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MO DAU

Thoi dai phét trién manh cua Internet, Intranet, Data warehouse, cling
véi su phat trién nhanh vé cong nghé luu trir da tao diéu kién cho céc doanh
nghiép, céc to chirc thu thap va so hitu dugc khéi luong thong tin khong 16.
Hang triéu CSDL da dugc dung trong quan tri kinh doanh, quan ly chinh phu,
quan 1y dit liéu khoa hoc va nhiéu tng dung khéc. Véi kha ning hd trg manh
cua cdc Hé quan tri CSDL, cdc CSDL nay cang 16n 1€n nhanh chéng. Cau “Su
16n manh cta cdc CSDL dan dén su can thiét phai c6 céc k¥ thuat va cac cong
cu méi dé thuc hién chuyén dbi ty dong dir liéu mot cach thong minh thanh
thong tin va tri thic hitu ich” [10] da tré thanh dit van dé cta nhiéu bai viét
vé khai ph4 thong tin va tri thic tir cdc CSDL 16n.

Cong tic trong nganh Thué, noi Cong nghé thong tin duoc 4p dung vao
quéan 1y Thué tir nhitng nim 1986, CSDL thong tin lién quan dén céc linh vuc
quan 1y Thué 12 mot CSDL 16n va chéc chén tiém 4an nhiéu thong tin quy bau.
V&i mong mudn budc dau dp dung k¥ thuat khai phd dir lidu trén CSDL
nganh Thué, luan vin da tap trung nghién ctu vé céc k¥ thuat khai phd dit
liéu va tién hanh khai ph4 thir nghiém trén CSDL nganh Thué.

Kha nidng mo rong tri thic c6 ich an trong dit liéu dé dua ra nhimng
hanh dong can thiét dya trén tri thic d6 dang trd nén ngay cang quan trong
trong thé gidi canh tranh hién nay. Toan bd qud trinh diing cic phuong phap
luan duya trén tinh todn, bao gdm cdc k¥ thuat mdi dé phat hién ra tri thic tir
d@ liéu dugc goi 1a khai phé dir liéu (data mining). [9]

Khai pha dir liéu 1a sy tim kiém thong tin méi, c6 gia tri va khong tam
thudng trong mot khdi Iwong dit lidu 16n. N6 1a sy phdi hop nd luc cua con

nguoi va may tinh. Céc két qua tot nhat nhan dugc bang viéc can bang gitra
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tri thirc cta cdc chuyén gia con nguoi trong viéc mé ta cic van dé va muc
dich voi kha ning tim kiém ctia may tinh.

Hai muc dich chinh cua khai ph4 dir li¢u 1a dé du doédn (prediction) va
mo ta (description). Dy doan bao gém viéc dung mot vai bién hoidc truong
trong tap dir li¢u dé du doén céc gid tr1 tuong lai hoac chua biét cuia cdc bién
can quan tim. Con mé ta tap trung vao viéc tim ra cdc miu mo ta dit liéu ma
con nguoi cb thé hiéu duge/ bién dich dugc. C6 thé dua céc hoat dong khai
phd dir liéu vao mot trong hai loai sau:

— Khai phd dir liéu duw bdo, tao ra md hinh ctua hé théng duoc mo ta

bai tap dir liu cho trude, hoac

— Khai phd dit liéeu mo ta, véi viée tao ra thong tin moi, khong tam
thuong dya trén tap dir liéu c6 san.

Mot sb chtic ning khai phd dit liéu chinh nhu:

— MO ta khdi niém: Mo ta dic diém va phan biét. Tim ra cic dic diém
khéi quét hod, tong két, cdc dic diém khac nhau trong dit lidu.

— Két hop: xem xét vé twong quan va quan hé nhan qua.

— Phan 16p va du bédo (Classification and Prediction): Xéac dinh md
hinh mo ta cic 16p riéng biét va dung cho du doan tuong lai.

— Phan tich nhém (Cluster analysis): Chua biét nhan 16p, thuc hién
nhém dir liéu thanh cic 16p méi dya trén nguyén tic cuc dai hod su
tuong ty trong cling 16p va cuc tiéu hod sy khdc twong tu giita cdc
16p khac nhau.

— Phan tich nhiéu (Outlier analysis): Hitu ich trong viéc phét hién 15i,
phan tich cdc sy kién hiém.

— Phan tich xu hudng va su phat trién

Khai pha dir liéu 12 mot trong nhiing linh vyuc phat trién nhanh nhat

trong cong nghiép mdy tinh. Tir chd 12 mot mién quan tdm nho trong khoa hoc
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mdy tinh va théng k&, né da nhanh chéng mé rong thanh mét linh vuc/nganh
ctia riéng né. Mot trong nhirng 16n manh nhit cia khai pha dit liéu 12 su anh
huong trong pham vi rdng cua cic phuong phdp luin va cic k¥ thuat duoc
ung dung ddi véi mot loat cdc bai todn, céc linh vuc.

Trong kinh doanh, khai phé dit liéu c6 thé dugc dung dé khdm phd ra
nhitng xu huéng mua sam moéi, ké hoach cho céc chién lugc dau tu, va phat
hién nhiig sy tiéu dung khéng chinh ddng tir hé thong ké todn. N6 c6 thé
gitip cai tién cédc chién dich marketing dé mang lai nhiéu hd trg va quan tim
hon t6i khach hang. Cac k¥ thuat khai phd dir liéu c6 thé duoc 4p dung ddi
v6i céc bai toan thiét ké lai quy trinh kinh doanh, trong 6 muc dich 1a dé hiéu
duoc cdc twong tic va quan hé trong théng 1¢ kinh doanh va cdc to chtc kinh
doanh.

Nhiéu don vi thi hanh luét, céc don vi diéu tra dic biét, c6 nhiém vu
tim ra cidc hanh dong khong trung thyc va phat hi¢n ra cic xu huéng pham toi,
cling da st dung khai ph4 dir liéu mot c4dch thanh cong. Céc k¥ thuat khai pha
dir lidu ciing c6 thé duoc ding trong céc t6 chirc tinh bdo noi luu gilt nhiéu
ngudn dit liéu 16n lién quan dén céc hoat dong, cdc van dé vé an ninh quéc
gia.

V&i muc dich nghién ctru mot s phuwong phép khai phd dit liéu va thu
nghiém khai pha trén CSDL nganh Thué, luan vian dugc trinh bay véi céc
phan sau:

Chuong 1 — Khai ph4 dit liéu: Tim hiéu céc chirc ning khai ph4 dit liéu.

Chuong 2 — Mot s6 thuat toan khai pha dir liéu. Nghién ctru trén hai
kiéu khai phd: Khai phd luat két hop - mot k¥ thuat thong dung trong hoc
khong giam sdt. Phan 16p bang hoc ciy quyét dinh - k§y thuét hoc c6 gidm sat.

Chuong 3 — Ap dung khai phé trén CSDL nganh Thué: Thir nghiém
khai ph4 luat két hop va phan 16p trén CSDL nganh Thué
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Chuong 4 — Két luan va nhirng két qua dat duoc

Cubi cting 1a mot s6 huéng nghién ctru tiép theo.

Em xin chan thanh cam on PGS. TS Nguyén Ngoc Binh di huéng din
va cho em nhimng ¥ kién quy béu, chan thanh cam on cdc thdy cd gido cua
truong Pai hoc Béach khoa Ha Noi da trang bi kién thiic gitip em hoan thanh

luan van nay.
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CHUONG 1. KHAI PHA DU LIEU
1.1. Tong quan khai pha dir liéu

Khai phd dit liéu c6 ngudn gdc tir cdc phuong phép riéng biét, 2 dang
quan trong nhat 1a théng ké va hoc mdy. Thong ké c6 ngudn gdc tir todn hoc
va do d6 nhan manh dén dd chinh x4c todn hoc, mong mudn thiét lap céi ma
6 thé nhan ra trén nén todn hoc trudc khi kiém thir n6 trong thuc té. Ngugc
lai, hoc mdy c6 ngudn gbc rat nhiéu trong thuc tién tinh todn. Diéu nay dan
dén sy hudng thuc tién, sin sang kiém thtr dé biét n6 thyc hién tt thé nao ma
khong can chd mot chirg minh chinh thirc. [9]

C6 thé c¢6 dinh nghia vé Khai phd dit liéu nhu sau: Khai pha dit liéu 1a
qud trinh phét hién cdc md hinh, céc tong két khac nhau va cic gid tri duoc
lay tir tap dir liéu cho trudc. [9]

Hay, Khai phd dit liéu 12 sy thim do va phén tich lwong dit liéu 16n dé
kham pha tir dit liéu ra cdc mau hop 1&, méi la, ¢6 ich va c6 thé hiéu duoc
[14]. Hop 1¢ 14 cic mau dam bao tinh téng quét, méi la 13 mau chua duoc biét
trude d6, c6 ich 1a c6 thé dwa vao miu d6 dua ra cdc hanh dong phit hop, hiéu
dugc 1a c6 thé bién dich va hiéu thiu ddo cdc mau.

Cic k¥ nang phan tich cta con nguoi 1a khéng day du do: Kich thude
va chiéu cua dit lidu; tbe do tang trudng cua dir lidu 12 rat 16n. Thém vao d6 1a
nhitng ddp Gmg manh mé cua k¥ thut vé kha nang: thu thap dit liéu, luu tri,
ning luc tinh todn, phan mém, sy thanh thao vé chuyén mon. Ngoai ra con cé
mdi trudng canh tranh vé dich vu, chtr khong chi canh tranh vé gi (d6i véi
Ngan hang, cong ty dién thoai, khach san, cong ty cho thué ...) véi cau “Bi
quyét ctia su thanh cong 12 biét nhitng gi ma khong ai khéc biét” (Aristotle
Onassis [14]). Tat ca nhitng diéu d6 chinh 1a nhimg nguyén nhan thic day

Khai ph4 dit liéu phat trién.




13

Quad trinh khdm pha tri thirc:

Trudc ti€n, phan biét gitta cac thudt nglr “mod hinh (model)” va “mau
(pattern)” diing trong khai ph4 dit 1iéu. M6 hinh 12 mét ciu tric “quy md 16n”,
c6 thé 1a tong két cic quan hé qua nhiéu trudng hop (case) (d6i khi 12 tat ca
céc truong hop), trong khi mau 12 mot ciu tric cuc bd, thoa man béi mot s it
truong hop hodc trong mot mién nhoé ciia khong gian dir lidu. Trong khai phd
dir liéu, mot mau don gian 1a mot md hinh cuc bd.

Qui trinh khdm ph4 tri thtc tién hanh theo cc budc sau:

1. X4c dinh bai todn nghi¢p vu: Trude tién phai tim hiéu linh vuc cta ung
dung nghiép vu; Tim hiéu cic tri thirc lién quan va cdc myc dich cta tng
dung.

2. Khai pha dir li¢u

- Luya chon dir liéu: X4c dinh céc tap dir lieu dich va céc truong lién
quan

- Lam sach dit liéu: Xod bo nhidu, tién xir ly. Phan viéc ndy c6 thé
chiém t6i 60% cong stc.

- Giam b6t dir lidu va chuyén doi dit liéu: Tim ra nhitng dic trung
hiru dung, giam bét cdc chidu hodc céc bién, biéu dién lai cic dai
lugng bat bién

- Lua chon chtic nang khai pha dir liéu: Tong két, phan 16p, Hoi qui,
két hop, phan nhém.

- Lua chon thuat toan khai pha.

- Thyc hi¢n khai pha dir li¢u (Data Mining): Tim kiém cdc mau quan
tam

- Dénh gid cdc mau va biéu dién tri thirc
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fnowieds®

- Panh gia mau
Cac mau (Patterns)
= Data mining: Trung tam ( A Nay dyng

clia qua trinh md hinh

Kham pha tri thirc _. . . Data Minin
Khai pha dir lieu

Dir liéu phu hop

Kho dit liéu (DW) /l{l; loc

Co so dir liéu
Hinh 1.1 Qua trinh khdm ph4 tri thirc

3. Ap dung kham phd tri thirc
4. DPénh gid va do dac

5. Trién khai va tich hop vao céc qui trinh nghiép vu

1.1.1 Dit lidu

Do c6 nhiéu kiéu dir liéu, cdc CSDL sir dung trong céc Gmg dung ciing
khic nhau, nén nguoi dung luén mong dgi mdt hé théng khai ph4 dir liéu c6
thé diéu khién duogc tit ca cédc loai dit lidu. Thyc té CSDL c6 san thuong la
CSDL quan h¢ va hé théng khai pha dir liéu cling thyc hién hiéu qua viéc khai
pha tri thic trén dit liéu quan hé. Vi nhitng CSDL cua tng dung chira cic
kiéu dit liéu phtrc tap, nhu dir liéu hypertext va multimedia, dit li¢u tam va
khong gian (spatial), dit liéu ké thira (legacy)... thudng phai c6 céc hé thong

khai ph4 dit liéu riéng biét xdy dung dé khai phd cho céc kiéu dir liéu cy thé.
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Dit liéu dugc khai phd c6 thé 1a dit liéu c6 cdu tric, hodc khdng c6 ciu
tric. Mdi ban ghi dir liéu dugc coi nhu mot truong hop hodc mot vi du
(case/example).

Phan biét hai kiéu thudc tinh: phdn logi (categorical) va sé
(numerical). Cac thudc tinh kiéu phan loai 1a nhitng thudc tinh c6 cic gia tri
thudc vao mot s lugng nho cdc phan loai hodc céc 10p riéng 1& va gitra ching
khong c6 thir ty an ndo. Néu chi c6 2 gid tr1, vi du 1a yes va no, hodc male va
female, thudc tinh dugc coi la binary. Néu c6 hon 2 gid tri, vi dy, nho, vua,
16m, rat 16m, thudc tinh duoc coi 1a da 16p (multiclass).

Cic thudc tinh sb 12 nhitng thudc tinh ldy céc gid tri lién tuc, vi du, thu
nhap hang nim, hodc tudi. Thu nhdp hang nim hoic tudi c¢6 thé vé 1y thuyét
1a bat ky mot gid tri ndo tir 0 t6i vO han, mic dit mdi gid tri thuong xuat hién
phit hop vaéi thuc té. Céc thudc tinh s6 ¢6 thé duoc bién ddi thanh categorical:
Vi dy, thu nhap hang nim c6 thé duoc chia thanh cdc loai: thip, trung binh,
cao.

Dit liéu khodng c6 cu tric c6 thé dp dung céc thuat todn khai phd dit
lidu thuong 1a dit lidu kiéu Text.

Khuén dang bing ciia dit ligu cé thé thudc hai loai:

— Dir liéu dang don ban ghi (con goi 1 kiéu khong giao dich), ddy 1a

céc bang dir liéu quan h¢ thong thuong.

— Dt liéu dang da ban ghi (con goi la kiéu giao dich), dugc dung cho

dit lidu véi nhiéu thudc tinh.

O dang don ban ghi (kiéu khéng giao dich), mdi ban ghi duoc luu trix
nhu 1 dong trong bang. Dit liéu don ban ghi khong doi hoi cung cap khod dé
xdc dinh duy nhat mdi ban ghi. Nhung, khod 1a can cho cdc trudng hop két

hop (associate) dé c6 két qua cho hoc c6 gidm sit.
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Trong dang da ban ghi (kiéu giao dich), moi truong hop (case) duoc
Iwu trong nhiéu ban ghi trong mot bang véi cdc cot: diy sé dinh danh, tén

thudc tinh, gi4 tri.

D Age Incoma I Attribute | Value

1 25 30K 1 Age 25

2 50 75K 1 Income | 30K

‘ | —=

3 40 EOK 2 Age =]

4 32 100K 2 Income | 100K

5 75 25K 3 Age 40

Single-Record Data Format Multi-Record Data Format

Hinh 1.2 Khu6n dang don ban ghi va da ban ghi

1.1.2 Tién xir Iy dir liéu

Dit liéu dugc chon loc s& phai qua bude tién xu 1y trude khi tién hanh
khai pha phat hién tri thirc. Budc thu thap va tién xir Iy dir lidu 12 budc rat
phuc tap. Dé mot giai thuat DM thyc hién trén toan bd CSDL s& rat cong
kénh, kém hiéu qua. Trong qud trinh khai pha dit liéu, nhiéu khi phai thyc
hién lién két/tich hop dit liéu tir rat nhidu ngudn khac nhau. Cac hé thong sin
c¢6 duoc thiét ké voi nhitng myc dich va di twong phuc vu khac nhau, khi tap
hop dit liéu tir nhitng hé thong nay dé phuc vu khai ph4 dit liéu, hién twong du
thira 12 rat phd bién, ngoai ra con c6 thé xay ra xung dot gy my dir liéu, dit
liéu khong dong nhét, khong chinh xdc. RS rang yéu cau chon loc va 1am sach
dir liéu 12 rat can thiét.

Néu dau vao ciia qud trinh khai ph4 1 di liéu trong DW thi sé rat thuan

tién, vi dir liéu nay da dugc lam sach, nhat quan va c6 tinh chat hudng chu dé.
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Tuy nhién nhiéu khi van phai c6 thém mét s6 budc tién xir ly dé dua dir liéu
vé ding dang can thiét.

Ngoai mot sé xir 1y thong thudng nhu: bién d6i, tap hop dit liéu tir
nhiéu ngudn vé mot kho chung, xir Iy dé dam bao nhat quéan dit liéu (khir cic
truong hop 1ap, thong nhat cach ky hiéu, chuyén doi vé khuon dang théng
nhit (don vi tién t&, ngdy thdng..)). Mot s6 xu Iy dic biét can chd y trong
budc tién xir 1y dit lidu:

Xue Iy véi div liéu thiéu (missing data): Thuong thi khi khai phd dir liu
khong ddi hoi NSD phai xir Iy cdc gid tri thiéu bang cdch thirc dic biét nao.
Khi khai phd, thuat todn khai phd s& bo qua céc gid tri thiéu. Tuy nhién trong
mot vai trudng hop can chi ¥ dé dam bao thuat toan phan biét duoc gitta gid
tri c6 nghia (“0”) voi gid tri tréng. (tham khao trong [11]).

Cdc gid tri gdy nhiéu (Outliers): Mot outlier 12 mot gid tri & xa bén
ngoai cia mién thong thudng trong tap hop dir lidu, 12 gid tri chénh léch véi
chuan vé y nghia. Su c¢6 mit cta outliers ¢ thé ¢6 anh huong dang ké trong
cac mo hinh khai pha dir liéu.

Outliers anh huong dén khai phd dit liéu trong budc tién xir Iy dir liéu
hodc 1a khi né dugc thyc hién béi NSD hodc tu dong trong khi xay dung md
hinh.

Binning: Mot vai thuat todn khai phd dir liéu c6 thé c6 loi nho viéc
binning v&i cd hai loai dit li€éu number va categorical. C4c thuat todn Naive
Bayes, Adaptive Bayes Network, Clustering, Attribute Importance, va
Association Rules c6 thé c¢6 1gi tir viéc binning.

Binning nghia 12 nhém céc gid tri lién quan véi nhau, nhu vay giam s6
lugng céc gid tri riéng biét cia mot thudc tinh. C6 it hon céc gid tri riéng biét

dan dén md hinh gon nhe va xiy dung duoc nhanh hon, nhung né ciing c6 thé
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dan dén viéc mét di do chinh xac [11] (Cdc phwong phdp tinh todn ranh gidi

bin [11]).

1.1.3 M6 hinh khai pha dir liéu

Mo hinh khai ph4 dit lidu 12 mot mé ta vé mot khia canh cy thé ciia mot
tap dir liéu. NO tao ra cdc gia tri dau ra cho tap cdc gia tri dau vao.

Vi du: M6 hinh Hoi qui tuyén tinh, mo hinh phan 16p, mé hinh phan
nhom.

Mot mé hinh khai phé dit liéu c6 thé dugc md ta ¢ 2 mic:

— Murc chirc ning (Function level): M6 ta mo hinh bang nhitng thuat

ngir vé dy dinh str dung. Vi du: Phan 16p, phan nhém.

— Mic biéu dién (representation level): Biéu dién cu thé mot md hinh.

Vi du: M6 hinh log-linear, ciy phan 16p, phuong phdp ling giéng
gan nhat.

Cac md hinh khai phd dir liéu dua trén 2 kiéu hoc: ¢ gidm sit va khong
gidm sdt (d6i khi duoc néi dén nhu 12 hoc truc tiép va khong truc tiép —
directed and undirected learning) [11].

Céac ham hoc c6 gidm sat (Supervised learning functions) duoc st dung
dé du dodn gid tri. C4c ham hoc khong gidm sit duoc ding dé tim ra ciu tric
bén trong, cic quan hé hoic tinh gidng nhau trong nodi dung dit liéu nhung
khong c6 16p hay nhan nao dugc gan uu tién. Vi du cta cédc thudt todn hoc
khong gidm sat gdm phan nhém k-mean (k-mean clustering) va céc luat két
hop Apriori. Mot vi du ctia thuat todn hoc ¢6 gidm st bao gdm Naive Bayes
cho phan 16p (classification).

Tuong trng c6 2 loai md hinh khai pha dir liéu:

— Céc mo hinh dy bao (hoc c6 giam sat):
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e Phan 16p: nhom céc items thanh céc 16p riéng biét va du doan
mot item s€ thudc vao 16p nao.

e Hdi qui (Regression): xép xi ham va du bdo cdc gid tri lién tuc

e DO quan trong cua thudc tinh: xdc dinh céc thudc tinh la quan
trong nhat trong cac két qua du bdo

— Céc md6 hinh mo ta (hoc khong gidm sat):

¢ Phan nhom (Clustering): Tim cdc nhém ty nhién trong dir liéu

e Céic md hinh két hgp (Association models): Phan tich “gio hang”

e Trich chon dic trung (Feature extraction): Tao cic thudc tinh

(dac trung) mai nhu 1a két hop cua cac thudc tinh ban dau
1.2. Cac chirc ning co ban khai pha dir liéu

1.2.1 Phan l6p (Classification)

Trong bai todn phan 16p, ta ¢6 dit li¢u lich sir (cac vi du dugc gan nhan
- thudc 16p ndo) va céc dir liéu méi chua duge gdn nhan. Moi vi du dugc gén
nhin bao gdm nhiéu thudc tinh du bdo va mot thudc tinh dich (bién phu
thudc). Gid tri cia thudc tinh dich chinh la nhan cua 16p. Céc vi dy khong
dugc gan nhan chi bao gém céac thudc tinh du bdo. Muc dich cua viéc phan
16p 1a xay dung md hinh dya vao dir li¢u lich su dé du bao chinh xac nhan
(16p) cua cac vi du khong gin nhan. [11]

Nhiém vu phan 16p bit dau véi viéc xay dung dit liéu (dir liéu huin
luyén) c6 cac gid tri dich (nhan l6p) da biét. Céc thuét todn phan 16p khac
nhau dung céc ky thuét khic nhau cho viéc tim cidc quan hé gitta cac gia tri
cua thudc tinh du bdo va cdc gid tri cua thudc tinh dich trong dir li¢u huin

luyén. Nhimg quan hé ndy duogc tong két trong mé hinh, sau d6 dugc dung
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cho cic trudng hop moi véi cdc gid tri dich chua biét dé du dodn céc gid tri
dich.

