DAI HOC THAI NGUYEN
TRUONG PAI HOC CONG NGHE THONG TIN VA TRUYEN THONG

PAO MY HANH

CUM DU LIEU VA UNG DUNG TRONG PHAN TiCH LUONG CUA CAN B
TRUONG CAO PANG NGHE HA NAM
Chuyén nganh: KHOA HOC MAY TINH
M3 s6 chuyén nganh: 60 48 0101

LUAN VAN THAC SI KHOA HQC MAY TiNH

Théi Nguyén - 2015

S0 hoa boi Trung tdm Hoc lieu — DHTN  http://www.lrc.tnu.edu.vn



LOI CAM ON

T6i xin chan thanh cam on tap thé cac thiy co trong khoa ddo tao sau dai
hoc truong Pai hoc Cong nghé Thong tin va Truyén thong Thai Nguyén da trang
bi cho t6i nhimg kién thirc co ban trong nhimg nim hoc tip tai trudng dé toi cd
thé hoan thanh tét ban luan van tot nghiép nay.

Toi xin cam on cac dong nghiép va nguoi than da dong vién, gitp do toi
trong qua trinh nghién cttu va thyc hién luan van.
biac bi¢t, to1 xin cam on GS.TS Vi Dwe Thi, nguoi da truc tiép, tan tam
huéng din, gitp d&, cung cép tai liéu va tao moi diéu kién thuan loi cho toi
nghién ciru thanh cong luan van tét nghiép cia minh.
Thai Nguyén, ngay ... thang ... nam 2015

Tac gia luan van

bao My Hanh

S6 héa boi Trung tam Hoc liéu — PHIN  http://www.lrc.tnu.edu.vn



LOI CAM DOAN

Toi xin cam doan toan bo ndi dung ban luan van nay la do toi tu suu tam,
tra cau va sap xép cho phu hop vai ndi dung yéu cau cua deé tai.

Noi dung luan van nay chua ting duoc cong bo hay xuat ban dudi bat ky
hinh thirc nao va ciing khong duogc sao chép tir bat ky mot cong trinh nghién cau
nao.

Céac sd liéu, két qua néu trong ludn van la trung thyc va chua tirng duoc ai
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MO PAU

Kham pha tri thirc - Khai pha dir liéu (Knowledge discovery - Data mining)
la mot linh vuc quan trong ciia nganh Cong nghé thong tin, da va dang thu hut su
quan tdm dong dao cac nha khoa hoc trén thé giéi va trong nudc tham\gia nghién
ctru. Khai pha dit liéu ra doi vao nhitng ndm cudi thap ky 80 cua thé ky XX, né 1a
linh vuc dugc nghién ctru nham ty dong khai thac thong tin, tri thirc méi hitu ich,
tiém an tir cac CSDL 16n, kho dif liéu,... Nhitng van dé dugc quan tdm trong khai
pha dir liéu la phan 16p nhan dang mau, luat két hop, phan cum dit li¢u, ... Trong
do, phan cum dir li¢u (Data Clustering) 1a mdt trong nhiing k¥ thuat khai thac dix
liéu ¢6 hiéu qua. Phan cum dir li¢u l1a qua trinh tim kiém va phat hién ra cac cum
hodc cac mau dit liéu tu nhién trong co s& dir li¢u 16n. Phan cum dir li¢u da duoc
ung dung trong nhiéu linh vuc khac nhau nhu gido duc, y té, kinh té, bao hiém,

phan doan anbh, ...
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Viéc 4p dung phan cum dir liéu dé phan tich trong nganh ké toan hién nay
1a rat can thiét, boi luong dir liéu luu trir lwong kha 16n, viéc phan tich danh gia
lwvong dé dua ra cac chién lugc can ddi ngudn chi phi cia don vi, du bao quy
lwong va c6 ké hoach can ddi tai chinh cho phu hop ciing gip nhiéu kho khan.
Ngoai ra viéc phan tich luong con phuc vu cong tac quan Iy nhan sy, gitp nim
duoc tinh hinh sir dung con ngudi cua don vi tir d6 dua ra cac chinh sach tuyén
dung pht hop, ¢6 cac giai phap tao dong luc cho nguoi lao dong bang cac chinh
sach tai chinh.

Viéc phan cum dit liéu dé phan tich luong cho két qua thu dugc s& phan
loai theo gia tri lwong cua mdi can bd, phan loai ra cac mirc thu nhap cao thép
khac nhau tir 46 dua ra cac chinh sach can ddi thu chi dé c6 nhimng chinh sach uu
dai phu hop ma van dam bao tai chinh cua don vi.

Véi cac 1y do nhu vay toi chon dé tai: “Mdt s6 phwong phap phan cum
dir liéu va wng dung trong phin tich lwong ciia cin b trwong Cao ding
Nghé Ha Nam” lam dé tai luan van tdt nghiép. B6 cuc luan vin gém co 3
chuong:

Chuong I: Téng quan vé khai pha dir liéu va phan cum dir liéu.

Chuong II: Mot sb thuét toan phan cum dir li¢u dién hinh

Chuong III: Ung dung phuong phap phan nhom dit liéu vao phén tich

lwong cta can bd truong Cao dang Nghé Ha Nam.
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CHUONG I: TONG QUAN VE KHAI PHA DU LIEU

VA PHAN CUM DU LIEU

1.1 Khai pha dir li¢u
1.1.1 Giéi thiéu vé khai pha dir liéu

Khai pha dir liéu (Data Mining) 1a mdt khai niém ra do1 vao nhiing nam
cudi thap ki 80 cua thé ki XX. Khai pha dit liéu 1a mot linh vuc dugc nghién ciu
nham tu dong khai thac thong tin, tri thirc mdi hiru ich, tiém an tir cac CSDL
16n, kho dit liéu,... Ngoai thuat ngir khai pha dit liéu nguoi ta con mot sd thuat
ngit khac c6 y nghi tuong tu nhu: trich chon dit licu (Knowledge extraction),
nao vét dir liéu (Data dredging), phan tich dit liéu mau (Pattern Analisys), phat
hién tri thirc tr CSDL (Knowlegde Discovery in Databases. Cac budc co ban
trong qué trinh phat hién tri thuc tor CSDL 14 [6]:

(1) Lam sach dit liéu: Loai bo dit liéu nhidu va khong déng nhat

(2) Tich hop dit lidu: Cac ngudn dir liéu khac nhau dugc tich hop v6i nhau

(3) Trich chon dir liéu: Chon cac dir liéu lién quan dén phan tich

(4) Chuyén d6i dit liéu: Chuyén dit liéu sang phu hop dé khai pha

(5) Khai phé dit liéu: Budc thiét yéu dé tim ra mau dit liéu

(6) Panh gia cac miu: Kiém dinh dua vao muc tiéu ban dau cua ching

(7) Biéu dién tri thirc: Hién thi, biéu dién két qua sao c6 thé hiéu duoc

Trong 7 giai doan cua qué trinh kham pha tri thirc thi giai doan 5 (Khai
pha dit liéu) 1a giai doan quan trong nhét.

Trong nhitng ndm gan day, rat nhiéu cac phuong phap va thuat toan méi
vé KPDL lién tuc duoc cong bd. Dicu nay ching t6 nhiing uu thé, loi ich va kha

nang tmg dung thyc té to 16n ctia KPDL.
1.1.2 Qua trinh khai pha dir liéu

Vé ban chét khai phé4 dit liéu 1a giai doan t tim ra dugc nhiing thong tin

moi, tiém an trong CSDL va chu yéu phuc vu cho qua trinh mé ta va du doan.
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Mo ta dir liéu 1a téng két hodc dién ta nhirng tinh chit hodc dic tinh chung
cua nhirng thudc tinh dir li€u trong kho dir liéu ma con nguoi co thé hiéu duoc.

Dy doan la dua trén nhitng dir 1iéu hi¢n thot dé dy doan nhitng quy luat
duoc phat hién tir cac mbi lién hé gitra cac thuQc tinh cta dir li¢u trén co s& do
chiét xut ra cac miu, dyu doan duoc nhitng gia tri chua biét hodc nhiing gia tri
tuong lai cia cac bién quan tim.

Qua trinh khai pha dir liéu gdm cac budc chinh nhu sau:

- Xac dinh nhiém vu: Xac dinh céc van dé chinh can giai quyét.

- X4c dinh dit liéu lién quan: Dung dé xay dung giai phép.

- Thu thap va tién xtr 1y dit liéu: Thu thap cac dit liéu lién quan va tién xir
Iy chung sao cho thuét toan khai pha dit liéu c6 thé hiéu duoc.

- Giai thuat khai pha dir li¢u: Lua chon thuat toan khai pha dir li¢u va thuc

hién viéc khai pha dit liéu dé tim duoc cic mau cé ¥ nghia.
1.1.3 Cac k¥ thuat khai pha dir liéu

- Khai ph4 dit li¢u thuong sir dung cac phuong phéap sau:

+ Luat két hop (AssoCi ation rules): La phat hién va dwa ra mdi lién hé
gilra cac gia tri dir li¢u trong CSDL.

+ Phan cum dir liéu (Data Clustering): Sap xép cac dbi tuong theo ting
cum dit liéu tu nhién, tic 13 s6 luong va tén cum chua dugc biét trude. Cac dbi
tugng duoc gom cum sao cho do twong dong (similar) gitta cac ddi twong trong
cing mdt cum 14 16n nhat va mic d6 tuong dong giita cac d6i twong nam trong
cac cum khéac nhau 12 nhé nhat. Phan cum con duoc goi 1a hoc khong gidm sat
(Unsupervised Learning).

- Khai phé dit liéu dy doan thuong st dung cac phuong phép sau:

+ Phan 16p (Classfication): La qua trinh xép mot ddi twong vao mot trong
nhing 16p da biét trude (Vi du: phan 16p cac hoc sinh theo két qua thi). Phan 16p

con dugc goi 1a hoc c6 gidm sat (Supervised learning).
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+ Hoi quy (Regression): Phuong phap hdi quy twong tu nhu phan 16p di
liéu nhung khac & chd n6 dung dé du doan cac gia tri lién tuc con phan 16p dir
li¢u dung dé du doén cac gia tri roi rac

- Ngoai cac phuong phap trén con rat nhiéu cac phuwong phéap khac nhu:

+ Cay quyét dinh (DeCi sion Trees)

+ Mang no-ron (Neural Network)

+ Truc quan hoa (Visualization)

+ Biéu dién mo hinh (Model Evaluation)

+ Phuong phap tim kiém (Search Method)

+ Phén tich theo trinh tu thoi gian (Time series Analysis)
1.1.4 Ung dung ciia Khai pha dir liéu

Khai pha dit liéu duoc Gmg dung trong nhiéu linh vyc khac nhau nham
khai thac ngudn dir liéu dugc luu trit trong cac hé thong thong tin. Mot sb ung
dung dién hinh trong khai pha dit liéu c6 thé liét ké nhu sau:

- Thuong mai: Nhu phén tich dit liéu ban hang va thi trudng, phén tich dau
tu, phat hién gian 1an, ching thuc hoa khach hang, du béao xu hudng phat trién,...

- Thong tin khoa hoc: Quan sat thién van, du bdo thoi tiét, dir liéu gene,
tim kiém so sanh céc hé gene va thong tin di truyén (sinh hoc),...

- Mang vién thong: Phan tich cac cudc goi dién thoai va hé théng giam sat
161, su ¢, chat luong dich vu,...

- Phén tich dit liéu va hd tro ra quyét dinh, diéu tri y hoc, khai pha Web,

tai chinh va thi truong chimg khoan, bao hiém, gido duc, du lich,...
1.1.5 Cac xu thé va van dé can giai quyét trong khai pha dir liéu

Mot s6 huéng nghién ctru chinh ciia Khai phé dit liéu hién nay [6]:

Xu huéng khai pha dit liéu dang nd lyc hon nita doi v6i viée tham do cac
linh vyc mg dung mdi, cai tién phuong phap mé rong, tuong tac, tich hop khai
thac dir liéu véi dich vu web, co s& dir liéu, kho dir liéu, cac hé théng dién toan
dam mAy va khai thidc mang xa hoi,... Cac xu hudng khac bao gom viéc khai
thac dir liéu thoi gian va khong gian, dir li€u sinh hoc, hé théng dir 11éu ki thuat,

cac dir li¢u da phuong tién va khai pha dir li€u van ban, khai pha web, cac dir
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liéu phan tan, dir li¢u thoi gian thuc, dong dir li€u, khai thac dir liéu hinh anh, am
thanh va vin dé an ninh trong khai thac dir li¢u. Viéc kham pha duoc nhiéu tri
thirc khac nhau tir cac kiéu dit liéu khac nhau, tinh chinh xac va hiéu qua, kha
ning mo rong va tich hop, xir Iy nhiéu va tinh hitu ich cua dit liéu duoc khai pha.

Khai pha dir liéu lién quan dén nhiéu nganh, nhiéu linh vuc trong thuc té,
vi viy céc thach thic va kho khin ngay cang nhiéu, cang 16n hon. Sau déy 1a
mot sd cac thach thire va kho khan can duoc quan tam:

- Céc co s¢ dir lidu 16n vé1 hang tram trudong, hang triéu ban ghi va kich
thude 1én toi nhiéu Gi-ga byte (GB) hodc nhiéu Té-ra byte (TB).

-S6 lugng cac truong 16n (cac thudc tinh, céac bién) lam cho sb chiéu cua
bai toan trd nén cao. Pac biét luu y dén dir lidu khong gian, s6 chiéu cao co thé
rat thua va bi 1éch nhiéu.

- Viéc dir li¢u thay dbi nhanh c6 thé 1am cho cac mau phat hién trudc do
khéng hop 18. Thém vao d6 cac bién da do trong mot co sd dit liéu tmg dung cho
trudc co thé bi stra d6i, x6a bo hay tang thém cac phép do moi.

- Dit li¢u bi thiéu va bi nhiéu.

- Mbi quan hé phtc tap giita cac truong (dit liéu hdn hop).

- Tinh d€ hi€u ctia cdc mau.

- Tich hop véi cac hé thong khéc.
1.2 Ky thuat phan cum trong Khai pha dir li¢u
1.2.1 Tong quan vé ky thuat phan cum

Phan cym dir liéu 14 qua trinh nhém mot tap cac doi twong twong tu nhau
trong tap dit li¢u vao cac cum sao cho cac ddi tuong thudc cung mot cum la tuong
ddng, con cac ddi twong thudc cac ddi twong khac nhau sé khong twong dong.

Muc dich chinh cta khai pha dit liéu 12 nham kham pha cdu tric cia mau
dit liéu dé thanh 1ap cac nhom dir li€u tur tap dir li€u 16n, theo d6 n6 cho phép
nguoi ta di sdu vao phan tich va nghién ctiu cho ting cum dit liéu nay nham
kham pha va tim kiém cac thong tin tiém an, hitu ich phuc vu cho viéc ra quyét
dinh. Phan cum dit liéu duoc st dung rong rai trong nhiéu linh vuc trén thyc té

nhu: nhan dang dnh, nghién ctru thi truong, phan cum gen trong sinh hoc ...
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Hinh 1.1: Phan cum dir liéu

Phan cum dir liéu 1a mét ki thuat trong Khai phé dir li¢u nham tim kiém,
phat hién cac cum, cac mau dir liéu ty nhién tiém an va quan trong trong tap dir
lidu 16n dé tir d6 cung cap thong tin, tri thirc cho viéc ra quyét dinh.

Phan cum dir liéu con co thé duge st dung nhu mdt budc tién xur 1y cho
cac thuat khai pha dir liéu khac nhu 1a phan loai va mo ta dac diém, co tac dung
trong vi¢c phat hién ra cac cum.

Trong hoc may, phan cum dit liéu dugc xem 13 van dé hoc khong c6 gidm
sat, vi né phai giai quyét van dé tim mot cau trac trong tap hop dit liéu chua biét
trudc cac thong tin vé 16p hay cac thong tin vé tap huan luyén.

Mot van dé thuong gip trong phan cum dit liéu 1a hau hét cac dir lidu can
cho phan cum déu co chtra dit liéu "nhiéu" do qua trinh thu thap thiéu chinh xéac

hoac thiéu day du, vi vay can phai xay dung cac chién lugc cho budce tién xur 1y

~
A"

dit liéu nham khéc phuc hodc loai bo "nhiéu" trudce khi bude vao giai doan phan
tich phan cum dir lidu. "Nhiéu" & day c6 thé 13 cac ddi twong dir liéu khong
chinh xac hodc cac doi tuong dir liéu khuyét thiéu thong tin vé mot sd thudc
tinh. Mot trong cac k¥ thuat xir Iy nhidu phd bién 1a viéc thay thé gia tri ctia cac
thudc tinh cta dbi twong "nhidu" bang gia tri thudc tinh twong tmg ciia ddi tugng
dir liéu gan nhat.

Tom lai, phan cum dit liéu 1 mot van dé kho vi nguoi ta phai giai quyét
cac van dé con co ban sau:

- Biéu dién dir liéu.
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- Xay dung ham tinh do tuong tu.

- Xay dung céc tiéu chuan phan cum.

- Xay dung md hinh cho cAu tric cum dit liéu.

- Xay dung thuat todn phan cum va xac l1ap cac diéu kién khai tao.

- Xay dung céc thi tuc biéu dién va danh gia két qua phan cum.

Theo cac nghién ctru thi dén nay chua c6 mot phuwong phap phan cum tong
quat ndo co thé giai quyét tron ven cho tat ca cac dang cdu trac cum dit liéu.

