 thé | | | |27 sy Tangi-1
twong (mg vGi 4 cell ' X 0774
muc 1 ZZ Ve

Hinh 2. 1: M6 hinh cau tric dir liéu lwéi
Mot sb thuat toan PCDL dua trén cAu trac ludi dién hinh STING,

WaveCluster. .

2.3.5 Phwong phap phan cum dua trén mé hinh

Phuong phap nay c¢b gang kham pha cac phép xap xi tot cta cac tham sb
mo hinh sao cho khép véi dit liéu mot cach tot nhat. Ching c6 thé sir dung chién
lugc phan cum phan hoach hodc chién luoc phan cum phan cép, dua trén cau
trac hodc md hinh ma chung gia dinh vé tap dit liéu va cach ma chiing tinh chinh
cac mo hinh nay dé nhan dang ra cac phan hoach.

Phuong phdp PCDL duya trén mé hinh c¢é gang khép gitra dir liéu
vé6i md hinh toan hoc, n6 dua trén gia dinh rang dir liéu dugc tao ra bang
hdn hop phan phéi xac suat co ban. Cac thuat toan phan cum dua trén mo
hinh c6 hai tiép can chinh: md hinh théng k& va mang Noron. Phuong phap
nay gan giéng voi phuong phap dua trén mat do, boi vi chiing phat trién
cac cum riéng biét nham cai tién cac md hinh da dugc xac dinh truéc do,
nhung doi khi n6 khéng bat dau véi mot sé cum cb dinh va khong st dung

cung mot khai niém mat d6 cho cac cum.
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2.3.6 Phwong phap phan cum c6 dir li€u rang budgc

Sy phat trién ctia PCDL khong gian trén CSDL 16n dd cung cip nhiéu
cong cu tién 1gi cho viéc phan tich thong tin dia li, tuy nhién hau hét cac thuat
toan ndy cung cap rat it cach thirc cho nguoi dung dé xac dinh cac rang budc
trong thé gidi thuc can phai duoc thoa min trong qua trinh phan cum. Dé
PCDL khéng gian hiéu qua hon, cic nghién ctiru bd sung can dugc thuc hién
dé cung cap cho ngudi dung kha ning két hop cac rang budc trong thuit toan

phan cum.

Hién nay, cac phuong phap phan cum trén da, dang duoc phat trién va
ap dung nhiéu trong céc linh vuc khac nhau va da c6 mot s nhanh nghién

ctru duogc phat trién trén co so ciia cac phuong phap d6 nhu:

— Phan cum thong ké: Dua trén cac khai niém phan tich thong k&, nhanh
nghién ctu ndy st dung cac do do twong tuw dé phan hoach cac dbi

tugng, nhung ching chi &p dung cho céc dit lidu c6 thugc tinh sd.

— Phén cum khdi niém: K thuat nay dugc phat trién ap dung cho dir liéu
hang muc chang phan cum céc dbi tugng theo cac khai niém ma chung
xu .

— Phan cum mo:. St dung k¥ thuat mo dé PCDL, céc thuat toan thudc loai
nay chia ra lugc d6 phan cum thich hop véi tat ca cac hoat dong doi song

hang ngay, chung chi xur i cac dit liéu thuc hién khong chic chén.

- Phdn cum mang Kohonen: Loai phan cum nay dua trén khai niém cua
cac mang Noron. Mang Kohonen cé ting Noron véo va cac tang Noron
ra. Mdi Noron cua tang vao tuong tng véi mdi thude tinh ctia ban ghi,
mdi mot Noron vao két ndi voi tat ca cac Noron clia tang ra. Mdi lién
két duoc gén lién v&i mot trong s6 nham xac dinh vi tri caa Noron ra

tuong ung.