M6 hinh phan 16p c6 thé duoc dung trén bo dir liéu kiém thir/dix lidu
danh gid véi muc dich so sdnh cdc gid tr1 du bdo véi céc cau tra 101 da biét.
K¥ thuat nay dugc goi 1a kiém tra md hinh, né do do chinh xic du bdo cia
mo hinh.

Ap dung mé hinh phan 16p dbi véi dit liéu méi duoc goi 12 sir dung mo
hinh, va dir li¢u dugc goi la dit liéu st dung hay dir li€u trung tam (apply data
or scoring data). Viéc sir dung dir li¢u thuong dugc goi la ‘scoring the data’.

Su phéan 16p dugc dung trong phan doan khich hang, phan tich tin
dung, va nhiéu ung dung khic. Vi dy, cong ty thé tin dung mudn dy béo
nhitng khich hang nao s& khong tra ding han trén cic chi tra ciia ho. Mdi
khéch hang twong tmg voi mot truong hop; dit liéu cho mdi trudng hop c6 thé
bao gdm mot sd thudc tinh mo ta théi quen tiéu dung cua khach hang, thu
nhdp, cdc thudc tinh nhan khau hoc,... Day Ia nhitng thudc tinh dy béo.
Thu¢c tinh dich chi ra c6 hay khong nguoi khach hang da vo no/khdng tra
ding han; nhu vay, c6 hai 16p c6 kha nang, tuong ung véi vo ng hodc khong.
Dit liéu hudn luyén s& duoc dung dé xdy dung md hinh ding cho du bdo cic
truong hop méi sau nay (du bdo khich hang méi c6 kha nang chi trd no
khong).

Chi phi (Costs):

Trong bai toan phan 16p, c6 thé can xé4c dinh chi phi bao ham trong viéc
tao ra mdt quyét dinh sai 1am. Viéc nay 12 quan trong va can thiét khi c6
chénh Iéch chi phi 16n gitta cdc phan 16p sai (misclassification). Vi dy, bai
todn dy bdo c6 hay khong mdt nguoi s€ trd 101 véi thu quang cdo. Pich c6 2
phén loai: YES (khéch hang tra 161) va NO (khéach hang khong tra 101). Gia st

tra 101 tich cuc ddi v6i quang cdo sinh ra $500 va né trj gid $5 dé giri thu. Néu
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mod hinh dy bdo YES va gi4 tri thuc té 12 YES, gid tri ctia phan 16p sai 1a $0.
Néu mé hinh dy bdo YES va gi4 tri thuc té 1a NO, gi4 tri ctia phan 16p sai 1a
$5. Néu m6 hinh dy bdo NO va gi4 tri thyc té 1a YES, gi4 tri ctia phan 19p sai
12 $500. Néu mé hinh dy bdo NO va gi4 tri thyc 12 NO, chi phi 1a $0.

Ma tran chi phi, ¢6 chi s6 hang uwong Gmg véi cdc gid tri thuc; chi s6 cot
tuong ung voi cdc gid tri dy bdo. V6i mdi cip chi s6 thuc-du bdo, gid tri cua
ma tran chi ra chi phi cia sy phan 16p sai.

Mot vai thuat todn, nhu Adaptive Bayes Network, tdi wu ma tran chi
phi mot céch tryc tiép, sira doi mé hinh muc dich tao ra cdc giai phdp chi phi
cuc tiéu. Céc thuat todn khic, nhu Naive Bayes (du bdo xac suét), dung ma
tran chi phi trong khi tim két qua trén dir liéu that dé dua ra giai phép chi phi

it nhat.

1.2.1.1 Phan 16p - mét qua trinh hai buéc

Buwoc 1. Xdy dung moé hinh (Hoc)

X4y dung md hinh bang cdch phan tich tap dit liéu huan luyén, sir dung
céc thuat todn phéan 16p va thé hién mé hinh theo luét phan 16p, ciy quyét dinh
hodc cdc cong thure todn hoc, mang noron...

Budc nay con dugc coi la budce tao ra bd phan 16p (classifier).

Buwoc 2. Surdung mo hinh (Phan lop)

Ap dung md hinh cho tap dit liéu kiém thir voi cac 16p da xdc dinh dé
kiém tra va ddnh gid d6 chinh xdc ctia md hinh. Néu do chinh xdc 1a chip
nhén dugc, mo hinh s€ dugc su dung dé phan 16p cho cac dir li¢u moi.

Nhu vay c6 3 tap dir liéu c6 cAu tric va céc thudc tinh dy dodn giéng

nhau: Tap huan luyén va tap kiém thir da biét 16p; Tap mdi chua xdc dinh 16p.
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1.2.1.2 Phén 16p bing hec ciy quyét dinh
Cady quyét dinh

Phuong phép hi¢u quéa dac biét cho viéc tao ra cdc by phan 16p tir dir
liéu 12 sinh ra cdy quyét dinh. Biéu dién ctia ciy quyét dinh 13 phwong phép
logic dugc sir dung rong rdi nhat [9]. Mot cdy quyét dinh bao gdm cdc nodes
ma & d6 cdc thudc tinh duoc kiém tra (tested). Cac nhanh ra cua mdt node
tuong (mg voi tat ca cic két qua c6 thé cua viée kiém tra tai node. Vi du, ciy
quyét dinh don gian cho viéc phan 16p cdc miu véi 2 thudc tinh ddu vao X va
Y dugc cho trong hinh 1.3. Tét ca cdc miu véi céc gid tri ddc trung X>1 va
Y=B thudc vao Class2, trong khi céc mau véi gid tr1 X<1 déu thudc vao

Classl, di Y lay bat ky gi4 tri ndo.

'_‘-\.
1'/’-'-.—
( x>1

I

/’ ﬂl\"h

Y=9

e

Y=A I|":’—I!~ Y=C
_ i

i["lun:c] | !{'I:zh'.w'l ] Class2 Classl] |
L

Hinh 1.3: Ciy quyét dinh don gian véi cic tests trén cdc thudc tinh X va 'Y

Phéan quan trong nhét cta thudt toan 12 qud trinh sinh ra mot ciy quyét
dinh khéi dau tir tap céac mau huin luyén. Két qua, thuat todn sinh ra mdt bd
phan 16p & dang ctia mot cdy quyét dinh; Mot ciu tric voi 2 kiéu nodes: Node
14, dé chi 1 16p, hodc mot node quyét dinh chi ra kiém tra dugc thuc hién trén
mot gid tri thudc tinh don, vi mot nhdnh va ciy con cho mdi kha ning dau ra

cua kiém tra.
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Mot cdy quyét dinh c6 thé dugce ding dé phan 16p mot mau méi bang
cich khoi dau tai gbc cua ciy va di chuyén qua né dén khi gap mot 14. Tai
mdi node quyét dinh khong 12 14, dau ra véi kiém tra tai node duoc xdc dinh
va lwa chon di chuyén t6i gdc cia cdy con. Vi du, néu md hinh phan 16p cua
bai todn duoc cho véi ciy quyét dinh trong hinh 1.4.1 v mau cho viéc phin
16p trong hinh 1.4.2, thi thuat toan s& tao duong di qua ciac nodes A, C, va F
(node 14) dén khi n6 tao quyét dinh phan 16p cubi ciing: CLASS?.

(Attributel > 5)

False

Attribute Value
(Attribute2="Black") (Attribute3="No™) .
True False True Fulse Attributel 5
Attribute2 Black
Attribute3 No
D E F G
CLASS 1 CLASS 2 CLASS 2 CLASS 1
1) Decision tree 2) An example for classification

Hinh 1.4: Sy phan 16p mot mau méi dwa trén md hinh cay quyét dinh

Thuat toan phat trién cdy (tree-growing) cho viéc sinh ra ciy quyét dinh
dwra trén cdc phan tich don bién 1a ID3 véi phién ban mo rong 1a C4.5.

Gié st ¢6 nhiém vu lya chon mot kiém tra véi n dau ra (n gia tri cho
mot dic trung da cho) ma chia tap cdc mau hoc T thanh cic tip con T, T,
..., T,. Thong tin dung cho viéc huéng dan la sy phan tan cia cic 16p trong T
va cdc tap con T; cia né. Néu S 1a tap bat ky cdc mau, goi freq (C;, S) biéu thi
s6 luong cdc mau trong S ma thudc vao 16p C;, va ISI biéu dién sb luong cic
mau trong tap S.

Thuat toan ID3 géc ding mdt ti€u chuan dugc goi la lgi ich (gain) dé
Iira chon thudc tinh dugc kiém tra, dya trén khdi nién 1y thuyét thong tin:

entropy. Quan h¢ sau ddy dua ra tinh todn ctia entropy cua tap S:
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k k
Info(S) =- 2 p; logopi = - 2 ((freq(C;, S) / ISI) * log, (freq(C;, S) / ISI)
i=1 i=1

Xem xét tap T sau khi duoc phan chia twong tng véi n ddu ra cia mot
thudc tinh kiém tra X. Yéu cau vé théng tin mong doi c6 thé dugc tim ra nhu

1a tong trong sO cua cic entropies trén cic tap con:

Info,(T) = - %((ITiI /ITl) * Info(T}))

Do do loi ich thong tin Gain: Mot thudc tinh c6 1¢i ich thdng tin cao,
nghia 12 néu biét dugc cdc gid tri cua thudc tinh d6 thi viéc phan 16p s& tién
gan toi dich. Nhu vi dy trén hinh 1.3, néu biét X>1 thi biét dugc ngay thudc
16p Classl. Gain cua thudc tinh X dugc do bang do giam entropy trung binh
ctia tap T sau khi da biét gid tri cua X:

Gain(X) = Info(T) — Info,(T)

Vi du minh hoa viéc dp dung cdc phép do khi tao cdy quyét dinh:

Gia st CSDL T véi 14 truong hop (vi dy) dugec mo ta vai 3 thudc tinh
dau vao va thudc vao 2 nhém cho trude: CLASS1 hodc CLASS2. CSDL cho
trugc trong bang 1.1

9 mau thudc vio CLASS1 va 5 mau thuoc CLASS2, vay entropy trudc
khi phan tach la:

Info(T) = —9/14 log, (9/14) — 5/14 log, (5/14) = 0.940 bits

Sau khi ding Attributel dé chia tap ban ddu ctia cdc mau T thanh 3 tap
con (kiém tra X, biéu dién lga chon mot trong 3 gid tri A, B hoac C), thong tin
két qua duogc cho bai:

Infoy, (T) =5/14 (—2/5 log, (2/5) — 3/5 log, (3/5))

+4/14 (- 4/4 log, (4/4) — 0/4 log, (0/4))
+ 5/14 (—3/5 log, (3/5) — 2/5 log, (2/5))
= (0.694 bits




25

Bang 1.1: CSDL don gian gém céc vi dy huan luyén

CSDL T:
Attributel Attribute2 Attribute3 Attribute4
A 70 True CLASS1
A 90 True CLASS2
A 85 False CLASS2
A 95 False CLASS2
A 70 False CLASSI
B 90 True CLASSI
B 78 False CLASS1
B 65 True CLASSI
B 75 False CLASSI1
C 80 True CLASS2
C 70 True CLASS2
C 80 False CLASSI
C 80 False CLASSI1
C 96 False CLASSI1

Thong tin thu dugc bang kiém tra x1 nay Ia:

Gain (x;) = 0.940 — 0.694 = 0.246 bits

Néu kiém tra va phan tich dya trén Attribute3 (kiém tra X, bién dién
lga chon mdt trong 2 gia tri True hoac False), mdt tinh todn tuong tu s€ cho
cac két qua méi:

Info,, (T) = 6/14 (—3/6 log, (3/6) — 3/6 log, (3/6))

+ 8/14 (- 6/8 log, (6/8) — 2/8 log, (2/8))
= (.892 bits
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Va gain twrong Ung la

Gain(x,) = 0.940 — 0.892 = 0.048 bits

Dua trén diéu kién loi ich (gain criterion), thudt todn cay quyét dinh s€
Iwa chon kiém tra x; nhu mot kiém tra khoi dau cho viéc phéan tich CSDL T
boi vi gid tri loi ich cao hon. Pé tim ra kiém tra tdi wu, can phai phan tich
kiém tra trén Attribute2, 12 mot dic trung s6 véi céc gid tri lién tyc.

O trén da gidi thich kiém tra chuén cho céc thudc tinh phan loai. Dudi
day s€ néu thém vé thu tuc cho viét thiét lap céc kiém tra trén céc thudc tinh
véi cdc gia tri $6. Céc kiém tra trén cdc thudc tinh lién tuc sé& khé cong thic
hod, vi n6 chira mot ngudng bat ky cho viéc phén tach tit ca cdc gid tri vao 2
khoang.

C6 mot thudt todn cho viéc tinh todn gia tri ngudng t6i wu Z. Céc mau
hoc dau tién duoc sép Xép trén cdc gia tr1 cua thudc tinh Y dang dugc xem
xét. Chi c6 mot sb ¢6 han cuia cdc gid tri nay, vi vay ky hiéu chiing trong thir
tu dd duoc sap xép 1a {vy, Va ..., vm}. Bt ky gid tri ngudng nio nam giira v;
va viy; s& ¢6 cling hiéu qua néu ngudng dé chia cdc truong hop thanh nhiing
phén ma gid tri cua thudc tinh Y cta ching nam trong {vy, v, ..., v;} va trong
{Vis1, Vis2s ..., Vm}. Chi c6 m-1 kha nang trén Y, tit ca ching can duogc kiém
tra mot cach c6 hé théng dé thu dugc mot phan tich t6i uu. Thuong chon
nguong la diém gifra ciia mdi khoang (v; + v 1)/2.

Vi du minh hoa qué trinh tim ngudng nay: Véi CSDL T, phan tich céc
kha ning phan tich Attribute2. Sau khi sip xép, tip cic gid tri cho Attribute2
1a {65, 70, 75, 78, 80, 85, 90, 95, 96} va tap cdc gid tri ngudng tiém ning Z
1a {65, 70, 75, 78, 80, 85, 90, 95}. Z t6i wu (v4i thong tin loi ich cao nhat) can
dugc lya chon. Trong vi du nay, gid tri Z t6i wu 12 Z = 80 va qué trinh tinh
todn thong tin 1oi ich twong tmg cho kiém tra x; (Attribute2 < 80 or Attribute2

> 80) nhu sau:
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Info,; (T) =9/14 (—7/9 log, (7/9) — 2/9 log, (2/9))
+ 5/14 (- 2/5 log, (2/5) — 3/5 log, (3/5))
= 0.837 bits

Gain(x3) = 0.940 — 0.837 = 0.103 bits

So sdnh théng tin loi ich cho 3 thudc tinh trong vi du, ta ¢é thé thay
Attribute1 van cho 1oi ich cao nhét 0.246 bits va do d6 thudc tinh nay s€ duoc
Iira chon cho viéc phan tich dau tién trong viéc xay dung ciy quyét dinh. Nt
gbc s& ¢6 kiém tra cho céc gid tri cua Attributel, va 3 nhdnh s& duoc tao, mdi
nhanh cho mot gid tri thudc tinh. Cdy ban dau nay véi céc tip con twong mg

cua cidc mau trong cic nodes con dugc biéu dién trong hinh 1.5.

Test x1:
Attribute] = ?

TI: T2: T3:

Att.2 Att.3 Class Att.2 Att.3 Class Att.2 Att.3 Class

70 True CLASSI 90 True CLASSI 80 True CLASS2
90  True CLASS2 78  False CLASSI 70  True CLASS2

85  False CLASS2 65 True CLASSI 80  False CLASSI
95  False CLASS2 75  False CLASSI 80  False CLASSI
70  False CLASSI 96  False CLASSI

Hinh 1.5 Cay quyét dinh ban dau
va tap con cic truong hop cho mot CSDL trong bang 1.1
Sau viéc phan tach ban dﬁu, mdi node con cé mot vai mau tr CSDL,
va toan by qua trinh lya chon va tbi wu kiém tra s& duoc 1ap lai cho moi node
con. Boi vi node con cho kiém tra x;: Attributel = B ¢6 4 trudng hop va tat ca
chiing 1a trong CLASS1, node nay sé& 1a node 14, va khdng c6 céc kiém tra bo

sung nao can cho nhinh nay cua cay.
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Cho node con con lai, ¢6 5 trudng hop trong tap con T1, cic kiém tra
trén céc thudc tinh con lai c6 thé dwoc thuc hi¢n; mot kiém tra toi vu (véi
thong tin ¢6 ich cuc dai) s€ la kiém tra x4 v6i 2 lua chon: Attribute2 < 70 or
Attribute2 > 70.

Info (T)) =—2/15 log, (2/5) — 3/15 log, (3/5) = 0.940 bits

Dung Attribute2 dé chia T, thanh 2 tdp con (kiém tra x4 biéu dién lya
chon ctia mot trong 2 khoang), thong tin két qua duoc cho bai:

Infoy, (T) =2/5 (—2/21og, (2/2) — 0/2 log, (0/2))

+ 3/5 (- 0/3 log, (0/3) — 3/3 log, (3/3))
= 0 bits

Gain thu dugc bai test nay 1a cuc dai:

Gain(xy) = 0.940 — 0 = 0.940 bits

Va 2 nhdnh s& tao cdc node 14 cudi ciing vi cdc tap con cla cic trudng
hop trong mdi nhanh thudc vao cling mot class.

Tinh todn tuong tu s€ duoc tién hémh/tiép tuc cho con thur 3 cuia node
géc. Cho tap con T; cua CSDL T, kiém tra Xs t6i wu duoc chon la viéc kiém
tra trén cdc gia tri cua Attribute3. Cac nhanh cua cdy, Attribute3 = True va
Attribute3 = False, s& tao cic tdp con dong nhat cua cic truong hop ma thude
vao cting mot 16p. Ciy quyét dinh cudi cing cho CSDL T dugc biéu dién
trong hinh 1.5.
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7
Attribute3

. Leaf

CLASSI CLASS2 CLASSI CLASS2 CLASSI
Nodes

Hinh 1.5 Cay quyét dinh cudi cing cho CSDL T d4 néu trong bang 1.1

Tuy chon, mét ciy quyét dinh ciing c¢6 thé duoc biéu dién & dang mot
ma thyc hién (hoac gid ma) vdi cac cAu tric if-then cho viéc tdch nhdnh thanh
mot cau tric ciy. Ciy quyét dinh cudi ciing trong vi duy trén duoc dua trong

gia code nhu hinh 1.6.

fr Altributel = A

Then
i Attribute2 == 70
Then
Classification = CLASSI;
Else

Classification = CLASS2;
Elseif Attributel = B
Then
Classification = CLASS];
Elseif Attributel = C

Then
it Attribute3 = True
Then
Classification = CLASS2;
Efse

Classification = CLASSI.

Hinh 1.6 Ciy quyét dinh & dang gia code cho CSDL T (bang 1.1)
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1.2.1.3 Phan lé6p Bayees

Phén 16p Bayees 1a phuong phap phéan 16p thong ké dy dodn xdc suat
cdc thanh vién thudc 16p. Phan 16p Bayees cho tinh chinh xdc va toc do cao
khi d4p dung vao cidc CSDL 16n. Phuong phdp Naive Bayees 1a mot phuong
phdp phan 16p Bayees don gian. Phuong phédp nay gia thiét anh huong cua
mot gia tri thudc tinh t61 16p 1a ddc 1ap véi cac gid tri thudc tinh khéc - goi la
doc 1ap diéu kién 16p.
Ly thuyét Bayees

Cho X 1a dit liéu vi du ctia mot 16p chwa biét. H 1a gia thiét X thudc 16p
C. Bai todn phan 16p sé& xdc dinh P(HIX) — 12 x4c suat gia thuyét H chira vi du
X. D6 1a x4c suat hau nghiém cua H voi diéu kién X.

Cong thuc Bayees la:

P(HIX) = P(XIH) * P(H) / P(X) (1.1)

Vé6i P(XIH) 1a xé4c sudt hau nghiém cua X voi diéu kién H.

P(X) 1a xdc suét tién nghi¢m cua X.
Phan lop Naive Bayees

1. MJi dit liéu vi du dugc biéu dién bang mot vecto X=(x1, .. xn) md ta n
do do cua n thudc tinh Al,.., An.

2. Gia str ¢c6 m 16p Cy,..., Cpn. Cho mot truong hop X chua biét 16p, phan
16p s& dy dodn X thudc vé 16p C; ¢ xdc sudt diéu kién X cao nhit,
nghia la
X c G @ P(CIX)>P(C; 1 X) V l<=j<=mj #i
Theo cong thuc Bayees c6: P(CiIX) = P(X | C)P(C))/ P(X)

Trong d6 C; duoc goi 1a gia thuyét hau nghiém 16n nhét.

3. Néu P(X) 12 hang chi can tim max P(XIC;)P(C;). Néu xdc suit tién

nghiém chua biét va gia su P(C)=P(C,)... thi tim C; c6 max

P(XIC)P(C)). (1.2)




31

4. Néu dir liéu c6 nhiéu thudc tinh, chi phi tinh todn P(XIC;) c6 thé rat 16n,
vi vay voi gia thiét cdc thudc tinh doc 1ap diéu kién 16p thi c6 thé tinh
P(XIC)=T1 P(X,IC;) (k=1..n)

Trong d6 P(XiIC;) dugc tinh nhu sau :

Vi gia thiét Ay 12 thudc tinh gid tri tén thi P(X,/C))= Si/S;, trong d6 Sj
s6 vi du hudn luyén cua 16p C; ¢6 gid tri X, v6i Ay, S; 12 s6 vi du thudc
16p C..

5. Pé phan 16p cho ddi tugng X chua biét 16p: Tinh céc gia tri P(XIC;) cho
moi 16p C; va X thudc 16p C; khi va chi khi: P(XIC)=Max(P(XIC)P(C;).

1.2.2 Hoi qui

Hoi qui: Mot k§ thuat phén tich dir liéu diing thong ké dé xay dung céc
mo hinh dy bdo cho cic truong dy bdo c6 gid tri lién tuc. Ky thuat ty dong
xac dinh mdt cong thirc todn hoc ma cuc tiéu hod mot vai phép do 16i giira cai
du bdo tir md hinh Hoi qui véi dir liéu thuc.

Dang don gian nhét cia mot md hinh hdi qui chtta mot bién phuy thudc
(con goi 12 “bién dau ra”, “bién nodi sinh” hay “bién Y””) va mot bién doc 1ap
don (con goi 12 “hé s6”, “bién ngoai sinh”, “hay bién X”).

Vi du nhu: su phu thudc cta huyét 4p Y theo tudi tic X, hay sy phu
thudc ctia trong luong Y theo khau phan an hiang ngdy. Su phu thudc niy
duoc goi 12 hdi qui cua Y 1én X.