Hon nita, cic phuong phap phan cum can cé cach thirc biéu dién ciu tric
cac cum dir liéu khac nhau, v&i mdi cach thicc biéu dién khac nhau s& c6 mot
thuat toan phan cum phu hop. Phan cum dir liéu dang 1a mot van dé mé va kho
vi nguoi ta can phai di giai quyét nhiéu van dé co ban nhu da dé cap o trén mot
cach tron ven va pht hop véi nhiéu dang dit liéu khac nhau. Dic biét ddi véi dir
liéu hon hop, dang ngay cang ting truéng khong ngimg trong cac hé quan tri dir

liéu, day cling la mdt trong nhirng thach thirc 16n trong linh vyc khai pha dir ligu.
1.2.2 Mt s6 khai niém can thiét khi tiép can phan cum dir liéu
1.2.2.1 Cac kiéu dir liéu va thudc tinh trong phép phan cum

Céc cau trac dit liéu thudng sir dung trong cac thuat toan phan cym la:

+ Ma tran dit liéu: gdm n hang, p cot. Trong d6 n 1a s ddi twong, p 1a sb
thudc tinh cia mdi dbi tuong.

+ Ma tran phi twvong ty: gdm n hang, m cot. Phan ttr d(i,j) chira khoang
cach hay do khéc biét giira doi tuong i va j. Phan 16n cac thuat toan phan cum sir
dung cAu tric ma tran phi tuong tu.

Trong khai pha dit li¢u n61 chung va phan cum dir li¢u noi1 riéng ta thuong
xtr 1y cac kiéu dir lidu:

- Dit li¢u xac thuc (Categorical Data)

- Dt li€u van ban (Text Data)

- Dit liéu chudi thoi gian (Time-Series Data)

- Dit li¢u mang (Network Data)

- Dit liéu lién két (Linked Data)
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- Dit li¢u da phuong tién (Multimedia Data)

- Dt li€u khong gian (Space Data)

Dua trén kich thude mién ¢ cac loai thudc tinh nhu sau:

- Thudc tinh lién tuc (Continuous Attributes): mau sic, nhiét do, ...
- Thudc tinh roi rac (Discrete Attributes): diém s, sé quyén sach, ...
Dua trén phép do c6 céac loai thudc tinh nhu sau:

- Thuoc tinh dinh danh (Nominal Attributes)

- Thudc tinh c6 thir ty (Ordinal Attributes)

- Thuoc tinh khoang (Interval Attributes)

- Thudc tinh ti 1€ (Ratio Attributes)

- Thudc tinh nhi phan (Binary Attributes)

- Thudc tinh s6 (Numeric Attributes)

Su hiéu biét vé quy mo, sy lién quan cua céc loai dir li€u, cac thudc tinh
rat hitu ich trong vi¢c giai thich cac két qua cua thuat toan phan cum dit ligu.

1.2.2.2 Po @) twong dong

Pé danh gia chit luong phan cum ngudi ta tim cach thich hop dé xac dinh
"khoang cach" giira cac di tuong (phép do do twong tu dir liéu). Pay 1a cac ham
dé do su giéng nhau gitra cac cip d6i twong dir lidu, gia tri cia ham tinh d6 do
trong ty cang 1on thi sy gidng nhau giita cac d6i tuong cang 16n va nguoc lai.

Mot s phép do do twong tu ap dung ddi véi cac kiéu dir liéu khac nhau:

+ Thudc tinh khoang:

n a ,
Khoang cach Minskowski: d(X,y) = (>_|x - ;| )* ¢, v6i q 12 s0 nguyén duong.
i=1

Khoang cach Euclide: d(x,y) = /(Zn:(xi ~-y.)*, (truong hop dac biét cua
i=1
khoang cach Minskowski trong truong hop q = 2).
n q
Khoang cach Manhattan: d(x,y) = D |x,—y;| , (truong hop dac biét cua
i=1

khoang cach Minskowski trong truong hop q=1).

Khoang cach cuc dai: d(x,y) = Max,|x, —y;|, day la truong hop cuia
khoang cac Minskowski trong truong hop q— .

+ Thudc tinh nhi phan:
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Bang 1.1: Thugc tinh dir liéu nhi phan

Céc phép do do tuong tu ddi voi dit lidu thude tinh nhi phan dugc dinh

nghia nhu sau:

a+d

- Hé sb ghép don gian: d(x,y) =

- Hé s6 Jacard: d =
¢ s0 Jacard: d(x,y) b

+ Thudc tinh dinh danh: Do do phi tuong tu giita hai dbi twong x va y duoc

dinh nghia nhu sau: d(x,y) = M, trong d6 m 1a s cap tring nhau va p 1a tong
p
sb céc thudc tinh.

+ Thudc tinh ¢6 thir tu: Gia st i 1a thudc tinh thir tu c6 M; gia tri (M; kich
thude mién gia tr1): Cac trang thai M; duoc sép thr tu nhu sau: [1...M;], ta c6 thé
thay thé mdi gi tri cua thudc tinh bang gia tri cung loai 1j, voi r; {1, ..., Mi}.

M&i mot thude tinh thir tw c6 cac mién gia tri khac nhau, vi vay ta chuyén
d6i ching vé cuing mién gia tri [0,1] bang cach thyc hién phép bién d6i sau cho

(i)

x. A , : I ;e .
moi thudc tinh: z = I\I/I 1 voii=1, .., M,

Str dung cong thirc tinh d6 phi tuong tu cta thudc tinh khoang ddi véi cac
gia tri

z | day ciing chinh la d6 phi twong tu cua thudc tinh c6 thir tu.
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+ Thuoc tinh ty 1&: Cé nhiéu cach khéac nhau dé tinh do tuong tu gitra cac
thudc tinh ti 1€. Mt trong nhiing s6 d6 1a sir dung cong thire tinh logarit cho mdi
thudc tinh x;, thi du q; = log(X;), luc nay q; dong vai tro nhu thudc tinh khoang.
Phép bién d6i logarit nay thich hop trong trudng hop cac gia tri caa thudc tinh 13
s6 mil.

Trong thuc té, khi tihns d6 do tuong tu dir liéu, nguoi ta chi xem xét mot
phﬁn cac thugc tinh dac trung ddi vai cac kiéu dit liéu hodc danh trong sb cho tt
ca cac thudc tinh dir liéu. Trong mot sd trudng hop, ngudi ta loai bo don vi do
ctia cac thudc tinh dir liéu bang cach chuan hoa chung hodc gan trong s cho
mdi thude tinh gia tri trung binh, do 1éch chuan. Cac trong ) nay co thé sur dung
trong cac do do khoang cach trén, thi du véi mdi thudc tinh dir liéu da duoc gan

trong s6 tuong ung w; (1 <1 <k), d6 tuong tu dir liéu dugc xac dinh nhu sau:

dxy) = sz - y.)?

Nguoi ta c6 thé chuyén do6i gitta cac md hinh cho cac kiéu dir liéu trén.
Tuy ting truong hop dit liéu cy thé ma nguoi ta s dung cac md hinh tinh do
tuong ty khac nhau. Vi¢c xac dinh do tuong tu dir li¢u thich hgp, chinh xac, dam
bao khach quan 14 rit quan trong va gop phan xdy dung thuat toan phan cum dit
liéu c6 hiéu qua cao trong viéc dam bao chét lugng ciing nhu chi phi tinh toan

cua thuat toan.
1.2.3 Cac yéu cau d6i v6i ki thuat phan cum dir liéu

Hau hét cac nghién ctru va phat trién cc thudt toan phan cum dit liéu noi
chung déu nham théa min céc yéu cau co ban sau:

- C6 kha ning mé rong, gia ting: Mot dic trung rat dang quan tdm trong
cac linh vyc nhu web do6 1a kha nang cap nhat phan nhém cé tinh tang. Nhirng
tai liéu m&i can phai duge dua vao cac phan nhom twong ng ma khong phai

phan nhom lai toan bo tap tai liu.
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- Kha ning thich nghi véi cac kiéu va thudc tinh dir liéu khac nhau: Co
nhiéu thuét toan phan nhoém, c¢6 nhiing thuat toan phu hop voi dir licu $6, ¢
nhirng thuat toan khi &p dung cho loai dit li¢u nhi phan hay dir li¢u anh,...

- Nhan biét duoc cac nhom véi hinh thu bat ky: Mot nhoém c6 thé ¢6 hinh
dang bat ky vi vy ma viéc phat trién thuét toan c6 kha ning xac dinh cac nhom
v6i hinh thu bat ky 1 quan trong va can thiét.

- Téi thiéu mién tri thirc cho x4c dinh cac tham sb dau vao: Mién tri thic
dau vao can thiét cho mot thuat toan phan nhom cang it, chi phi cho viéc phan
nhom cang giam va n6 cang kha thi hon.

- Thich nghi v6i dir liéu da chiéu: Dir liéu thong thuong thudng co sb
chiéu it, tir hai dén ba chiéu ma mot sb thuat toan phan nhom dua ra két qua rat
tdt. Bén canh d6, dir liéu da chiéu (nhiéu hon ba chiéu) cling rit da dang va can
thiét duoc phan nhom cho nhiéu ung dung thuc té. Véi loai dit licu nay, viéc
phan loai dua vao kién thirc con ngudi t6 ra c6 hiéu qua, tuy nhién voi khoi
luong dir liéu 16n nhu vay, viéc sir dung kién thuc chuyén gia la ton kém nén
chung t6i can tim cac thuat toan phan nhoém dé giai quyét dugc van dé nay.

- Phan nhom trén mot sé rang budc: Trong mot sé ing dung, ching toi
can phan nhom trén co s& dit liéu chira cac lién két bat budc gitra hai hay nhiéu
d6i twong. Viéc phan nhom can dam bao cac ddi twong nay thoa mén cac rang
budc do.

- Kha ning khir nhidu: Mot van dé c6 thé xay ra véi nhiéu thuat toan
phan nhom do 1a su xudt hién ctia nhiéu va cac dit liéu thira. Mot thuét toan phan
nhom tt phai co kha ning giai quyét nhiing kiéu nhidu nay va dua ra cac phan
nhom c6 chat lugng cao va khong bi anh huong boi nhiéu. Trong phan nhém co
thir bac, vi du cac tinh toan khoang cach lang giéng gan nhat va lang giéng xa
nhat, rat nhay cam véi cac dir liéu thira do d6 khong nén duge st dung néu co
thé. Phuong thirc trung binh két ndi 13 thich hop nhat véi dit liéu bi nhiéu.

- Hiéu suét: Trong linh vuc web, mdi mot cau 1énh tim kiém c6 thé tra vé
hang tram va thinh thoang 13 hang nghin trang web. Viéc phan nhém céc két qua

nay trong mot thoi gian chip nhan dugce 14 rat can thiét. Can phai cha ¥ rang mot
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vai hé théng chi phan nhém trén cac doan tin dugc tra lai trén hau hét cac may
tim kiém chtr khong phai toan b trang web. Day 1a mot chién thuat hop 1y trong
viéc phan nhom két qua tim kiém nhanh nhung n6 khong chép nhan duoc véi
phan nhom tai liéu vi cac doan tin khong cung cip day du thong tin vé nodi dung
thuc sy cua nhitng tai liéu nay. Mot thuat toan phan nhém online nén cé kha
ning hoan thanh trong thoi gian tuyén tinh néu co thé.

- Viéc biéu dién két qua: Mdt thuat toan phan nhom la tdt néu n6 c6 kha
nang biéu dién mot sy mé ta cia cac phan nhém ma n6 dua ra ngén gon va
chinh xac v&i nguoi sir dung. Cac tong két ciia phan nhoém nén cé du tiéu biéu
vé ndi dung twong tmg dé nguoi str dung c6 thé dua ra quyét dinh nhanh xem

phan nhoém nao ma ho cam thay quan tam.
1.2.4 Cac hwéng tiép cin trong phan cum dir liéu

Cac ki thuat phan cum c6 rat nhiéu cach tiép can va cic Gmg dung trong
thuc té, n6 déu hudng téi hai myc tiéu chung d6 1a chat lugng cta cac cum kham
pha dugc va tdc do thuc hién cua thuét toan. Hién nay cac ki thuat phan cum c6
thé phan loai theo cac phuong phap tiép can chinh nhu sau [6]:

1.2.4.1 Phwong phap phan hoach:

Phan cym phan hoach (Partitioning Methods) chia mot tap hop dit li¢u co
n phan tir thanh k nhom cho dén khi xac dinh s6 cac cum duoc thiét 1ap. S6 cac
cum duoc thiét lap 1a cac dac trung dugc lua chon trude. Phuong phap nay la tdt

cho viéc tim cac cum hinh cau trong khong gian Euclidean.

3 . >
ot L4
. *q* L
28 .‘:vs
2r .. s‘
| » l..
1.5 ‘ .
= o
)
(X3
-
.‘- -

Hinh 1.2: Vi du minh hoa phdn cum phan hoach
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Phuong phap ndy ciing phu thudc vao khoang cach co ban giira cac diém
dé lwa chon céac diém dir liéu nao co quan hé la g?m nhau v&i mdi diém khéc va
cac diém dir liéu nao khong c6 quan hé hoic c6 quan hé 1a xa nhau so véi mdi
diém khac. Tuy nhién, phuong phap nay khong thé xir Iy cac cum c6 hinh dang
ki quéc hodc cadc cum c6 mat do cac diém day dac. Cac thuat toan phan hoach dir
liéu c6 do phuc tap rat 16n khi xac dinh d6 t6i wu toan cuc cho van dé phan cum
dr li¢u, do n6 phai tim kiém tit ca cac cach phan hoach c6 thé duoc. Chinh vi
vay, trén thuc té thuong di tim giai phap t6i uu cuc bd cho van dé nay bang cach
str dung mot ham tiéu chuan dé danh gia chat luong ctia cum ciing nhu dé hudng
dan cho qua trinh tim kiém phéan hoach dit liéu. Nhu vdy, ¥ tudong chinh cua
thuat toan phan cum phan hoach tdi uu cuc bo 1a st dung chién lugc tham lam

(Greedy) dé tim kiém nghiém.
1.2.4.2 Phuong phap phan cum phéan cap

Phan cum phan cip (Hierarchical Methods) xdy dung mot phan céap trén
co s& cac d6i tugng dir liéu dang xem xét. Nghia 1 sip xép mot tap dir lidu da
cho thanh mot ciu trac c6 dang hinh cdy, cdy phan cap ndy duoc xay dyng theo
ki thuat d¢ quy.

C6 hai cach tiép can pho bién cua ki thuat nay do 1a:

- Phan cép tich tu (Bottom-Up): Tir dudi 1én, mdi d6i twong 1a mdt nhom.

- Phan cym chia nho (Top-Down): Tir trén xudng, tat ca cac ddi twong 1a
mot nhom.

Uu diém ctia phuong phap nay 13 c6 thé lam viée tot voi cac tap dir liéu 16n.

Han ché: khé xac dinh phuong phép tich tu hay chia nho; nhay cam véi
cac dir liéu nhiu va ca biét; thuong gip kho khin véi cac cum co6 hinh dang 16i.

Thue té 4p dung, c6 nhiéu truong hop két hop ca hai phwong phap phan
cum phan hoach va phan cum phan cip, nghia 13 két qua thu duoc ctua phuong

phap phan cap c6 thé cai tién thong qua budc phan cum phan hoach.
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1.2.4.3 Phwong phap phan cum dya trén mat do

Phan cum dya trén mat do (Density-Based Methods) nhom cac doi tuong
dit liéu dya trén ham mat do xac dinh, mat d6 1a s6 cac ddi tuong lan can cua
mot dbi tuong dir li¢u theo mot nghia nao d6. Trong cach tiép can nay, khi mot
dir liéu d3 xac dinh thi no tiép tuc duoc phat trién thém cac dbi tuong dir lidu
m&i mién 14 sd cac d6i tuong 14n can nay phai 16n hon mot ngudng da duge dinh
trude. Phuong phap phan cum dya trén mat do cia cac dbi twong dé xac dinh
cac cum dir liéu c6 thé phat hién ra cac cum dir lidu voi hinh thu bat ki.

Phan cum dya trén mat do co thé khic phuc dugc cac phén tor ngoai lai
hoac gia tri nhiéu rat tdt, tuy nhién viéc xac dinh cac tham s6 mat do cua thuét
toan 1a rat kho khan, trong khi cac tham sb nay lai c6 tac dong rat 16n dén két

qua phan cum.
1.2.4.4 Phwong phap phan cum dwa trén luéi

Phéan cum duya trén ludi (Grid-Based Methods) thich hop véi dit liéu nhiéu
chiéu, dua trén cau trac dit liéu ludi dé phan cum, phuong phap nay chu yéu tap
trung 4p dung cho 16p dir liéu khong gian. Muc ti€u ctia phuong phap nay la
luong hoa dir liéu thanh cac 6 tao thanh cau trac dir lidu ludi. Sau d6 cac thao
tac phan cum chi can lam viéc v6i cac dbi tuong trong timg 6 trén ludi chir
khong phai cac dbi tugng dit liéu. Cach tiép can dua trén ludi nay khong di
chuyén cac ddi tuong trong cac 6 ma xay dung nhiéu muic phan cdp ciia nhom
cac dbi tuong trong mot 0.