Céc ky thuat PCDL trinh bay ¢ trén da dugc st dung rong rai trong

thuc té, thé nhung hau hét ching chi nham ap dung cho tap dir liéu voi
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cung mot kiéu thudc tinh. Vi vay, viéc PCDL trén tap dix liéu co kiéu hdn
hop 1a mot van dé dat ra trong khai pha dit liéu trong giai doan hién nay.
2.4 Cac wng dung phan cum dir li¢u
Phan cum dit liéu c6 rat nhiéu ung dung trong cac linh vuc khac nhau:
- Thuong mai: Gilup cac doanh nhan khadm pha ra cac nhdm khéch hang
quan trong dé dua ra cac muc tiéu tiép thi.
- Sinh hoc: Xac dinh cac loai sinh vat, phan loai cac Gen vdi chlic nang
twong dong va thu duge cac cau tric trong cic mau.
~ Ldp quy hodch dé thi: Nhan dang cac nhom nha theo kiéu va vi tri dia
ly, nham cung cap thong tin cho quy hodch d6 thi.
~ Thuw vién: Phan loai cac cum sach c6 ndi dung va y nghia tuong dong
nhau dé cung cap cho doc gia.
~ Bdo hiém: Nhin dang nhom tham gia bao hiém c6 chi phi bdi thuong
cao, nhan dang gian lan thuong mai.
~ Nghién citu trdi dat: Phan cym dé theo ddi cac tim dong dat nham cung
cap thong tin cho nhan dang cac ving nguy hiém.
~ World Wide Web: C6 thé khdm phéa cdc nhom tai liéu quan trong, c6
nhiéu y nghia trong moi truong web. Céac 10p tai liéu nay tro giup cho

viéc khai pha dir liéu tuir dit liéu.
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CHUONG 3: MOT SO THUAT TOAN CO BAN TRONG
PHAN CUM DU LIEU

3.1 Cac thuat toan phan cum phan hoach
3.1.1 Thuét toan K-means

Thuat toan phan hoach K-means do MacQueen dé xuét trong linh vuc
théng ké nam 1967. Thuat toan dya trén d¢ do khoang cach cua cac ddi tuong
dir liéu trong cum. Trong thuc té, n6 do khoang cach t6i gia tri trung binh cta
cac dir liéu trong cum. N6 dugc xem nhu 1a trung tdm cua cum. Nhu vay, né
can khoi tao mot tap trung tim céc trung tim cum ban dau va thong qua d6 no
lap lai cac budc gdbm gan mdi ddi tuong t6i cum ma trung tAm gan va tinh
toan lai trung tAm ctia mdi cum trén co s& gan mdi cho cac dbi twong. Qué

trinh 1ap nay dung khi cac trung tdm cum hoi tu.

Muc dich cua thuat toan K-means la sinh k cum dir liéu {Cy, C,, ..., Ci}
tir mot tap dir liéu chira n dbi twong trong khong gian d chiéu X; = { X1, Xz ,

..., Xig }, i = 1+n, sao cho ham tiéu chuan:

E :ZklZXEci D? «-m,

dat gia tri ti thiéu, trong d6 my; 1a trong tam cta cum C;j, D la khoang

cach giita hai ddi tuong.

Thuat toan K-means bao gom cac budc sau:
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) . N k-
Input: SO cum k va céc trong tam cum M, 1

Output: Cac cum C; (i = Lk ) va ham tiéu chuan E dat gia tri tdi
thiéu
Begin

Budc 1: Khoi tao:

k . C s
Chon k trong tam M; j-1 ban dau trong khong gian R (d 14 s6 chiéu

cia dir liéu). Viéc lua chon nidy c6 thé 1a ngiu nhién hoic theo kinh

nghiém.

Budc 2: Tinh toan khodng cach:
DPo6i v6i mdi diém X; (1<i<n ), tinh khoang cach ciia n6 téi mdi

trong tim my: j = Lk . Va sau d6 tim trong tim gan nhat dbi véi mdi diém.

Budc 3: Cap nhat lai trong tam:

Pdi véi mdi j = 1k, cap nhat trong tdm cym m; bﬁng cach xac dinh
trung binh cong cac vecto do6i tuong di lidu.

Piéu kién dimg:

Lap lai cac bude 2 va 3 cho dén khi cac trong tam cua cum khong
thay doi.

End.
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Nhan xét:

_ Do phc tap cta thuat toan 13 O((3nkd)z T "P) véi n 1a sé d6i twong dit
lidu dua vao, k 1a s6 cum dit liéu, d 1a sé chidu, « s& vong lap, T " I3

thoi gian dé thuc hién mot phép tinh co sé nhu phép tinh nhan, chia, ...

- Do K-means phan tich cum don gian nén c6 thé ap dung ddi voi tap dix
liéu 16n. Tuy nhién, nhugc diém ciia K-means 1a chi ap dung véi dit lidu
¢ thudc tinh sb va kham pha ra cac cum cé dang hinh cau, K-means
con rat nhay cam véi nhidu va cac phan tir ngoai lai trong dit lidu.