Hoi qui tao cdc mo hinh du bdo. Su khéc nhau giita Hoi qui va phan 16p
1a hdi qui xir 1y véi céc thudce tinh dich 1a kiéu s hodc lién tuc, trong khi phan
16p xtr ly vai céc thudc tinh dich riéng 1€ hoac phan loai (discrete/categorical).
N6i cdch khdc, néu thudc tinh dich chira cdc gid tri lién tuc, s€ doi hoi dung
ky thuat hoi qui. Néu thudc tinh dich chtra cdc gid tri phan loai (xau ky tu

hodc s6 nguyén roi rac), k¥ thudt phan 16p s€ duoc str dung.
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Dang thong dung nhat cia hdi qui 12 Hoi qui tuyén tinh (linear
regression), trong d6 mot dudng thang vira nhat véi dit liéu dwoc tinh todn, d6
1a, duong thang cyc tiéu hod khoang céch trung binh cila tit ca cic diém tir
duong do.

Puong nay tré thanh md hinh dy bdo khi gié tri cua bién phu thudc la
chua biét; gid tri ciia n6 dugc dy bdo boi diém nam trén duong ma tuong Gng

v6i gid tri cta céc bién phu thudc cho ban ghi dé.

Y1|- g
|
|

&r].? _________ 5/‘ ‘YT:K_ 1

X1 X

Hinh 1.7 Hoi qui tuyén tinh

Mt 56 khdi niém:
— Céc bién ngﬁu nhién X;, ..., X, (cdc bién du bao) va Y (bién phu
thudc)
— X; ¢6 mién (domain) 1a dom(X;), Y c6 mién la dom(Y)
— P 1a mot phan bd x4c suit trén dom(X;) x ... x dom(X}) x dom(Y)

— CSDL huéan luyén D 12 mdt mau ngau nhién tir P
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— B0 du béo (predictor) 1a mot ham:
d: dom(X)) ... dom(Xy) = dom(Y)

Néu Y 1a s6, bai todn 12 bai todn Hoi qui. Y duoc goi 12 bién phu thudc,
d dugc goi 1a ham Hbi qui.

Goi r 12 mot ban ghi ngdu nhién ldy tir P. Dinh nghia ty suit 15i trung
binh binh phuong cua d la:

RT(d,P) = E(r.Y —d(r.X,, ..., 1.X))’

Pinh nghia bai todn: Tap dit liéu D cho trudc 1a mot mau ngau nhién tir

phan tan xdc sudt P, tim ham Hbi qui d ma RT(d, P) 1a cuc tiéu.

Thudt todn SVM cho Hoi qui

Support Vector Machine (SVM) xay dung cd hai m6 hinh phan 16p va
Hoi qui. SVM 1a mot cong cu du bdo phan 16p va Hoi qui ding 1y thuyét hoc
may dé cuc dai d6 chinh xdc du béo trong khi ty dong trdnh vugt ngudng
(over-fit) ddi véi dit ligu.

Cé4c mang neural va cidc ham radial basis (RBFs), hai k§ thuat khai pha
thong dung, ¢ thé duoc xem 1a truong hop dic biét cia SVMs.

SVMs thuc hién tét véi cdc tmg dung thé gi6i thyc nhu phan 16p dir
liéu vin ban (text), nhan dang cdc chir viét tay, phan 16p céc hinh anh,... Viéc
gidi thidu né trong nhitng nim dau 1990s din dén sy bung nd cic tng dung
va cdc phan tich 1y thuyét chuyén siu thiét 1ap SVM cling v6i mang neural
nhu céc céng cu chuin cho hoc may va khai phd dit liéu. [11]

Khong c6 gioi han trén ndo trén sd lugng céc thudc tinh va Gmg vién
dich cho SVMs.

Chi tiét vé chuan bi dit li¢u va cdc thiét dit lya chon cho SVM — tham

khao trong [13].
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1.2.3 Phan nhém

Phan nhém 1a k¥ thuat hitu ich cho viéc kham ph4 dir li¢u. N6 hitu ich
khi ¢6 nhiéu trudng hop va khéng c¢6 cdc nhém ty nhién ranh mach. O day,
céc thuat todn khai phd dir liéu phan nhém c6 thé duoc ding dé tim ra bat ky
nhém tu nhién nao c6 thé ton tai.

Phan tich phan nhém xéc dinh cdc nhém trong dir liéu. Mot nhém 1a tap
hop/thu thap cic dbi twong dir liéu twong tu nhau trong mot vai nghia nao dé
so v6i ddi tuong khdc. Phuong phdp phin nhém tét tao ra cdc nhém chat
luong cao dé dam bao rang sy tuong ty gitta cdc nhém khdc nhau 12 thap va
sy tuong tu bén trong nhém la cao; néi cdch khic, cic thanh vién ciia mdt
nhém gidng nhau hon so véi cdc thanh vién trong nhém khic.

Phan nhém cling c6 thé phuc vu nhu mét budce tién xir 1y dir liéu hi¢u
qua dé x4c dinh cdc nhém khéng dong nhét trong d6 dé xay dung cdc md hinh
du bdo. Céc mé hinh phan nhém khic véi cdc md hinh dy bdo trong d6 dau ra
ctia qué trinh khéng duoc hudng din bang két qua da biét, d6 13, khong c6
thudc tinh dich. Cdc md hinh dy bdo dy dodn céc gid tri cho mdt thude tinh
dich va mot ty suat 151 giita cdc gid tri dich va gid tri du bdo c6 thé duoc tinh
toan dé hudng dan viéc xdy dung md hinh. Cdc md hinh phan nhém khdm
phd cdc nhém tu nhién trong dit liéu. M hinh c6 thé sau d6 dugc ding dé gan
céc nhan cta cdc nhém (cluster IDs) tGi cdc diém dit liéu.

Vi duy, cho tap dir liéu véi 2 thude tinh: AGE va HEIGHT, luat sau day
biéu dién phﬁn 16n dit li€u dugc gan cho cluster 10:

If AGE >= 25 and AGE <= 40

and HEIGHT >= 5.0ft and HEIGHT <= 5.5ft

then CLUSTER = 10

Mbt dau vao ctia mot phan tich cluster c6 thé dugc md ta nhu mot cap

c6 thu ty (X, s), hoac (X, d), trong d6 X 1a tdp cdc md ta cua céc mau va s va
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d theo tht tu 12 céc tiéu chuan cho do twong ty hodc khong tuong tu (khoang
cich) gitra cdc mau. Pau ra tir hé thong clustering 12 mot partition A = {G,
Gy, ..., Gy} trong 6 G, k =1, ..., N 1a tp con thyc su (crisp subset) cua X:

GuGuU...uG=X,va

GNG=9 1#]

Céc thanh vién Gy, G,, ..., Gy cua A dugc goi 1a cic clusters. Moi
cluster c6 thé dugc mo ta voi mot vai dac trung. Trong viéc phan nhém
(clustering) trén co s& kham phd, ca cluster (tap riéng biét cic diém trong X)
va cdc mod ta cuia ching hoac cic dac trung dugc sinh ra nhu 1a mot két qua
cua mot thu tuc clustering.

Phan 16n céc thuét todn clustering dya trén 2 cich tiép can sau:

1. Phan nhém theo partitional theo thr tw 16i lap (Iterative square-error
partitional clustering) — Phian hoach

2. Phén nhém phan cap (Hierarchical clustering)

1.2.3.1 Cac phuong phap phan hoach

Cho mot CSDL véi N ddi tuong, phuong phap phan hoach xdy dung K
phan hoach (K<=N), trong d6 mdi phén hoach biéu dién mot nhom. Nghia la
phén chia dir liéu thanh K nhém thod man:

— MG&i nhém phai chira it nhét 1 dbi twong

— MG&i d6i twong chi thudc 1 nhém

Mot k¥ thut don gian nhét 1 chia N thanh K tap con c6 thé, thir phan
hoach 1an dau, sau d6 1ip cdc budc phan hoach bang cdch chuyén cdc ddi
tugng tr nhém nay sang nhém khéc va danh gid theo tiéu chuan gan nhat caa
cdc d6i tuong trong nhém. Qud trinh phan hoach nay c¢6 thé doi hoi sir dung
moi kha ning c6 thé ciia K tap con trong N nhém. Céc ung dung c6 thé sir

dung mot trong hai thuat toan K-mean, mdi nhém duoc dai dién bﬁng mat gia
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tri trung binh cta céc dbi twong trong nhém hodc K-medoid trong d6 mdi
nhém duoc dai dién bang 1 trong cdc dbi twong gan tim nhoém.
Ky thudt dua tam - Thudt todn k-mean

Thuat todn K-mean s€ phan hoach dit li¢u thanh K (tham s6) nhém xr
1y nhu sau:

— Luya chon ngau nhién K ddi tuong, mdi d6i tugng duoc coi 1a khoi

tao gid tri trung binh hoac tam cua nhém.

— Céc dbi tugng con lai s€ dugc gén vao cdc nhém dugc coi la gﬁn ddi

tugng d6 nhat dua trén khoang cdch giira dbi tuong voi tam.

— Tinh todn lai gi4 tri trung binh cua mdi nhém

— Céc bude trén dugc 1dp cho dén khi dat hoi tu. Tiéu chuan sai sd

toan phuong:
E=YYIp-ml?

Trong d6 E 1a tong cic sai s6 binh phuong ctia moi dbi twong trong
CSDL, p 1a diém trong khong gian biéu dién cdc dbi twong, m 12 trung binh
cua nhém C;. Tiéu chuin nay tién dén K nhém 12 kin va tdch roi nhau. Thuat
todn s& tién dén K phan hoach sao cho ham sai s6 binh phuong 12 t6i thiéu
(LMS). Thuat todn nay chi dp dung dugc néu x4c dinh duoc gid tri trung binh.

Do vay thuat todn s& khong dp dung dugc cho dit liéu tén (ky tu).

|_'I:II.- -! -I'.:

i) i)

Hinh 1.8 Gop nhém theo phuong phdp k-means (Piém dénh dau + 12 tim)
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Cdc bién thé mé réng ciia K-mean:
K-medoid mé rong phan hoach cho cdc thudc tinh ¢6 gid tri tén bang

k¥ thuat dya trén tan suét xuit hién.

1.2.3.2 Céc phwong phép phén cip

Phuong phép phan cp 1am viéc bang cich nhém cic dbi twong dit lidu
thanh cdy. Cédc phuong phdp phan cap c6 thé phan 16p theo kiéu vun déng
hodc tich dan:

— Gop nhém phan cap kiéu vun dong: Chién lugc tir dudi 1én bat dau
bﬁng cach dat mdi doi tugng don vao mot nhém sau dé tron vai
nhém thanh nhém 16n hon va 1én hon nita, cho dén khi thanh mot
nhém don hodc thoa man diéu kién két thic nao dé.

— Go6p nhém phan cip kiéu tach dan: Chién luge nay nguoc véi chién
luge tir trén xudng. Bat dau bang cach dat tat ca cic dbi tuong thanh
mot nhém don. Sau d6 chia thanh cdc nhém nhé dan, cho dén khi
thanh cdc nhém v&i mot ddi tuong hodc thod man diéu kién két thdc
nao do.

Trong cac thuat todn nay can x4c dinh diéu kién dé két thdc.

»  Bwtie L P 3 i 5

Tach

- ‘ 3 LA AR
§ 1 K z 1 Erée

Hinh 1.9 Phan hoach vun déng hodc téch dan
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1.2.4 Khai pha luat két hop

Cic luat két hop 12 mot trong nhitng k¥ thuat chinh cta khai phd dir
liéu va né c6 thé 1a thong dung nhét tir kham pha miu dia phuong trong hé

thong hoc khong gidm sit.

1.2.4.1 Phan tich gié hang

Gio hang 1a tap thu thap cdc muc hang mua sim cta khich hang trong
mdt giao dich don 1. Nhitng nguoi ban hang thu thip cdc giao dich bang viéc
ghi lai cdc hoat dong kinh doanh (bdn hang) qua thoi gian dai. Mot phan tich
thong thuong thyc hién trén CSDL cdc giao dich 1a tim ra cic tdp hang hod
xudt hién ciing nhau trong nhiéu giao dich. Tri thtc ctia nhitng mau nay c6 thé
dugc ding dé cai tién chd dé cua nhitng mit hang trong kho hodc sap dat lai
thir tu ¢ catalog trong trang mail va cidc trang Web. Mot itemset chira i items
duoc goi la i-itemset. Sd phﬁn tram cic giao dich chira mot itemset dugc goi
12 do hd tro cua itemset. Itemset duoc quan tam, do hd tro ctia né can phai cao
hon gi4 tri cuc tiéu ma ngudi str dung dua ra. Nhitng itemsets nhu vy duoc
goi l1a thuong xuyén (frequent).

Vi¢c tim ra céc frequent itemsets 1la khong don gian. Ly do trudc tién,
sO giao dich cta khach hang c6 thé rat 16n va thuong khong vira v6i b nhé
ciia mdy tinh. Thir hai, s6 lugng cdc frequent itemsets tiém nang 12 theo ham
mil di véi sd lugng cdc items khic nhau, mic du sb lugng thyc cua cic
frequent itemsets c6 thé nho hon nhiéu. Do vay, yéu cau ddi véi cdc thuat
toan 12 c6 thé mo rong (dd phirc tap cua nd phai ting tuyén tinh, khong theo
ham mii voi s& lwong cdc giao dich) va né kiém tra cang it cdc infrequent
itemsets cang tot.

Mo ta bai todn:
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Tir mot CSDL cuia cdc giao dich bdn hang, can tim ra cdc mdi lién hé
quan trong trong cic items: Sy ¢6 mat cua mot vai items trong giao dich sé
dan dén su c6 mit cta cic items khac trong cling giao dich.

C6 cac items I = {iy, iy, ..., in}. DB Ia tap cdc giao dich, trong dé moi
giao dich T 1a tap cua céc items vay 1a T[] I. O day khong quan tdm dén sb
luong hang (items) dugc mua trong giao dich, nghia 13 mdi item 12 mot bién
nhi phan chi ra item d6 c6 duoc mua hay khong. Mdi giao dich twong tng véi
mot dinh danh dugc goi 1a transaction identifier hodc TID. Mot vi du vé

CSDL giao dich nhu vady dugc dua ra trong bang 1.2

Béng 1.2 M6 hinh CSDL giao dich don gian

Database DB:

TID Items
001 ACD
002 BCE
003 ABCE
004 BE

Goi X 1a tap céc items. Giao dich T duogc goi 1a chira X néu va chi néu
X < T. Mot luat két hopnguydang X = Y, trongd6 X cLYcL,vaXNY
= . Luat X = Y c¢6 trong tap giao dich DB vdi do chic chin ¢ (confidence)
néu ¢% giao dich trong D ¢ chtra X thi cling chra Y. Luat X = Y ¢6 d6 hd
trg s trong tap giao dich D néu s% céc giao dich trong DB chita X U Y. Do
chéc chin biéu thi 46 16n cua ¥ nghia cta luat va do hd tro biéu thi tin s6 cua
cdc mau xuat hién trong ludt. Thuong dugc quan tdm la nhitng luat c6 do hd
trg 16n hop 1y. Nhitng luat voi do chic chin cao va do hd tro manh dugc xem

nhu 12 nhitng ludt manh. Nhi¢m vu cua khai phé cdc luat két hop 1a phat hién
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céc luat két hop manh trong cic CSDL 1én. Bai toan khai phé céc luat két hop
c6 thé dugc chia thanh 2 pha:
1. Khdm pha céc itemsets 16n, vi du céc tap items c6 do hd tro cta
giao dich & trén ngudng tbi thiéu cho trude.
2. Dung céc itemsets 10n dé sinh ra cdc luat két hop cho CSDL ma
¢6 d6 chéc chin c trén ngudng tdi thiéu cho trudc
Hi¢u nang chung cua viéc khai ph4 cic luat két hop duoc xac dinh chu
yéu boi bude dau tién. Sau khi céc itemsets 16n duogc xdc dinh, céc luat két
hop twong tmg c6 thé dugc ldy theo cich don gian. Tinh todn hiéu qua cua cic

itemsets 16n 12 trong tm cua phan 16n cdc thudt toan khai ph4.

1.2.4.2 Thuat toan Apriori

Thuat todn Apriori tinh todn céc frequent itemsets trong CSDL qua mdt
vai 1an 1ap. Budc 1ap thir i tinh todn tat ca cic frequent i-itemsets (céc itemsets
vO1 1 thanh phﬁn). M&i 1an lap c6 2 bugc: bl) Sinh ra céc candidate. b2) Tinh
toan va chon candidate.

Trong pha dau tién cua budc lap dau tién, tp cic candidate itemsets
dugc sinh ra chira tit ca cdc 1-itemsets (nghia 13, tit ca cdc items trong
CSDL). Trong pha tinh todn, thuat toan tinh do hd tro cua ching tim trén toan
bd CSDL. Cudi ciing, chi nhiing 1-itemsets véi s & trén ngudng yéu cau s&
duoc chon 1a frequent. Nhu vdy sau 1an 1ip dau tién, tit ca céc frequent 1-
itemsets s€ duoc xac dinh.

Tiép tuc voi 1an 1ap thtr 2. Sinh ra cdc candidate cta 2-itemset nhu thé
nao? TAt ca céc cdp cua items déu 12 cdc candidates. Dya trén tri thirc vé céc
infrequent itemsets thu dwogc tir cdc lan 1ap trude, thuat todn Apriori giam tip
cdc candidate itemsets bang cdch cit tia cdc candidate itemsets khong 1a

frequent. Viéc cit tia dua trén su quan sat la néu mot itemset 1a frequent thi




41

tat ca cdc tip con cia né ciing 1a frequent. Do vay, trudc khi vao budc tinh
toan candidate, thuat toan s€ thuc hién loai bo moi candidate itemset ma co
cdc tap con la infrequent.

Xem xét CSDL trong bang 1.2. Gia sir rang d6 hd tro tdi thiéu s=50%
nhu vy mot itemset 12 frequent néu né dugc chira trong it nhat 12 50% cic
giao dich. Trong mdi budc lip, thuat todn Apriori xiy dung mot tap
candidate cua cdc large itemsets, dém s 1an xudt hién cua mdi candidate, va
sau d6 x4c dinh large itemsets dya trén do hd trg cuc tiéu cho trudc s=50%.

Trong budc dau tién cua lan lap dAu tién, tat ca céc items don 1& déu 12
candidates. Apriori don gian duyét tit ca cdc giao dich trong CSDL DB va
sinh ra danh sdch céc candidates. Trong budc tiép theo, thuét todn dém sd 1an
xuat hién cua mdi candidate va dya trén ngudng s chon ra céc frequent
itemsets. T4t ca nhimg budc nay duoc dua trong hinh 1.10. Nam 1-itemsets

duogc sinh ra trong C, va chi c6 bdn duge chon 12 16n trong L; (c6 s >50%).

1-itemset C; 1-itemsets | Count | S{%} Large 1-itemsets L; | Count | S{%}
{A} {A} 2 50 {A} 2 50
{C} {C} 3 75 {C} 3 75
{D} {D} 1 25
{B} {B} 3 75 {B} 3 75
{E} {E} 3 75 {E} 3 75
1. Generate phase 2. Count phase 3. Select phase

Hinh 1.10 Budéc lap dAu tién cua thuat toan Apriori cho CSDL DB

Pé kham ph4 ra tap céc large 2-itemsets, boi vi bat ky tap con nao cua
large itemset cling c6 do hd trg cuc tiéu, thuat todn Apriori dung L; * L, dé
sinh ra céc candidates. Thao tic * dugc dinh nghia tong quat 1a

L *L = {X U Ywhere X, Y E L, XN Yl=k - 1}
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Vi k=1 toan hang biéu dién sy ghép chudi lai don gian. Do d6, C,
chta 2-itemsets dugc sinh ra béi todn hang Ll - (IL;| — 1)/2 nhu Ia céac
candidates trong 1an 1ip 2. Trong vi du cua ching ta, s6 nay 1a 4.3/2 = 6.
Duyét CSDL DB voéi danh sich nay, thuit todn tinh do hd tro cho moi
candidate va cudi ciing lwa chon large 2-itemsets L, ¢6 s > 50%. Tét ca nhiing

budc ndy va céc két qua twong ing cta 1an 1ip 2 dugc cho trong hinh 1.11.

2-itemset C, 2-itemsets | Count | S{%} Large 2-itemsets L, | Count | S{%}
{A, B} {A, B} 1 25
{A, C} {A, C} 2 50 {A, C} 2 50
{A,E} {A,E} 1 25
{B, C} {B, C} 2 50 {B, C} 2 50
{B,E} {B,E} 3 75 {B,E} 3 75
{C,E} {C,E} 2 50 {C,E} 2 50
1. Generate phase 2. Count phase 3. Select phase

Hinh 1.11 Lan 1dp thir 2 cua thuat toéan Apriori cho CSDL DB

Tap cdc candidate itemsets C; dugc sinh ra tor L, dung todn hang da
dinh nghia trudc ddy L,*L,. Thuc té, tir L,, hai large 2-itemsets vé6i item dau
tién giéng nhau nhu {B,C} va {B,E}, duoc xdc dinh truéc. Nhu vay, Apriori
kiém tra cé 2-itemset {C,E}, c4i ma chira items thir 2 trong tap {B,C} va
{B,E}, tao thanh mot larger 2-itemset hay khong. Boi vi {C,E} 1a large
itemset, nhu vay tht ca céc tap con cua {B,C,E} déu 1a large va do d6 {B,C,E}
tr¢ thanh candidate 3-itemset. Khong c6 candidate 3-itemset nao khéac tu L,
trong CSDL DB. Apriori sau d6 duyét tat ca céc giao dich va khdm phd ra
large 3-itemsets L3, nhu trong hinh 1.12

3-itemset C; 3-itemsets | Count | S{%} Large 3-itemsets L;| Count| S{%}
{B,C,E} {B,C,E} 2 50 {B, C,E} 2 50
1.Generate phase 2. Count phase 3. Select phase

Hinh 1.12 Lan 1ap thtr 3 cua thuat toan Apriori cho CSDL DB
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Trong vi du, vi khong c6 candidate 4-itemset dé tiép tuc tir L;, Apriori
két thic qu4 trinh lap.

Apriori khong chi tinh todn d6 hd tro cia tit ca céc frequent itemsets,
ma ca do hd trg ciia cic infrequent candidate itemsets khong thé loai ra trong
pha cit tia. T4p tat ca cac candidate itemsets ma 1a infrequent nhung do hd tro
cua né duogc tinh todn boi Apriori dugc goi la negative border. Nhu vay, mot
itemset 12 trong negative border néu né 12 infrequent nhung tt ca céc tip con
ctia n6 1a frequent. Trong vi dy, phén tich hinh 1.10 va 1.12 chiing ta c¢6 thé
théy rﬁng negative border bao g@)m cac itemsets {D}, {A, B}, va {A, E}.
Negative border dac bi¢t quan trong cho mot vai cai tién thudt todn Apriori,
nhu la tdng hi¢u qua trong vi¢c sinh ra cdc large itemsets hoac thu duogc cic

luat két hop negative.