Phuong phap ndy gan giéng v6i phuong phap phan cum phan cip nhung
chung khong tron cac 6, dong thoi giai quyét khic phuc yéu cau dit liéu nhiéu
chiéu ma phuong phap phan cum duya trén mat d6 khong giai quyét duge. Uu
diém cua phuong phap phan cum dya trén ludi 14 thoi gian xtr Iy nhanh va doc
lap véi sé ddi tuong dit liéu trong tap dit liéu ban dau, thay vao d6 1a chung phu
thudc vao sb 6 trong mdi chiéu cua khong gian ludi.

Mot sb phuong phap khac:
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Phan cum mo: St dung k¥ thuat mo dé phan cum dir liéu. Cac thuat toan
thude loai nay chi ra lugc dd phan cum thich hop voi tat ca cac hoat dong doi
séng hang ngay, chung chi xir 1y dir liéu thuc khong chéc chan.

Phan cyum sir dung mang Kohonen: Loai phan cum nay dya trén khai niém
clia cdc mang no-ron. Mang Kohonen c6 ting no-ron vao va cac ting no-ron ra.
MJi no-ron cta ting vao twong tng véi mdi thudce tinh cua ban ghi, mdi mot no-
ron vao két nbi voi tat ca cac no-ron cua tang ra. Mdi lién két duoc gan lién véi

mot trong s6 nham xac dinh vi tri cia no-ron tuong Ung ra.
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CHUONG II:

MOT SO THUAT TOAN PHAN CUM DU LIEU PIEN HINH

2.1 Thuat toan K-Means

Thuat toan phan nhém K-Means do MacQueen dé xuit trong linh vuc
théng ké nam 1967, muc dich cua thuat toan k-means la sinh ra k cum dur liéu
{Cy, Cy, ..., Ci} tir mot tap dir liéu ban dau gdbm n dbi twong trong khong gian d
chiéu X; = (Xiz, Xi2, ..., Xig) 1=1, ..., n), sao cho ham tiéu chuén:

>y Y D*(x—m,) dat gid trj toi thiéu.

Trong d6: m; 1 trong tAm cua cum C;, D 1a khoang cach giita hai d6i tuong.

Trong tam cua mot cum la mot véc-to, trong do gia tri cua mdi ph?m tr
ctia no 13 trung binh cong cac thanh phan twong Gmg cua cac dbi tugng véc-to dir
ligu trong cum dang xét. Tham sb6 dau vao cua thuét toan 1a s cum k, tap CSDL
gém n phan tir va tham sé dau ra ctia thuat toan 1 cac trong tdm ctia cic cum dir
liéu. B do khoang céach gitra cac ddi tuong dir li¢u thuong duogc sir dung dung
la khoang cach Euclide. Ham ti€u chuan va do do khoéang cach c6 thé dugc xac
dinh cu thé hon tuy vao tmg dung hodc cac quan diém cta ngudi dung.

Thuét toan K-Means bao gdm cac budc co ban sau:

INPUT: - Tép cac ddi twong dir liéu X = {xq, Xy, ..., Xn}

- S6 lwong nhéom: k

OUTPUT: Cac nhom C; (i =1, .., k) sao cho ham tiéu chuan E dat gia tri
t6i thiéu.

Budc 1: Khoi tao

Chon k ddi tuong m; (j = 1, ..., k) 1a trong tam ban dau cua k nhom tir tap
dir liéu (viéc luya chon nay co thé 1a ngﬁu nhién hodc theo kinh nghi¢m).

Budc 2: Tinh toan khoang cach va gan nhém

Déi véi mdi d6i tuong Xi (1 < i < n), tinh toan khoang cach tir né t6i mdi
trong tim mj véi j =1, ..., k, sau d6 tim trong tim gin nhat dbi vi mdi d6i tuong.

Budc 3: Cap nhat lai trong tdm
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Pdi v6i mdi j = 1,.., k, cap nhat trong tdm cum mj béng cach xac dinh
trung binh cong ctia cac véc-to doi tuong di lidu.

Budc 4: Diéu kién ding

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

Thuat toan K-Means phan tich qua trinh phan cum don gian nén c6 thé ap
dung d6i voi tap dit liéu 16n. Tuy nhién nhugce diém cua thuit toan nay 1a chi ap
dung véi dir li€u c6 thudc tinh s6 va kham pha ra cac cum c6 dang hinh cau, K-
Means con rat nhay cam voi nhidu va cac phan tir ngoai lai trong dir liéu. Chat
luong cua thuat toan K-means phu thudc nhiéu vao cac tham sb dau vao nhu: sb
cum k va k trong tdm khdi tao ban dau. Trong truong hop cac trong tam khoi tao
ban dau ma qua 1éch so véi cac trong tAm cum tu nhién thi két qua phan cum cua
K-Means la rat thﬁp, nghia 1a cac cum dir li¢u dugc kham pha rat 1éch so véi cac
cum trong thuc té. Viéc chon k doi tuong lam trong tam co thé 1a ngau nhién
hoac theo kinh nghiém.

Phuong phap xac dinh k dbi twong 1am trong tdm: O day, t6i dé cap dén
thuat todn phan nhom nita giam sat dya trén tap dir liéu gidng da gan nhan dé
sinh ra cic rang budc nham dan dit qua trinh phan cum ciing nhu viéc x4c dinh
cac ddi tugng lam trong tam.

Cho tap dit liéu ban dau X = {xq, Xp, ..., X}, g0i S = X 1a tap gibéng (tap
dir liéu da gan nhén) trong d6 vi mdi d6i tuong x; € S chung tdi cung cap cho
no mot phan hoach (nhom) C;. Gia st rang bat ké nhom nao trong C ciing co it
nhat mot ddi tuong xi thudc tap giéng. Tién hanh phan hoach tap giéng S thanh
k cum giéng tach ro1 {S1, Sy, ..., Sk} do d6 moi doi tuong x; € Sy déu nam trong
cum C; twong Umg. Nhiém vu can giai quyét 13 tir k cum gidéng S = (Sy, Sy, ..., S)
chiing ta phai phan hoach tap dir liéu X thanh k phan hoach tach roi C = (Cy, C,,
o Cp).

Pé mod ta rd hon cho van dé nay, ching to1 cai dat thuat toan Seeded-
Kmeans sir dung cum giéng S dé khoi tao cho thuat toan K-Means. Do vay thay

vi phai khéi tao k ddi twong trong tim ngau nhién tir tap tai liéu thi khoi tao k cum
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hat giéng. Véi tap giéng 1 nhimg phan tir d3 duoc gan nhdn do ngudi dung thuc
hién phan cum xac dinh tir tiéu chuan cu thé d6i v6i timg muc dich phan nhom.

Thuat todn Seeded-Kmeans bao gdm cac budc co ban sau:

INPUT: - Tap cac ddi tuong dit liéu X = X = {Xq, Xp, ..., Xn}

- S6 luong nhom: k

- Tap gidng S = {S1, Sy, ..., S}

OUTPUT: Cac nhém C; (i = 1, .., k ) sao cho ham tiéu chudn E dat gia tri
t6i thiéu.

Budce 1: Khoi tao

Chon k dbi tuong m; (j = 1, ..., k) la trong tdm ban dau cua k cum tir véi ]
=1,...,k

Budc 2: Tinh todn khoang cach va gdn nhom

Péi véi mdi dbi twong X; (1 < i < n), tinh toan khoang cach tir n6 tdi mdi
trong tdm m; vé1 j =1, ..., k, sau do tim trong tam gﬁn nhat doi voi mdi  doi
tuong.

Budc 3: Cap nhat lai trong tdm

DP6i voi mdi j = 1,.., k, cap nhat trong tam cum mj bﬁng cach xac dinh
trung binh cdng cta cac vec-to dbi tuong dit ligu.

Budc 4: Piéu kién ding

Lip cac budc 2 va 3 cho dén khi cc trong tAm cua cum khong thay doi.
Hiéu qua cua cac thudt toan: dé danh gia tinh hi€u qua cua hai thuat toan trén, tién
hanh thtr nghiém véi bo dir lidu 13 tap cac diém trong khong gian 2 chiéu.

Khi tién hanh phan nhom, ca hai thuat toan K-Means va Seeded—
Kmean déu gan cung s6 nhom k = 3, tuy nhién ddi v&i thuét toan K—Means viéc
khoi tao 3 ddi twong lam trong tim bang cach chon ngiu nhién va khong tring
13p nhung véi thuat toan Seed—Means viéc khoi tao 3 ddi tuong lam trong tam
duoc 1€iy tu tap giéng da duoc dinh nghia. Véi CSDL miu dugec mo ta trong
hinh sau thi két qua phan nhém cua hai thuit toan ndy nhu hinh sau: (cac diém

dugc phat hién cing mot nhém duge minh hoa bang mau giéng nhau).
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Hinh 2.1: Két qud phdn nhém thudt todn K—Means (a), Seed—Kmeans (b)
2.2 Thuat toan DBSCAN

Thuat toan phan nhom dua trén mat do thong dung nhét 1 thuat toan
DBSCAN (Density - Based Spatial Phan nhom of Applications with noise) do
Ester, P. Kriegel va J. Sander dé xuat nam 1996. Thuat toan di tim cac d6i tuong
ma c6 sé dbi twong lang giéng 16n hon mot ngudng toi thiéu. Mot nhom duoc
xac dinh bang tap tat ca cac ddi twong lién thong mat do véi cac lang giéng cua
nd. Thuat toan DBSCAN dua trén cac khai niém mat do co thé ap dung cho céc
tap dir liéu khong gian 16n da chiéu. Sau day 1a mot s6 dinh nghia va bo dé duoc
st dung trong thuat toan DBSCAN [5].

Dinh nghia 1: Cac lan cin ctia mot diém p voi ngudng Eps, ky hiéu

NEps(p) dugc xac dinh nhu sau: NEps(p) = {q €D | khoang cach Dist(p,
q) < Eps}, D 1a tap dit liéu cho trude.

Hinh 2.2: Ldn can cua p Voi nguong Eps
Mot diém p mudn nam trong mot nhom C nao d6 thi NEps(p) phai c6 tdi
thiéu MinPts diém. Theo dinh nghia trén, chi nhiing diém thuc sy nim trong

nhém moi thod man di€u kién 1a diém thudc vao nhém. Nhirng di€ém nam & bién
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ctia nhom thi khong thoa min diéu kién d6, boi vi thong thuong thi 1an cén véi
ngudng Eps cta diém bién thi bé hon 1an cin v&i ngudng ciing Eps cua diém
nhan. Dé tranh duoc diéu nay, ta co thé dua ra mot tiéu chun khac dé dinh
nghia mot diém thudc vao mét nhom nhu sau: Néu mot diém p mudn thudoc mot
nhom C phai ton tai mot diém q ma p € NEps(q) va s6 diém trong NEps(q) phai
16n hon s6 diém t6i thicu.

Dinh nghia 2: Mat d6 dén duoc truc tiép (Directly Density- reachable)

Mot diém p duoc goi la mat do dén duoc truc tiép tr diém q vO1 ngudng
Eps va MinPts trong tap ddi twong D néu:

1) p € NEps(q) Véi p € NEps(q) latap con cia D.

2) |l p € NEps (g) | |2 MinPts, diu kién doi tugng nhan.
Piém q goi 1a diém nhan. Ta thiy ring nd 13 mot ham phan xa va ddi
xung d6i v6i hai diém nhan va bat d6i ximg néu mot trong hai diém d6 khong
phai 1a diém nhan.

MinPts = 5
Eps=1cm

Hinh 2.3: Mdt dé dén dwoc truc tiép
Dinh nghia 3: Mat d6 dén duoc (Density- Reachable)
Mot diém p duoc goi 1a mat do dén duge tir mot diém g voi hai tham sb
Eps va MinPts néu ton tai mot day p = p1, P2,....pn = 1 sa0 cho pi+1 la mat do

dén duoc truc tiép tir pi véii=1,..., n-1.

Hinh 2.4: Mdt dé dén duwoc

S6 héa béi Trung tam Hoc liéu — PHTN  http://www.lrc.thu.edu.vn



20

Hai diém bién cta mot nhom C cé thé khong dén duoc nhau boi vi ca hai
c6 thé déu khong thoa méan diéu kién nhan. Miac du vay, phai ton tai mot diém
nhan trong C ma ca hai diém déu c6 thé dén dugc tir diém do.

Dinh nghia 4: Mat d¢ lién thong (Density - Connected)

Péi tuong p 1a mat do lién thong voi diém q theo hai tham sé Eps voi
MinPts néu nhu c6 mot ddi tuong o ma ca hai ddi tuong p, q diéu 1a mat d6 dén
duoc o theo tham s Eps va MinPts néu nhu c6 mot ddi tuong o ma ca hai ddi

tuong p, q déu 12 mat do dén duoc p theo tham sé Eps va MinPts.

Hinh 2.5 Mdt do lién thong
Dinh nghia 5: Nhom va nhiéu
Cho D 1a mot tap cac dbi tuong dir liéu. Mot tip con C khac rong cua D
dugc goi 1a mdt nhom theo Eps va MinPts néu théa man diéu kién:
(1) Cuc dai: Vp, g € D, néu p € Cva g la mat d6 dén duoc p theo
Eps va MinPts thi g € C.
(2) Voi Vp,g € C, p la mat @6 lién thong voi g theo Eps va

MinPts.
Moi doi tugng khong thudec nhém nao ca thi goi 1a nhiéu.

Vi hai tham s6 Eps va MinPts cho trudc, ta c6 thé kham phéa cic nhom
theo hai budc:

Budc 1: Chon mot diém bat ky tir tip dit liéu ban dau théa man diéu kién nhan.

Budc 2: L?iy tat ca cac diém dén duoc mat do6 voi diém nhan da chon &
trén dé tao thanh cum.

B dé 1: Gia st p 1a mot ddi twong trong D, trong dé |[NEps(p)|| || >
MinPts, tap O = {o]o € Dva o la mat do dén duoc tir p theo Eps va MinPts} 1a

mdt nhom theo Eps va MinPts.
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Nhu vdy nhom C khéng hoan toan duy nhét, tuy nhién mdi mot diém
trong C dén dugc mat do tir bat c mot diém nhan nao cua C, vi vay C chua
dung mot s6 diém lién thong véi diém nhan tuy .

B6 dé 2: Gia sir ¢ 1a mot nhom theo Eps va MinPts, p 1a mot diém bat
ky trong C Véi [|[NEps (p)|| = MinPts.. Khi d6 C trung véi tap 0 = {o|o
€ DVa o la mat d6 dén duoc tir p theo Eps va MinPts}.

Thuét toan:Dé xac dinh cac nhom, DBSCAN bit dau véi mot diém p bat
ky va tim tat ca cac diém 1an can mat do v6i p. Néu p 1a diém nhan thi thu tuc
nay s& tao ra mot cum (bd dé 2). Néu p 1a diém bién, thi khong c6 diém nao ké
mat d6 véi p va DBSCAN tham diém ké tiép trong tap dir liéu. Viéc tim cac doi
tuong 1an can mat do dugc thuc hi¢n br?mg cac truy van vung lién tuc. Mot truy
van cung tra vé tat ca cac d6i tuong giao voi mot ving truy van xac dinh. Nhiing
truy van nhu thé dugc hd tro mot cac hiru hiéu boi cac phuong thirc truy xuat dir
liéu khong gian nhu cay R*(R*-Tree) [2] voi dit liéu tor mOt khong gian véc-to
hodc cay M (M-tree) [3] vé6i dit liéu tir mot khong gian sd lidu.

Néu sir dung céc gia trj toan cuc cho Eps va MinPts, DBSCAN c¢6 thé tron
2 nhoém (dinh nghia 5) thanh mot nhém néu hai nhém ndy "gan" véi nhau.
Khoang cach gitta hai tdp diém S1 va S2 dugc dinh nghia 1a:

dist(S1,S2) = min{dist(p, q) | p €S1, g € S2}.

Hai tap diém c6 cac diém tbi thiéu ctia mot nhom mong sé tach roi nhau
chi néu khoang cach giira hai tp 16n hon Eps. Do d6, 16i goi dé quy cua
DBSCAN c6 thé 1a can thiét ddi v6i cac nhom duogc phat hién véi gia tri cao hon
MinPts. Tuy nhién, day khong phai 1a mot nhuge diém vi tmg dung dé quy cia
DBSCAN tao ra mot thuat toan co ban, kha hi€u qua.

Thuat toan DBSCAN bao gdm céc budc sau:

INPUT: - Tap cac ddi twong dit liéu X = {Xq, Xy, ..., Xn}

- Ngudng dén dugc giira 2 dbi tuong: Eps

- S6 lugng cac dbi tuong toi thiéu trong nhom: MinPts

OUTPUT: Cac nhém C; (i =1, .., k)
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Budc 1: Chon mét ddi tuong p tuy ¥.

Budc 2: Lay tat ca cac ddi tugng co mat do dén duogc tir p voi Eps va
MintPts

Budc 3: Néu pla diém nhan thi tao ra mot nhom theo Eps va MintPts.

Budc 4: Néu pla diém bién, khong cé diém nao c6 mat do dén duoc tir p
va DBSCAN sé di thim diém tiép theo cua tap dir licu.

Budc 5: Qua trinh tiép tuc cho dén khi tat ca cac dbi tuong dugc xtr 1y.