3.1.2 Thuat toan K-Medoids
Thuat toan K-Medoids c6 kha ning khac phuc dugce nhiu bang cich
chon ddi tuong & gén tdm cum nhat 1am dai dién cho cum d6 (medoid). Thuat

toan K-Medoids dugc thuc hién qua cac budce sau:

Budc 1: Chon K d6i tugng bat ky trong N d6i twong ban dau lam cac

medoid ban dau
Budc 2: Lap cho to1 khi héi tu
- Gan mdi doi tuong con lai vao cum c6 medoid gan nhat véi no.

- Thay thé medoid hién tai bﬁng mot dbi tuong khong phai 1a medoid sao
cho chét luong phin cum duoc cai thién (chét lugng dugce danh gia sir
dung ham chi phi, ham tinh d¢ phi twong tu giita mot ddi twong va

medoid cia cum chira d6i tuong do).

K-medoid t6 ra hi¢u qua hon K-means trong truong hop dit ligu co
nhidu hodc dbi tugng ngoai lai (Outlier). Nhung so véi K-means thi K-
Medoid c6 d0 phuc tap tinh toan cao hon. Ca hai thuat toan trén déu c6 nhuoc

diém chung 14 s6 lwong cum k duoc cung cip bai ngudi dung.

Ngoai thuat toan K-means va K-Medoid, phan cum phan hoach con bao
gém mot s6 thuat toan khac nhu: thuat toan PAM, thuat toan CLARA, ...
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3.2 Thuét toan phan cum phan cip

Trong khi hau hét cac thuat toan thue hién phan cum véi cac cum hinh
cau va kich thuéc twong tu, nhu vy 1a khong hiéu qua khi xut hién cac phan
tir ngoai lai. Thuat todn CURE khéc phuc duoc van dé nay va tdt hon véi cac
phan ttr ngoai lai. Thuat toan nay dinh nghia mot s6 ¢ dinh cac diém dai dién
nam rai rac trong toan by khong gian dir liéu va dugc chon dé mo ta cac cum
duoc hinh thanh. Céac diém nay duoc tao ra nho lya chon cac dbi tuong nam
rai rac cho cum va sau do6 “co lai” hoac di chuyén ching vé trung tam cum
bang nhan t6 co cum. Qué trinh nay dugc lip lai va nhu vay trong qua trinh
nay, co thé do ti 16 gia tang cua cum. Tai mdi budc cua thuat toan, hai cum cé
cip cac diém dai dién gan nhau (mdi diém trong cip thudc vé mdi cum Khac

nhau) dugc hoa nhap.

Nhu vy, ¢6 nhiéu hon mot diém dai dién mdi cum cho phép CURE
kham pha dugc cac cum c6 hinh dang khong phai 13 hinh cau. Viéc co lai cac
cum c6 tac dung lam giam tac dong ctia cac phan tir ngoai lai. Nhu vay, thuét
toan nay c6 kha nang xir 1y t6t trong trudng hop c6 cac phan tir ngoai lai va
lam cho hiéu qua v&i nhitng hinh dang khong phai 1 hinh cau va kich thudc
do rong bién ddi. Hon nita, no ti 18 tot v&i co s& dit lidu 16n ma khong lam

giam chat lugng phan cum.

== s}t

. PEO®G

Hinh 3. 1: Cac cum dir liéu dwg'c kham pha béi CURE
Dé xir 1y dugc cac co sd dir liéu 16n, CURE str dung mau ngau nhién va
phan hoach, mdt mau 1a duoc xac dinh ngau nhién trudc khi duge phan hoach

va sau do tién hanh phan cum trén moi phan hoach, nhu vdy moi phan hoach

Vii Minh Bong — CT1002 24



Mot s6 phirong phép phdn cum dir liéu DHDL Hai Phong

la tirng phan da dugc phan cum, cac cum thu dugc lai duge phan cum 1an thi
hai dé thu dugc cac cum con mong muoén, nhung mau ngau nhién khong nhat

thiét dua ra mot mé ta cho toan bd tap dir ligu.

Thuat toan CURE duogc thuc hién qua cac budc co ban sau:

Chon mot mau ngau nhién S tir tap dit liéu ban dau.