1.2.4.3 Tir cic frequent itemsets téi cac luat két hop

Pha thir hai trong khai phd cdc luat két hop dya trén tit ca céc frequent
i-itemsets, cdi dd dugc tim thiy trong pha dau tién diing Apriori hodc mot vai
thuét todn twong ty, 1a tuong ddi don gian va dé hiéu. Véi luat ngdm ¥ {x;, X,
X3, }— X4, thi can phai c6 itemset {xj, X, X3 X4} va {Xj, Xz, X3} la frequent.
Vay, d6 chic chin cua ludt c= s(x;, Xo, X3, X4}/8(X; X2, X3). Cdc luat két hop
manh Ia c4c luat vai gid tri do chic chin ¢ 16n hon ngudng a cho trudc.

V6i CSDL DB trong bang 1.2, dé kiém tra luat két hop {B, C} — E ¢6
1a luat manh khong, dau tién lay cdc do hd trg twong tng tir L, va Ls:

s(B,C)=2, s(B,C,E)=2

Va dung nhirng do hd trg nay tinh todn do chic chin cua luat:

c({B,C} 2> E)=s(B,C,E)/s(B,C)=2/2=1 (hodc 100%)
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Vi bat ky ngudng da chon cho céc luat két hop manh (vi dy, cr= 0.8
hodc 80%), luat nay s€ dat vi do chic chin cua né dat cuc dai, nghia Ia, néu
mot giao dich chtra items B va C, n6 cling s€ chtra item E. C4c luat khéc cling
¢6 thé c¢6 cho CSDL DB, nhu 1a A —C vi ¢(A —C) =5 (A, C)/s(A) =1, va ca
hai itemsets {A} va {A, C} la frequent dya trén thuat todn Apriori. Do vay
trong pha nay, can thiét dé phan tich mot cach c6 hé thong tit ca céc luat két
hop c6 thé sinh ra tir cdc frequent itemsets, va lya chon nhiing luat két hop
manh c6 d6 chic chan trén ngudng cho trudc.

Tuy nhién khong phai tit ca cic luat két hop manh dugc phét hién
(nghia 1a, qua dugc cic yéu cau vé& d6 hd tro s va dd chic chin ¢) déu c6 y
nghia str dung. Vi du, xem xét truong hop sau ddy khai phd céc két qua diéu
tra & truong hoc ¢6 5000 sinh vién. Ngudi ban 1¢ bira sdng ngii coc diéu tra
cic hoat dong ma céc sinh vién tham gia trong moi budi sang. Dir liéu cho
thdy 60% sinh vién (1a 3000 sinh vién) choi basketball, 75% sinh vién (3759
sinh vién) an ngli cde, va 40% (12 2000 sinh vién) choi basketball va cling an
ngil cde. Gia sir rang chuwong trinh khai phd dir liéu cho khai pha céc luat két
hop thuc hién trén cac thiét 1ap sau: Do hd tro cuc tiéu 1a 2000 (s=0.4) va do
chic chin cyc tiéu 1a 60% (c=0.6). Luat két hop sau ddy s& dugc tao ra: “Choi
basketball) — (an ngii coe)", vi luat nay chtra do hd tro sinh vién cuc tiéu va
tuong tmg véi do chac chian ¢ = 2000/3000 = 0.66 12 16n hon gi4 tri ngudng.
Nhung, luat két hop trén 1a sai lac vi ty 1¢ sinh vién an ngii coc 1a 75%, 16n
hon 66%. D6 13, choi basketball va in ngii cdc trong thuc té 12 khdng c6 quan
hé. Khong hiéu day du khia canh nay, nguoi ta ¢6 thé tao nhitng kinh doanh
sai hodc nhiing quyét dinh mang tinh khoa hoc/ky thuat cao sai tir cdc luat két
hop thu duogc.

Pé loc ra cdc két hop sai 1éch, ngudi ta cé thé dinh nghia mot luat két

hop A — B la ddng quan tam néu dd chic chin ctia né vuot qui mot do do
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chic chan. Tham sé don gian ta ding trong vi du trén dua ra kinh nghiém do
su két hop can phai la:

s(A,B)/s(A)-s(B)>d

hodc ¢6 thé chon 1a:

s(A,B)—s(A)-s(B)>k

Trong d6 d hodc k 12 cdc hang sd phit hgp. Céc biéu thic ¢ trén vé co
ban biéu dién cic kiém tra cia tinh doc 1ap thong ké. RS rang, yéu té phu
thudc théng ké trong sb cic itemsets duoc phan tich di dugc dua vao xem xét
dé quyét dinh tinh hitu dung cta cdc luat két hop. Trong vi du don gian cua
ching ta vé c4c sinh vién cudc kiém tra nay 12 khéng thanh cong do kham phd
ra luat két hop:

s(A,B)-s(A)-s(B)=04-0.6-0.75=-0.05<0

Va do d6, mdc du céc gia tri cao cho cac tham s6 s va ¢, luat van khong

duoc quan tam. Trong truong hop nay, la su kién sai lac.
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2.1.

2.1.1

CHUONG 2. MQT SO THUAT TOAN
KHAI PHA DU LIEU

Thuit toan khai pha luit két hop

Thuat toan Apriori

Thuat todn nay thyc hién theo ting murc:

1.

Cho ngudng hd trg s. Lan duyét dau tién tim cdc items xuat hién it
nhat trong s phan cta gio hang. C6 tap L,, cdc frequent items.

Céc candidate C, cho lan duyét thir hai 1a cdc cip items trong L.
Cic cap trong C, ¢6 sd dém >= s 1a cdc cip frequent pairs L.

B0 ba candidate C;1a nhiing tap {A, B, C} ma tht ca {A, B}, {A.C}
va {B, C} déu trong L,. Lan duyét thir 3, b ba candidate trong C;
6 sb 1an xuit hién >= s la cac bg 3 frequent, L;.

C6 thé tiép tuc dén khi cdc tap tro thanh rdng. L; 1a frequent itemsets
¢6 kich thudc i; Ci,; 12 itemsets kich thudc i+1 ma mdi tap con kich
thudc i déu nam trong L.

) L1 = {large 1-itemsets};

) for (k=2; Li_1 #0; k++ ) do begin

) Oy = apriori—gen(Lk_l ); // New candidates

) forall transactions ¢t € D do begin

) Cy = subset(Ci, t); // Candidates contained in ¢

)

)

)

forall candidates ¢ € C} do

1
2
3
4
5
6
7 c.count+4;

8 end

9) Ly = {c € C} | c.count > minsup}
10) end

11) Answer = Uk Li;

Hinh 2.1 Thuat todn Apriori
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2.1.1.1 Sinh ra Candidate ctia Apriori

Ham apriori-gen 1ay tham s L, tdp cta tit ca cic large (k-1)-
itemsets. NG tra vé mot superset clia tip tit ca cdc large k-itemsets. Ham 1am
viéc nhu sau. Pau tién, trong budc join, két ndi Ly, véi Ly,

insert into C;

select p.item,, p.item,, ..., p.itemy._;, q.itemy.;

from L, ; p, Li.; q

where p.item; = q.item,, ..., p.itemy, = q.itemy_,, p.itemy; < q.itemy_;;

Tiép theo, trong budc cét tia, ta xoa tAt ca cdc itemsets ¢ thudc Cy ma
cac tap con (k-1) cta ¢ khong nam trong Li;:

forall itemsets ¢ € C; do

forall (k-1)-subsets s of ¢ do
if (s  L;.;) then
delete ¢ from Cy;

Vidy, Cho Lz 1a { {123}, {124}, {134}, {135}, {234} }.Sau
budc két ndi, Cy s&1a { {1234}, {134 5}}. Budc cit tia s& xod itemsets {1
345} viitemset {14 5} 1a khong trong L;. Sau d6 chi con {1 2 3 4} trong C,.

Tinh diing din — C6 C, 2 L. RS rang bat ky tip con ndo cia large
itemset cling can phai c¢6 do hd tro cuc tiéu. Do vay, néu mo rong mdi itemset
trong L;_; v&i tAt ca cdc items c6 thé va sau d6 xo4 di tat ca nhitng cdi ma cé
(k-1)-subsets cua n6 khong c6 trong L, ;, ta s€ con lai mQt superset cua cic
itemsets trong L.

Két nbi twong duwong v6i mé rong L., véi mdi item trong CSDL va sau
d6 xod nhirng itemsets ma vadi né (k-1) itemset dugce tao béng cach xo4 item
thr (k-1) 1a khdng c6 trong Ly ;. biéu kién p.itemy_ | < q.itemy_; don gidn dam
bao rang khong sinh ra tring nhau. Nhu vy sau budc join, C; 2L. Véi 1y do

tuong tu, budc cit tia, & d6 xod khoi Cj tit ca cic itemsets ma (k-1)-subsets
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cua né khong c6 trong L, ;, s€ khong xod mat bat ky itemset nao c6 thé co

trong L.

2.1.1.2 Ham Subset

Cic candidate itemsets Cy, duoc sap xép trong mot hash-tree. Mot node
cua hash-tree hoac chtra mot danh siach cac itemsets (mot node 14) hoac 1a mot
hash table (mdt node trong). Mot node trong, mdi bucket cua hash table (16p
c6 cung gia tr1 ham bam) chi tGi mot node khéc. Goc cua hash-tree dugce dinh
nghia 1a ¢6 do sau 1. Mgt node trong ¢ do siu d chi téi cdc node tai do sau
d+1. Céc itemsets dugc luu trong céc 14. Khi thém mot itemset c, ta bét dau tir
gbc va di xudng dén khi gap mot 14. Tai mot node trong & do su d, ching ta
quyét dinh di theo nhdnh ndo bang cich dp dung ham bam (hash function) cho
item thr d cua itemset. TAt ca cdc nodes duoc tao ban dau nhu céc node 14.
Khi s6 lugng céc itemsets trong mot node 14 vuot qua mot ngudng nao do,
node 14 dugc chuyén thanh node trong.

Bit dau tir node gbc, ham subset tim tat ca cic candidates chira trong
mdt giao dich t nhu sau. Néu & tai 14, ta tim itemset nao trong 14 dugc chua
trong t va thém céc tham chiéu ti ching vao tap tra 10i. Néu ¢ node trong va
ta dd dén t6i n6 bang cich ding ham bam cho item i, ta s& bam trén mdi item
dén sau i trong t va dp dung dé quy thu tuc ndy téi node trong bucket twong
tg. Véi node gdc, ching ta bam trén moi item trong t.

Dé biét vi sao ham subset tra vé tap céc tham chiéu mong mudn, xem
xét tai node gbc. Vi bat ky itemset ¢ nao chira trong giao dich t, item dau tién
ctia ¢ can phai c6 trong t. Tai gbc, bang cdch bam trén moi item trong t, dam
bao rang ta chi bé qua cdc itemsets bit dau véi mot item khong c6 trong t.

Tuong tu cdc tham s6 dp dung & cdc do siu thip hon. Vi cdc items trong bat
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ky itemset nao ciing duoc sip thtr tu, nén néu ta dat dén node hién thoi bang

cach bam item i, thi chi can xem xét cic items xuat hién sau 1 trong t.

2.1.2 Thuat toan AprioriTid

Thuat todn AprioriTid cho thay trong hinh 2.2, ciing ding ham apriori-
gen dé xdc dinh cdc candidate itemsets trude khi 1an duyét bat dau. Pic diém
déng quan tdm cua thuat todn nay 1a CSDL D khéng dugc diing cho viéc dém
dd hd tro sau lan duyét dau tién. Tap C, duoc dung cho muc dich nay. Mbi
thanh vién cta tp C, 1a & dang <TID, {X}>, trong dé mdi X, 12 mot large k-
itemset tiém ning biéu dién trong giao dich véi TID. Véi k=1, C, twong tng
véi CSDL.D, mic di vé khdi niém mdi item i duoc thay thé boi itemset {i}.
Véi k>1, €, duoc sinh ra bang thuét todn (budc 10). Thanh vién cua C,
tuong (mg voi giao dich t 1a <t.TID, { ¢ € Cy | ¢ dugc chira trong t}. Néu mot
giao dich khong chtra bat ky candidate k-itemset nao, thi C, s& khdng c6 mot
entry cho giao dich nay. Nhu vy sd lugng cic entries trong C, c¢6 thé 1a nho
hon s6 lugng cic giao dich trong CSDL, dic biét cho cdc gid tri 16n cia k.
Hon nita, v6i céc k gid tri 16n, mdi entry c6 thé 1a nhoé hon giao dich tuwong
g vi giao dich c6 thé chua rat it candidates. Nhung, voi cdc gid tri k nho,
mdi entry c¢6 thé 16n hon giao dich twong ng vi mot entry trong Cy bao gém

tat ca cdc candidate k-itemset c6 trong giao dich.
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) L1 = {large 1-itemsets};
) C, = database D;
) for (k=2; Lr—1 # 0; k++ ) do begin
) C = apriori-gen{Lz_,); // New candidates
) T = b
) forall entries { € Cx_, do begin
) // determine candidate itemsets in C% contained
// in the transaction with identifier ¢. TID
Cy = {c € Ck | (c — c[k]) € t.set-of-itemsets A
(¢ — c[k—1]) € t.set-of-itemsets};

8) forall candidates ¢ € C; do

9) c.count—+-;

10) if (Cy #0) then Cu += < t.TID, C, >;
11) end

12) Ly = {c € Ck | c.count > minsup}

13) end

14) Answer = | J, Lu;

Hinh 2.2 Thuat todn AprioriTid

Vi du: Xem xét CSDL trong hinh 3 va cho réng do hd tro cuc tiéu 1a 2
giao dich. Goi apriori-gen voi L; tai budc 4 cho cic candidate itemsets C,.
Trong cic budc 6 d&én 10, chiing ta dém d6 hd tro cta céc candidates trong C,
bang cach 1ap qua cic entries trong C, va sinh ra C, . Entry dau tién trong C,
la { {1} {3} {4} }, tuong g v&i giao dich 100. C; tai budc 7 tuong ung véi
entry t nay 1a { {13} }, vi {1 3} 1a mot thanh vién cta C, va cd hai ( {1 3} -
{1}) va ({13} -{3})lacac thanh vién cua t.set-of-itemsets.

Goi ham apriori-gen voi L,, c6 dugc C;. Duyét mot lan qua C, va C;
tao ra C_3 Chu y rang khong c6 entry nao trong C_30h0 cac giao dich voi
TIDs 100 va 400, vi ching khong chira bat ky tdp itemsets trong Cj.
Candidate {2 3 5} trong C; tr¢ thanh large va la thanh vién duy nhat cua L.
Khi sinh C, diing L, két qua rdng va két thic.
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Database (e I

TID | ltems TID | Set-ol-Itemsets ltemset | Suppori
100 | 134 100 | { {1}, {3}, {4} } {1} 2
200 | 235 200 | { {2}, {3}, {5} } (2} 3
300 | 1235 | | 300 | { {1}, {2}, (3}, {5} } (3 3
100 |25 400 | { {2} {5} } {5} 3

Ch
[temset | Support C
{12} 1 TID | Set-of-Itemsets Ly
{1 3} 2 w0 | {{13}} [temset | Support
{15 1 200 | ({23}, {25), 350} | [ 113 2
{2 3} 2 300 | { {12}, {13}, {1 5}, {2 3} 2
{2 5} 3 {231, {25}, {351} {2 5) 3
(3 5) 2 100 | { {25} {3 5) 2

[

Cs TID | Set-of-ltemsets La
[temset | Support 200 | {{235}} [temset | Support
(235} 2 300 | {{235)) 2305) 2

Hinh 2.3 Vidu

2.1.3 Thuat toan AprioriHybrid

Khong can thiét phai ding ciing mot thuat todn trong tit ca cic lan
duyét qua dir liéu. Hinh 2.4 cho thiy thoi gian thuc hién cho Apriori va
AprioriTid cho cdc 1an duyét khdc nhau qua tap dir liéu T10.14.D100K kich
thuéc 4.4MB (T10.14.D100K c6 T=10, I=4, D=100, T la kich thudc trung
binh cta giao dich, I 1a kich thudc trung binh cta cdc large itemsets, D 12 s6
luong cdc giao dich). Trong céc lan duyét dau, Apriori lam tét hon
AprioriTid. Nhung AprioriTid lai hon Apriori trong cdc lan duyét sau.
Nguyén nhan: Apriori va AprioriTid dung cung mot thu tuc sinh ra candidate
va do d6 dém cing cdc itemsets. Trong cdc lan duyét sau, sé luong cic
candidate itemsets giam. Nhung, Apriori van kiém tra moi giao dich trong

CSDL. Trong khi d6, khong duyét toan bo CSDL, AprioriTid duyét C, dé thu
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duoc s6 dém do hd tro, va kich thude caa C, trd thanh nho hon kich thude caa
CSDL. Khi tdp C, c6 thé vira van trong bd nhd, thi tham chi con khong phai

chiu chi phi cua viéc ghi n6 Ién dia.

14 k L 1 L .I .
Y Apriori —+—
12 ", AprionTid -+ |
10 X
t
il
E 8
|_
4t
)
|:| 1 1 III*--..._..... e "
1 2 3 4 5 6 7

Pass #
Hinh 2.4: Thoi gian thyuc hién cho mdi lén duyét cua Apriori va AprioriTid
(T10.114.D100K, d6 ho tr¢ cuc tieu = 0.75%)

Duya trén nhitng quan sit nay, nguoi ta da thiét ké mot thuat todn lai,
goi 1a AprioriHybrid: diing Apriori trong trong céc 1an duyét dau va chuyén
t6i AprioriTid khi n6 cho rang tdp C, tai cudi lan duyét s& vira van trong bo
nh¢. Dung kinh nghiém sau ddy dé d4nh gid xem C, c6 vira van trong bd nhd
khong trong 1an duyét tiép theo. Tai cudi mdi lan duyét hién thoi, ta c6 s6
dém céc candidates trong Cy. Tir ddy, ta udc luong kich thudc cia C, s&1a gi
néu né duoc sinh ra. Kich thudc nay, tinh bang words, 12

2. support(c) + so céc giao dich
Candidates c € C
k
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Néu C, trong lan duyét nay 14 nho du vira trong bo nhé, va c6 céc large
candidates trong lan duyét hién tai it hon lan duyét trudc, ta s€ chuyén to1
AprioriTid. Diéu kién thir hai dugc thém vao dé tranh chuyén khi C, trong
1an duyét hién tai vira v6i bd nhé nhung C, trong lan duyét sau lai khong vira.

Chuyén tir Apriori ti AprioriTid khong bao gdm chi phi. Gia sir rang
quyét dinh chuyén tir Apriori toi AprioriTid tai cudi cia lan duyét thir k.
Trong lan duyét tht (k+1), sau khi tim ra céc candidate itemsets dugc chira
trong giao dich, ta cling s& phai thém IDs cta ching vao C,,, . Nhu vay cé
mot chi phi bd sung phai chiu trong 1an duyét nay chi lién quan t6i viéc chay
Apriori. Chi trong 1an duyét thir (k+2) khi thyc sy bat dau chay AprioriTid.
Nhu vay, néu khong c6 large (k+1)-itemsets, hodc khong c6 (k+2)-candidates,
ta s& phai chiu chi phi ctia viéc chuyén ma khong thu dugc bat ky cdi gi tir
viéc dung AprioriTid.

So sdnh hiéu ndng cua AprioriHybrid vé1 Apriori va AprioriTid voi
cling cic tap di liéu: AprioriHybrid thuc hién tot hon Apriori trong phan 16n
cdc truong hop. Véi truong hop AprioriHybrid 1am tét hon Apriori tir 1an
duyét c6 su chuyén nhung viéc chuyén lai xuét hién & lan duyét cudi cling;
nhu vay AprioriHybrid chiu chi phi cta viéc chuyén ma khong thuc sy c6 loi
ich. No6i chung, thuan lgi cua AprioriHybrid hon Apriori phu thudc vao kich
thudc cua tdp C, suy bién nhu thé nao trong cdc 1an duyét sau. Néu C, giir
nguyén large dén gan cudi va sau d6 dot ngodt rét xudng, thi s& khong thu
duoc nhiéu tir viéc ding AprioriHybrid vi ta chi ¢6 thé ding AprioriTid cho
mot chu ky thoi gian ngan sau khi chuyén (nhu véi tap dir liéu
T20.116.D100K). Nguoc lai, néu c¢6 mot su suy giam dan trong kich thudc
cia C,, AprioriTid c6 thé dugc ding mét liic sau khi chuyén, va y nghia cai

tién c6 thé thu duge trong thoi gian thyc hién.
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2.2.  Cai tién hiéu qua thuit toan Apriori

Vi luong cua dit liéu xu 1y trong khai pha céc frequent itemsets c6 xu
huéng rat 16n, nén viéc phat minh ra nhirng thuét todn hiéu qua dé khai pha
dir liéu nhu vay la rat quan trong. Thudt todn Apriori co ban duyét CSDL mdt
vai 1an, phu thudc vao kich thudc cua frequent itemset 16n nhat. Mot vai tinh
chinh dd dugc dua ra tap trung vao viéc giam sd lugng lan duyét CSDL, s6
lugng cdc candidate itemsets dugc tinh todn trong mdi lan duyét, hodc cd hai.

Partition-based Apriori (Apriori dya trén Partition) 1a thut todn doi
hoi chi 2 lan duyét CSDL giao dich. CSDL dugc chia thanh céc phan
(partitions) roi nhau, mdi phan du nhé dé vira véi bd nhé sén c6. Trong lan
duyét dau tién, thuit todn doc mdi partition va tinh todn céc frequent itemsets
dia phuong trong mdi partition. Trong 1an duyét tht hai, thuat todn tinh todn
dd hd tro cua tat ca céc frequent itemsets dia phuong dbi véi toan bd CSDL.
Néu itemset 1a frequent v6i toan bo CSDL, né chéac chin 1a frequent trong it
nhat mot partition. D6 1a kinh nghiém diing trong thuét toan. Do d6, 1an duyét
thir 2 qua CSDL dém superset ciia tat ca cdc frequent itemsets tiém nang.

Ldy mau: Khi kich thudc ctia CSDL rét 16n, viéc 1dy mau tré thanh
cach tiép can hép dan véi viée khai pha dir liéu. Thuat todn dya trén mau dién
hinh yéu cau 2 1an duyét CSDL. Thuét to4n dau tién 1dy mau tir CSDL va sinh
ra tap cdc candidate itemsets s¢€ la frequent trong toan bo CSDL v&i kha nang
chic chin cao. Trong lan duyét chudi con trén CSDL, thuat todn tinh todn
chinh xdc do hd trg clia céc itemsets nay va do hd tro cua ranh gidi negative.
Néu khong c6 itemset nao trong negative border 1a frequent, thi thuat todn da
kham pha tat ca céc frequent itemsets. Mat khic, mQt vai superset cua mot
itemset trong negative border c¢6 thé 1a frequent, nhung d6 hd trg ctia né chua
duge tinh todn. Thult to4n sinh ra va tinh todn tat ca cdc frequent itemsets

tiém nang trong cac 1an duyét chudi con trén CSDL.
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Cip nhdt dan (Incremental updating): Viéc tim ra cic frequent
itemsets trong cdc CSDL 16n 1a rit c6 gid tri, cdc ky thuat incremental
updating can dugc phat trién dé bao tri cdc frequent itemsets dd phat hién
duge (va cdc luat két hop tuong ing) véi muc dich tranh khai pha lai toan bg
CSDL. Céc cap nhat trén CSDL c6 thé khong chi 1am sai mot vai frequent
itemsets dang ton tai ma con chuyén mot vai itemsets méi thanh frequent.
Van dé bao tri cic frequent itemsets dd phat hién tir trude trong cdc CSDL 16n
va bién dong khong don gian. Y tudng 12 dung lai thong tin cia céc frequent
itemsets cli va tich hgp thong tin vé d6 hd tro cua cdc frequent itemsets moi
dé giam vé can ban lugng céc candidates dugc kiém tra lai.