Thuat toan DBSCAN c6 thé tim ra cic cum véi hinh thu bat ky, trong khi
d6 tai cing mot thoi diém it bi anh huong boi thir ty cia cac dbi twong dir lidu
nhap vao. Khi c6 mot ddi tuong dugc chen vao chi tac dong dén mot lang giéng
xéac dinh. Mat khac, DBSCAN yéu cau nguoi dung xac dinh ban kinh Eps cia
cac lang giéng va cac lang giéng tdi thiéu MinPts, thong thuong cac tham sd
nay duoc xac dinh bang phép chon ngiu nhién hoic theo kinh nghiém.

Phuong phap xac dinh tham sé Eps va MinPts: Trong phan ndy, ching toi
xdy dung mot heuristic don gian nhung hiéu qua dé xac dinh cac tham sd Eps va
MinPts ctia nhom “méng nhét” trong CSDL. Heuristic nay duoc dya trén céac
quan sat sau: Goi d 1a khoang cach tir diém p toi k lang giéng gan nhat, thi d
lang giéng cua p chira dung k+1 diém dbi voi hau hét cac diém p, d lang giéng
ctia p chira nhiéu hon k+1 diém chi khi mét s6 diém co6 cung khoang cach d toi
diém p. Hon nita, thay doi hé s6 k ddi véi mot diém trong nhom khong tao ra
mot sy thay d6i 16n nao ddi véi d. Piéu nay chi xay ra khi k lang giéng gan nhat
cua p véi k=1, 2, 3... dugc xac dinh xép xi trén mot duong théng. Vo1 k cho
trude, dinh nghia mot ham k-dist tr CSDL D t61 céc s6 thuc, anh xa mdi diém
thong qua ham khoang cach t6i k lang giéng gan nhat cua nd. Khi cac diém
trong CSDL dugc sép Xép theo thu ty gidm dan gia tri k-dist cua no, dd thi cta
ham nay dua ra mot s6 dau hiéu co lién quan dén phan bé mat do trong CSDL.
Chung t6i goi d6 thi nay 1a d6 thi k-dist da sap xép. Néu ta chon mot diém p bat
ky, gan tham sd Eps voi k-dist(p) va gan tham s6 MinPts voi k, tat ca cac diém
bang hodc nho hon gia tri k-dist s& 13 nhitng diém hat nhan. Néu c6 thé xac dinh
diém ngudng voi gia tri k-dist 16n nhat trong nhom “mong nhat” ciia D, thi s& co

cac gia tri tham s6 mat do.

S6 héa béi Trung tam Hoc liéu — PHTN  http://www.lrc.thu.edu.vn



23

Piém ngudng (threshold point) 1a diém dau tién trong ving dau tién cua
d6 thi k-dist dd duoc sip xép (xem hinh sau). Tat ca cac diém co gia tri cao hon
k-dist (¢ bén trai diém ngudng) c6 thé coi 1a nhidu, tit ca cac diém con lai (¢ bén
phai diém ngudng) dugc gan cho mot sé nhom nao do.

—
diEm ngueting

4-dist 4~

CE H
nkieu Eac CUm '
p diem

Hinh 2.6: D6 thi da sap xeép 4-dist doi véi CSDL mdu 3

No6i chung, viéc xac dinh ra vung dau tién mot cach tu dong kha kho
khan, nhung lai rat dé dang ddi v6i ngudi s dung tu xac dinh thay ving nay
trén do thi. Vi vay, ching t6i dé xuat mot phuong phép tuong tac dé xac dinh
diém ngudng.

Hiéu qua cua thuat toan: Dé danh gia hiéu qua cia DBSCAN, tién hanh
thr nghi€ém thuat toan vo1 bo dir li¢u chira cac diém trong khong gian 2 chiéu
cho két qua thuc nghiém cho thay thoi gian chay cia DBSCAN cao hon tong sd
luong cac diém. Véi CSDL méu trong hinh sau thi DBSCAN cho két qua nhu
hinh v& sau: (cac diém duoc phat hién cing mot nhom duoc minh hoa bang mau

gidng nhau).

e

Hinh 2.7: Cac nhom phat hién duoc boi va DBSCAN
Néu cac cum c¢6 mat do khac nhau nhiéu thi DBSCAN s& khong giir dugc
tinh hi¢u qua. Trén nhiing dit liéu nhu thé ta phai ap dung mat do cua cum co
mat do thép nhét cho tit ca cdc cum khac. V&i cac cum c¢d mat do rat cao thi
DBSCAN tdn nhiéu thoi gian dé xac dinh 1an can cua cac diém mot cach khong

can thiét.
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2.3 Thuat toan BIRCH

BIRCH (Balanced Interative ReduCi ng and Clustering using Hierarchies)
1a thuat toan phan cum phan cdp st dung chién lugc Top-down. Y tudng cua
BIRCH la khong luu toan bo dbi tuong dir li¢u ctia cac cum trong bo nhd ma chi
lwu cac tham sé thong ké. Doi v6i mdi cum dit liéu, BIRCH chi luu bo ba (N,
LS, SS), trong d6 N la s6 ddi tuong trong cum, LS la téng cac gia tri thudc tinh
ctia cac ddi tuong trong cum, va SS 1a téng binh phwong cua cac gia trj thudc
tinh ctia cac d6i tuong trong cum. Bo ba nay dugc goi 1a dic trung cum (Cluster
Feature — CF). Khi d6 cac cum trong tap dir liéu ban dau s& duge cho dudi dang
mot cay CF.

Cay CF la cdy can bang, nham dé luu trit cac dic trung ciia cum. Cay CF
chtra cac nut trong va nat 14. Nut trong luu gilt tong cac dic trung cum ciia cac
nut con ctia nd6. Mot cay CF duoc dic trung boi hai tham so:

Yéu t6 nhanh (B): Nham xac dinh sd t6i da cic nit con ctia mdi nit trong
cua cay;

Ngudng (T): Khoang cach tdi da gitra bat ky mot cap ddi twong trong nat
14 cua cay, khoang cach nay con goi la duong kinh cua cac cum con dugc luu tai
cac nut 1a.

Hai tham s6 ndy c6 anh huong 16n dén kich thudc cia cay CF.

Thuat toan BIRCH thyc hién qua giai doan sau:

Budc 1: Duyét tat ca cac d6i twong trong CSDL va xay dung mdt cay CF
khoi tao. Mot d6i tuong duoc chén vao nut 14 gﬁn nhét tao thanh cum con. Néu
duong kinh ctia cum con nay 16n hon T thi nut 14 duge tach. Khi mot déi tuong
thich hop dugc chén vao nut 14, tat ca cac nit trd téi gbe cua cdy duge cip nhat
v6i cac thong tin can thiét .

Budc 2 : Néu cay CF hién thoi khong c6 du bo nhé trong thi tién hanh xay
dung mot cay CF nho hon bang cach diéu khién bdi tham s6 T (vi ting T s& lam

hoa nhap mdt s6 cac cum con thanh mot cum, diéu nay lam cho cay CF nho
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hon). Budc nay khéng can yéu cau bat dau doc dir liéu lai tir du nhung vin dam
bao hi¢u chinh cay dit li¢u nhd hon.

Budc 3 : Thuc hién phan cum: Cac nut 1a cua cady CF luu gilt cac dai
luong théng ké cua cac cum con. Trong budc ndy , BIRCH str dung cac dai
luong thong ké nay dé ap dung mét sb ki thuat phan cum thi du nhu K- means
va tao ra mgt khai tao cho phan cum.

Budc 4 : Phan phdi lai cac ddi tuong dir liéu bang cach dung cac ddi
tuong trong tdm cho cac cum da dugc danh gia tir bude 3: Pay 1a mot budce tuy
chon dé duyét lai tap dir liéu va gin nhén lai cho cac ddi twong dir liéu t6i cac
trong tAm gan nhat. Budc nay nhim dé gan nhin cho cac dit liéu khoi tao va loai
b6 cac ddi tuong ngoai lai .

Panh gia thuat toan BIRCH.

Uu diém: Nho str dung cdy CF, BIRCH c¢6 téc do phan cum nhanh, do
phtic tap O(n) (vi BIRCH chi duyét toan bo dit liéu mot lan). BIRCH dugc ap
dung véi tap dir licu 16n, dac biét phu hop vai dit li¢u gia tang theo thoi gian.

Nhuoc diém: Chat luong cum dugc kham pha béi BIRCH 1a khong tot.

Tham s6 T anh huong 16n dén kich thuéc va tinh ty nhién cia cum.
2.4 Thuat toan INCREMENTAL DBSCAN

Hién nay d c6 nhiéu thuat todn phan nhom dong, trong phan nay chung toi
st dung thuat toan DBSCAN nhu 1a mét co sé cho thuat toan phan nhoém dong.

DBSCAN, nhu da gidi thi€u trong [5], dugc tmg dung cho CSDL tinh.
Trong mdi truong CSDL thudng xuyén cap nhat, ta can c6 thuat toan phan nhom
dong boi nhimg mau dir liéu ndy co thé thay doi theo thoi gian. Sau khi thém va
x6a tr CSDL, vi¢c phan nhém dugce kham pha boi DBSCAN phai duoc cép nhat.

Trong phan trude, ching t6i khao sat phan nao ciia mot nhom dang ton tai
bi anh huodng boi sy cdp nhat cua CSDL. Dya trén khai niém hinh thirc cua cac
nhém, ta co thé ching minh rﬁng thuat todn phan nhom dir liéu dong thu dugc
cung két qua nhu thuat toan DBSCAN tinh. Pay 1a mot tién bd quan trong cla

thuat toan dong nay.
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2.4.1 Cac d6i twong bi anh hwéng

Trong phan nay ching toi s& chung t6 rang cac thay doi voi qua trinh
phan nhém ctia CSDL D 1a bi gidi han trong 1an can cua mot ddi tuong p duoc
thém vao hay xo6a di. Cac ddi twong da chtra trong NEps(p) c6 thé thay d6i dic
tinh di twong nong cbt cua chung, nghia 1 nong ¢t ¢o thé trd thanh d6i tuwong
khong nong cdt va nguoc lai. Cac ddi tugng dd chua trong

N2Eps(p)\NEps(p) giit ddc tinh nong c¢dt cua chung, nhung cac d6i tuong
khong nong cbt co thé thay doi trang thai lién thong ciia chung, nghia la cac doi
tuong bién co thé tré thanh cac doi tuong lac loai hodac nguoc lai, vi lan can Eps
ctia chung c6 thé chira cac d6i tuong v6i mot dic tinh nong ¢t da thay doi. Déi
véi tat ca cac d6i twong bén ngoai N2Eps(p), no quyét dinh rang ban than cac
d6i twong nay 13n cac d6i twong trong 1an can Eps cta chang ciing khong thay
d6i dac tinh doi twong nong cot. Vi thé, trang thai lién thong cua cac ddi tugng
nay la khong thay doi.

Sau khi thém vao vai d6i tuong p, thi cac ddi tuong khong nong cdt (cac
d6i tuong bién hodc d6i twong lac loai) trong NEps(p) c6 thé trd thanh cac ddi
tugng nong cdt ngu ¥ rang cac phan bé lién thong méi co thé duoc thiét 1ap co
nghia 1a day chuyén py,p,,....pmP= =T, Pn = s vGi pi+1 c6 phan bd co thé di dén
truc tiép tir pi véi hai dbi tugng r va s ¢6 thé trd thanh khong c6 phan b co thé
di dén dugc voi nhau trude khi thém vao. Sau 6, mot trong nhiing p; véi i <n
phai dugc chtra trong NEps(p).

Khi x6a vai d6i tugng p, cac doi twong tugng nong cbt trong NEps(p) co
thé trd thanh ddi twong khong nong cbt ngu v rang phan bd lién thong c6 thé bi
huy bd, nghia 1a c6 thé khong con day chuyén P1 P2, ooy Py PL =T, Pn = s VOI
pi+1 co phan bd c6 thé di dén truc tiép tir pi voi hai ddi twong r va s da c6 phan
bd ¢ thé di dén duge véi nhau trude khi x6a. Mot 1an nita, mot trong nhirng pj

v611 < n phai dugc chira trong NEps(p).
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Hinh 2.8: Céc doi twong bj anh hueng trong mét CSDL mau

Hinh trén minh hoa su ban luin cta ching toi sir dung mot CSDL mau
voi cac dbi tuong hai chiéu va mot ddi tuong p duoc thém vao hodc bi xda di.
Céc d6i twong a va b 14 phan bd lién thong Eps nhu d3 mo ta va MinPts = 4
khong sir dung mot trong cic phan tir cia NEps(p). Vi thé, a va b cling cing
thudc nhom doc 1ap vai p. Néi cach khac, cac doi twong d va e trong D\NEps(p)
chi 1a phan bé lién théng qua ¢ trong NEps(p) néu d6i twong p ton tai, dé cho
moi quan hé thanh vién nhom cua d va e bi anh hudng bai p.

Noi chung, vi¢c thém hay x6a mot doi tuong p, thi tap cac dbi tuong bi
anh huong, nghia 13 tap cac doi tuong c6 kha nang thay d6i mbi quan hé thanh
vién nhém sau khi cap nhat, 1a mot tap cac d6i tugng trong NEps(p) cong thém
tat ca cac déi tuong co phan bd o thé di dén duoc tir mot trong nhimng dbi tuong
nay trong DU{p}. Mbi quan hé thanh vién nhém cua tat ca doi tugng khac
khong & trong tap cac ddi twong bi anh hudng s& khong thay doi. Piéu nay 1a
truc giac cta viée xac dinh va theo doi bd dé sau. Cuy thé, bd dé khang dinh rang
mot nhom C trong CSDL khéng phy thudc vao viée thém hodc x6a mot d6i
tugng nong cdt cia nhom nam bén ngoai tip bi anh hudng cua D ddi voi p (ky
hiéu 1a AffectecdD(p). Ghi chi rang nhém 1a duoc xac dinh duy nhat boi bat
ky dbi tugng nong cbt cia nod. Vi thé, theo dinh nghia

AffectedD(p) thi tat ca cac ddi twong nong cdt ciia nhdm nam ngoai (hoic
trong) tap AffectedD(p).

Dinh nghia 6: (Cac dbi tuong bi anh hudng) Goi D 1a mdt CSDL g(‘A)m ddi
tuong va p 1a mdt vai ddi tuong (hodc & trong hodc ¢ ngoai D). Chung t6i dinh

nghia tip cac ddi tuong trong D bi anh hudng béi viéc thém hodc x6a p nhu:

Affectedp(p) = NEps(p) V{g|3 o e Neps(P) A g >pu {p}o}-

B6 dé 1: Cho D 1a mot tap cac ddi twong va p 1a cac ddi tuong. Thé thi:
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VoeD:ogAffectedp (p) = {ql| g > p\{p}o}={al a>pu {p}o}-

B6 dé 2 : Cho D la mét tap cac ddi twong. Ngoai ra D*=D U {p} sau
khi thém vao mot ddi tuong p hoic D*=D\{p} sau khi xéa ddi tuong p
va goi c la mot déi tugng nong cét trong D*.C={o|o> D*c} la mot
nhom trong D* va:
Cc Affectedp(p)<>3q, q’: g€ NEps (9’, q”< NEps(p).c > D*q,q
la d6i twgng nong cdt trong D* va g7 1a ddi tuong nong cdt trong DU{p} .

Theo b dé 2, chién luoc chung dé cap nhat cong viéc phan nhom sé bat
dau thuat toan DBSCAN chi véi cac ddi twong nong cot ma & trong 1an can Eps
ciia mot ddi twong nong cdt (trudc dd) trong NEps(p). Tuy nhién, khong can
thiét kham pha lai phan bb lién thong da dugc biét tir viéc phan nhom trude va
khong bi thay ddi bai tac vu cap nhat. V61 muc dich do, ching to61 chi can xem
xét cac ddi tuong nong cbt trong 1an can Eps cua cac dbi tuong d6 ma thay doi
dac tinh di tuong nong cot cua ching nhu mot két qua cua viéc cap nhat.

Trong trudng hop thém nhiing d6i tuong nay co thé 1a lién thong sau khi
thém. Trong trudng hop x6a phan b lién thong giita chung c6 thé bi mat. Trong
truong hop tong quat, thong tin ndy co6 thé dugce xac dinh bang cach sir dung rat
it cac truy van ving. Thong tin con lai can diéu chinh viéc phan nhom cé thé
dugc suy tir mbi quan hé thanh vién nhom trude khi cap nhat. Pinh nghia 7 gidi
thiéu cac khai niém hinh thtrc can thiét dé dién giai cach tiép can nay. Ghi nho:
cac dbi twong voi mot dic tinh dbi twong nong cbt thay doi déu duoc dinh vi
trong NEps(p).

Dinh nghia 7: (cac ddi tuong hat giéng-seed cho viéc cap nhat) cho D 1a
mot tap cac ddi tuong va p la mot déi tuong dugc thém hodc xoa.

Ta c6 cac khai niém sau:

UpdSeedrns= {q |q 1a mot ddi tuong nong cot trong DU {p}, I g”:

g’ la d6i tugng nong cot trong D U {p} nhung khong & trong D
vVa g € NEpS (q')}
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Ta goi cac d6i tuong qeUpdSeed “cac ddi tuong hat gidong dé cap nhat”.
Ghi cht rang nhirng tap nay co thé dugc tinh mot cach hiru hiéu hon néu ta bd
sung luu trit cho mdi d6i tuong mot sé ddi tuong trong 14n cin cia né khi khoi
tao phan nhém CSDL. Sau d6, chung t6i chi can thyc hién truy van ving don
cho ddi twong p duoc thém hodc x6a dé do tim tat ca ddi twong q’ cung véi dic
tinh d6i tuong nong cbt thay doi (nghia 1a cac ddi twong trong NEps(p) véi s6 =
MinPts trong trudong hop xo6a).