Phan hoach mau S thanh cac nhém dit liéu c6 kich thude béng nhau:
Y tuong chinh ¢ day 14 phan hoach mau thanh p nhém dir liéu bang nhau,

kich thuéc ctia mdi phan hoach 1a n’/p (n’ 13 kich thudc ctia mau).

Phan cum cac di€ém cta mo1 nhom: thuc hién PCDL cho cac nhom

cho dén khi méi nhém duoc phan thanh n’/pq cum (v6i g>1).

Loai bo cac phén tor ngoai lai: trudc hét, khi cac cum duoc hinh
thanh cho dén khi s6 cic cum giam xudng mot phan so véi sd cac cum ban
dau. Sau do, trong trudng hop cac phan tir ngoai lai dwoc 1y miu cing véi
qué trinh pha khoi tao mau dir lidu, thuat toan s& ty dong loai bé cac nhém

nho.

Phan cum cac cum khong gian: cac ddi tuong dai dién cho cac cum
di chuyén vé huéng trung tdm cum, nghia 1a ching dugc thay thé bai cac

dbi tuong gan trung tAm hon.

banh dau dir liéu vdi cadc nhan twong ung.

Do phirc tap tinh toan cua thuat toan CURE 1a O(n’log(n)). CURE la
thuat toan tin cay trong viéc khdm pha ra cac cum c6 hinh thu bat ky va cé thé
ap dung t6t ddi véi dir liéu co phan tir ngoai lai va trén cac tap dit liéu hai
chiéu. Tuy nhién, no lai rat nhay cam vé&i tham sb nhu s6 cac ddi tugng dai

dién, ti 1€ co cua cac phan tir dai di¢n.
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Ngoai thuit toan CURE ra, phan cum phan cip con bao gébm mot sd
thuat toan khac nhu: thuat toan BIRCH, thuat toan AGNES, thuat toan
DIANA, thuat toan ROCK, thuat toan CHANMELEON.

3.3 Thuat toan COP-Kmeans
Thuéat toan COP-Kmeans 1a mét thuét toan phan cum dit liu nira giam
sat, v&i phuong phap tiép can dua trén tim kiém. Trong thuat toan COP-
Kmeans (Wagstaff dé xuit nim 2001), cac thong tin bd tro dugc cung cap
dudi dang mot tap cac rang budc must-link va cannot-link.
Trong dé :
~ Must-link: hai d6i twong dit liéu phai cting ndm trong mot cum.
~ Cannot-link: hai d6i twong dit liéu phai khac cum véi nhau.
Céc rang budc ndy dugc ap dung vao trong sudt qua trinh phan cum.
Nhim diéu hudng qua trinh phan cum dé dat dugc két qua phan cum theo ¥

mudn. Thuét toan COP-Kmeans duoc thuc hién nhu sau:
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Input:
Tap cac ddi twon dit liéu X = {x4,...,.x}, X1 € R
S6 luong cum: K
Téap rang budc must-link va cannot-link
Output:

- K phéan hoach tach roi: X, [, ctia X sao cho ham muc tiéu

duoc to1 uu.

Cac budc thu hién:

1. Khéi tao cac cum: cic tdm ban dau duge chon ngau
nhién sao cho khong vi pham rang budc da cho.

2. Lap cho t6i khi hoi tu
- Gan cum: gan mdi doi tuong dir li€u vao trong cum

gan nhat sao cho khong vi pham rang budc.

- Udc lugng tim: cap nhat lai tAm la trung binh cua

tat ca doi tuong nam trong cum cua tam do.

-t «t+1.
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CHUONG 4: UNG DUNG THUAT TOAN K-MEANS CHO
PHAN POAN ANH

4.1 Tong quan vé phin ving anh

Phéan ving anh 13 budc then chét trong xir Iy anh. Giai doan nay nham
phan tich anh thanh nhiing thanh phan c6 clng tinh chat ndo d6 dua theo bién
hay cac vung lién thong. Tiéu chudn dé x4c dinh ving lién thong c6 thé 1a

cung muc xam, cung mau hay cung do nham, v. v.

Néu phéan ving dua trén cac mién lién thong, ta goi 1a k¥ thuat phan
ving dua theo mién dong nhat. Néu ta phan ving dua vao bién goi 1a k¥ thuat
phan vang bién. Ngoai ra, con cé cac ky thuat khac nhu phan vung dua vao

bién do, phan ving theo két cau (Texture Segmentation).