Khai phd ludt két hop tong qudt: Trong nhiéu tng dung, cdc két hop
ctia cdc items dit liéu thuong xuat hién tai mirc khdi niém twong doi cao. Vi
du, mot phan cdp cua cdc thanh phan thirc an dugc biéu dién trong hinh 2.5,
trong d6 M (sita), B (bdnh mi), 1a khdi niém phén cép, c6 thé c6 mot vai noi
dung thanh phan con. Cic thanh phan mirc thap nhat trong phan cip 1a cic
loai sita va banh mi. C6 thé khé tim ra quy tic voi muc khdi niém nguyén
thily, nhu 12 sita socola va banh mi bang Ida mi. Nhung d& dang tim ra quy tic
¢ muc khai niém cao, nhu: hon 80% khach hang mua sita cling mua banh mi.

F (food)

@)
M (milk/ \3 (bread)
ﬂo\ ON
@) ) O

O O
M, (fat free) M (2%) M3 (chocolate) ... Bj(white) Bs(wheat)

Hinh 2.5: Mot vi du caa cdy phan cip khdi niém cho khai pha

céc frequent itemsets nhi€éu mirc
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Do d6, khai phé ra cic frequent itemsets tai murc triru tuong tong quét
hodc tai cdc muc da khai niém (multiple-concept levels) la rat quan trong.

Vi s6 luong dir liéu dugc xir 1y trong khai phé cdc luat két hop c6 xu
huéng rat 16n, nén dua ra nhimg thuat todn hiéu qua dé xiy dung viéc khai
phé trén nhimg dit liéu nhu vay 1a rit quan trong. Trong phan niy, trinh bay

mot vai thuat toan cai ti€én cho Apriori.

2.2.2 Phwong phap FP-tree

Phuong phdp Frequent pattern growth (FP-growth) 1a mot phuong phap
hiéu qua dé khai pha cic frequent itemsets trong cic CSDL 16n. Thuat todn
khai phé cdc frequent itemsets ma khong c¢6 qud trinh sinh candidate ton thoi
gian ma 13 yéu t6 can thiét cho Apriori. Khi CSDL 16n, FP-growth ddu tién
thue hién mot phép chiéu CSDL cua céc frequent items; sau d6 né chuyén t6i
khai phd by nhé chinh béng céch xay dung cAu tric dit liéu gon nhe dugc goi
la FP-tree. [9]

Pé giai thich thuat toan, ta ding CSDL giao dich trong bang 2.1 va

chon ngudng do hd tro cuc tiéu 1a 3.

Béang 2.1 Co s¢ dit liéu giao dich T

Co s@ di liéun giao dich T

TID ltemset

01 fa,cod, g, i,m,p
o2 a b, c fl,mao
03 b, fhjo

4 b,c k= p

05 afc,elpmn
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Tht nhat, viéc duyét CSDL T 1ay danh séch L cic frequent items xudt
hién 16n hon hodc bang 3 lan trong CSDL. Nhiing items nay 1a (voi do hd tro
cuand): L = {(f, 4), (c, 4), (a, 3), (b, 3), (m, 3), (p, 3)}

Céc items duoc hién thi trong thu ty giam dan cua tan sd xuét hién.
Thtr tu nay 12 quan trong vi mdi dudng di ctia FP-tree s& theo thir ty nay.

Tht 2, géc cua cdy, dinh nhan ROOT, dugc tao ra. CSDL T dugc
duyét 1an thtr 2. Duyét giao dich dau tién dan dén xay dung nhdnh dau tién
cua FP-tree: {(f, 1), (c, 1), (a, 1), (m, 1), (p, 1)}. Chi nhitng items nay trong
danh sich cic frequent items L. dugc Iya chon. C4c chi sb cho cdc node trong
nhanh (tat ca 1a 1) biéu dién s6 tich luy ciia cdc mau tai node ndy trong ciy, va
tat nhién sau mau dau tién, tat ca 1a 1. Thir tu ciia cdc nodes khong phai trong
mau ma 1 trong danh sich céc frequent items L. Véi giao dich tha 2, vi né
ding chung cic items f, ¢ va a, né ding chung tién t6 {f, c, a} v6i nhanh
trugc va mo rong téi nhanh méi {(f, 2), (¢, 2), (m, 1), (p, 1),} tdng thém 1 cho
cdc chi s cua tién t6 chung. Phién ban trung gian moi ctia FP-tree, sau 2 mau
tur CSDL dugc dua ra trong hinh 2.6.1. Céc giao dich con lai c6 thé dugc chén

vao tuong tu va ciy FP cudi cliing cho thay trong hinh 2.6.2.

ROOT ROOT

i 2 f, 4 c; 4
gy 2 g; & L R =+ b, 1
} }

a, 2 a, 3 3 p, 1
Kz TR Header l ™~

m;. 1 by 1 : m, 2. bl

| | b ="

Pl m.] P2 m,l

1) FP-tree after two samples 2) Final FP-tree

Hinh 2.6: FP-tree cho CSDL T trong bang 2.1
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Pé thuén tién cho viée duyét trén cay, mot item header table dugc xay
dung, trong d6 mdi item trong danh sich L két ndi cdc nodes trong FP-tree
Vi cac gid trj ctia né qua cac duong ndi node (node-links). Tét ca cdc nodes f
duoc ndi trong 1 danh séch, tit ca cdc nodes ¢ trong danh sich khéc,... Dé
don gian, chi bién dién danh sich cho cdc node b trong hinh 2.6.2. Dung cau
tric ciy thu gon (compact-tree), Thuét toidn FP-growth khai phd tap day du
céc frequent itemsets.

Tuong tmg voi danh sdch L cua frequent items, tap day du cdc frequent
itemsets c6 thé duoc chia thanh cdc tap con (6 véi vi du nay) khoéng chong
nhau: 1) frequent itemsets c6 item p (cuéi cua danh siach L); 2) itemsets c6
item m nhung khong c6 p; 3) frequent itemsets véi b ma khong c6 cd m va
p... 6) large itemsets chi c6 f. Sy phan 16p nay la hop 1€ cho vi du ¢ day,
nhung cdc luat giéng nhau c6 thé duoc sir dung cho cic CSDL khic va céc
danh sich L khéc.

Dua trén két ndi lién két node, ta thu thap tat ca cdc giao dich c6 p
tham gia vao bang cdch bat dau tir header table ctia p va tiép theo cdc node-
links cua p. Trong vi du nay, 2 dudng (paths) s€ dugc chon trong FP-tree: {(f,
4), (c, 3), (a, 3), (m, 2), ((p, 2)} va {(c, 1), (b, 1), (p, 1)}, trong d6 céac mau
vdi frequent item p 1a {(f, 2), (c, 2), (a, 2), (m, 2), ((p, 2) va {(c, 1), (b, 1), (p,
1)}. Gia tri nguong cho trude (3) thod man chi frequent itemsets {(c, 3), (p,
3)}, hodc don gian {c, p}. Tét ca cdc itemsets khac vai p déu dudi gia tri
nguong.

Tap con tiép theo cua frequent itemsets 12 nhimg cdi ¢6 m va khong c6
p. FP-tree nhan ra céc paths {(f, 4), (c, 3), (a, 3), (m, 2)} va {(f, 4) (c, 3), (a,
3), (b, 1), (m, 1)}, hodc cac samples tich luy tuong img {(f, 2), (c, 2), (a, 2),
(m, 2)} va (f, 1), (c, 1),(a, 1), (b, 1), (m, 1)}. Viéc phéan tich cac mau phat hién
frequent itemset {(f, 3), (c, 3), (a, 3), (m, 3)} hodc, don gian, {f, c, a, m}.
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Vi¢c 1ap lai cung qua trinh cho cic tap con 3 dén 6 trong vi du nay,
thém cac frequent itemsets ntra dugc khai pha. Pay la nhiing itemsets {f, c, a}
va {f, c}, nhung ching la tap con cua frequent itemset {f, c, a, m}. Do d6, dap
an cudi ciing trong phuong phap FP-growth 1a tip cic frequent itemsets {{c,
p}, {f,c,a, m}}.

Thir nghiém dé cho thiy ring thuat todn FP-growth nhanh hon thuat
todn Apriori. Mgt vai k¥ thuét tdi wu duoc thém vao thuit todn FP-growth, va
do d6 ton tai mot s6 cic phién ban khic cho viéc khai phé céc diy va cic

mau vdi cic rang budc.

2.2.3 Thuat toan PHP

(Thuét toan bam va cit tia hoan hao — perfect hashing and pruning)

Trong thuat todn DHP, néu c6 thé dinh nghia mot bang bam 16n dé mdi
itemsets khiac nhau dugc dnh xa t6i céc vi tri khac nhau trong bang bam, thi
cdc muc cua bang bam cho s6 dém thuc sy cua mdi itemset trong CSDL.
Trong trudng hop d6, ta khong c6 bét ky false positives nao va két qua 1a xir
1y qua murc cho viéc dém s6 1an xudt hién cia mdi itemset duge loai bo. Ta da
biét luong dir liéu phai duyét trong qud trinh phét hién large itemset 13 mot
van dé lién quan dén hiéu ning. Giam s luong cdc giao dich phai duyét va
cit bot sb cdc items trong mdi giao dich sé& cai tién dwoc hiéu qua khai ph4 dit
liéu trong cac chang sau.

Thuat todn nay ding bim hiéu qua cho bang bim duogc sinh ra & moi
1an duyét va giam kich thudc ciia CSDL bang céch cit tia cdc giao dich khong
chira bat ky frequent item nao. Do vay thuat todn duoc goi la Perfect Hashing
and Pruning (PHP). Thuat todn nhu sau:

Trong 1an duyét dau tién, bang bam véi kich thudc bang véi cdc items

riéng biét trong CSDL duoc tao ra. Mdi item riéng biét trong CSDL duoc dnh
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xa téi vi tri khdc nhau trong bang bam, va phuong phdp nay duogc goi la
perfect hashing. Phuong thiic add cta bang bam thém mot myuc moi néu mot
muc cho item x chua ton tai trong bang bam va khai tao dém cua né bang 1,
néu khong né ting sé dém cua x trong bang 1én 1. Sau lan duyét dau tién,
bang bam chtra s6 chinh xdc lan xuét hién cia mdi item trong CSDL. Chi
duyét mot 1an qua bang bam, nam trong b nhd, thuat toan dé dang sinh ra cic
frequent 1-itemsets. Sau thao tdc d6, phuong thirc cit tia prune ctia bang bam
cit tia tit ca cdc muc ma do hd tro cla ching nho6 hon do hd tro cuc tiéu.
Trong céc 1an duyét tiép theo, thudt todn cit tia CSDL bang cdch loai
bo cdc giao dich khong c6 items nao trong frequent itemsets, va cling cit cic
items ma khong 1a frequent khoi cic giao dich. Cung lic, né sinh ra céc
candidate k-itemsets. Qud trinh nay tiép tuc dén khi khéng c6 F, méi nao
duoc tim ra. Thuat toan cho théy trong hinh 2.7. Thuat todn nay tdt hon thuét
todn DHP vi sau khi hinh thanh bang bam, né khong can dén s6 1an xuat hién
ctia cdc candidate k-itemsets nhu trong thuat toan DHP. Thuét todn cling tot
hon thuat todn Apriori vi tai moi lan 1ap, kich thuéc caa CSDL dugc giam di,
va n6 dem lai hi€u ning cao cho thuat toan khi kich thudc cia CSDL rat 16n

ma so lugng céc frequent itemsets lai trong doi nho.
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Input: Database

Output: Frequent k-itemset

/* Database = set of ftransactions;
Items = set of items;
rransaction = <TID, {x € Items}>=;
F, is a set of frequent [-itemsets */

-Fl =¢'l

/* Hy is the hash table for 1-itemsets

Read the transactions, and count the occurrences of
each item, and generate H*/

for each transaction f € Database do begin
for each item x in 7 do

Hl .ad(f{x]l;

end:
/I Form the set of frequent I-itemset

tor each itemset vy in Hydo
if Hy.hassupport(y)
then i =Fwy

end

/* Remove the hash values without the minimum
support */

H.prune(min sup):
Dy = Database :

/I" Dy is the pruned database

/* Find Fy, the set of frequent k-itemsets, where k=2

and prune the database */
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k=2
repeat
D.i’ =¢':
-F.-'{ =¢'l

for each transaction re Dy_y do begin

/[ wis k-1 subset of items in t
if Yw|we Fp_

then skip r;
else

items = (.ﬁ :
tor each k -itemset y i t do
if —dz|z=k —1subsetof y
A= hassupport(z)
then Hj.add(y}
Ifems=items \Jy.
end
Dy =D; vt [/ such that t contains

/I items only in the set items
end

tor each itemset y in H; do
if Hy.hassupport(y)
then Fp =F, Wy

end

/* Remove the hash values without the minimum
support from H */
H .. prune(minsup):
k++:
until Fp_; =¢:

Answer = Uy Fp:

Hinh 2.7 Thuat toan PHP
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Thém nira, sau mdi 1an 1dp, CSDL Dy chtra cdc giao dich chi voi céc
frequent items. Thudt todn hinh thanh tit ca cdc tip con k items trong mdi
giao dich va chen tat ca cdc tdp con k-1 16n (large) vao bang bam. Vi Iy do
nay thudt todn khong dé thiéu bat ky frequent itemset ndo. Vi thuét todn thuc
hién cét tia trong khi chen cdc candidate k-itemsets vao H,, kich thudc cua

bang bam s€ khong 16n va vura voi b nhé.

2.2.4 Thuat toan PCY

Park, Chen, va Yu dua ra viéc dung hash table (bang bam) dé x4c dinh
trong 1an duyét dau tién (khi L, dang duoc xdc dinh) nhiéu cip khong thé 1a
frequent. Thyc té ¢4 thuan loi 12 b nhé chinh thuong 16n hon nhiéu s6 luong
cic items. Trong 2 lan duyét dé tim L,, bd nhé chinh duge cho thiy trong

hinh 2.8.

. Frequent Items
Candidate Items d

Bitmap
Bang bam Pém cac cap
candidate
Lan duyét 1 Lan duyét 2

Hinh 2.8 B nhd véi 2 1an duyét cua thuat toin PCY
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Gia su rﬁng dir liéu dugc luu nhu mot flat file, véi cac ban ghi bao g@)m
basket ID va mot danh sach cac items cua no.
Lan duyét 1:
—(a) Pén s6 1an xudt hién cla tat ca cdc items
— (b) V6i mdi bucket, bao gém cac items {1, ...i;}, bam tht ca cdc cap
t6i mot bucket ciia bang bam, va tang s6 ¢ém cua bucket 1én 1

— (c) Cudi lan duyét, xac dinh L, cdc items voi s6 dém it nhat =s

— (d) Ciing tai cudi l1an duyét, xdc dinh nhitng buckets v6i do hd tro it
nhat la s

* Piém mau chdt: mot cip (i, j) khong thé 12 frequent trir khi né bam
téi mot frequent bucket, vi vdy cdc cdp ma bam tdi cdc buckets khiac khong
can 1a candidate trong C,.

Thay bang bam bdi mdt bitmap, voi mot bit cho mot bucket: 1 néu
bucket 12 frequent, 0 néu khong 1a frequent.

Lan duyét 2:

— (a) BO nh¢ chinh gitt mot danh séch cua tat ca céc frequent items,

nghia la L.
— (b) B nh¢ chinh ciing gitt bitmap (ban dd bit) tong két cdc két qua
ctia viéc bam tir 1an duyét 1.

* Piém mau chdt: Cdc buckets can dung 16 hoac 32 bits cho mdt $6
dém (count), nhung né dugc nén vao 1 bit. Nhu vay, tham chi bang bam
chiém gﬁn nhu toan bd bd nhd chinh trong lan duyét 1, bitmap cta né chiém
khong 16n hon 1/16 bo nhé chinh trong 1an duyét thir 2

— (c) Cubi cling, bd nhé chinh ciing giit mot bang véi tit ca cdc cip

candidate va cdc dém cta ching. Cip (i, j) c6 thé 1a mot candidate
trong C, chi khi tat ca céc diéu sau 1a ding:

i) ilatrong L.
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i) jla trong L.
111) (1, j) bam t&1 mot frequent bucket.
Piéu kién cudi ciing 14 phan biét PCY voéi a-priori don gian va

giam cdc yéu cau vé bo nho trong lan duyét 2

— (d) Trong lan duyét 2, ta xem xét mdi basket, v mdi cadp céc items

ctia né, thuc hién céc kiém tra theo nguyén tic néu trén. Néu 1 cip
dam bao tat ca céc diéu kién, cong thém vao s6 dém cua né trong bo
nhd, hodc tao mdt muc cho né néu né chua ton tai.

Khi nao PCY hon Apriori? Khi c6 qua nhiéu cdp céc items tir L,
khong thé dé vira mot bang céc cip candidate va cic dém ciia chiing trong bd
nh¢ chinh, thi sé cdc frequent buckets trong thuat toan PCY 1a du nho dé giam
kich thudc caa C, xuéng vira voi bo nhé (tham chi ca voi khi 1/16 by nhéd
dung cho bitmap).

Khi nao phén lén cdc buckets sé la infrequent trong PCY? Khi c6 it
cip frequent, phan 16n céc cdp 1a infrequent ma tham chi khi cdc dém cua tat
ca cdc cdp bam tdi mot bucket dd c6 dugce cong thém, ching van khong chic

chin cong dugc tdi 1on hon hodc béng S.

2.2.5 Thuit toan PCY nhiéu chiing

Thay cho viéc kiém tra cdc candidates trong lan duyét 2, ta chay mot
bang bam khac (ham bam khac!) trong 1an duyét 2, nhung ta chi bim nhiing
cdp ma thoa man diéu kién kiém tra ctia PCY; nghia 14, c4 hai déu trong L; va
duoc bam téi mot frequent bucket trong 1an duyét 1. O lan duyét tha 3, giir
cac bitmaps tu ca hai bang bam, va coi 1 cdp la mot candidate trong C, chi
khi:

— (a) Ca hai items déu trong L;

— (b) Cap dugc bam tdi frequent buckets trong lan duyét 1
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— (c) Cip ciing dugc bam tdi frequent bucket trong 1an duyét 2
Hinh 2.9 gi6i thiéu viéc ding bd nhd. Luge dd nay cé thé dugec mo
rong toi nhiéu 1an duyét hon, nhung c6 mot gidi han, vi thuc té bd nhd trd nén

day véi bitmaps, va ta khong thé dém dugc candidate nao.

Frequent Items Frequent Items

/ Bitmap | Bitmap 1

Candidate Items

Bang bam 1 Bang bam 2 )
Pém cac cap
candidate

Lan duyét 1 Lan duyét 2

Hinh 2.9 Sir dung bd nhd cho cc bang bam nhiéu ching

Khi nao nhiéu bang bam cé ich? Khi phan 16n cdc buckets trén 1an
duyét dau tién ciua PCY ¢6 cdc dém cdch xa dudi ngudng s. Khi d6, c6 thé
gap ddi cdc dém trong buckets va van c6 phan 10n céc buckets dudi ngudng.

Khi nao nhiéu chdng cé ich? Khi sd luong cdc frequent buckets trén
1an duyét dau tién 1a cao (vi du 50%), nhung khong phai tit ca cdc buckets.
Khi d6, 1an bam thir 2 v6i mot vai cip bi bo qua c6 thé giam sd luong cic

frequent buckets mot cich dang ké.
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2.3.  Thuit toan phan lép bang hoc ciy quyét dinh

ID3 va C4.5 la cédc thuat todn dugc Quilan gidi thi¢u dé thu duoc cic
mod hinh phan 16p tir dit liéu (ciing duoc goi 1a cic ciy quyét dinh).

Cay quyét dinh quan trong khong phai vi né tong két tir tip huan luyén
ma ta mong doi nd s¢ phan 16p chinh xac cac truong hop moi. Nhu vay khi
xdy dyng cdc md hinh phan 16p ta can ¢6 ca dit liéu huan luyén dé xay dyng
mo hinh, ca dit liéu kiém thir d¢ d4nh gid cdy quyét dinh tSt mirc ndo.

Cho mdt tip céc ban ghi. Mdi ban ghi ¢c6 cting mot ciu tric, gdm mot
$6 cap thudc tinh/gia tri. Mot trong cac thudc tinh nay biéu dién phan loai cua
ban ghi. Bai toan 12 x4c dinh cdy quyét dinh dua trén céc cau tra 16i voi cic
cau hoi vé cdc thudc tinh khong phan loai (non-category) du bdo chinh xic
gid tri ctia thudc tinh phan loai. Théng thudng thudc tinh phan loai chi 1dy cic
gid tri {true, false}, hodc {success, failure} hodc twong tw. Trong bat ky
truong hop nao, mdt trong céc gia tri ctia nd cling c6 nghia Ia sai.

Céc thudc tinh khong phan loai c6 thé 1a roi rac hodc lién tuc. ID3
khong tryc tiép xir 1y voi nhimng trudng hop thudc tinh lién tyc.

Y tudng co so cia ID3 1a:

— Trong cdy quyét dinh mdi node trong twong tmg véi mot thudc tinh

khong phéan loai va mdi canh tdi mot gid tri co thé cua thudc tinh do.
L4 cua cay chi gid tri mong doi ctia thudc tinh phan 16p cho céc ban
ghi dugc md ta boi dudng di tir gbe toi 14. [Py 1a dinh nghia Cay
quyét dinh 12 gi]

— Trong cdy quyét dinh tai mdi node can twong Gng véi thudc tinh

khéng phan loai chira nhiéu thong tin nhat trong s6 céc thudc tinh
chua duoc xem xét trong duong di tir gbc . [Viée nay thiét 1ap ciy

quyét dinh “t6t”]
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— Entropy dugc ding dé do thong tin thé ndo 1a node. [Piéu nay dinh
nghia “tot” 1 gi]
C4.5 1a mot mé rong cua ID3 véi tinh todn cic gid tri thiéu, cdc mién

gid trj lién tyc, cit tia ciy quyét dinh, suy dién luat...