Chi ddi v6i cac ddi twong q’ (néu c6 bat ky) ta phai truy van
NEps(q’) dé xac dinh tit ca cac ddi tuong q trong tap UpdSeed. Vi tai luc nay
lan can Eps ctia p van con trong bd nhd chinh chung toi kiém tra tap nay dau
tién véi 1an can q’ va thuc hién mot truy van ving bo sung chi néu c6 thém cac
d6i twong voi dic tinh ddi tuong cd 151 thay d6i sau khi cap nhat (khac véi cac
d6i tuong dugc thém hoic bi x6a p) 1a khong duoc thudng xuyén lam.

Vi thé, trong hau hét cac truong hop ching toi chi phai thuc hién truy van
lan can Eps cho p va thay doi bd dém s6 d6i twong trong lan can cia cac d6i

tugng duoc truy van.
2.4.2 Trwong hop thém

Khi thém mot dbi twong méi p, phan bo lién thong méi c¢6 thé duoc thiét
1ap, nhung khong c6 cai nao bi hiy bo. Trong trudng hop ndy, du dé han ché
g dung thi tuc phan nhém d6i voi UpSeedlns.

Néu ta phai thay doi quan hé thanh vién nhém cho mot d6i tuong tir C
thanh D ching t61 thyc hién thay doi quan h¢ thanh vién nhoém nhu thé cho tat ca
thanh vién nhom nhu thé cho tat ca cac ddi tugng khac trong C. Viéc thay doi
quan hé thanh vién nhom cua nhitng ddi twong nay khong lién quan dén tng
dung thuét todn phan nhom nhung c6 thé duoc xtr 1y bdi luu trir don gian thong
tin vé cac nhém dugce tron.

Khi thém mot ddi twong p vao CSDL D, ta phéan biét cac trudng hop sau:

(1) Lac loai: UpdSeedIns 1a rdng, nghia 1a khong cé cac ddi twong nong
cdt méi sau khi thém p. Vi thé, p 1a mot d6i tuong lac loai va khong cé thay dbi

nao khac.
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(2) Tao lap: UpdSeedlns chi chira cac ddi tuong nong cbt khong thude vao
mot nhom nao trude khi thém p, nghia l1a ching 1a cac dbi tuong lac loai hoac
bang p va nhom moi chira cac d6i tuong lac loai ndy hay p duoc tao.

(3) Su thu hiit: UpdSeedIns chira cac ddi tuong nong cdt 13 cac thanh vién
ctia mot nhom C trude khi thém. Doi tuong p va co thé vai ddi tuong lac loai bi
thu hit vao nhom C.

(4) Tron: UpdSeedIns chira cac ddi twong nong cot 1a cac thanh vién cua
nhiéu nhom trude khi thém. Tat ca cac nhom nay va déi twong p dugc tron thanh
mot nhoém.

Hinh 2.11 minh hoa cach hinh thanh don gidn nhit cta cac truong hop
khac nhau khi thém mot d6i tugng p vao cing moét CSDL céc diém 2 chiéu, sir

dung tham s6 Eps nhu d3 miéu ta MinPts=3.

) TN

\p | i X |

Ay B
case 1: noise case 1: creation

.: :':/::_ - '_:: :'- _:\‘
"\PD GLJ

case 3: absorption case 4: merge

Hinh 2.9: Cac truong hop khdc nhau cua thudt todan
Trong hinh 2.12 trinh bay thém mot vi du phirc tap cua viéc tron cac nhoém
khi thém mot d6i tuong p. Trong vi du nay gi tri cho Eps nhu dugc miéu ta va
MinPts=6. Vi thé, diém thém vao p khong phai 1a d6i twong nong cdt, nhung Oy,
0,, 05 va O, 13 cac d6i tugng nong c6t sau khi cap nhat. Cong viéc phan nhom
trude co thé duge cdp nhat bang cach chi phan tich 14n cin Eps cla nhitng dbi
tuong nay: nhém A dugc tron vol B va C vi O; va Oy cling nhu O, va O3 ¢6 phan

bo co thé dén dugce truc tiép 1an nhau, ngam dinh cho cho viéc tron B va C.
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=« = objects from cluster A
2 = objects from cluster B
= o objects from cluster C

Hinh 2.10: Thé hién trén cdc nhém A, B, C bang thudt todn thém

Sy thay d6i quan hé thanh vién nhom cho cac ddi twong trong trudng hop
tron cac nhom co thé duge thuc hién rat hitu hiéu b::ing luu trit don gian thong
tin vé cac nhom dugce tron. Luu ¥ rang loai tron “chuyén tiép” ndy chi co thé xay
ra néu MinPts 1a 16n hon 5, vi nguoc lai p s€ 1a mot ddi tuong nong ¢t va sau

d6 tt ca cac dbi tuong trong NEps(p) s& co phan bd c6 thé dén duoc tir p.
2.4.3 Trwong hop xo6a

Nguogc lai véi viée thém vao, khi ta x6a mdt dbi tuong p, cac phan bo lién
thong c6 thé bi hity bo, nhung khong c6 lién thong méi nao duoc thiét 1ap. Truong
hop khé khin cho viéc x6a xay ra khi nhém C ciia p khong con phan bo lién thong,
thong qua cac ddi trong nong cdt (trudc) trong NEps(p) sau khi xoa p.

Trong truong hop nay, ta khong biét tong quat co bao nhiéu ddi twong
phai kiém tra truéc khi co thé xac dinh C phai dugc chia ra hay khong. Tuy
nhién, trong hau hét cac trudng hop, tdp cac dbi twong nay 1a rat nho vi viée
phan chia mot nhom 14 khong thuong xuyén va tong quat tinh huéng khong chia
s€ dugc do tim trong mgt 1an can ctua doi tuong bi x6a p. Khi x6a mot doi tuong
p tir mét CSDL D ta c6 thé phan biét cac truong hop sau:

(1) Loai bo: UpdSeedDel 1a rdng, nghia 14 khong co cac dbi tugng nong
cdt trong 1an can cac d6i tuong ma co thé mat dic tinh dbi twong nong cdt cua
chung khi x6a p. Sau d6 p bi x6a khoi D va cudi cling cac d6i tugng khac trong
NEps(p)thay d6i tir nhom C cii sang thanh phan lac loai. Néu diéu nay xay ra thi
nhom C hoan toan bi hiy bo vi sau d6 C khong co cac dbi tugng nong cdt ngoai

NEps(p).
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(2) Giam bét: Tat ca cac ddi tuong trong UpdSeedDel 1a c6 phan bd c6
thé dén duogc truc tiép véi nhau. Thé thi p duoc x6a khoi D va vai ddi tuong
trong NEps(p) c6 thé tr¢ thanh lac loai.

(3) Kha ning phén chia: Cac d6i tuong trong UpdSeedDel khong c6 phan
bb ¢ thé dén truc tiép voi nhau. Cac d6i twong nay chi thudc vao nhom C trude
khi x0a p. Bay gid ta phai kiém tra xem céc d6i twong ndy 1a c6 phan b lién
thong véi nhau hay khong trong nhém cii C. Phu thudc vao su tdn tai cia céc
phan bb lién thong nhu thé, ta co thé phan biét tinh hudéng phan chia va khong
phan chia.

Hinh 2.13 minh hoa cac trudong hop khac nhau khi x6a p tir mdt CSDL
mau véi cac ddi tuong 2 chiéu stir dung cic tham sé Eps nhu di miéu ta va

MinPts=3.

TN e
Lok} . x |}
Ny Ly
case 1: removal case 2: reduction
,5plit #5plit
LI v L e e S
F 2 V) e
B/ P, A
et YT e L
PR , N
case 3: split case 3: split and no split

Hinh 2.11: Cac truong hop khac nhau cua thudt todan xoa

Ghi chu rang tinh huéng nhu di miéu ta trong trudng hop 3 ¢o thé xay ra
dong thoi. Néu truong hop (3) xay ra, thi thu tuc phan nhém cling phai xem xét
cac dbi tuong bén ngoai UpdSeedDel, nhung né ngimg lai trong cac trudng hop
tinh trang khong phan chia ngay sau khi cac d6i twong tir tip UpdSeedDel c6
phan bb lién thong v6i nhau.

Truong hop (3) dugc cai dat boi mot thu tuc tuong tu vaoi thuat toan
DBSCAN bit dau song song tir cac phan tir ctia tdp UpdSeedDel. Su khac nhau
chinh d6 1a cac ung vién dé mo rong sau ndy dugce quan 1y trong mot hang doi
thay vi stack. Vi thé, viéc tim theo bé rong trudc cic phan bd lién thong bi mat

duoc thyc hién hi¢u qua hon tim ki€ém theo chiéu sau trude vi céc ly do sau:
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Trong tinh hudng khéng phan chia, ta nglmg ngay sau khi tat ca cic thanh
vién ctia UpdSeedDel duoc tim thay 1a phan bé lién thong voi s luong cac dbi
twong nhé nhat (yéu cau sd luong nho nhét cho cac truy van ving) duge do dau tién.

Tinh hudng phan chia trong trwong hop tong quat 13 trudng hop c6 chi phi
16n hon vi cac thanh phén ctia nhom bi chia thyc sy phai dugc kham pha. Thuat
toan ngimg khi gan nhu thanh phan cudi cung duoc duyét dén. Thong thuong,
mot nhom chi duoc chia thanh hai thanh hai phan va mét trong hai phan d6 1a
twong d6i nho. Str dung phuong phap tim kiém theo bé rong trudc chung t6i chi
phai duyét phan nhé hon va mot ty 1é nho phan 16n hon.

Thuat toan: Gia st rr?lng, ching t61 da c6 mot tap cac dac trung cua cac ddi
tugng va nhom dir lidu sau khi duge phan tich va tién hanh phan nhém bdi thuat
toan DBSCAN. Muc tiéu cta thuét toan 13 tién hanh xac dinh nhom va xéc nhap
cho cac ddi tugng trong CSDL liéu mé&i vao CSDL hién hanh theo cac nguyén 1y
da dugc trinh bay trong thuat todn phan nhém dir liéu dong.

Mai gia dé xudt cho thuét toan phan nhom dir liéu dong gdm céc bude:

INPUT:

- Old RTree: Tap cac ddi tuong dir liéu cii;

- New RTree: Tap cac d6i tuong dit liéu méi;

- Point: d6i twong dau tién duogc duyét.

OUTPUT: New RTree: Tap cac ddi tuong dir liéu méi da dugce cip nhat.

IncrementalDBscan ( Old RTree, New RTree, Point)

Get the Neighborhood Points of the Point in Both the RTree

For Every Neighborhood Point of the Given Point

If the Neighborhood Point is a core Point
If the Neighborhood Point was not a Core Point earlier
If the Neighborhood Point belongs to a Cluster
Add the Neighborhood point to a List 'Change’ to
process Later
Else
Mark to Change the Cluster Later
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Get the Neighborhood Points of the Neighborhood Point and add
them into a list Np
For every Point in the List Np
If the Point is Noise
Mark to Change Later
If the Point Belongs to a Cluster
Add the point to the List ‘Change' to process Later
Else
Add the Neighborhood Point to the List 'Change’ to process
If No New Core Points
Assign the Cluster ID as Noise
Else
If 'Change' List has No elements Then
Assign all Marked Points to a New Cluster
Else If Change List has Only one Element
Add the Point to the 'Change’ Cluster
Else
Update All the CusterID of the Points in the ‘Change' List
End Incremental DBSCAN.

2.5 Thuat toan phan nhém cay hau té

2.5.1 Cay hautd

a. G161 thi¢u vé cay hau to

Dé tim c4c xau con chung cho hai hay nhiéu chu6i chiing t61 can st dung

mot cau truc dic bi¢t la cay hau t6. Mot cay hau to6 cho xau s chira tat ca céac

suffix cua s va ho tro tim ki€ém véi toc do cao, cu thé tim xem mot xau c6 do dai

1 c6 phai la xau con cua s khong va nd chay trong thoi gian O(1).

Trudce hét, ching t61 phai lam rd hai khai niém suffix trie va cay hiu to.

D¢ c6 cai nhin mot cach truc quan vé suffix trie va cay hau to, chung toi

xem xét vi du sau: xét xau S=abaab.
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Trie(abaab) Tree(abaab)

a

baab

Hinh 2.12: Suffix trie va cdy hdu té Cia xdu S = abaab

Cau trac dit liéu cay hau t6, Tree(T) la mot cay biéu dién tat ca cac suffix
cua xau S. CTDL nay c6 kich thudc tuyén tinh: [Tree(T)|= O(|T|) va co thé
duoc xay dung trong thoi gian tuyén tinh O[T| trong khi d6 suffix trie Trie(T)

lai co kich thudc kha 1on |Trie(T)| = O(|T2|) boi 18 Trie(T) ciing biéu dién tat
ca cac suffix cua T, tuy nhién mdi canh lai duoc gan nhan la mot ki tu.
Piéu nay lam cho kich thudc caa no tang lén kha nhiéu.
Dinh nghia 1[9]: Cay hau t6 T cua chudi m ki tu S 13 cay c6 hudng, co
gbe co cac tinh chét sau:
- Céc duong di tir gbe dén 14 trong tng 1-1 véi cac hau td caa S.
- MGJi nut trong, trir nit goc, ¢ it nhat 14 hai con.
- Moi canh duoc gan nhan 1a mot xau con khac rong cua S.
- Khong c6 hai canh nao cta cting mot nat ¢6 nhan bat dau bang cung mot
ki tu.
- V&i mot 14 bat ky su két hop cac nhin cia cac canh trén duong di tir goc
t6i I duoc goi 1a mot suffix cua S bat dau tai vi tri Is;...,sp.

Dudéi day 1a mot cay hau to cua sau S=xabxac:

S6 héa béi Trung tam Hoc liéu — PHTN  http://www.lrc.thu.edu.vn



I 2 3 45 6

Hinh 2.13: Céy hdu té cho chudi S = xabxac

Dinh nghia cta cdy hau t6 khéng dam bao mét cdy nhu vay ludn ton tai
v6éi moi xau S. Néu mot hau td cua S lai 1a tién t6 cuia mot hau td khac thi duong
di tir gbc dén no6 s& khong két thuc boi mot nut 1a. Vi du, néu bo chir ¢ trong xau
S, hau t6 xa 1a tién t6 ctia hau t6 xabxa nén khong c6 duong di ndo tir gbe dén 1a
tuong Ung véi xa.

Pé dam bao ludn dung dugc cay hau td nguoi ta thuong thém mot ki tu
dic biét vao cudi xau S, goi 1a ki ty két thuc, dé khong co bat cit hau t6 nao 1a
tién t6 ctia hau t6 khac. Ki tw nay phai khong xuat hién trong xau ban dau, nguoi
ta thuong chon mot ki tu khong c6 trong bang chir cai. Trong céc tai lieu thuong
dung ky tu $ dé ki hiéu.

b. Xay dyung cay hau tb

Nam 1973 Weiner di dua ra thuit toan cai dat cAy hau t6 véi do phuc tap
tuyén tinh vé thoi gian, cho toi nim 1976 McCreight da phat trién mot thuat toan
hiéu qua hon vé mit khong gian va ndm 1995 Ukkonen di dua ra mot thuét toan
don gian, dé hiéu va t6i uu hon hai thuat toan trudc d6, trong phan nay chung toi
cht yéu tim hiéu thuat toan xay dung cdy hau t6 cua Ukkonen. Dé giam thoi
gian xay dung cdy hau td, Ukkonen da dua ra khai niém Suffix link.

Dinh nghia 2 [9]: Cho trudce:

e Xau x,, xla mot ki tu, o la mot xau.
e Dinh trong v ¢6 nhan la x,,.
Néu ton tai mot dinh s(v) véi nhan a, thi con tro tr v — s(v) dugc

goi la suffix link ; Néu o la xau rdng thi s(v) chinh l1a géc ; Khong co Sufix
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link nao xuat phat tir géc. Trong bat ky cay hau t& T; nao, néu ton tai
dinh v ¢6 nhan xo thi s& ton tai dinh w thudc T; ¢6 nhan a.

XétXau T= t1t2tn$, P; = t1to..t; laprefix cua T. Y twong cua
thuat
toan Ukkonen : cap nhat Trie(P1) dé thu duoc Trie(Pi +1).
Ta xét vi du xay dung Suffix Trie tir xau S=abaab.

Thém avao Thém b vio Thém a vio Thém a vio

TATA

Ki ty b da xudit hién & day

Thém b vao ciy

Ki t tiép theo durge thém vao la b

Hinh 2.14: Cac buoc tao cay hau té cua xdu S=abaab

Pé thu dugc Trie(Pi+1) tir Trie(Pi): Ta sir dung quy tic thém ai vao ciy
da chtra ai duwgc mo ta truc quan nhu hinh dudi:

Tai dév ki tw a; 44 ton tai => dimg

cap nhat ta diy
° \a ip ahit el ddy

Trude khi cdp nhit

Suffix link

°\ O\ ===
g
=1l
Sau khi cap nhat a \
d
suffix links mai

Binh man

Hinh 2.15: Quy tdc thém ki tw ai vao cdy dd chira ai
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Y tudng cua thuat toan Ukkonen trong viée xay dung cdy hau t6 :

- Construct cy hau td T,

- Fori=1tom-1do

{Phase i + 1 buid T;+1 from Ti by adding character number i+1}

C6 3 quy tic khi thém mét ki tu vao cdy cho trude: Ap dung véi cay hau

t tao bo1 xau S=axabx:

(o]

Hinh 2.16: Cdy hdu té T Ciia xdu S = axabx

Tai budc 1+1, extention thir j dat suffix S[j...1]1a
(1) Néu B két thuc tai 14 trong cdy Ti —thém S(i+1) vao cudi nhéin cua
canh ung vé6i 4. Ap dung vao cdy T nhu hinh sau: thém vao ki tu b ta dugc xau

S = axabxb.