Muc dich cta phan tich anh 13 dé c6 mdt miéu ta tong hop vé nhiéu
phan tir khac nhau cau tao nén anh thé (brut image). Vi luong thong tin chira
trong anh 14 rat 16n, trong khi d6 da s6 (mg dung chi can mot sb thong tin dic
trung nao d6, do vay can c6 mot qua trinh giam luong thong tin khong 16 ay.
Qua trinh nay bao gdm phan vung anh va trich chon dic tinh chu yéu. Céac ky
thuat dung cho qué trinh nay s& dugc dé cap toi & phan sau.

4.1.1 Phan vung dnh theo ngwong bién do

Dic tinh don gian nhét va c6 hitu ich ctia anh d6 1a bién d6 cia céac tinh
chét vat 1y ctia anh nhu: d6 phan xa, d6 truyén sang, mau sic hoic dap tmg da
phé. Thi dy, trong anh X-quang, bién d6 mirc xam biéu dién dic tinh bao hoa
clia cac phan hap thy cta co thé 1am cho ta c6 kha niang phan biét xuong véi

cac phan mém, t€ bao lanh v&i cac t€ bao bi nhiém bénh, v. v.

K¥ thuat phan ngudng theo bién do rat co ich dbi véi anh nhi phan nhur

van ban in, d6 hoa, anh mau hay anh X-quang. Viéc chon ngudng trong k§
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thuat nay 1a budc rat quan trong. Ngudi ta thuong tién hanh theo cac budc

chung sau:

~ Xem xét luoc do xam cua anh dé xac dinh cac dinh va cac khe. Néu anh
c6 dang ran luon (nhiéu dinh va nhi€u khe), cac khe c6 thé sur dung dé

chon ngudng.

- Chon ngudng t sao cho mdt phan xac dinh trudc n cua toan by s6 mau

1a thap hon t.
- Diéu chinh ngudng dya trén xem xét luge do6 xam cua cac diém 1an can.

~ Chon ngudng nhu xem xét luoc d6 xam cua nhiing diém thoa tiéu
chuan chon. Thi du véi anh c6 d6 twong phan thap, lugc dd cta nhimg
diém co bién d6 Laplace g(m, n) 16n hon gi tri t dinh trudc (sao cho tir
5% dén 10% so diém anh voi gradient 16n nhét s& coi nhu bién) s& cho

phép xé4c dinh cac dic tinh anh ludng cuc tot hon anh gdc.

Khi c6 mot m6 hinh phan 16p xac suat, viéc xac dinh ngudng dya vao
tiéu chuan nham cuc ti€u xac suat cua sai sO hoac mot so tinh chat khac theo

luat Bayes.
4.1.2 Phén vung anh theo mién dong nhat

K¥ thuat phan ving anh thanh cc mién ddng nhit dua vao cac tinh
chét quan trong nao do6 cua mién. Viéc lua chon cac tinh chat ciia mién s& xac
dinh tiéu chuan phan ving. O day ciing can phai xac dinh rd tinh dong nhét
ctia mOt mién cua anh vi d6 1a diém chu yéu xac dinh tinh hi€u qua cua viéc
phan viing. Cac tiéu chuan hay duoc dung 13 su thuan nhat vé mac xam, mau
sdc dbi voi anh mau, két cau soi va chuyén dong.

Thi dy, trong Gmg dung anh vé hang khong, viéc phan ving theo mau
cho phép phan biét tham thyc vat: canh dong mau xanh hay vang, rimg xanh

tham, duong mau xam, mai nha do, v. v.
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Dbi v6i anh chuyén dong, ngudi ta tién hanh trir hai anh quan sat dugc
tai hai thoi diém khac nhau. Trong truong hop nay phan anh khong thay doi
s& nhan gia tri khong, nhitng phan thay dbi s& nhan gia tri dwong hay am

tuong Gng véi thay d6i hay dich chuyén.