2.3.1 Cac dinh nghia

Néu c6 n thong diép c¢6 kha nang xay ra nhu nhau, thi xdc xuit p cua
mdi thong diép 1a 1/n va thdng tin chuyén tdi boi théng diép 12 —logy(p) =
logs(n). D6 13, néu c¢6 16 thong diép, thi log,(16) = 4 va ta can 4 bits dé dinh
danh mdi thong diép.

N6i chung, néu ta c6 phan tan xdc xuét (probability distribution) P =
(pl, p2, .., pn) thi thong tin chuyén tai bai su phan tan nay -Entropy ciia P- la:

I(P) = -(p1*loga(pl) + p2*logy(p2) + .. + pn*log(pn))

Néu tap T cta cdc ban ghi duoc phan chia thanh céc 16p riéng biét C1,
C2, ..., Ck trén co so gid tri cua thudc tinh phan loai, thi théng tin can dé xic
dinh 16p cta phan tir ciia T 1a Info(T) = I(P), trong d6 P 12 phan tén xdc suat
ctia cdc phan (Cl1, C2,..Ck):

P = (IC1/ITI, IC2I/ITI, ..., ICKI/ITT)

Néu dau tién ta chia phan T trén co s& gid trj ciia cdc thudc tinh khong
phan loai X thanh céc tap T1, T2, .. Tn thi thong tin can dé xac dinh 16p cua
mot phan tir ciia T tré thanh trong s trung binh cia thong tin can dé x4c dinh

16p ctia mot phan tir ciia T, nghia 12 trong s trung binh cta Info(Ti):

Info(X, T) = f{llfo"(T) = -2 ((IT;1 /1TI) * Info(T}))

Gia tri loi ich Gain(X,T) dugc dinh nghia Ia
Gain(X,T) = Info(T) - Info(X,T)
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Diéu nay biéu dién su khéc nhau giita thong tin can dé xdc dinh mét
phan tir ciia T va thong tin can dé xdc dinh mét phan tir cia T sau khi gid tri
thudc tinh X da dwoc biét, d6 13, loi ich thong tin (gain) trong thugc tinh X.

Ta c6 thé dung khéi niém gain dé gidi han (rank) cic thudc tinh va dé
xdy dung cdc ciy quyét dinh véi mdi node duoc dinh vi thudc tinh véi gain

16n nhét trong s6 cdc thude tinh chua dugc xem xét trong dudng di tir goc.

2.3.2 Thuat toan ID3

Thuat todn ID3 duoc ding dé xdy dung ciy quyét dinh, cho mot tap céc
thudc tinh khong phan loai C1, C2, ..., Cn, thudc tinh phan loai C va tip céac
ban ghi dé huén luyén T.

function ID3 (R: tap cdc thudc tinh khong phan loai,

C: thudc tinh phan loai,
S: tap huin luyén) tra lai mot cay quyét dinh;
begin
Néu S rsng, tra vé mot node don 1€ vai gid tri Failure;
Néu S chira cdc ban ghi tat ca ¢ ciing gid tri cho thudc tinh
phan loai, tra vé mot node don 1¢ véi gid tri do.
NéuR la tréng, thi tra vé mot node don 1é véi gid tri c6
tan sudt 16n nhat trong cic gid tri ctia thudc tinh
phan loai ma tim thiy trong céc ban ghi cta S; [chd ¥ rang
sau d6 s& c6 cac 16i, d6 13, cac ban ghi ma sé& bi phan 16p
khong 10 rang];
Cho D la thudc tinh véi Gain 16n nhét Gain(D,S)
trong sb cac thudc tinh trong R;
Cho {dj j=1,2, .., m} 1a cdc gid tri cia thudc tinh D;

Cho {Sjlj=1,2, .., m} 1a cdc tap con ctia S gém thir tu
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céc ban ghi véi gid tri dj cho thudce tinh D;
Tra vé cay véi goc gan nhan D va cic cung dugc gén nhan

dl1, d2, .., dm lan luot t&i céc ciy

ID3(R-{D}, C, S1), ID3(R-{D}, C, S2), .., ID3(R-{D}, C, Sm);
end ID3;
Duing ty sudt loi ich (Gain Ratios)

Khéi niém loi ich (Gain) c6 xu hudng wu tién céc thudc tinh c6 sd
luong 16n cdc gid tri. Vi dy, néu mét thudc tinh D ¢6 gid tri riéng biét cho moi
ban ghi, thi Info(D,T) 12 0, nhu vdy Gain(D,T) 1a cuc dai. Pé khic phuc, ding
ty 1€ sau thay cho Gain:

GainRatio(D,T) = Gain(D,T) / SplitInfo(D,T)

Trong d6 Splitlnfo(D,T) 1a thong tin do phan tdch ctua T trén co s& gid
tri cia thuQc tinh phan loai D. SplitInfo(D,T) 1a

I(ATLIATI, IT2IATI, .., ITml/ITI)
Trong d6 {T1, T2, .. Tm} la su phan hoach T do gié tri cia D.

2.3.3 Cac mé rong cua C4.5

C4.5 mé rong mot sd xir 1y tir thudt toan gbe ID3:

Trong viéc xAy dung ciy quyét dinh: Xt 1y cdc tap huan luyén c6 céc
ban ghi chtra gid tri thudc tinh thiéu béng cach déanh gid loi ich, hoac ty 1€ logi
ich cho mdt thudc tinh chi qua xem xét cic ban ghi c6 gid tri ctia thude tinh
do.

Trong viéc ding mdt cay quyét dinh, ta c6 thé phan 16p cic ban ghi
c6 cdc gid tri thudc tinh thiéu bang cdch dua ra két qua 1a dy dodn xdc sudt

cua moi két qua khic nhau.
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Xu 1y v6i truong hop céc thudc tinh véi pham vi lién tuc (continuous
ranges) nhu sau. C6 thudc tinh Ci lién tuc. Kiém tra céc gid tri cua thuQc tinh
nay trong tip hudn luyén. NGi ching 1 theo thr tu ting, Al, A2, ., Am. Vay
cho mdi gi4 tri Aj, j=1,2,.m, ta phan hoach (partition) cdc ban ghi thanh
nhimg phan ma cé cdc gid tri Ci tir nho ti Aj, va nhitng phan c6 gid tri 16n
hon Aj. V&i mdi phan phan hoach nay ta tinh todn gain, hodc gain ratio, va
chon partition ma cuc dai 1¢i ich (gain).

Cat tia ciy quyét dinh: Ciy quyét dinh xay dung dung tdp huin luyén,
v6i cdch xdy dung cdy 1a xa 1y chinh x4c voi phan 16n cdc ban ghi cua tap
huén luyén. Thyc té, d& 1am nhu vay, ciy c6 thé tré thanh qua phic tap, véi
cdc duong di tham chi rat dai.

Viéc cit tia cdy quyét dinh duoc 1am bang céch thay thé toan bo ciy
con bé“mg mot node 14. Sy thay thé thyc hién néu mot luat quyét dinh xay dung
ma ty suét 18i trong cdy con 1a 16n hon trong 14 don 1é. Vi du, néu ciy quyét

dinh don gian

Color
/ \
red/ \blue
/ \
Success Failure

Pugc xay dung véi mot ban ghi thanh cong mau do va 2 ban ghi 16i
mau xanh, va nhu vay trong tap kiém thir ta tim thdy 3 18i d6 va 1 thanh cong
xanh, ta c6 thé xem xét thay thé ciy con nay bang mot node 15i (Failure) don

1é. Sau khi thay thé ta s& chi c¢6 2 15i thay vi 5 15i.
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CHUONG 3. AP DUNG KHAI PHA TREN CSDL
NGANH THUE

3.1. CSDL nganh Thué

Ap dung coéng nghé tin hoc vao cong tic quan 1y Thué tir nhitng nim
1986, dén nay nganh Thué da xiy dung dugc hé théng Cong nghé thong tin
d6 0, ddp tng dwoc nhiém vu quan 1y Thué trong giai doan méi. Tir nhitng
tmg dung phét trién trén may don 1¢, dén nay toan nganh da c6 mot CSDL
phan tan tai 64 Cuc Thué trén ca nude. Hé thong két néi mang mdy tinh, trao
d6i thong tin, dir liéu toan nganh, tir Téng cuc dén 64 Cuc Thué va gan 700
Chi cuc Thué quan, huyén. Hé thong céc tng dung phuc vu cic cong tic ding
ky va cap ma sd thué, hé théng quan 1y thu thué ty dong hod cdc khau xir Iy
quan trong trong qui trinh quan 1y nhu quan 1y s6 phai thu, quan 1y sb thu,
quan 1y ng tinh thué, tinh ng, tong hop céc bdo cdo ké todn, thong ké thué. ..

S6 hitu mot kho théng tin lién quan dén linh vyc Thué, CSDL nganh
Thué déng mét vai trd quan trong khdng chi trong nganh ma con c6 gia tri voi
ca nudc. Mot phan thong tin trong CSDL nganh Thué - d6 1a thong tin lién
quan dén cdc t6 chirc, ca nhan ndp thué - s& gép phan déng gép cho CSDL
qudc gia nganh Tai chinh.

Truoc day, CSDL nganh Thué méi duoc st dung phuc vu céc tic
nghiép hang ngy, cic bdo cdo, thong ké. Nhimg nim gan ddy, nhitng nim
dau cta thoi ky Cai cach Thué, CSDL nganh Thué méi dap tmg mot phan cho
cong tac phan tich thong tin.

Trong giai doan Cai cdch hanh chinh vé Thué, nganh Thué di dua dan
thuc hién co ché ty khai ty tinh, tu ndp thué. V4i nhiém vu trong tim 1a xay
dung lai toan bd quy trinh quan 1y ndp thué trén co s¢ chirc nang méi, c4 thé
hod trach nhiém cta co quan quan ly thué va ddi tugng ndp thué, don gian va

1am 16 hon vé quy trinh va tha tuc gidy to trong viéc ké khai, ndp thué. Giao
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cho ddi tuong ndp thué quyén tw chu, tu chiu trach nhiém xé4c dinh sb thué va
ndp thué, co quan Thué s& tap trung ddy manh hai khau cong téc 16n 1a tuyén
truyén, huéng dan, cung cap dich vu hd tro ddi twong ndp thué va thanh tra,
kiém tra. Nhu vay trong giai doan mdi nay, c6 thé thiy thong tin ¢ mot gid
tri rit quan trong, to chirc khai thic thong tin tot s& gép phan 16n hd tro cong
tdc thanh tra, kiém tra, ddm bao ngan chan cic hanh vi tron thué, dam béo gitr
cdng bang cho cdc ddi tugng ndp thué trong nghia vu déng gép ngan sach cho
Nha nuée. Phan tich, du bdo thong tin ding ciing gép phan gidp cong tic
thanh tra, kiém tra Thué xdc dinh duogc ding ddi tuong can thanh kiém tra,
gitip han ché nhirng tiéu cuc trong cong tic thanh tra, kiém tra thué.

Nghién ctru 1y thuyét khai phd dir liéu, 4p dung khai ph4 dit liéu trén co
s& dir liéu nganh Thué véi mong mudn budc dau tim hiéu nhimg két qua khai
pha thi vi tir kho thong tin Thué. Nhiing két qua khai pha trong pham vi luan
van c6 thé chua ¢6 ¥ nghia thiét thuc, nhung hy vong sé& 1a budc du cho du
an Xay dyng hé thong phan tich thong tin hd tro céc cong tic quan 1y va thanh

tra thué.
3.2. Lwa chon cong cu khai pha

3.2.1 Lya chon cong cu

C6 rat nhiéu san pham hd trg viéc khai pha tri thirc tir CSDL.

Bang dudi day liét ké mot sd san pham khai phd dit liéu cua cdc hang
khic nhau va nhimg tinh ning cia mdi san  pham

(http://www.xore.com/prodtable.html).
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Bang 2.2 Bang céc san pham khai pha dir heu
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CSDL nganh Thué st dung 1a CSDL Oracle. Do vay viéc chon cong cu
khai ph4 dit liéu ciia hang Oracle ciing 12 mot lya chon tat yéu.

Khai phd dir liéu bang san pham cta hang Oracle, c¢6 thé lya chon:

1. Darwin: La mot ung dung khai phd dir liéu dic biét dé xir Iy voi
nhiéu gigabytes dir liéu va cung cip nhimg cau tra 10i cho cdc bai toan phirc
tap nhu phan 16p dit liéu, du doan va du béo.

Phan mém Darwin gidp ta chuyén d6i mot khdi lwong dir liéu 16n thanh
nhitng tri thitc kinh doanh (tri thirc nghi€ép vu - Business intelligence).
Darwin gitp tim ra nhing mau va cdc lién két c6 y nghia trong toan bo dir
liéu — Céc miu cho phép ta hiéu tot hon va du dodn duoc hanh vi cta khach
hang.

2. Oracle Data Mining (ODM) dugc thiét ké cho ngudi 1ap trinh, nhimg
nha phan tich hé thdng, cdc quan tri dy 4n va cho tat ca nhiing ai quan tim
dén viéc phit trién cdc tmg dung CSDL dung khai phd dir liéu dé phét hién ra
cdc mau an va dung tri thic d6 dé tao cdc du dodn.

ODM Ia cong cu khai pha dir li¢u dugc nhing trong CSDL Oracle. Dt
liéu khong tich roi CSDL - dit liéu, va tat ca nhimg hoat dong chuan bj dir
lidu, xdy dung md hinh va 4p dung mo hinh déu duoc giit trong CSDL. Viéc
nay cho phép Oracle xdy dung nén tang cho nhiing nha phan tich dit liéu va
nhimg nguodiphdt trién tng dung c6 thé tich hop khai phd dit liéu mot cach
lién mach véi céc ung dung CSDL.

Darwin 12 san pham khai phd dit liéu chi chay trén nén Unix. Hién tai
trong nganh Thué van dang st dung hé didu hanh Windows, va ciing chua
mua ban quyén sir dung Darwin.

Cdc thanh phan lién quan dén CSDL Oracle st dung tai nganh Thué
déu c6 mua ban quyén cta hing. ODM 12 ¢6 sén trong CSDL Oracle. Do vay

ODM Ia cong cu khai phd dit li€u dugc lya chon trong luan van nay.
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3.2.2 Oracle Data Mining (ODM)

Oracle Data Mining (ODM) cung cép ca hai giao dién 1ap trinh Ung
dung PL/SQL va Java API cho viéc tao ra cic mo hinh khai pha dit liéu c6
gidm sit va khong gidm sat. Hai APIs la tuong tidc hoan toan véi nhau, vi vay
mé hinh c6 thé duge tao ra véi mot API va sau d6 stra d6i hodc su dung dung
API khéc.

Java API 1a mét thuc hién cua Oracle theo chuan JDM 1.0, theo ding
framework mé rong ctia chuan JSR-73.

PL/SQL API: C6 thé st dung céc package dé xy dung mo hinh khai
ph4, kiém thr mé hinh, va dp dung mé hinh véi dit liéu dé thu duoc cic thong
tin du doan va mo ta.

Céc API ctia Oracle Data Mining hd tro ca 2 chiic ning khai phd dy
dodn va md ta. C4c chtic nang du dodn dugc biét nhu hoc c6 gidm sat, dung
dit liéu huin luyén dé du doén gid tri dich. C4c churc nang mo ta, duogc biét
nhu hoc khdng gidm sat, x4c dinh cdc quan hé ban chit bén trong dit liéu. Mdi
chtrc nang khai phd xdc dinh mot 16p cédc bai todn duoc giai quyét va mdi
chtrc ndng c6 thé duoc thuc hién véi mot hodc nhiéu thuét todn. Cdc API cling
cung cap cdc phuong tién chuyén doi dit liéu co s& cho viée chuan bi dit liéu

khai pha.
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Oracle Data Mining cung cip:

1. Céac chtic nang du dodn sau:

Churc nang Mo ta Céc thuat toan

Phan 16p M6 hinh phan 16p dung dir | Naive Bayes, Adaptive

Classification liéu lich sir dé du dodn dir | Bayes Network, Support
liu roi rac hodc phan loai | Vector Machine,
mai Decision Tree

Phat hién bat thuong | M& hinh phdt hién bat | One-Class Support

Anomaly Detection | thuong du doidn cé hay | Vector Machine (SVM).

khong mot diém dir liéu 1a
dién hinh cho sy phan tin
cho trudc.

PL/SQL va Java APIs hd
trg phdt hién bat thuong

qua churc nang phan 16p

PL//SQL va Java APIs
hd trg One-Class SVM
dung chtc nang khai
phd phan 16p va thuat
todn SVM khong c6
dich.

Hoi qui M6 hinh Hbi qui ding dir | Support Vector Machine
Regression liéu lich st dé du doéan dix

liéu sd, lién tiép mai
b0 quan trong cua | M6 hinh d§ quan trong cia | Minimal Descriptor
thudc tinh thuéc tinh x4c dinh tdm Length

Attribute Importance

quan trong lién quan cua
mot thudc tinh trong viéc
du doan mot dau ra cho

truoc.
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2. C4c chtrc nang mo ta sau:

Churc nang

Mo ta

Céc thuat toan

Phan nhom

Clustering

M6 hinh phan nhém xac
dinh ciac nhém tuy nhién

trong tap dir licu

Enhanced k-means,

Orthogonal  Clustering
(O-Cluster - Thuat toan

ban quyén cta Oracle)

Cic luat két hop

Association Rules

Mo hinh két hop x4c dinh
cidc quan h¢ va kha nang
xudt hién coa ching trong

tap dir licu

Apriori

Trich chon déc trung

Feature Extraction

M6 hinh trich chon dac
trung tao tap dit lidu tbi vu
lam co s& cho m6 hinh trén

de.

Non-Negative  Matric

Factorization

3.2.3 DBMS_DATA_MINING

Phuong phdp phdt trién cho khai phd ditr liéu dung giao dién
DBMS_DATA_MINING dugc chia thanh hai pha.

Pha dau tién bao gdm viéc phén tich va thiét ké dir liéu cua ung dung,

trong d6 thyc hién hai budc sau:

1. Phan tich bai todn, lga chon ham khai pha va thuat todn khai pha

2. Phan tich dir liéu dugc dung cho xay dung cidc md hinh khai pha

(build data), kiém thtr cic md hinh du dodn (test data), va str dung dir li¢u méi

trén mo hinh (scoring data).

Pha thir hai bao gdm viéc phat trién tmg dung khai phd ding céc
packages DBMS_DATA_MINING va
DBMS_DATA_MINING_TRANSFORM.
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3. Chuan bi dit liéu xdy dung, kiém thir, 4p dung (build, test, scoring
data) dung package DBMS_DATA_MINING_TRANSFORM hodc cong cu
third-party hoic ding truc tiép céc scripts SQL hodc PL/SQL trong mau phit
hop v&i ham va thudt todn lya chon. Viéc quan trong 1a ba tap dir li¢u da néu
& trén phai duoc chuan bi theo cdch gidng nhau dé viéc khai phd ra cic két
qua c6 y nghia.

4. Chuan bj cédc bang thiét 1ap tham s thay thé cho cdc thiét dat ngam
dinh cua thuit todn, ctia chirc nang khai pha. Budc nay la tuy chon.

5. Xay dung md hinh khai phd cho tap dit liéu huan luyén da cho

6. V6i cdc md hinh du dodn (phan 16p va hdi qui), kiém thir md hinh
cho tinh chinh x4c va do hiéu nang. Viéc nay 1a 4p dung moé hinh trén dir licu
kiém thir.

7. Léiy d4u hiéu cta mo6 hinh dé xdc dinh céc thudc tinh khai pha sé
dugc ding véi mo hinh khi 4p dung. Théng tin nay s& gitp biét chic chin dir
liéu khai pha la phu hgp véi mo hinh da cho. Day 1a budc tuy chon.

8. Ap dung mé hinh phan 16p, hdi qui, phdn nhém, hodc md hinh trich
chon dac trung véi dit liéu méi dé sinh ra cdc du dodn va/hodc céc téng két
mo ta va cdc mu vé dit lidu

9. LAy cdc chi tiét cia md hinh dé hiéu duoc vi sao mo hinh md hinh
cho ra dit liéu trong mdi miu cu thé. Pay 1a budc tuy chon

10. Lap lai bude 3 dén budc 9, dén khi ta thu duoc cdc két qua vira ¥.

3.3. Muc tiéu khai théc thong tin ciia nganh Thué

Tai hau hét cdc don vi, to chirc ¢6 4p dung cong nghé thong tin vao
quan ly hién nay, itmg dung méi dung lai & mic do la Gmg dung tic nghiép
thong thuong véi chirc ning hd trg dwa thong tin vao va két xuét ra cdc bo

cdo dau ra. Nhimg ung dung hd trg cao cho phan tich, hd trg ra quyét dinh
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chua nhiéu. Tuy nhién véi xu hudng phét trién hién tai, chic chin s& rat can
dén nhitng tmg dung khai phd tri thtrc tiém an trong CSDL.

Hién nay, nganh Thué dang trong nhitng nim dau thyc hién cai cich
hanh chinh Thué. Theo chién lugc nay huéng quan 1y ctia nganh Thué sé& thay
d6i 10n, tap trung vio hai cong tic chinh:

— Cong tdc tuyén truyén, hd tro va cung cap cic dich vu phuc vu cho

Pbi twong ndp thué.

— Cong tac thanh tra kiém tra Thué.

Khai phd dit liéu ot c6 tic dung hd tro cong tic tuyén truyén hd tro
DTNT: Phén tich trén dit liéu, c6 thé tim ra dugc nhimg két qua gidp dinh
huéng viée hd trg, tuyén truyén, gidp xdc dinh nhitng PTNT no nén 4dp dung
céch thtic tuyén truyén nao cho hiéu qua.

Vi cong tic thanh tra kiém tra Thué: Khai phd dit liéu con mang lai ¥
nghia to 16n hon. Trudc ddy cong tic thanh tra chu yéu dya vao kinh nghiém
clia c4c cdn bd thanh tra, xem xét sd liéu trén cdc bdo céo tdi chinh cua
PTNT, so sdnh sd liéu cdc nim cua doanh nghi¢p do, so sanh s6 liéu trong
nim cta doanh nghiép véi tinh hinh phit trién chung ctia nganh dé phat hién
ra nhitng diém nghi ngod can x4c minh. Ngay nay, sb lugng doanh nghiép ting
truéng ngay cang nhiéu, sé dén lic mdi can bo thanh tra khong thé xem xét
ting truong hop, timg s6 lidu cu thé cia mdi PTNT dugc. Nhu vy rat can
cong cu ho tro.

Mot van dé nita khong chi ¢6 nganh Thué quan tim, d6 13 han ché
nhimg phién todn cho Doanh nghiép khi phai thanh tra Thué. Mudn vy, can
xéc dinh dwgc PTNT nghi ngo, phéi thanh tra thué véi do chéc chan cao.