Hinh 2.17: Cdy hdu t6 T Ciia xdu S=axabxb theo quy tdac 1

(2) Néu khong c6 dudng nao két thic cua p - bat dau voi S(i+1) nhung co it

nhét mot dudng duoc gan nhan tiép tuc tir két thuc ciia B — tao canh tmg véi 14
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moi bat dau két thuc ciia B gan cho canh d6 nhin S(i+1). Tao ra dinh méi néu

B két thic bén trong mot canh, gan cho 14 tmg véi diém cudi ctia canh nay 13 j.
Tré lai vi du trong hinh 26: Diém cubi cua B 1a x; khéng c6 dudng nio

chira “xb” nhung c¢6 mot duong dwoc gan nhan chira “xa” — extention j = 5

duoc tao.

Hinh 2.18: Cdy hduté T Ciia xdu S = axabxb theo quy tdc 2

(3) Néu ton tai duong di tir két thuc cia B ma bat dau voi S(i+1) —

khong can lam gi nita.
2.5.2 Cay hau to - Cay hau to tong quat

a. Khai niém

Trong cac phan trén ta da timg budc xay dung cay hau t6 cho mot chudi.
Pé giai quyét bai toan tim cac nhom tir chung cuia hai hay nhiéu chudi hay vin
ban ta cin md rong khai niém cay hau td dé chtra nhiéu chudi hon trong mot cau
trac dir liu chung.

Pinh nghia: Cho tap cac chudi {Si, S,..., Sk}, cdy hau tb tong quat cho

tap cac chudi nay la cay sao cho:

Céc duong di tir gbe dén 14 tuong tng 1-1 véi cac hau td caa S;.

Moi nit trong, trir niit goc, co it nhat 13 hai con.

Moi canh dugc gan nhan 1a mot xau con khac rong cua S.

- Khong c6 hai canh nao cua cung mdt niit c6 nhan bat dau bang cung

mot ki tu.

S6 héa béi Trung tam Hoc liéu — PHTN  http://www.lrc.thu.edu.vn



40

D¢ phan bi¢t hau to6 cua cac chudi khadc nhau, moi chudi duge bo sung
mot ki tu két thic khac nhau va khong cé trong bang chir cai. Moi nut 14 cua cay
tuong ung véi mdt hau t6 ctia mdt chuodi nhat dinh va dugc gan nhan bang chi s6

ctia chudi d6. Hinh 29 cho ta mdt vi du vé cy hau t6 ctia {xabxa, abxbx}.

0 1 0 0

Hinh 2.19: Cdy hdu t6 Véi cdc lién két hau té cho 2 chudi xabxa va abxbx

b. Dung ciy hau té tong quat trong thoi gian tuyén tinh

Ap dung giai thuat Ukkonen ta dé dang dung duogc cy hau to tong quat
trong thoi gian O(N) véi N 1a tong do dai cac xau.

Pau tién ta dung cdy hau té thong thuong cho xau S;. Véi cac xau S,,
Ss,..., Sk trude tién ta tim tién t6 dai nhat Se[1...1] da ton tai trong cay. Ta thuc
hién cac giai doan i+1, 1+2,..., k cia thuat toan Ukkonen dé mo rong cay hau tb
tong quat phu toan bo xau.

Di sdu vao chi tiét, viéc tim tién td dai nhét da co trong cdy dong nghia
v6i viée tim duong di dai nhat trong cdy c6 nhan S,[1...i] bang cach quét timg
ki tu trén duong di tir goc. C6 hai truong hop xay ra:

1. Pudng di két thuc ¢ nat v (co6 thé 1a nat gbe): thém nut con méi ndi véi
v bang canh c6 nhan 1a S,[i+1].

2. Buong di két thic gilta mdt canh: chia do6i canh tai diém duong di két
thic va tao ra nit méi v. Tao nat con cia v ndi véi nd bﬁng canh S,Ji+1].

Sau khi thuc hién xong budc trén budc mo rong dau tién cua giai doan

i+1 d3 hoan thanh, ta c6 thé di theo nat cha cua v, theo lién két hau td v.v... dé
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thue hién cac budc mé rong tiép theo. Luu ¥ ring trong trudng hop thar 2 ta
cling can dam bao lién két hau t6 cta v s& duoc thiét lap trong budc mé rong

tiép theo.
2.5.3 Thuat toan STC

Thuat toan phan nhom cdy hau t6 Suffix Tree Clustering (STC) [10] 1a
mot thudt toan phan nhém thoi gian tuyén tinh dua trén viéc nhan dang cac
nhém tir chung ctia cic vin ban. Mot nhom tir trong ngit canh nay 1a mot chudi
thtr tu ctia mot hodc nhiéu tu. Chung t61 dinh nghia mdt nhém co ban (base
nhom) 1a mot tap cac van ban co chia s€ mot nhom tir chung.

STC c6 3 budc thyc hién logic: (1) “Lam sach” van ban, (2) dinh nghia
cac nhom co ban st dung mot cay hau té va (3) két hop cac nhom co ban vao
cac nhom.

Budc 1: Tién xir Iy (Pro-Precessing). Trong budc nay, cac chudi ciia doan
vin ban biéu dién mdi tai lidu duoc chuyén doi st dung cac thuat toan chit
(Chang han nhu loai bo di céac tién tb, hau td, chuyén tir s nhiéu thanh s it).
Phén ra thanh timg cau (xac dinh cac dau cham cau, cac th¢ HTML). B6 qua céc
tir t6 khong phai 13 tir (chang han nhu kiéu sb, cac thé HTML va cac du céu).
Cac chubi tai liéu nguyén géc dugc gitlr lai, cung véi cac con trd tai vi tri bat dau
ctia mdi tir trong chudi chuyén d6i dén vi tri ciia n6 trong chudi gdc. Viée cb cac
con trd6 nhim giup hién thi dugc doan van ban géc tor cac nhom tu khoa da
chuyén doi.

Budc 2: Xac dinh cic nhom co sd. Viée xac dinh cidc nhom co s& co thé
duoc xem xét nhu viée tao mot chi sb cua cac nhom tir cho tap tai liéu. biéu nay
duoc thuc hién hi€u qua thong qua viéc str dung cau trac dit liéu goi 1a cay hau
t6. Cau tric dir liéu nay co thé dugc xdy dung trong thoi gian tuyén tinh véi kich
cd cua tap tai liéuva cé thé dugc xay dung tang thém cho cac tai li¢u dang dugc
doc vao. Mot cay hau t6 ciia mot chudi S 13 mot cay thu gon chtra dung tat ca

cac hau to6 cua S. Thuat toan coi cac tai liéu nhu cac chuodi cua céc tur, khong
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phai cua cac ky tu vi vay cac hau td chira dung mdt hodc nhiéu tr. M6 ta cu thé
vé cay hau t6 nhu sau:

- Mot cdy hau td 1a ciy c6 gbe va duge dinh hudng.

- Mbi node trong c6 tdi thiéu 2 con.

- Mbi canh duoc gén nhan 1a mot chudi con cia S va chudi d6 khéc rong.
Nhan cua mot node duge xac dinh thong qua chudi ndi tiép cua cac nhan duoc
gan cho céc canh tir gdc toi node do.

- Khéng c6 hai canh tir mdt node dugc gan nhén bat dau véi tir gibng nhau

- V6i mdi hau td s cua S, tdn tai mot suffix-node ¢6 nhan 14 s.

Cay hau td ciia mot tap céc chudi 1a mot cay thu gon chira dung tAt ca cac
hau t6 cua tat ca cac chudi trong tap tai liéu. Mdi suffix-node duoc danh dau dé
chi ra chudi ma né thudc vé. Nhin cua suffix-node chinh 13 mét hau té cta chudi
d6. Dé phan nhom ta s& xdy dung cdy hau td cla tit ca cac ciu cua tat ca cac tai
lidu trong tap tai liéu. Chang han c6 thé xdy dung ciy hau té cho tap cac chudi 1a

{*cat ate cheese”, “mouse ate cheese too”, “cat ate mouse to0”}.

- Céc node cua cay hau t6 duoc vé bang hinh tron.

- Mi suffix-node c6 mdt hodc nhiéu hop gan vao nd dé chi ra chudi ma
nd thudc veé.

- M&i hop ¢6 2 sb (s6 thir nhat chi ra chudi ma hau tb thudc vé, sb tha hai

chi ra hau t6 nao ctia chudi gin nhén cho suffix-node)
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Hinh 2.20: Cdy hdu t6 cia cdc chudi "cat ate cheese”, "mouse ate cheese
too" and "cat ate mouse too"

Mot sb node dic biét a — f. Mdi mot node nay biéu dién cho mot nhom tai
liéu va mot nhom tir chung duogc thiét dat cho tat ca tai liéu. Nhan cta node biéu
dién nhom tir chung. Tap cac tai lidu gin nhan suffix-node 1a ké thira ctia cac node
tao boi nhom tai lidu. Do d6, mdi node biéu dién mot nhom co s& (base nhom).

Ngoai ra, tit ca cac nhoém co s co thé (chira 2 hodc nhiéu tai liéu) xuat
hién nhu cc node trong ciy hau t6. Bang sau liét ké cac node a — f trong hinh

30 va cac nhom co s¢ twong Uing.

Node Phrase Docum
A cat ate 1,3
B Eat 1,2,3
C Cheese 1,2
D Mouse 2,3
E Too 2,3
F ate 1,2

Bang 2.1: Cac nhom co so twong ung

Mdi nhém co s& duoc gan mot diém sd 1a mot ham cua sb luong cac tai
liéu nhom d6 chira dungva cac tir hinh thanh nén nhém tir ctia n6. Piém sb s(B)
cia nhom co s¢ B v&i nhom tu P 1a: s(B) = [B| . f(|P|) (*)

Trong d6: |B| 1a sé luong cua cac tai liéu trong nhom co so B, |P| 1a sb
luong cac tir ¢6 trong nhom tir P ma c6 diém s6 khac 0. Viéc xét dén diém sb
ctia nhom tir P theo nghia nhu sau:

Thuat toan cai dat mot danh sach stoplist bao gém cac tir dic trung trén
Internet ding dé xac dinh cac tir khac. Céc tir xuét hién trong danh sach stoplist
d6 hay cac tir xuat hién qua it trong mot nhom tir (3 hodc it hon) hay quéa nhiéu
(hon 40% cua tap tai lidu) s& duoc gan diém s6 0 cho nhom tu.

Ham f trong cong thuc (*) thuc hién trén cdc nhom tir don, n6 1a myén
tinh cho cdc nhom tir ¢6 do dai tir 2 dén 6 va la hfmg s6 vGi cac nhom ¢ do dai

16n hon.
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Budc 3: Két ndi cac nhom co s

Céc tai liéu co thé chia sé nhiéu hon mot nhom tir. Két qua 13, tap hop tai
liéu cta cac nhom co s& khac nhau co thé trung 1ap va tham chi 1a co thé 1a
gidng nhau. Dé tranh viéc ¢ nhiéu cic nhém gan giéng nhau tai budc thir 3 nay
cua thuat toan vi¢c tron cac nhom co sé voi mot su trung 1ap cao trong tap tai
liéu cua chiung (cha y 1a cadc nhom tir chung khong xem xét trong bude nay).
Thuét todn dua ra mdt do do tinh twong tu gitta cac nhém duya trén vié€c trung 1ap
cua tap tai li€u cia ching. Gia st ¢6 hai nhom co s& Bm va Bn véi kich co 1a
IBm| va |Bn| twong Gng. Véi |Bm N Bn| thé hién s6 tai liéu chung cta ca hai
nNhom, do tuong tu gitta BmvaBnla 1 néu:

+) | Bm N Bn| /|Bm| > 0.5 va

+) | Bm N Bn|/|Bn|> 0.5

Nguoc lai, do tuong tu 1a 0.

Hay xem minh hoa tiép theo ciia vi du trong Hinh 3.21:

- M6i node 14 cac nhom co so.

- Hai node duoc ndi v4i nhau khi do tuong tu la 1.

- Mot nhém duge xéac dinh 13 cac thanh phan dugc ghép nbi trong do thi
nhoém co sé.

- Mbi mot nhom s& bao gdm tap cua tat ca cac tai liéu cua cac nhom co s

trong no.

Phrase: cat ate
Documents: 1.3

Phrase: cheese
Documents: 1,2

Phrase: mouse
Documents: 2.3

Phrase: ate
Documents: 1,23

Phrase: too Phrase: ate cheese
Documents: 2.3 Documents: 1.2

Hinh 2.21: P6 thi cdc nhém co s¢

S6 héa béi Trung tam Hoc liéu — PHTN  http://www.lrc.thu.edu.vn



45

Xét trong vi du trén. Cac thong s6 dugc thé hién nhu hinh trén. Mbi nut 1a
mot cum va mdi canh ndi voi nhau thé hién rﬁng do tuong tu gitra 2 cum la 16n
hon 1 tirc 14 c4c cum c¢6 tdn tai mot canh ndi o thé hop lai v&1 nhau thanh mét
cum. nhu vay so dd trén thé hién duy nhat mot cum.

Xét trudong hop, néu gia st rang tir ‘ate’ ¢ trong danh sach stoplist, thi
nhém co s b sé bi loai ra bai vi nd ¢6 chi sd ctia nhém tir 14 0. Va do dé sé ¢ 3
thanh phan két nbi trong d6 thi, thé hién 3 nhom.

Hi¢u qua thuat toan: Thoi gian cia viéc tién xir 1y cac tai li€u tai bude 1
ctia thuat toan STC hién nhién 1a tuyén tinh véi kich thudc tap tai liéu. Thoi gian
ctia viéc thém cac tai liéu vao cdy hau td cling tuyén tinh véi kich thude tap tai
liéu theo thuat toan Ukkonen ciing nhu sd luong cac node c6 thé bi anh huong
boi viée chén nay. Do véy thoi gian tong cong ciia STC tuyén tinh véi kich
thudc tap tai liu. Hay thoi gian thuc hién cua thuat todn STC 14 O(n) trong do6 n
1a kich thudc cua tap tai liéu.

Suffix tree clustering (STC) hay phan nhom cay hau té 1a phuong phap
phan nhom két qua tra vé tir may tim kiém dugc Carrot2 sir dung v6i wu thé vé
sy chinh xac va nhanh chong khi phan nhom trén dir li€u nhé (snippet). Michal
Wroblewski [8] d4 phan tich, so sanh két qua bd phan nhom tra vé cua Carrot2
khi str dung cac thuat toan khac nhau, két qua thuat toan cay hau t6 dua lai bo
phan nhém c6 d6 chinh xéac cao nhat.

Nhan xét rang, thuat toan phan nhom STC cho két qua twong ddi chinh
xéac va thoi gia xtr 1y kha nhanh (bodi do phtic tap thuat toan O(n)). Diéu d& nhan
thay trong két qua trén 13 thut toan nay 1a phan nhom chong 1dp, diéu nay phu
hop véi céc tai lidu trong linh vuc Web bai mdi tai liéu bat ky sé c6 xu hudng

thudc mot hodc nhiéu chu dé khac nhau.
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2.6 Thuat toan dwa vao phan loai véc-to hd tro
2.6.1 Phuwong phap SVM

Xét bai toan: Kiém tra xem mot tai liéu bat ky d thudc hay khong thudc
mot phan nhoém ¢ cho trudc? Néu d e c thi d duoge gan nhan 1a 1, nguoc lai thi d
dugc gan nhan 1a -1.

Gia sir, Iva chon dugc tap dic trung 1a T = {ty,t,, ..., t,}, thi mdi tai lidu di
s& dugc biéu dién bang mot véc-to dir lidu xi = (Wiz, Wip, ..., Win), W;; € R 1a
trong s6 tir tj trong dit licu di. Nhu vay, toa d0 cua mdi véc-to dit lidu xi tuong
g véi toa do ciia mot diém trong khong gian Ra.

Dit liéu huan luyén cia SVM 1a tap cac van ban d3 duoc gan nhén trudc:

D = {(X1,Y1), (X2, Y2), ..., (xi, Vi), trong d0, x; 1a véc-to dit liéu biéu dién dir
litudi (xieRy), yie{+1,-1}, cap (xi, yi) dugc hiéu 1a véc-to xi duoc gan nhén 1a
yi. Y tuéng ctia SVM 1a tim mot mit hinh hoc (siéu phang) f(x) “t6t nhat” trong
khéng gian n-chiéu dé phén chia dir liéu sao cho cac diém x+ duoc gan nhan 1
thudc vé phia duong cia siéu phang (f(x+) > 0), cac diém x- dugc gan nhan -1
thudc vé phia 4m cia siéu phang (f(x-) < 0). Voi bai toan phan loai SVM, mot
siéu phéng phan chia dir liéu duoc goi la “t6t nhat”, néu khoang cach tu diém dix
liéu gan nhat dén siéu phang 1a 16n nhat. Khi d6, viéc xac dinh mot tai liéu x [
D c6 thudc phan loai ¢ hay khong, twong tmg véi viéc xét dau cua f(x), néu f(x)
>0 thi x € ¢, néu f(x) < 0 thi x¢ C.