Céc phuong phap thuc hién do la:
¢ Phuong phap tach cay tir phan

Phuong phap nay kiém tra tinh hop thirc cua tidu chuan mot cach téng
thé trén mién 16n cua anh. Néu thoa man tiéu chuin viéc phan doan coi nhu
két thiic. Trong trudng hop nguoc lai, ta chia mién dang xét thanh bon mién
nh6 hon. Véi mdi mién nhé, ta lai ap dung mot cach dé quy phuong phap trén
cho dén khi tit ca cac mién déu thoa mén.
¢ Phuong phap cuc by hay phan vung béi hop

Y tudng ctia phuong phap ndy 13 xem xét anh tir cac mién nho nhat roi
hop chung lai néu théa mén tiéu chuan dugc mot mién dong nhat 16n hon. Ta
lai tiép tuc voi cac mién thu dugce cho toi khi khong the hop duge nita. S6
mién con lai cho ta két qua phan doan. Nhu vay, mién nho nhit ctia budc xuat
phat 13 diém anh.

Piéu quan trong ctia phuong phap nay 1a nguyén 1y hop hai ving. Viéc

hop hai ving thuc hién theo nguyén tic sau:

~ Hai ving phai dap ung tiéu chuan, thi du nhu ciing mau hodc cing murc
xam.
_ Ching phai ké can nhau.
¢ Phuong phap tong hop
Hai phuong phap vira xét & trén c6 mot sé nhuge diém. Phuong phap
tach s& tao nén mot cau trac phan cp va thiét 1ap mdi quan hé gitra cac ving.

Tuy nhién no6 thyc hién viéc chia qué chi tiét.
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Phuong phap hop cho phép 1am giam sé mién lién thong xudng tdi
thiéu, nhung cdu tric hang ngang dan trai, khong cho ta thdy mdi quan hé
giita cac mién.

Chinh vi vdy ngudi ta nghi dén viéc phdi hop ca hai phuong phép.
Trudc tién, dung phuong phap tach dé tao nén ciy tir phan, phan doan theo
huéng tir gbe toi 14. Tiép theo, tién hanh duyét cdy theo chiéu nguoc lai va
hop cac viing ¢ clng tiéu chuan. V&i phuong phap nay ta thu dugc mot miéu
ta cau tric cua anh véi cac mién lién thong co kich thude téi da.

Céc budc chinh bao gom:

~ Kiém tra tiéu chuan dong nhat.
- Hop vung.
4.1.3 Phan vung dua theo duwong bién

Bién 1a mot trong nhing dic trung quan trong cua anh. Ciing vi thé ma
trong nhiéu tng dung, ngudi ta st dung cac phan doan dua theo bién. Viéc

phan doan anh dya vao bién dugc tién hanh qua mot s6 budc nhu sau:
_ Phat hién va lam ndi bién.
- Lam manh bién.
- Nhi phan hoa duong bién.
- MO ta bién.
4.1.4 Phén doan dua theo két cAu bé mat

Két cau 1a thuat ngtt phan anh sy ldp lai cua cac phﬁn tur soi (texel) co
ban. Sy lap lai nay c6 thé ngdu nhién hay c6 tinh chu ki hodc gan nhu c6 chu
ki. Mot texel chira rat nhiéu diém anh. Trong phén tich anh, két cu duogc
phéan lam hai loai chinh:

~ Thong ké.

- Cau truc.
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Khi dbi tuong xuét hién trén mot nén co6 tinh két ciu cao, viée phan
doan dua vao tinh két cau tré nén kha quan trong. Nguyén nhén 13 vi két cau
so1 thuong chira mat d6 cao cac go (edge) va lam cho phan doan dua vao bién
tré nén kém hi¢éu qua, trir phi ta loai tinh két cAu. Viéc phan doan dya vao
mién dong nhét ciing c6 thé ap dung cho cac dic trung két cau va c6 thé dung

dé phan doan cac mién co tinh két cau.
4.2 Thuit toan K-means cho phian doan danh

Tam quan trong va nhimg kho khin cta viéc gom nhom cac dbi tuong
mang tinh tri gidc cta con nguoi tir 1au da duoc nghién ciu nhiéu trong cac
linh vuc cua thi giac may tinh déc biét trong linh vuc cta xir li anh. Va phén
doan anh da c6 nhirng rng dung manh m¢ va rdng rai trong cac bai todn phan
tich va hiéu anh ty dong, nhung no ciing 1 mot bai toan kho ma dén bay gio
cac nha khoa hoc van chua giai quyét duoc mot cach hoan toan thau dao. Lam
thé nao dé phan chia mot anh thanh cac tip con. Nhimng cach kha thi dé c6 thé
lam duogc diéu d6. D6 1a nhitng cau hoi ma ngudi ta da dit ra tir 1au va mong

muon tim duoc cau tra 101.