Mic di chua c¢6 tng dung khai phd dit liéu ndo, nhung qua mot sb
thong tin hoc hoi tur Thué céc nudc, Thué Vi¢t Nam cling bat dau di theo

hudng cai tién nay. Nganh Thué bat dau xem xét viéc yéu cau Doanh nghiép
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cung cip cic bdo cdo tai chinh lién quan, dé 1am co s& xem xét, phan tich
DTNT, nhu Bang can ddi ké toan, Bdo céo két qua hoat dong kinh doanh, Béo
cdo Iuu chuyén tién té truc tiép/gian tiép... Tl nhitng bdo cdo nay, két hop
v6i s6 lidu quan 1y thué (s6 thué mdi DPTNT phai ndp, sé da ndp, con ng...) dé
xé4c dinh cic chi tiéu phan tich. Ung dung hién tai méi dimng ¢ mirc dua ra bao
cdo liét ké cdc chi tiéu da phan tich (phan tich cac chi ti€u mot cach riéng 1¢),
dua vio d6 dé can bo thanh tra xem xét ra quyét dinh. Mong mudn cta cén bd
thanh tra Ia c6 dugc img dung tuy dong phan tich dya trén nhiéu chi tiéu va khi
dua s6 lidu ctia mot DTNT vao s& ¢ cau trd 10i 1a diém dénh gid mic do vi
pham cua DTNT nay.

Vi nhitng tim hiéu trén, c6 thé thy nhiéu kiéu khai phd di liéu c6 thé
ap dung duoc dé dép tmg yéu cau va gidp ning cao hiéu qua cua cong tic
quan 1y Thué. Tuy nhién trong khuon kho cta Luan vin, hai chirc ning khai
phd duge chon dé khai phd thir nghiém trén CSDL nganh Thué, d6 a:

— Khai ph4 luat két hop: Véi mong mudn tri thire phat hién ra c6 thé

gitip ich cho cong tdc tuyén truyén va hd trg PTNT

— Phan 16p: Dya vao mot s6 chi tiéu phan tich dé phan 16p cdc DPTNT

va du bao vé kha nang vi pham cua DPTNT. HO tro thanh tra Thué.

3.4. Thir nghiém khai pha luit két hop

Dt liéu quan 1y Thué duge td chic phan tan tai 64 Cuc Thué. Tai Téng
cuc Thué c6 tap trung dit liéu & mot mic d6 nhét dinh tuy theo loai thong tin.
Vi duy véi dir lidu thong tin céc Dbi twong ndp thué dugce tap trung khd day du
tai Téng cuc thué (trir phﬁn dir liu lich s, tai Téng cuc chi luu thong tin déy
da dén thoi diém hién tai), con dit liéu vé quan 1y thué thi chi c6 s6 liéu tong

hop tai Tong cuc, dit lidu chi tiét duoc quan 1y tai cic Cuc Thué.
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Cong viéc khai phd dit liéu néi chung c6 thé téng két theo 4 nhiém vu
chinh: X4c dinh muyc tiéu va lya chon di liéu, Chuan bi dit liéu, Khai phé dir
liéu, Phan tich két qua va quan tri tri thirc. Trong 4 nhiém vu trén thi viéc
chun bi dit liéu s& mét nhiéu cong stc nhét. C6 thé théy minh hoa & hinh 3.1.
Cong suc danh cho viéc chudn bi dir liéu dé khai phd d6i véi CSDL tic

nghiép thuc sy s€ kho khan hon nhiéu so véi thyuc hi¢n trén dir li¢u gia dinh.

B0~

Al =

40

Cdng strc 30

204

o T - T T -
Hac dinh muc tiéu Chuan bi di¥ liéu Khai pha diF liéu Phan tich két qua
va lra chon CSDL VA quan tri tri thire

Hinh 3.1 Céng strc cAn cho mdi giai doan khai phd dir liéu

Str dung ODM ¢ khai ph4 luat két hop gdm nhiing budc chinh: Chuan
bi dit li¢u, xay dung md hinh — chinh Ia budc xac dinh céc frequent itemsets,
liy ra cdc luat khai phd duoc. Cdc budc tién hanh thir nghiém khai phé luat
két hop trén CSDL nganh Thué thyuc hién trong ludn vin nay déu duoc tién

hanh theo quy trinh sau:
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Xac dinh ndi dung
cén khai pha
| "
Lwra chon di iéu
phu hop

Tién x0r ly diF liéu
Blwra vé dang
yéu cau (multi-record)
I
4

Péat cac tham sé
cho mo hinh

4
i
|
i
1
i
1
i
]
1
i
1
|
e S

Xay dung mé hinh

|

Lay két qua + phan tich

&

Hinh 3.2 Céc budc khai pha luat két hop trén CSDL nganh Thué

Khi dit cdc tham sb cho md hinh khai phd luat két hop c6 thé 1a cao
qud véi dit liéu, két qua s& khong thu duoc luat. Khi d6 thyc hién diéu chinh
tham s6 ciia md hinh. Truong hop thay ddi céc tham sé van khong hiéu qua,
c6 thé phai xem xét lai tir budc tién xur 1y dir lidu. Trudng hop khéng loai bo
cic items phd bién trong tap dit lidu ciing c6 thé dan dén két qua khai phd
khong nhu mong mudn. Hodc xem xét lai cach xir 1y véi dit lidu thiéu. Ciing
6 thé phai xem xét lai dir liéu lya chon cho khai pha da ding chua.

Thir nghi¢m khai ph4 luat két hop dugc thuc hién theo cic budc néu
trén va dudi day 1a két qua cudi ciing. Cdc ma 1énh twong tmg dugc trinh bay

trong phan phy luc.
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Nhu di néu trong muc 3.3, bai todn khai phd luat két hop khd phit hop
cho viéc phat hién tri thire phuc vu cho cong tic tuyén truyén, hd tro DTNT.
Nhirng luat phét hién duoc c6 thé gitip cdn b tuyén truyén, hd tro xdc dinh
duoc pham vi PTNT dé dua cdc hinh thtic tuyén truyén phit hop.

Duéi ddy 12 mot khai phd thir nghiém phat hién méi lién hé giita nganh
nghé, quy md doanh nghiép (theo doanh thu), sé thué phai nop va tinh trang
ndp cham thué.

Xdc dinh ngi dung khai pha:

Nhim xdc dinh pham vi PTNT n2o can tap trung tuyén truyén ning cao
y thirc nghiém chinh chip hanh nghia vy Thué. Bai todn s& dwa vio nhiing
thong tin c6 kha ning lién quan dén tinh trang ndp cham Thué, bao gom:
nganh nghé kinh doanh, quy mé doanh nghiép (tinh theo doanh thu), s6 thué
phai ndp.

Lwa chon dir liéu:

Thong tin tir Bdo cdo két qua san xuat kinh doanh ctia PTNT: C6 duoc
thong tin vé doanh thu, s thué phai nop.

Dit liéu vé nganh nghé cua cic DTNT:

e ID

e Mi sd thué

e Mi nganh nghé

e Truong xéac dinh dir li¢u lich st hay hién tai

Mi nganh nghé biéu dién béi 5 ky tu (vi du: L7221 — Cho thué mdy
mée thiét bi nong nghiép). Su phan cap nganh nghé dugc to chiic ngay trong

ma. Vi du mot nhdnh cdy phan cap trong hinh 3.3.
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L
Cac hoat déng lién quan
den kinh doanh taisan
Va dich vu twrvan

| T

L71 L72 . [ T
Cac hoat ding lién quan Cho thué may mac thist bi Cac hoat ding lién quan
Blén hat ddng san dd dung ca nhan gia dinh den may tinh

_____ Lv221 L7222

Cho thugé may méc . Cha thugé may mac
thigt bi ndng nghiép thiet bi xay dung

Hinh 3.3 Nhénh cdy phan cip nganh nghé

Tinh trang ndop cham thué: Puoc léy tur thong tin tinh phat ndp cham
trong hé théng théng tin Quéan 1y thué. O day chi lay thong tin DPTNT c¢6 nop
cham thué (1) hay khéng (0).

Tién xir Iy dir ligu:

V6i nganh nghé néu dé mirc thip s& khé phat hién lut. S& thuc hién
khai phd ¢ mirc khdi niém cao hon. Nhu vy khi 14y gid trj nganh nghé sé& c6
bién dbi: 14y nganh nghé kinh doanh ctia mdi ddi twong theo 3 ky ty dau cua
nganh nghé.

Quy md doanh nghi€p dugc phan loai dya theo doanh thu trung binh
thang ciia mdi dbi tugng (tinh trung binh trong 1 ndm), va chia thanh cic
mtrc: Rat nho (tir 0 dén 100.000.000), nhé (tir 100.000.000 dén 500.000.000),
trung binh (tr 500.000.000 dén 1.000.000.000), 1é6n (tir 1.000.000.000 dén
5.000.000.000), rat 16n (trén 5.000.000.000).

S6 thué phai ndp trung binh thdng ciing dwoc phan nhém thanh cic
khoang 5 triéu, 10 tri€u, 20 tri¢u, 30 tri€u, 50 tri¢u, 100 triéu, 500 triéu, 1 ty, 5

ty.
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Dua dit liéu vé dang phit hop véi yéu cau khai phd:
Dit liéu duge dua vé dang:
(Ma $b thué, nganh sx, 1
Union
Mi s6 thué, doanh thu, 1
Union
Ma s6 thué, thué phai nop, 1
Union
M s6 thué, ndp cham, 1)
Va chuyén vé dang nested table:
CREATE VIEW TR_dondoc_AR AS
SELECT TIN,
CAST (COLLECT (DM_Nested_Numerical (
SUBSTRB (nganhsx, 1, 10), has_it))
AS DM_Nested_Numericals) tinnganhsx

FROM tr_dondoc
GROUP BY TIN;

Diit tham 56 cho mé hinh:
Ngudng do hd trg cuc tiéu: 0.1
Ngudng do chic chan cyc tiéu: 0.1
Do dai luat khai pha: 2

Tao mo hinh va dwa ra két qua:

Item Do ho tro (support) S4 items
G51 .24691358024691358024691358024691358025 1
SMALL .24867724867724867724867724867724867725 1
VERY SMALL .3015873015873015873015873015873015873 1
1-1 .31393298059964726631393298059964726631 1
0-1 .68606701940035273368606701940035273369 1
5 .74074074074074074074074074074074074074 1
0 .22751322751322751322751322751322751323 2
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VERY SMALL .22751322751322751322751322751322751323 2
1 .22927689594356261022927689594356261023 2
5 .22927689594356261022927689594356261023 2
5 .29276895943562610229276895943562610229 2
VERY SMALL .29276895943562610229276895943562610229 2
0 .51146384479717813051146384479717813051 2
5 .51146384479717813051146384479717813051 2
Cé4c luat khai phé duoc:
[ Rules || Build Seftings | Task |
I:}--EE Mining Activities Statistics:
-2 Data Sources )
[ Dizcoverer Objects Total Rules: - 22
E}fo_l Models Rules
ro-l Anorialy Detection Rule Id If (condition) Then (association) Confidence (%) Support (%)
E}ro_l Azsociation Rules 27 VERY SMALL= 1 5&=1  |g7.o7E0
: @f AR_AES 186 G51=1 5= 1 89.2857 22.0458
T DONDCC_NCHEN PR WERY LARGE= 1 0=1 84.0580 10.2283
£ aR_SH_sANPLE 20 ShiaLL= 1 5= 1 77.3050 18.2240
@f AR_TIN_NGHE 12 VERY SMALL= 1 0=1 75.4386 22.7513
@’ AR_TIN_NGHET 1 0=1 g=1 745501 51,1464
(5 ar_Th_SL 13 1=1 5= 1 73.0337 22,9277
L aR_TH_SL 2

Hinh 3.4 Céc ludt khai pha tor ODM (d0 dai luit = 2)

LUAT CONFIDENCE  SUPPORT
VERY SMALL => 5 97.07603 29.276896
G51 => 5 89.28571 22.045855
VERY LARGE => 0 84.05797 10.229277
SMALL => 5 77.30496 19.223986
VERY SMALL => 0 75.4386 22.751324
0=>5 74.550125 51.146385
1 =>5 73.03371 22.92769

Nhin xét:

Khai phé dugc cac luat trén déu c6 dd chéc chan 16n.
1. vErRy sMaLL => 5: Quy md rat nho thi 97% c6 s thué phai nop
dudi 5 tri¢u/thang
2. 651 => 5: Nganh nghé ‘Ban budn va dai 1y (trir xe ¢6 dong co va

motd, xe mdy)’ thi 89% c6 sd thué phai ndp dudi 5 triéu/thang
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3. VERY LARGE => 0: PTNT c¢6 quy md rat 16n thi c6 84% khoéng
nop cham thué

4. suarrL => 5: DPTNT ¢6 quy mé nhd, c6 77% ndp thué dudi 5
tri¢u/thdng

5. VErY sMaLL => 0: DTNT c6 quy md rat nho thi 75% thuc hién
t6t nghia vu Thué, khéng ndp cham thué.

6. 0 => 5: Trong s6 cic DPTNT khong ndp cham thué thi c6 74% 1a
DTNT phai ndp dudi 5 tricu/thang

7. 1 => 5: Trong s6 cdc PTNT ndp cham thué thi c6 73% 1a PTNT
phéi ndp dudi 5 triéu/thang

Mot s6 y nghia riit ra duwoc tir cdc ludt trén:

Nhitng PTNT thudc dién ndp thué duéi 5 tri¢u/thdng c6 hién tugng
cham nop thué. Tuy nhién vé sé lugng thi s6 DTNT chip hanh tét nghia vu
dong thué thudc dién nop thué duéi 5 triéu/thdng 16n hon nhiéu so voi sd
lwong cham ndp thué (theo luat 6 va 7). Thém vao dé sb thué thudng nho
nén tong thu tir nhimg DTNT nay khong 16n. Can t6 chire cdc hinh thic tuyén
truyén cong cong, d& tén phi tuyén truyén cho cdc PTNT nay.

Nhitng ddi twong c6 quy mé rat 1on nghiém chinh chip hanh nghia vu
Thué s& rat c6 loi cho nha nudc (luat 3). Boi vay can c6 ché do, chinh sich

khen thudng kip thoi nhitng DPTNT nay.

Khai phd thém cdc ludt voi do dai ludt khai phd = 3
Diit tham 56 cho mé hinh:

Ngudng do hd trg cuc tiéu: 0.1

Ngudng do chic chan cyc tiéu: 0.1

D¢ dai luat khai pha: 3
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Tao mo hinh va dwa ra két qua:

Item

G51
SMALL

VERY SMALL

1
0
5
0

VERY SMALL

1
5
5

VERY SMALL

0
5

Do ho tro (support)

.24691358024691358024691358024691358025
.24867724867724867724867724867724867725

.3015873015873015873015873015873015873

.31393298059964726631393298059964726631
.68606701940035273368606701940035273369
.74074074074074074074074074074074074074
.227751322751322751322751322751322751323

.22751322751322751322751322751322751323

.22927689594356261022927689594356261023
.22927689594356261022927689594356261023
.29276895943562610229276895943562610229

.29276895943562610229276895943562610229

.51146384479717813051146384479717813051
.51146384479717813051146384479717813051

So items

1
1
1
1
1
1
2
2
2
2
2
2
2
2

Céc luat khai pha dugc:

* Oracle Data Miner - Association Rules Model : AR_DONDOC_NGHE

File Wiews Data Activity Toolz  Help

[Rues | Buid Settings | Task |

#-[F Mining Activities Statistics:
@ Data Sources
Eﬁ Dizcoverer Objects Total Rules: 31
EI[H Mochels Fules
"'fo"- Anomaly Detection If {condition) Then (association) | Confidence (%) | Support (%)
{5l Associstion Rules 30 |0=1 AMDVE 5= 1 09 7748 27 5750
L ar_sss 22 VERY SMALL= 1 5=1 97.0760 29,2764
B3~ oonpoc ricHENNEN 0= 1 AMD G&1= 1 =1 a0.8163 15,6966
~Lfr aR_sH_sampLE 16 G51=1 5=1 59,2857 220459
L3 aRr_TIN NGHE 10 VERY LARGE= 1 0=1 840550 10,2293
~Lgr AR TN GHE1 27 0= 1 AMD ShALL= 1 =1 81.1765 121693
L ar_ThsL 20 SMALL= 1 5=1 77.3050 19,2240
L ar_Th L 2 1 5=1 AND VERY SMALL=1 | 0=1 77.1084 225750
~Lf ar_TH_sTATUS 12 VERY SMALL= 1 0=1 75.4356 227513
g AR_TINALL_SL ] 0= 1 E=1 74 5501 51.1464
B[} Attribute mportance 13 1=1 5=1 73.0337 22.9277
[} Classification 25 5= 1 AND GS1= 1 0=1 71.2000 15,6966
[}--[H Clustering

Hinh 3.5 Céc luét khai pha tor ODM (d0 dai lut = 3)
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LUAT CONFIDENCE SUPPORT
0 AND VERY SMALL => 5 99.22481 22.574955
VERY SMALL => 5 97.07603 29.276896
0 AND G51 => 5 90.81633 15.696649
G51 => 5 89.28571 22.045855
VERY LARGE => 0 84.05797 10.229277
0 AND SMALL => 5 81.17647 12.1693125
SMALL => 5 77.30496 19.223986
5 AND VERY SMALL => 0 77.10844 22.574955
VERY SMALL => 0 75.4386 22.751324
0=>5 74.550125 51.146385
1 =>5 73.03371 22.92769
5 AND G51 => 0 71.2 15.696649
Nhén xét:

Khai phd duogc cdc luat trén déu c6 do chac chan 16n. Cdc luat d6 dai
bang 2 da duogc khai phd tir bude trude va c6 dién giai. Dudi ddy chi néu luat
d6 dai hon 2.

I4
A

I. 0 aAND VERY SMALL => 5: Trong s6 DPTNT khong ndp cham thué

7
A

va thudc loai PTNT quy md rat nho thi 99% trong s6 d6 c6 sb
thué phai nop dudi 5 triéu/thang.

2. 0 aND G51 => 5: DTNT chip hanh tét nghia vu Thué va thudc
nganh nghé ‘Bén budn va dai 1y (trir xe ¢6 dong co va motd, xe

mdy)’ thi 90% s d6 ¢6 s6 thué phai ndp hang thang dudi 5 triéu

4
A N

3. 0 aND sMaLL => 5: Trong s& DPTNT khéng ndp cham thué va
thudc loai PTNT quy md nho thi 81% trong s6 d6 c6 sb thué
phéi nfp dudi 5 triu/thang.

4. 5 aND VERY SMALL => 0: DTNT phai ndp thué dudi 5 triéu/thang

va c6 quy md rat nho thi 77% 1a nop thué ding han
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5.5 anpD 651 => 0: 71% DTNT c6 sd thué phai nop dudi 5
triéu/thdng va kinh doanh nganh nghé ‘Ban budn va dai 1y (trir xe

c6 dong co va motd, xe mdy)’ thuc hién tot nghia vy ndp thué.

Mot 6 ¥ nghia tir cdc ludt trén:

DTNT ¢6 quy md nho, rét nho va c¢6 sé thué phai nop dudi 5

tri€u/thdng, dac bi¢t PTNT thudc nganh nghé ‘Ban buodn va dai ly (trir xe cé

dong co va moto, xe mdy)’ s€ khong phai quan tdm nhiéu dén vi¢c doc thic

thu thué, vi PTNT thudc pham vi nay thudng nghiém chinh chap hanh viéc

nop thué.

3.5.

Phan 16p bang hoc ciy quyét dinh

Trong phan 16p bang hoc ciy quyét dinh, sau khi x4c dinh bai toan va

Iira chon dit liéu thi can thyc hién budc tao ra bo dit liéu huin luyén ding dé

xdy dung md hinh, bo dé kiém thtr va danh gid d6 chinh xdc ctia mo hinh. M6

hinh dat duoc do chinh xac chép nhan dugc s€ dugc sir dung vadi bg dir lidu

moi.

Str dung ODM dé phan 16p s& qua céc budc chinh sau:

— Chuan bj 3 b6 dit liéu (xdc dinh thudc tinh phan loai, t6 chiic ctia 3
b0 dit li€u phai twrong ty nhau)

— Thiét lap cac tham s6: Lua chon thuat todn nao, xdc dinh ma tran chi
phi.

— X4y dyng md hinh dwa vao cdc tham s da thiét 1ap. Ngoai ra, chi
1&: Str dung ma tran chi phi nao, thudc tinh khod xdc dinh duy nhat
mdt ban ghi, chi ra thudc tinh dich (1a thudc tinh phan 16p), chi ra bo

dit liéu huan luyén
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— Kiém thir trén bo dir liéu kiém thir: Ap dung mé hinh dé phén loai
trén dit lidu kiém thir va so sdnh véi thudc tinh dich dé d4nh gid d6
chinh xdc. O ddy c6 thé lya chon phan loai ¢ ding hodc khong
dung ma tran chi phi.

— Cubi ciing 1a str dung md hinh néu md hinh c6 d6 chinh xdc chip
nhan duoc: Ap dung md hinh trén dir li¢u chua phan loai, dua ra cic
du bao.

Ap dung phan 16p trén CSDL nganh Thué c6 thé:

— Dung dé du bdo DTNT no thué, phuc vu cho cong tac don dbce thu.

— Diing dé du bdo DTNT nghi ngd vi pham, gian lan... phuc vu cho
cong tac thanh tra Thué.

Nhimng chi tiéu thuong duge 1dy 1am cin cir phan tich phuc vu cong tic

thanh tra Thué gdm nhirng théng tin sau:

— Céc ty suét thé hién kha ning thanh toan, ty suat sinh 10i, ty sut
hiéu qué, co cdu tai san va co cdu ngudn von, ty suat lién quan dén
ké khai thué

— Quy mé doanh nghiép: Quy mé theo doanh thu, ngudn vén, theo Tai
san cb dinh

— X4c dinh rdi ro theo: Quy md cua doanh nghiép, loai hinh doanh
nghiép, theo mirc d6 tudn tha vé ndp thué, hiéu qua san xuat kinh
doanh, tinh hinh ké khai thué ctia doanh nghiép

C6 nhiéu céch phan tich dya trén céc chi tiéu trén. C6 thé tinh toan céc

ty sudt ctia mot doanh nghiép va so sanh voi chinh doanh nghiép d6 qua cic
thoi ky khdc nhau hodc cing so sanh véi ty sudt chuan cia nganh. C6 thé xem
xét ty suat theo nhiéu nam ciia cdc doanh nghiép trong ciing nganh kinh té va
ty sut trung binh nganh theo timg nam. So sanh doanh thu, chi phi cia mdi

doanh nghiép qua cdc ndm va so v6i doanh thu, chi phi trung binh ctuia nganh.
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Thuc té phdi hop duoc nhiéu chi tidu trong phén tich va sé liéu thu thap
dugc cang chinh x4c s€ c6 dugc nhitng nhan dinh c6 do chic chéan cao. Su
phdi hop thong tin giira cdc nganh khac nhau ciing rat quan trong, vi du 13y s6
liéu théng ké nganh nghé tir Cuc Théng Ke.

V61 muc dich khai phd thr nghiém, nhitng bai toan khai pha trong luén
vin c6 thé coi 1a nhitng minh hoa cho kha ning khai pha dir liéu, dé tir d6 phat

trién sau nay vdi sy phan tich day du céc chi ti€u.