Cho tap dir ligu: D ={(x1,y1), (X2,Y2), ...(Xi,y))}, Xi € Ry, Yie{-1,1}

Truong hop 1: Tap dit liéu D c6 thé phan chia tuyén tinh duoc ma khong
c6 nhidu thi chung ta c6 thé tim dugc mot siéu phang tuyén tinh c6 dang (1) dé
phan chia tap dit liéu nay. Siéu phang t6t nhat tuong duong voi viéc gia bai toan

tO01 wu sau:

Ming(u) = o
y;(w'x +b)>1i=1 (1)
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Truong hop 2: Tap dir liéu huan luyén D c6 thé phan chia duoc tuyén tinh
nhung c6 nhidu nghia 14 diém c6 nhin dwong nhung lai thudc vé phia 4m cia
siéu phang, diém c6 nhian am thudc vé phia dwong cua siéu phang. Bai toan (1)

trd thanh:
. 1 2 [
Mind(w) = EHWH + CZi:lE-’i

y, (W (x)+b)>1-&,i=1,...,]
£ >0)i=1,..,1

(2)

Vi Ei goi 1a bién sd ndi long (slack variable) ) &j > 0.
C 1a tham sd xac dinh trude, dinh nghia gia tr1 rang budc, C cang 16n thi

muirc do vi pham d6i voi nhitng 151 thyc nghiém cang cao.

Truong hop 3: Tuy nhién khong phai tap dir liéu nao ciing c6 thé phan
chia tuyén tinh duoc. Trong trudong hop ndy, ching ta s& anh xa cc véc-to dir
liu x tir khong gian n-chiéu vao mot khong gian m-chiéu (m > n) , sao cho
trong khéng gian m-chiéu nay tap dir liéu c6 thé phan chia tuyén tinh tur
khong gian RM vao khong gian rRM. d: RNRM

Khi d6, véc-to xi trong khong gian Rn s€ tuong g vdi véc-to ¢ (Xi)
trong khong gian Rm.
Thay ¢ (xi) vao (2) ta c6 (3):

Ming(w) = ol +C3, ¢

y; (W g(x)+b) =1-¢&,i=1..|
£>0)i=1..]

Ming(w) = " +C 3,4

Y, (W g(x) +b) >1-E£i=1,...]
E>0,i=1..]

(3)
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Viéc tinh toan tryc tiép ¢ (xi) 1a phuc tap va kho khan. Néu biét ham nhan
(Kernel function) K(xy:), dé tinh tich vé hudng ¢ (x;). ¢ (X;) trong khong gian
m-chiéu, thi chiing ta khong can lam viéc truc tiép véi anh xa ¢ (x;).

K(Xi, Xj) = ¢ (xi). ¢ (x)) (4)

Mot s6 ham nhéan hay dung trong phan loai van ban 1a :

Ham tuyén tinh (linear): K(xi, Xj) = x'x, (5)
Ham da thirc (polynomial function): K(xi, Xj) = (XiXj +1)d (6)

Ham RBF (radial basis function): K(xij, yj) = exp(-y(Xi - Xj)2) Y € R* (7)
2.6.2 Phuong phap FSVM

Trong SVM thong thudng thi cac diém dir liéu déu co gia tri nhu nhau,
mdi mot diém s& thude hoan toan vao mot trong hai 16p. Tuy nhién trong nhiéu
truong hop co6 mot vai diém s& khong thudc chinh xac mot 16p nao do, nhimng
diém nay duoc goi 1a nhitng diém nhiéu, hon nira moi diém dir liéu c6 thé sé
khong c6 ¥ nghia nhu nhau dbi véi siéu phang. Dé giai quyét van dé nay Lin CF.
va Wang SD (2002) di giéi thiéu phuong phap FSVM bang cach sir dung mot
ham thanh vién dé xac dinh gia tri dong gop ctia mdi diém dit liéu dau vao cua
SVM vao viéc hinh thanh siéu phang.

Bai toan dugc mo ta nhu sau:
. 1, 2 I
Ming(w) =" +C X, 5.

y; (W g(x)+b) 21— & i=1...|
£>0i=1..|

(8)

Si la mot thanh vién théa o < sj < 1, o la mdt hang sé du nho > 0 thé
hién mac do anh huong cua diém xj ddi véi mot 16p. Gia tri sj ¢ thé lam giam
gia tri cua bién &j, vi vay diém Xj tuwong tng véi Ej c6 thé giam duoc mac do

anh huong hon.
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1
max Lo () = Z::1 % _Ez:ﬂzlj:l aa;Y;¥ KX, X))

Z::laiyj =0

0<a,<sC,i=1..|

(9)
Chon ham thanh vién: Viéc chon ham thanh vién S; thich hop rat quan
trong trong FSVM. Theo Chun ham thanh vién si dung dé giam mirc do anh
hudng ctuia nhitng diém dix liéu nhiéu duge mo ta trong [10] 1a mdt ham xac dinh
khoang cach giita diém dit liéu xi voi trung tAm ctia nhom Ung véi X;.
Goi C*= 14 tap chira diém xj vai yj=1
ct= {xilxjeS vayj=1}
Tuong tu goi C = {Xj|xjeS va yj=1} X+ va X- la trung tdm cua I6p C+, C.
Ban kinh cua lop ct
r+ = max||X+ - Xj|| voi xj € ct (10)
Va ban kinh cta l16p C” la:
r- = max||X- - xj|| véi xj € C (11)

Ham thanh vién Sj dugc dinh nghia nhu sau:

—

. — x|
1 —
S, — - r o+ X, (12)
4 |<_ — ;|
r— X,

8 1a hing s:‘) dé tranh truong hop Sj = 0.

Tuy nhién FSVM véi ham thanh vién (12) van chua dat két qua tét do
viéc tinh toan khoang cach giita cac diém dir liéu véi trung tdm cua nhom
dugc tién hanh ¢ khong gian dau vao, khong gian n chiéu. Trong khi do
truong hop tap dir liéu khong thé phan chia tuyén tinh, dé hinh thanh siéu
phang ta phai dua di liéu vé mot khong gian khac véi sb chiéu m cao hon goi
la khong gian dic trung (feature space). Vi vay dé co thé dat két qua tét hon,

Xiufeng Jiang, Zhang Yi va Jian Cheng Lv (2006) da xay dung mot ham
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thanh vién khac dua trén y tuong cta ham thanh vién (12) nhung duoc tinh
toan trong khéng dic trung m chiéu.
Gia sir ¢ 1a mot anh xa phi tuyén tinh tir khong gian R" vao khong gian RM.
¢: RN - RM
Khi @6, véc-to x; trong khong gian RN & twong tng véc-to ¢ (X;) trong
khong gian RM.

Dinh nghia ¢+ 14 trung tdm ctia 16p C* trong khong gian dic trung:
1
9, = _inec+¢(xi)
e (13)
n* 1a s6 phan tir cta l6p C*
1
g =— inec - ¢(Xi )
- (14)
va ¢ . 1a trung tdm cua 16p C trong khong gian dac trung:
n. 1a s6 phan ti 16p C
Dinh nghia ban kinh cta C™
r, = ma)(||¢+ —¢(Xi )” véi X; € Cc” (15)
Va ban kinh cua C:
r.=max|g. —g(x))| voi Xi€C
Khi do:
r? = maxg, —4(x)|"

= max{p? (X) = 26(x ). + 42}
_ max{w(x')—ni 3 ¢<xi)¢(x')+n—12 3 Z¢<xi>¢<xj)}

+ xeC* + XxeC* x;eC*

(16)

rl= max{K(x',x')-nini eC*K(xi,x')+ni22xi eC' > x; e K(xi,xj)}( )
+ + 17
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Véix’ € C* van, 1a mau s6 huan luyén trong 16p C*. Tuong ty:

r’ =max{K(x',x')-£Zxi eC K(x;, x)+ Zx eC Y x; e K(X;,X, }
" (18)
Véix’e C van. 1a miu s6 huén luyén trong 16p C.
Binh phuong khoang cach gitta Xj € ct va trung tam cua I6p trong

khong gian dic trung co thé dugce tinh nhu sau:

=K(x,,x,)- —Zx eC* K(x,,x)+ Zx eC" > x, eC K(x;,X,)
(19)

Tuong tu nhu vay binh phuong khoang cach gitra xj € C™ va trung tam
cua lép trong khong gian dic trung c6 thé tinh nhu sau:

= K(xi,xi)-AZXi eC‘K(xi,x.)+in. eC ) x, eCK(X;,X,)
n. L (20)

Véimdi i (i=1,..., 1), ham thanh vién S; dugc mo ta nhu sau:

~ ezl /crz + 5
_\/HdiZH/(rz + ) (21)

Ta thdy S;i 1a mot ham cua trung tim va ban kinh cta mdi 10p trong

S, =

khong gian dac trung.

Két luan chwong 2: Chuong 2 tim hiéu vé mét s thuét toan dién hinh trong
phan cum dir li€u. Trong d6 c6 mot s6 thuat toan phan cum dir liéu tinh va phan
cum dit liéu dong. Tuy timg tmg dung va cin ctr vao uu nhuge diém cia timg thuat

toan ta co thé tim duoc cac thuat toan phit hop dé ap dung cho bai toan thuc té.
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CHUONG III:
UNG DUNG PHUONG PHAP PHAN NHOM DU LIEU
VAO PHAN TiCH LUONG CUA CAN BQ

TRUONG CAO PANG NGHE HA NAM
3.1 Pit van dé

Pé danh gia phan tich dir liéu lwong, trong ndi dung cia ludn vin co sir
dung mot phan dit liéu lvong cua trudng Cao ding Nghé Ha Nam.

Thuit toan ap dung: Ap dung thuat toan DBSCAN & chuong II.

Thuat toan DBSCAN bao gdm céc budc sau:

INPUT: - Tap cac ddi twong di liéu X = {X;, Xy, ..., Xn}

- Ngudng dén duoc gitta 2 ddi twong: Eps

- S6 lugng cac dbi tuong toi thiéu trong nhom: MinPts

OUTPUT: Cac nhom C; (i =1, .., k)

Budc 1: Chon mot d6i tuong p tiy ¥.

Budc 2: Liy tat ca cac dbi tuong co mat do dén duogc tir p voi Eps va
MintPts

Budc 3: Néu pla diém nhan thi tao ra mot nhom theo Eps va MintPts.

Budc 4: Néu pla diém bién, khong c6 diém nao c6 mat do dén duoc tir p
va DBSCAN sg di thim diém tiép theo cta tap dit liéu.

Budc 5: Qua trinh tiép tuc cho dén khi tt ca cac dbi tuong duogc xtr 1y.

Chuong trinh dugc xay dung voi muc dich tht nghiém thuat toan
DBSCAN dé ra & chuong 2 nén chuong trinh can phai thyc hién cac yéu cau
Sau.
e Quan ly thong tin ngudi dung : thong tin vé nguoi dung sir dung hé théng
bao gom tai khoan va mat khau truy cap vao hé théng, mat khau cap 2 dung dé
lay lai mat khau cdp 1 khi quén mat khau, chi thich.
e Quan Iy thong tin Khoa/Vién : thong tin vé Khoa/Vién ma hé thong quan 1y
bao gém : tén Khoa/Vién, chu thich.
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e Quan ly thong tin giang vién : thong tin vé giang vién thudc cac Khoa/Vién
bao gdm ho va tén, gidi tinh, ngdy sinh, qué quéan, anh, chd thich, tén
Khoa/Vién.

e Quan ly thong tin luong : théng tin vé lwong cua giang vién bao gdm tén
giang vién, lvong ctng, phu cap, truy thu, thang linh luong.

e Phan cum toan bo dir liéu luong : sir dung thuat toan Incremental DBSCAN
dé phan cum toan bo dit liéu lwong cua hé thong.

e Phan cum dir liéu trong khoang thoi gian: sir dung thuat toan Incremental
DBSCAN dé phan cum cac dir liéu trong khoang thoi gian nguoi dung chon.

e Phan cum dir liéu luong can bo thuoc Khoa/Vién : s dung thuat toan
Incremental DBSCAN dé phan cym cac dit liéu luong cua can bd thudc

Khoa/Vién do nguoi dung chon.

Thong tin phan cum gém cé: Tong s6 cum, sé6 mau, so nhidu, sé phan tir
trong cum, phan trim, biéu dd cac cum, thong tin cac phan tir trong timg cum.

Input: Dit liéu luong ciia can bo truong Cao dang Nghé Ha Nam.

Output: Cac cum dit lidu di dugc phan cum véi cac thong tin: Tong sb
cum, sd mau, sb nhiéu, s6 phé‘m tr trong cum, ph?m tram, biéu do cac cum, thong

tin cac phan tir trong timg cum.
3.2 Giai quyét véan dé:
3.2.1 Cong cu lya chon xiy dung chwong trinh phan mém :

Duéi day 1a cong cu duge sit dung dé phat trién phadn mém trong hé thong
phan tich lvong cén b :

Ngon ngit 1ap trinh : C#.

Thu vién ho tro : Devexpress 14.1.6.

IDE : Visual studio 2012.

Database : SQL Server 2008 R2.

Mo hinh code : M6 hinh 3-Tier

S6 héa béi Trung tam Hoc liéu — PHTN  http://www.lrc.thu.edu.vn



o4

3-Tier Architecture

Client Computers

Client Tier [l L0l L

*

Business Logic
Tier o m:,

App:'!cation Sﬁer

Database Tier [E Database

Server

Hinh 3.1: M6 hinh 3-Tier.
3.2.2. Biéu @0 phan cp chirc niing

Tir nhitng chirc ning ta xac dinh trong chuong 1.Ta xay dung biéu d6 phan

cap chirc nang hé thong.
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3.2.3 M6 hinh tong quan hé théng

UC001 TongQuan

System

Quan ly thong tin
nguoi dung

Quan ly thong tin
Khoa/Vién

Quan ly danh muc

Quan ly thong tin
gidng vién

Quan ly thong tin
lvong

Phan cum toan bo

Phan cum dir liéu A
dir liéu lwong

Phéan cym dit liéu luong
trong khoang thoi gian

Phéan cym dit li¢u Iuong
can bd thudc Khoa/Vién

Hinh 3.2: M6 hinh use case tong quan hé théng.
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3.2.4 Thiét ké giao dién chwong trinh:
3.2.4.1. Giao dién form dang nhap:

Tén dang nhép :
Mat khau :
Quén mat khau
Dang nhép Thoét

Hinh 3.3: Giao dién form dang nhap
o Nguoi dung s& nhap tai khoan truy cap va mat khau vao 2 textbox tén ding
nhap va mat khau.
e Sau khi nhap tai khoan truy cap va mat khau ngudi dung bam nit dang nhap
dé vao hé théng.Hoic bam nut thoat dé thoat khoi chuwong trinh.

e Bim nat quén mat khau dé 1ay lai mat khau.

3.2.4.2. Giao dién form quan ly danh muc:
e B cuc chung cua cac form quan 1y danh myc : quan 1y thong tin ngudi ding,
quan 1y khoa/vién, quan 1y giang vién, quan ly lwong déu c6 bd cuc nhu hinh
dudi.Bao gom bén tay trai 1a bang di liéu hién thi tat ca dit liéu danh muc.Bén
tay trai bao gom cac thong tin nhap liéu va hién thi chi tiét danh myc va cac nuit

chirc nang thém mdi, stra, x6a danh muc.
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Thong tin
Théngtin1l: | |
Théng tin 2 : | |
Théng tin 3: | |
GridView hién thj danh sach danh muc Thong tin 4 :
Thém mai Stra Xoa Thoat

Hinh 3.4: Giao di¢n form quan Iy danh muc
3.2.4.3. Giao dién chwong trinh chinh:
e Phia trén bao gdm cic menu chtic ning chinh cta chuong trinh : d6i mat
khau truy cap, quan Iy nguoi dung, quan 1y giang vién, ...
e Phia dudi chia 4 6 : tir trai qua phai 6 thtr nhat 13 6 chon tham sb cho phan
cum, 6 thtr hai 1a biéu do, 6 thir 3 13 thong s6 cac cum, 6 thir 4 1a chi tiét cac

cum.