Trong khoang 30 nam trd lai ddy da co rat nhiéu céac thuat toan duoc
dé xuat dé giai quyét bai todn phan doan anh. Céc thuat toan hau hét déu
dua vao hai thudc tinh quan trong ciia mdi diém anh so véi cac diém lan
can cua no, d6 1a: sy khac (dissimilarity) va gidng nhau (similarity). Cac
phuong phap dua trén su gidng nhau ciia cac diém anh dugc goi la phuong
phap mién (region-based methods), con cac phuong phap dua trén su khéac
nhau cia cac diém anh duoc goi la cac phuong phép bién (boundary-
based methods). Trong bai bao cdo nay em xin phép dugc trinh bay thuat
toan K-means dé giai quyét bai toan phan doan anh.

4.2.1 Mo ta bai toan

Input:

_ Anh ¢6 kich thuéc m*n.
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~ S6 cum (k) mudn phan doan.
Output:
- Anh dugc phan thanh k doan c6 mau sic twong dong nhau.

4.2.2 Cac budc thuc hién chinh trong thuat toan

Thuén toan s& dyua vao sd luong cum mong mudn, trong tam cac cum
ma tinh toan khoang cach gitta cac diém voi cac trong tdm cum. Sau d6 gan
cac diém téi cum ma nd cd khoang cach tdi1 trong tdm cum doé 1a nho nhat, cap

nhat lai trong tam cum. Két qua thu dugc sau khi tdm cac cum la khong doi.

Luu db tong quat cua thuat toan:
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( Begin )

Tim Top X color gan lam
trong tam

»
»
A

y

Tinh d(x, y)=

Pua cac diém vé cac cum

Cap nhat lai tdm cac cum

No . y
Tam moi1

Tam cu

Hinh 4. 1: Thuat toan K-means.
4.2.2.1 Tim kiém Top X color
DAu tién ta so sanh sb mau thue té co trong anh va s6 cum mau, néu s6
mau thuc t& nho hon sé cum mau thi ta nhan s6 cum mau chinh 1a sé mau
thuc té. Tao danh sach chira cic loai mau, sau d6 sip xép ching theo thu tu

giam dan. Lay X phan tir dau tién ciia danh sach.
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Poc anh

inti=0;
int numColours;
colours.Count;

colours.Count
<

numColours

numColours = colours.Count;

A 4
_topColours = new Color[numColours];

List summaryList = new List;

A 4
summaryList.AddRange(colours) ;

summaryList.Sort;

) 4

i Yes | _topColours[i] = Color.FromArgb
(summaryL.ist[i].Value.Colour.R,

< —>
- summaryList[i].VValue.Colour.B);
i ++;

No

\ 4

<T rong tam khai tao cum>

Hinh 4. 2: Tim kiém Top X color.
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4.2.2.2 Tinh khoang cach va phan cum
St dung thuat toan Euclide tinh khoang cach mau cua cac diém véi cac
tam cum. Dya vao khoang cach dé dua cac diém vao cum ma khoang cach

cua no to1 tam cum la nho nhat.

( Trongtam )

\ 4
Dictionary distances = new Dictionary;
KeyValuePair c;

float d= (float)Math.Sqrt((double) Math.Pow
((c.Value.CentroidR -pd.Chl), 2)+ double)

+ Math.Pow((c.Value.CentroidG-pd.Ch2),2)+
(double)Math.Pow((c.Value. CentroidB-
pd.Ch3),2));

_currentCluster

No distances. Add(c. Key, new Distance(d));
C++;
List list = new List;
list. AddRange(distances) ;
list. Sort ;
Yes

_pixelDataCluster
Allocation.Contai
nsKey(list[0].Key)

((List<PixelData>) pixelDataClust
erAllocation[list[0].Key]).Add(pd);

No

List clrList = new List;
clrList. add(pd);
_pixelDataClusterAllocation. Add(list[0]. Key, clrList);

i

\ 4
( X cum mau )

Hinh 4. 3: Phan cum.
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4.2.2.3 Tinh lai trong tam cum