3.2.5 Chay chwong trinh :
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bang nhap thanh cong man hinh chinh hién 1én :

L= Phan m&m phén tich luong can bd g - g
|| Hethgng | Danhmuc
¢ )
? R jeeada O @
Thay d8im&t  Thay d&i mét a Ss [ 1 S92 _l| Thengtin Thodt
khau truy cap  khau cap 2 phzn mgm
Théng tnngudiding Giao dign J| Théngti. 4| T 4
Théng tin phan cum
Tham & minPts : 5.0
Tham s eps : 00 3
8) Phén cum t5t ca dir igu
Lwa chon dir liu phén cum hén cum dif liéu khoang ngay théng
han cum theo khoavign
Tir théng : 07/2015 Pén théng : 07/2015
Chon Khoa/Vién : Click vao a8y G& chon Khoa/Vién
‘@ N Chi tiét cum
- cum :
Théng tin phan cum
TéngsGmau : Giang vign Thang Lugng nhdn
s§aum:
55 nhigu :
S8 thif ty cym 56 phin tir Ty 18 (%)
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Tién hanh phan cum véi dit liéu dau vao nhu sau:

Quan Iy Iudng can bd

-~ -omER

Gdng vifn [ : | Tha Haa
Thang (i 0115 *
GEng vién Thang Lutang cing rhu cip Truy thu Liromg eimg ¢ 3000000
T T sge0am ) 6 - mc: :
2 Tran Marh Hing 022015 2,000,000 [} 0 ||| Ty thu: 0
3 TrEn Manh Hing 032018 1,000,000 ] o
4 TrEn Manh Hing 042015 4,000,000 o o
5 Tran Marh Hing C5/2015 5,000,000 [ o
5 Tran Manh Hing 062015 6,000,000 o ]
T Tran Manh Hing 07/2015 ¥,000,000 [ ]
] TrEn Manh Hing CE/2015 8,000,000 ] o
H Tran Manh Hing 05/2015 9,000,000 1] o
10 Trén Marh Hing 02015 10,000,000 ] o
11 TrEn Mach Hing 1172015 11,00, 000 ] o
12 Trén Mach Hing 1zf3015 12,000,000 o o
13 Thai Hia 012015 4,000,000 o o
14 Thai Héa 022015 8,000,000 [ ]
15 Thai Hia 032015 12,000,000 o O | { g chais
16 Thai Hia 042015 15,000,000 [ o
17 ThiiHda O5/2015 20,000,000 o o
18 ThaiHéa e 2015 24,000,000 ] o
19 Thal Hia o7f2015 23,000,000 [ o
20 Thai Héa oef2015 32,000,000 [ o
21 Thélkée o5/2015 35,000,000 ] o
22 Thélke 02015 40,000,000 ] o
23 Thalkda 112015 44,000,000 ] o
24 Thal Héa 12f2015 43,000,000 [ o
25 DurThenhEinh o115 7,000,000 ] o
26 Dur Thanh Binh O2{2015 14,000,000 o o
pr g Der Thanh Binh E-2'f2ﬂ'.5 21,000,000 o o
28 D ThenhEinh D4/2015 28,000,000 ] o
29 DrThephEinn 052015 35,000,000 ] o + Thém mei | / i |x Aae - Thaat
] Quan Iy Iudng can bo - -olEN
méing wién (%) 1 | Tha Haa
Thang (7 ¢ a5 -
re—— Thing Litang aing Phu cip Trwy thu Lunamg eiimg : 5000000
12 Tran Manh Hing 122015 12,000,000 [ 0 = |Phycip: ]
13 Théikza 012015 4,000,000 [ 0 | Ty thu: 0
4 ThiiHia ozf2015 8,000,000 [ o
15  Thaikba 032015 12,000,000 o o
15 ThilHia D4f2015 16,000,000 [ o
i7 Thdikia 052015 20,000,000 o o
18 ThéiHéa oef2015 24,000,000 o o
1w Thaikga o7f2015 23,000,000 o o
20 ThéiMgs CEf2015 32,000,000 ] ]
21 Thiikda osfa0is 35,000,000 o o
22 ThéiMas 102015 49,000,000 ] ]
23 Thaikda 112015 44,000,000 o o
24 ThéiHéa 122015 44,000,000 [ ]
25  DuTharhBinh clfanis 7,000,000 o o
2% Dur Thanh Binh ozfams 14,000,000 [ ] i cho:
prd Dur Thanh Binh 03f2015 21,000,000 [ ]
] Dur Thanh Binh oafams 24,000,000 [ o
2 Dur Thanh Binh D5f2015 35,000,000 [ ]
0 Dur Thanh Binh oefams 42,000,000 [ o
3 Dur Thanh Binh o7fams 49,000,000 [ o
32 Do ThachBinh DEf2015 55,000,000 o o
33 O Thanh Binh osfa0is 63,000,000 [ [:]
34 DuThachsinh w2015 70,000,000 [ o
35 Our Thanh Binh 12015 77,000,000 o [:]
35 e Thanh Binh 1zf2015 84,000,000 o o
37 DuThachsinh o7fais 10,000,000 o o
38 Trén Manh Hing o5f201s 7,000,000 o o
38 Do ThachBinh o705 10,000,000 ] o
40 ThéiHéa ogfanis 4,000,000 ] o

L e |7 s (X = (W

Hinh 3.6: Dir liéu dau vao
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Tién hanh phan cum toan b dir ligu:

Phian mém phan tich Ivdng cén bé

Duary sy

i B &'E

Mol Khoan  Giéng  Lumng
win

ging

Théng &n phén cum

Tham &3 =Pl : EEI |

Them 55 205 © soogooo g

& Fhén cum t5t c& dlf by

Lua chon B phén cum s ) Phin cum 4 khodrg rigay théng

Thii Héa

Trin Markh Hing
Trin Marh Hing
Trin Mark Hing
Trin Markh Hing
Trin Marh Hing
Trin Markh Hing
Trin Marh Hing
Trn Marh Hing

7 Phan am thea khoafiin
o
@I o Chi kigkeym
oym
Thilng wn phin aum
Téng 55 méu : el
6 am: 3 e
S8 nhidur 1 i =
E  —— .
4
S thaf b emm 5 phiin i T I (%) 5
1 2 7AW 5
2 1 1000 % 2
5 1667 a
£l
10

Trn Marh Hing

Giang wién

aL/2015
Q2015
Q3015
Q4{2015
Q52015
Q52015
aFf015
QE2015
o015
102015

Thing

Lufdimg nkén

Hinh 3.7: Két qud phdn cum diz liéu béi Incremencal DBSCAN

Két qua sau khi phan cum nhu sau:

Tong s6 mau: 40

S cum: 3

S6 nhiéu: 10

Cum 1: 22 phan tir chiém 73.3
Cum 2: 3 phan tir chiém 10%

3%

Cum 3: 5 phan tir chiém 16.67%

Truong hop dir licu thém moi:
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o Quén Iy luong cén bd s - oIEl
Théng (%) 1215 -

Giang vién Thang Ludng cifng Phu cip Truy thu e —

22 ThéiHaa 10/2015 40,000,000 0 0 =~ |Phucip: 0

73 ThéiHéa 11/2015 44,000,000 0 0| Truy thu: [}

24 ThéiHéa 12/2015 43,000,000 0 0 T

35 DuThanhBinh 012015 7,000,000 0 )

7%  DuThenhBinh 022015 14,000,000 0 0

7 Du Thanh Binh | 03/2015 21,000,000 1] (1]

28 DrThanhBinh  04/2015 28,000,000 0 0

29 DuThanhEinh  05/2015 35,000,000 0 0

30 DwThenhBinh 062015 42,000,000 0 0

31 DrThanhBinh 072015 49,000,000 0 0

32 DrThanhBinh 082015 56,000,000 0 0

33 DuThanhBinh  09/2015 63,000,000 i o |||Shichd:

] Du Thanh Binh  10/2015 70,000,000 a /]

35 | DwThanhBinh | 112015 77,000,000 0 0

36 Du'Thanh Binh 122015 84,000,000 1] 1]

37 DuThanhBinh  07/2015 10,000,000 0 o

33 TrBnMechH... 05/2015 7,000,000 0 [

33 DuThanhBinh  07/2015 10,000,000 0 0

a0 ThéiHéa 05/2015 8,000,000 0 0

441 BuThanheinh (F i 30,000,000 o 0

43 TrBnMgchH... 07/2015 20,000,000 0 0 -

43 ThéiHaa 0772015 10,000,000 0 0~ = mow | s X WA Tt

Hinh 3.8: Dir liéu dwwoc thém maoi

Sau khi thém mai dir li¢u, két qua phan cum méi:

HEBbng | Dah s

i &2

Mgnd  Kheafidn  Gléng  Lsang
ding wiEn

Thing =n phin oum
Them 5 mirPls ; s,
Tham 53 e s000000 5

& Phian cum tit ca dif béu
L chon cF B phdin oum Phén cum dif €y khoang ngay théng
7} Phin aum thea knoa filin

o cym 1 -
Thing =n phin aum
Tiing 58 mi ¢ a3 g e Théng Lufding nhdn
SSom: = y1Thes o115 3,000,000 ~
56 rhifu : 0 2 Tién Marh Hiing 02/2015 2,000,000
3 TiEn Marh Hing 03(2015 3,000,000
4 TEn Marh Hing 4(z015 4,000,000
| Sl Hhiif iy eym S phain bif Top I (v 5 TEn Manh Hing 052015 5,000,000
| 1 35 TETE W &  Tran Manh Hiing 05/2015 5,000,000
2 3 508 % 7 Trin Marh Hiing 72015 7,000,000
3 5 1515% 3  Tvin Manh Hing 08/2015 8,000,000
3 Trin Marh Hing 05/2015 9,000,000
1 TV Manh Hing 10/2015 10,000,000 |

Hinh 3.9: Két qud phdn cum sau khi thém dir liéu méi

Tong sd mau: 43

S6 cum: 3

S6 nhiéu: 10

Cum 1: 25 phan tir chiém 75.76%
Cum 2: 3 phan tir chiém 9.09%
Cum 3: 5 phan tir chiém 15.15%
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3.2.6 Giao dién quan ly ngwdi dung :

- Quan Iy ngudi ding - - o
Tén ding nhdp () : admin
Find Clear
Ho va t2n () : Administrator

Mat khau truy cap (%) :

Xac nhan mat khdu truy cap (%) : | =

Tén dang nhap Ho va tén Ghi Chui Mt khiu cBp 2 (9 :
»1  [admin | Administrator Tai khoén admin ¥éc nhén mat khau cdp 2 (9 :
Tai khoan admin
Ghichd :

o 2 ; . 4 ;
= Themma || sira X & Toa

Hinh 3.10: Man hinh quan ly nguoi dung
Pé thém méi ngudi dung ta click vao button thém mdi. Nhap dir liéu va

bam nut chap nhan dé thém mai dir 1iéu va an bo qua dé khong thém maoi.

w Quén Iy ngudi ding « - o
Tén dang nhap (%) : tendangnhap
Find Clear -
Ho va tén (%) : Dif Lidu Test

M3t khdu truy cdp (%) :

X&c nh&n matkhdu truy cdp (%) :

Tén dang nhap Ho va tén Ghi Chi Matkhsu cdp 2 ()
[t admin Administrator Tai khodn admin X&cnhan mat khdu c3p 2 (*) :
Ghi chi :

Hinh 3.11: Man hinh thém moi nguoi dung
D¢ stra doi dir li€u ta click vao dit li¢u mudn stra tai bang dit li¢u. R61 bam
nut stra va nhap cac thong tin stra d61 vao cac 6 nhap dir li¢u. Bam nuat chap nhan

dé thém mai dir li€u va an bd qua dé bo qua budc stra doi.
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i Quén Iy ngudi ding « -
Tén déng nhap (%) : admin
M Find Clear -
Ho v tén (%) : Administrator

M&t khdu truy cdp (*) :

& nhan mat khdu truy cép (% : =

Tén dang nhap Ho va tén Ghi Chu Matkhd c3p 2 (%) :
r1 admin Administrator Tai khodn admin %ac nhan mat khdu cdp 2 (%)
2 tendangnhap Dir Liéu Test Tai khoan admin
Ghichi :

/ Ch&p nhén - B qua :

Hinh 3.12: Man hinh siwa thong tin nguoi diung

Dé x6a thong tin nguoi dung ta click vao dit li€u mudn xo6a tai bang dix
li¢u.R61 bam nut x6a dé xo6a thong tin nguoi dung.Hop thoai xac nhan hién Ién

bam OK dé x6a va bam Cancel dé bo qua.

Xac thuc!

0 Ban chéc chan mudn xda ngudi ding : tendangnhap

Cancel

Hinh 3.13: Cira 6 xdc thuwc x6a théng tin nguoi ding
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3.2.7 Giao dién quan ly Khoa/Vién:
ad! Quén Iy khoa vién
Tén Khoa/Vién (¥) : | Vién ngoai ngf

Tén Khoa/Vién Ghi chid

Ghi chi :

r Thém mdi y Sira x Xoa :I_ Thodt

Hinh 3.14: Man hinh quan ly thong tin khoa/vién

Viéc thém mai, stra, x6a thong tin khoa/vién cling tuong tu quan 1y thong
tin nguoi dung.

3.2.8 Giao dién quan ly giang vién :

o Quan ly théng tin giang vién 2 - oiEN
Hova tén (%) : Tran Manh Hing
Khoa/Vién Ho va tén Anh
©) Nam
Gidi tinh = "
NI
K Ngaysnh:  12/18/1989 v
1 ViénCNTT &TT [r3n Manh Hiing v e
S Quéquén:  HaNGi
C B i: >4
2 Vién ngoai nglr Théi Hoa (S
L\
a2 Anh:
3 Vién CNTT &TT Du Thanh Binh “
Ghich :
§= Themma ||, Sira X xa W hoa

Hinh 3.15: Man hinh quan ly thong tin giang vién

Viéc thém mdi, stra, x6a thong tin giang vién cling tuong tu quan ly thong

tin nguoi dung.
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3.2.9 Giao dién quan ly lwong :

w Quan Iy lucng can bé - - o

Thang (%) : 01/15 -
Giang vién Théng Lwong cifng Phu cap Truy thu Lirong cifng : 2000000

i L01/2015 5,000,000 0 0 - |Phucap: 0
2 TEnManhH.. 02/2015 2,000,000 0 0 ||| Truy th: 0
3 |T@nManhH... 03/2015 3,000,000 0 0

4 TrEnManhH... 04/2015 4,000,000 0 0

5 | T@nManhH.. 05/2015 5,000,000 0 0

&  TranManhH... 06/2015 5,000,000 0 0

7 TEnManhH.. 07/2015 7,000,000 0 0

8  T@AnManhH... 08/2015 8,000,000 0 0

g T@EnManhH.. 09/2015 9,000,000 0 0

0 TEnManhH.. 10/2015 10,000,000 0 0

11| TrnManhH... 11/2015 11,000,000 0 0

12 | TAnManhH.. 12/2015 12,000,000 0 i [ ([ =

13 | ThéiHda 01/2015 4,000,000 0 0

14 | ThéiHda 02/2015 8,000,000 0 0

15 ThéiHda 03/2015 12,000,000 0 0

6 ThéiHa 04/2015 16,000,000 0 0

17 ThéiHa 05/2015 20,000,000 0 0

18 ThéiHa 06/2015 24,000,000 0 0

18 ThéiHa 072015 28,000,000 0 0

0 ThéHsa 08/2015 32,000,000 0 0

21 ThéiHsa 09/2015 36,000,000 0 0 .

22 ThéiHea 10/2015 40,000,000 0 0. = Themma |7 Sira P4 Xda A ozt

Hinh 3.16 : Man hinh quan ly thong tin giang vién

Viéc thém mdéi, stra, x6a thong tin luong cling tuong tu quan ly thong tin
nguoi dung.

Két luan chwong 3: Chuong nay di xay dung duoc chuong trinh véi muc
dich thir nghiém thuat todn Incremental DBSCAN da dé ra & chuong 2 va da
thuc hién cac yéu cau sau:

Quan ly thong tin nguoi dung, quan ly thong tin Khoa/ Vién, gidng vién,
dir liéu luvong.

Phan cum véi toan bo dit li¢u, phan cum theo khoang thoi gian, phan cum
theo can by cua Khoa/ Vién.

Thong tin phan cum gém co: Té)ng s6 cum, s& mau, sd nhiéu, sd phﬁn tr

trong cum, phan tram, bi€u d6 cac cum, thong tin cac phan tir trong ting cum.
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KET LUAN

Luan vian nghién ctru, tim hiéu, tong hop nhiing nét dic trung nhat trong
linh vuc Khai pha dir liéu no6i chung va phuong phap Phan cum dit liéu noi
riéng. Ludn van da trinh bay dugc mdt $6 ky thuat va thuat toan phan cum dir
liéu dién hinh, dya trén cac phuong phap da co, cai dat thir nghi¢m thuat toan
Incremental DBSCAN trong bai toan phan tich luong ctia can b0 gido vién
truong Cao dang Nghé Ha Nam theo timg yéu cau cu thé. Thuat toan thu
nghiém cé uu diém vuot tréi hon so voi cac thuit toan phan cum dir li¢u tinh do
1a khi dit liéu thay ddi ta khong phai phan cum dir liéu lai tir ddu ma két qua tu
cap nhat theo dit liéu duoc thém méi. Piéu nay rat giam thiéu thoi gian, chi phi,

gitip chiing ta danh gia két qua mot cach da chiéu hon.

V&1 nhitng gi ma luan van da dat dugce, huéng phat trién cua luan van nhu

sau.

Vé 1y thuyét: Tiép tuc nghién ctru cac phwong phap, cach tiép can méi
trong linh vuc Khai pha dir li€u n6i chung va phan cum dit liéu noi riéng nhu:
phan cum mo, phan cum théng ké,... tim kiém va so sanh, chon lua thudt toan
t6i ru nhat dé giai quyét bai toan dua ra, nghién ctru va tim hiéu thém vé Khai
pha dir li€u du dodn va mo ta.

Vé thuc tién: Phat trién bai toan véi dir liéu 16n hon, quan tam dén nhiéu
lwa chon hon. Phat trién cac tng dung cua Khai pha dit liéu va phan cum dir

liéu trén nhiéu linh vuc trong doi song.

Mic du da cb gang tap trung tham khao nhiéu tai liéu, tap chi khoa hoc
trong va ngoai nudc, nhung luan van khong thé tranh khoi nhiéu thiéu sét, rat

mong duoc su chi bao dong gop cia cac quy thay co gido.
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