< Cum mau >

A 4
KeyValuePair cluster;
PixelData clr;

cluster

( Trong tam mai <

_currentCluster
List<PixelData> clrList=(List<PixelData>)
_pixelDataClusterAllocation[cluster.Key];

float cR=0, cG=0, cB=0;

»
»
Y

No | float count = clrList.Count + 1,
cluster.Value.CentroidR =

" (cluster.VValue.CentroidR + cR)/
count ;

cluster.Value.CentroidG =
(cluster.Value.CentroidG + cG)/

clr
<

clrList

CR += cIr.ChL; count ;
G += clr.Ch2: cluster.Value.CentroidB =
B += clr.Ch3: (cluster.Value.CentroidB + cB)/
count ;
No cluster ++;

I clusterColours.
ContainsKey(clr.
Name)

clr ++;

_clusterColours.Add(clr.Name,
Color.FromArgb((int)cluster.Value.
CentroidR,(int)cluster.Value.CentroidG,
(int)cluster.Value.CentroidB));

Hinh 4. 4: Tinh trong tAim méi.
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4.2.2.4 Kiém tra héi tu
Dé kiém tra tinh hdi tu cua dit liéu ching ta kiém tra trong tam hién tai

vura tinh dugc véi trong tam trude do cia cum.

( Trong tam mai )

\ 4

bool match = true ;

cluster ++;

es
Cluster Centroid 1= y match
< _previousClus =
_currentCluster ter. Centroid false
No
No
cluster _prewc_)usCIuster.
! match < Centroid
currentCluster =
~ Centroid ;
cluster ++ ;
No [q
v NO

_converged = match;

A\ 4

( _converged )

Hinh 4. 5: Kiém tra hdi tu.
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4.2.3 Két qua thwe nghiém
4.2.3.1 Moi truong cai dat.
Chuong trinh dugc lap trinh vo1 ngdn nglr C#, cai dat va chay thu

nghiém trén moéi truong hé diéu hanh Windows XP.

4.2.3.2 Mot sb giao dién.

¢ Giao dién khéi dong

Thuat Toan K-means

H& rmau

Sdcum [0 | [ open [ Stat | @ RGEO HV

¢ Dua dir liéu vao

Thuat Toan K-means Q@@

2 = Hh : :
sscum [0 | [open J[ st | © RGBO Hsv
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¢ Qua trinh xwr ly dir liéu.

&8 Thuat Toan K-means

« Pre— HEé mau
Socum 13 | [ open || St | G RGEO Hsv Vong lap: 5

{8 Thuat Toan K-means

Ssoum (3| B o ong I3p:
. 3 [ open [ stat | O RGE® Hsv Vong Igp: 9

¢ Két qua phin cum.

£8 Thuat Toan K-means QEJ

. — Hé m
S6cum (3 | [ Open |[StatkMeans] @) RGBO HSV HAi tu tradc 12 vong l5p
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KET LUAN

Trong qué trinh nghién ciru, tim hiéu va hoan thanh dé tai do an tot
nghiép “Tim hiéu mot s phuong phap phan cum di lidu va tng dung”, em da
thu nhan dugc thém nhiing kién thtrc va em cling nhan théy phan cum dit li¢u
trong khai pha dit liéu 12 mot linh vuc nghién ctru rong 16n, con nhiéu diéu ma
chung ta can kham phd. Trong dé tai em d3 cb ging tap trung tim hiéu va
nghién ctru téng quan khai pha dir li¢u, phan cum dit liéu va mét sb thuat toan
clia no, tong quan vé phan ving anh. Cai dit thir nghiém thuat toan k-means

vo1 ung dung 1a phan doan anh.

Do thoi gian thyc hién han ché nén em méi chi tim hiéu duoc mot sb
k¥ thudt co ban trong phan cum dit li¢u, cai dat thir nghiém vaéi thuat toan K-
means. Nhung con mot sé cac ki thuat em van chua tim hiéu, khai thac va
tmg dung cho cic bai toan ... Trong thoi gian téi em s& c¢d ging tiép tuc
nghién ctru, tim hiéu thém mot s6 k¥ thuat phan cum va nhat 1a c6 thé tim

hiéu va phat trién cac ky thuat phan doan anh dé c6 thé xt 1y véi anh dong.
Sinh vién

VU MINH DPONG
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