3.5.1 Phan 16p PTNT duwa vao so sanh ty suit cic nim

Xdc dinh ngi dung khai pha

Dua vao céch phan tich ty suat cia mot DPTNT qua cdc nim va so sinh
v6i ty sudt chung ctia Nganh, dua ra bai ton: Can ctr vao ty suat Sinh loi cua
mdi PTNT qua hai nim va ty suat Sinh loi cia nganh dé dua ra nhan dinh
DTNT c6 thudc dién can phai xem xét khong.

Ty suét Sinh loi = (Loi nhuan thuan + Chi phi 1ai vay)/Doanh thu thuan

Luwa chon dir liéu

S liéu duoc 1y tir Bdo cdo Két qua hoat dong kinh doanh cia PTNT.

Bio cdo két qua hoat dong kinh doanh:

e Mi sd thué

e [oai bdo cdo

e Nam

e Chi tiéu béo cdo

e S tién

Mi nganh nghé cia PTNT duoc 14y theo dit liéu nganh nghé.

Tién xir Iy div liéu

Lay cdc chi tiéu can thiét dé tinh Ty suat Sinh loi, 13y dit liéu cta 2 nim

2004 va 2005 dé so sanh.
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Tinh toan Ty suét Sinh lgi trung binh ciia nganh trong nim 2004 va
2005.

Dé thir nghiém trén ca cong cu khai phé cta Oracle va See3, s& loc ldy
mot phan nho dit liéu. Va 1dy mot s6 nganh nghé nhu: K70 - Hoat dong khoa
hoc va cong nghé, D26 - San xudt cic san pham tir khodng chat, 160 - Van tai
duong bg, D22 - Xuét ban, in va s4o ban ghi céc loai, C14 — Khai théc than da
va khai thdc mé d4, C10 — Khai thac than cung, than non, than bun, J65 —
Trung gian tai chinh (Trir bao hiém va trg cap huu tri).

Dir liéu cho xdy dung cdy quyét dinh nhu sau:

e Mi s6 thué (TIN)

e Nganh san xuat (chi 14y muc 3 ky ty) (NGANHSX)

e Chénh léch ty suét sinh lg1 gitta 2 nam (SoTSSinhLot1)

e Chénh léch ty suét sinh lgi cia nganh nghé (SoTS)

e Truong phan loai xdc dinh PTNT c6 thudc dién phai xem xét hay

khong (XEMXET)

Thiét dgt cdc tham sé va xdc dinh ma trén chi phi:

Ma tran chi phi:
Chi phi Duy béo can xem xét 1 Du bdo khong xem xét O
Xem xét (thyc t&) 1 0 5

Khong xem xét

(thuc té) 0 1 0

Chon sir dung thuét toan ciy quyét dinh
Tao mo hinh:

Day chinh 12 budc xay dung ciy quyét dinh
Kiém thir, d4nh gid md hinh:

— Ap dung trén dit liéu kiém thir
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— DPénh gid dg chinh xac khi dung ma trén chi phi va khi khong dung

Thuec hién trén di ligu nganh Thué, ¢é két nhw sau:

D0 chinh xéc khi khong dung ma tran chi phi va dung ma tran chi phi
12 nhu nhau va bang 80%.

Cay quyét dinh nhu sau:

5o0T535inhLoi
==-0.00168

KemXet =1 HemXet=10

Hinh 3.6 Ciy quyét dinh ding ODM — Bai todn phan tich ty suit

Nhin xét:

Két qua trén cho thdy: Vi nhitng nganh nghé duoc chon & trén déu c6
mot muc chung cho viéc phan 16p. Néu DTNT ¢6 ty sudt sinh lgi nim sau
giam so v6i nim trude & mot mirc nao d6 thi s& phai xem xét lai PTNT d6. O
day mirc phai xem xét 12 muc -0.00166, nghia 13 ty sudt sinh loi cta cdc
nganh dang xét néu nam 2005 giam di 0.00166 so véi ty sudt sinh loi cua
ciing DTNT trong nim 2004, DTNT s& duoc xép vao loai can xem xét.

Thuc té DTNT c6 ty suét sinh lgi gidm ¢ mot muc nao do, trong khi
mirc chung ctia nganh 12 phdt trién, ty suat sinh loi ting hang nim thi can phai
xem xét.

Ap dung ciing so6 liéu nay véi cong cu See5 ta cé két qud sau:

Ty 18 13i 12 8%, nghia 12 chinh xdc 82% - cao hon so véi thyc hién bang

ODM. Cay quyét dinh nhu sau:
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KemXet=10

KemXet=0 Kemxet =1

Hinh 3.7 Cay quyét dinh diing See5 — Bai todn phan tich ty suat

C6 thé thay cong cu demo dung ciy chi tiét hon, do chinh xdc ciing cao
hon. Tuy nhién vé&i cong cu khai pha trén dit liéu 16n s& c6 nhiing xem xét dé
can dbi gitta d6 phuc tap cua ciy véi do chinh xdc.

V6i ciy quyét dinh sinh bang See5 c¢6 thé phat biéu két qua nhu sau:

Néu chénh 1éch ty suét sinh loi cia PTNT so v6i nam trudc giam di
0.0029 thi van chua cin xem xét. Néu chénh 1éch nay giam nhiéu hon 0.0029
thi can xem xét dén Chénh 1éch ty suét sinh lgi ctia nganh.

Néu ty suat sinh loi ciia nganh so véi nim trudc c¢é giam nhoé hon
0.0108 thi DPTNT khong can xem xét, néu so v6i nam trude ty sut sinh loi

nam nay giam hon 0.0108 thi cin xem xét DPTNT d6.

3.5.2 Phan 16p PTNT theo s6 liéu ciia mot nim

Xdc dinh ngi dung khai pha
So sdnh s6 liéu cia DPTNT trong mdt ndm va so véi sd binh quén tuong
ung cua nganh.

Cic chi tiéu xem xét, 14y tir Bdo cdo két qua kinh doanh ctia DPTNT:
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— Ty suét sinh 10i = (Loi nhuan thuan kinh doanh + Chi phi ldi vay) /
Doanh thu thuan.
— Tbng doanh thu = Doanh thu thuin ban hang va cung cap dich vu +
Doanh thu hoat dong tai chinh + Thu nhap khac
— Chi phi = Chi phi tai chinh + Chi phi bdn hang + Chi phi quéan ly
doanh nghiép + Chi phi khac
Lwa chon dir liéu
S4 liéu duge léy tr Bdo cdo Két qua hoat dong kinh doanh cua DTNT.
Mai nganh nghé cia PTNT dugc 14y theo dit liéu nganh nghé.
Tién xir Iy div liéu
L4y céc chi tiéu can thiét dé tinh Ty suat Sinh lgi, Tong doanh thu, Chi
phi trong mdi nim.
Tinh todn chi tiéu trung binh cta nganh: Ty suit Sinh lgi trung binh,
doanh thu trung binh, chi phi trung binh cua nganh trong tirng nam.
Ciing thtr nghiém trén ca See3, s& loc 14y mot phan nho dit liéu. Va lay
mot s6 nganh nghé nhu véi bai todn trén (cic nganh san xuat: K70, D26, 160,
D22, C14, C10, J65).
Dit liéu cho xay dung cdy quyét dinh nhu sau:
e Mi sb thué (TIN)
e Nganh san xuat (chi iy muc 3 ky ty) (NGANHSX)
e Ty suét sinh loi (TS)
e Tbng doanh thu (DT)
e Chi phi (CP)
e Truong phan loai xdc dinh PTNT c6 thudc dién phai xem xét hay
khong (XEMXET)
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Dir liéu dugc dé trong 2 view twong tng véi 3 bo dit liéu dé xay dung,

kiém thtr va dp dung véi dit liéu méi: tr_SolNganh_Build_v,

tr_SolNganh_Test_v,

tr_SolNganh_Apply_wv.

Thiét dgt cdc tham sé va xdc dinh ma trén chi phi:

Ma trén chi phi:
Chi phi Du b4o can xem xét | Dy bdo khong xem xét
1 0
Xem xét (thyc t&) 1 0 5
Khong xem xét
(thyc té) 0 1 0

Chon st dung thuét toan cdy quyét dinh

Tao mo hinh:

Xay dung cdy quyét dinh tr tr_SolNganh_Build_v.

Kiém thir, danh gid mo hinh, dp dung trén: tr_SolNganh_Test_v

Két qua:

— Ap dung trén dir liéu kiém thtr (khong ding ma tran chi phi): dat do

chinh xdc 80%. Véi két qua:

Gid tri thyc Gid tri du bdo S6 luong
0 0 20
1 0 5

— Ap dung trén dir li¢u kiém thtr (c6 dung ma tran chi phi): dat do

chinh xdc 96%. Véi két qua:
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Gid tri thyc Gid tri du bdo S6 lugng
0 0 19
0 1 1
1 1 5
Cay quyét dinh nhu sau:

TS
==0.00939

HemXet=10 XemXet=1

Hinh 3.8 Cay quyét dinh ding ODM — Bai to4n xét s6 liéu mot nim

Nhin xét:

Cong cu khai phd ODM da dya vao két qua va xac dinh thudc tinh kiém
tra duy nhét 1a TS (ty suét sinh loi) 1am diéu kién cho xdy dung ciy quyét
dinh.Véi két qua trén: Voi nhitng nganh nghé dang xem xét déu c6 mot mirc
chung cho viéc phan 16p. Néu DTNT c6 ty suét sinh 1oi so v6i ty sudt sinh loi
chung cta nganh 13 nho hon 0.00939 thi khéng can xem xét DTNT d6.
Truong hop nguoc lai cin phai xem xét lai PTNT.

Ap dung ciing sé liéu nay véi cong cu See5 ta cé két qud sau:

Ty l¢e 161 12 1.3%, nghia la chinh xéac 89.7% - van 12 cao hon so véi thuc

hién bang ODM. Ciy quyét dinh nhu sau:
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YV Mo

Hemxet = 1 Hemxet = 1

Memxet = 0f KemXet=10

XemXet =1 Xemxet = 1

Hinh 3.9 Ciy quyét dinh ding See5 — Bai todn phén tich trong nim

Nhdin xét:

C6 ciing nhan xét v4i bai todn trén, xay dung cdy bang See5 s& chi tiét
hon, thuét todn quan tim x4y dung dding v6i mau huén luyén nhit nén s& cé
cay két qua phirc tap hon.

Vi cay quyét dinh sinh bang See5 c6 thé phat biéu két qua nhu sau:

Néu chénh l&ch ty suét sinh loi ciia DPTNT so véi ty suét sinh loi chung
it hon 0.0084 thi chua phai xem xét. Truong hop it nhiéu hon 0,0081 so véi ty
sudt sinh lgi chung thi can tiép tuc xem xét. Cdc xem xét tiép sau s& thyuc hién
v6i nganh san xuat. Néu nganh trong s6 K70, D22, 165, va nganh = D36 thi
khong can xem xét. Nganh C14 s& phai xem xét.

Truong hop nganh san xuét 1a 160 thi can xét tiép dén Chi phi (CP).
Con nganh san xuat 1a C10 thi xem xét tiép Ty suét sinh loi chung ctia nganh

(TS).
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Thuyec té, viéc phdi hop nhiéu chi tiéu va sé théng ké trén nganh chinh
xé4c, thém vao cdc két qua thuc té da thanh tra tai cic DPTNT hoac cic nhan
dinh chinh xdc ctia nhitng cén bg thanh tra c6 kinh nghi¢m s€ cho phép xay
dung dugc mo hinh phén 16p hoan chinh hon. M6 hinh chinh xéc cao s€ giip

nang cao hi¢u qua cong tac quan ly Thué.
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CHUONG 4. KET LUAN

Vi ndi dung Nghién ctru va dp dung mot s ki thuat khai phd dir liéu
trén CSDL nganh Thué Viét Nam, luan vian 13 budc khai dau tim hiéu cic bai
toan khai phd dit liéu, tim hiéu nhitng van dé cin quan tdm khi khai phd dir
lidu dé tir d6 c6 thé dua vao dp dung trong thuc té.

Trong khuon kho luan van chua thé thir nghiém khai phé, dp dung
nhiéu k¥ thuat khai phd. Luan van chi ding lai & muc dp dung chu yéu khai
pha luat két hop va ki thuat phan 16p trén CSDL nganh Thué. Mic du két qua
khai phd chua mang nhiu y nghia thuc t& nhung ciing da dem lai ¥ nghia ban
dau cua viéc dp dung céc ky thuat khai pha dé phat hién ra nhing tri thirc tir
CSDL.

Nhiing két qua ma luan van da dat duogc:

1. Tim hiéu céc chirc nang va k¥ thudt co ban trong khai pha dir liéu.
Nim duoc cic truong hop dp dung.

2. Do diéu kién thoi gian chwa cho phép di sau nghién ctru k¥ tat ca céc
k¥ thuat khai ph4 dit liéu, luan vin moi tap trung tim hiéu chi tiét dbi voi chirc
ning khai phd luat két hop va khai phd bang hoc ciy quyét dinh. Nam duoc
céc thuat todn, so sanh hi¢u nang cua cdc thuat toan, cic van dé quan tam khi
cai tién thuét todn khai pha luat két hop, cic thuat todn moéi ddm bao hi¢u
nang.

3. Ap dung thir nghiém mot s6 khai pha dir liéu trén CSDL nganh
Thué. Qua d6 c6 duoc nhirng kinh nghiém ban dau khi khai ph4 tri thtc trén
dir licu thuc:

a) Cong viéc chuin bi dir liéu 1a mdt cong viéc rat quan trong va

mét nhiéu thoi gian. Thudng thi dit liéu thyc 1udn c6 nhitng van dé phai xir 1y
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nhu dit liéu thiéu, tham chi CSDL thiéu han nhiing thong tin quan trong can
cho khai pha.

b) Viéc két hop véi cic chuyén gia phan tich 1 rat quan trong dé
xédc dinh duoc ding cdc thudc tinh du bdo ciing nhu dua ra yéu cau can thiét

vé thudc tinh dich va x4c dinh c4c ngudng gid tri quan trong.

HUONG NGHIEN CUU TIEP THEO

1. Tim hiéu, nghién ctru khai thdc rong va sdu hon cic tri thic vé 1y
thuyét co ban cta khai phd dir liéu dé c6 thé van dung vao thuc tién chinh xic
hon

2. Thtr nghiém va ddnh gid k¥ hon cac thuat todn trén dit licu 16n

3. Khai phd dir liéu trén kho dit liéu véi céc luat két hop da chiéu, nhiéu
murc

4. Céc hudng hiéu chinh s6 liéu

6. Tim hiéu cong cuy hd tro hién thi két qua ¢ dang dd hoa (d6 thi, biéu
dd...)

7. Thuyét phuc khoi dau du 4n xdy dung hé thdng phan tich thong tin
phuc vu quan ly thué, don dbc ng va thanh tra kiém tra. Trong dy 4n s€ c6 su
phéi hop chit ché voi chuyén gia phan tich nghiép vu trong cdc budc chuén bi

khai ph4 dit liéu va dénh gi két qua.
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PHU LUC

Mot s6 mé ctia phan khai phé dif liéu trén CSDL nganh Thué:
Khai pha luat két hop:
1. Chuan bj dit ligu
drop table tr_dondoc;
create table tr_dondoc as
(select a.tin, a.nganhsx,
a.tongDT/12 DT, PhaiNop/12 PN, 0 nopcham
from tr_tysuat a
where nam=2005) ;
--567 recs
update tr_dondoc a
set nopcham = 1

where exists (select tin from tr_nopcham b

where b.tin = a.tin and
to_char (b.ngay_bdau, 'rrrr')="'2005");
commit;
--178 recs

EXPORT - IMPORT VAO SH

drop table tr_dondocl;

create table tr_dondocl as

(select tin, nganhsx,

decode (sign(dt - 100000000),-1, '"VERY SMALL',
decode (sign(dt - 500000000),-1, 'SMALL",
decode (sign(dt - 1000000000),-1, '"MEDIUM',
decode (sign (dt-5000000000), -1, "LARGE ",

'VERY LARGE')))) DT,

decode (sign (round (PN/1000000) - 5), -1, '5'
decode (sign (round (PN/1000000) - 10), -1, '10",
decode (sign (round (PN/1000000) - 20), -1, '20",

decode (sign (round (PN/1000000) - 30), -1, '30",
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decode (sign (round (PN/1000000) - 50), -1, '50",
decode (sign (round (PN/1000000) - 100), -1, '100",
decode (sign (round (PN/1000000) - 500), -1, '500",
decode (sign (round (PN/1000000) - 1000), -1, '1000",
decode (sign (round (PN/1000000) - 5000), -1, '5000",
'>5000"))))))))) PN, nopcham
from tr_dondoc) ;
2. Chuyén vé ding khuon dang cho khai ph4 luét két hop
drop table tr_dondoc?2;
create table tr_dondoc2 as
(select tin, nganhsx, 1 has_it
from tr_dondocl
union
select tin, dt, 1 has_it
from tr_dondocl
union
select tin, to_char(pn) pn, 1 has_it
from tr_dondocl
union
select tin, to_char (nopcham) nopcham, 1 has_it

from tr_dondocl);

GRANT SELECT ON TR _dondoc2 TO DMUSER;

DROP VIEW TR_dondoc ;
CREATE VIEW TR dondoc AS
SELECT * FROM sh.tr_dondoc?2;

DROP VIEW TR_dondoc_AR;
CREATE VIEW TR dondoc_ AR AS
SELECT TIN,

CAST (COLLECT (DM_Nested_Numerical (
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SUBSTRB (nganhsx, 1, 10), has_it))
AS DM_Nested_Numericals) tinnganhsx
FROM tr_ dondoc
GROUP BY TIN;

3. Thiét d4t cdc tham so
BEGIN EXECUTE IMMEDIATE
'DROP TABLE ar_dondoc_settings';
EXCEPTION WHEN OTHERS THEN NULL; END;
/
set echo off
CREATE TABLE ar_dondoc_settings (
setting_name VARCHAR2 (30),
setting_value VARCHAR2 (30));

set echo on

BEGIN
INSERT INTO ar_dondoc_settings VALUES
(dbms_data_mining.asso_min_support,0.1);
INSERT INTO ar_dondoc_settings VALUES
(dbms_data_mining.asso_min_confidence,0.1);
INSERT INTO ar_dondoc_settings VALUES
(dbms_data_mining.asso_max_rule_length, 2);
COMMIT;

END;

4. Xay dung md hinh

BEGIN DBMS_DATA_MINING.DROP_MODEL ('AR_dondoc_nghe');

EXCEPTION WHEN OTHERS THEN NULL; END;

/

BEGIN
DBMS_DATA_MINING.CREATE_MODEL (

model name => 'AR_dondoc_nghe',

mining_function => DBMS_DATA_ _MINING.ASSOCIATION,
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data_table_name => 'TR_dondoc_AR"',
case_id_column_name => 'TIN',
settings_table_name => 'ar_dondoc_settings');

END;
/
5. LAy két qua khai phd
Danh séch frequent itemsets:
SELECT item, support, number_of_items
FROM (SELECT I.column_value AS item,
F.support,

F.number of items
FROM
TABLE (DBMS_DATA_MINING.GET_FREQUENT_ITEMSETS (
'"AR_dondoc_nghe', 10)) F,
TABLE (F.items) I

ORDER BY number_of_items, support, column_value);

Danh sach cac luat:
SELECT ROUND (rule_support, 4) support,
ROUND (rule_confidence, 4) confidence,
antecedent,
consequent
FROM TABLE (DBMS_DATA_MINING.GET_ASSOCIATION_RULES
('"AR_dondoc_nghe', 10))
ORDER BY confidence DESC, support DESC;

Phan 16p, du bao bang cAy quyét dinh:
1. Chuén bi dit liéu
create table tr_sinhloi as

(select a.tin, a.nganhsx, sotssinhloi, SOTS, 0 xemxet




110

from tr_so_1DT a, SoNganh b

where a.nganhsx = b.nganhsx);

create table tr_So1Nganh as
(select a.tin, a.nganhsx, a.nam, (b.ts_nganh - a.tssinhloi) ts,
(b.DTnganh - a.TongDT) DT,
(a.ChiPhi - b.ChiPhiNganh) CP, 0 xemxet
from tr_tysuat a, tr_nganh2004 b
where a.nam=2004 and a.nganhsx=b.nganhsx
union
select a.tin, a.nganhsx, a.nam, (b.ts_nganh - a.tssinhloi) ts,
(b.DTnganh - a.TongDT) DT,
(a.ChiPhi - b.ChiPhiNganh) CP, 0 xemxet
from tr_tysuat a, tr_nganh2005 b
where a.nam=2005 and a.nganhsx=b.nganhsx);

2. Tao ma tran chi phi
DROP TABLE dt_sh_NOP_cost;
CREATE TABLE dt_sh_NOP_cost (

actual_target_value NUMBER,
predicted_target_value NUMBER,
cost NUMBER) ;

INSERT INTO dt_sh_NOP_cost VALUES (0,0,0);
INSERT INTO dt_sh_NOP_cost VALUES (0,1,1);
INSERT INTO dt_sh_NOP_cost VALUES (1,0,5);
INSERT INTO dt_sh_NOP_cost VALUES (1,1,0);
COMMIT;

3. Thiét 1ap cac tham s

DROP TABLE dt_sh_BTC_settings;
CREATE TABLE dt_sh_BTC_settings (




111

setting_name VARCHAR2 (30),
setting_value VARCHAR2 (30));
BEGIN
—-— Populate settings table
INSERT INTO dt_sh_BTC_settings VALUES
(dbms_data_mining.algo_name,
dbms_data_mining.algo_decision_tree);
INSERT INTO dt_sh_BTC_settings VALUES
(dbms_data_mining.clas_cost_table_name,
'dt_sh_NOP_cost');
COMMIT;
END;
/
4. Tao mod hinh
BEGIN
DBMS_DATA_MINING.DROP_MODEL ('DT_SH _Clas_TSIDT");
EXCEPTION WHEN OTHERS THEN NULL;
END;
/

BEGIN
DBMS_DATA_MINING.CREATE_MODEL (

model_ name => 'DT_SH_Clas_TS1DT',
mining_function => dbms_data_mining.classification,
data_table_name => 'tr_so_1DT_v',

case_id_column_name => 'tin',

target_column_name => 'xemxet',

settings_table_name => 'dt_sh_BTC_settings');
END;
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TOM TAT LUAN VAN

Khai phé dir liéu thuc sy ngay cang tré nén quan trong va cap thiét,
nhit 12 v6i nhitng noi nam giit lwong dir lidu khong 16. Kho dir liéu nganh
Thué dugc luu gitt qua nhiéu nim, khdm phd nhimg tri thiic tiém 4n trong
nhitng dit liéu nay chic chin s& hd tro khong nho cho cong tic quan 1y Thué.
Nghién ctru nhitng chirc nang khai pha dir liéu va thtr nghiém kha nang ap
dung trén CSDL nganh Thué chinh 12 muc dich chinh ctia Luan van.

Qua tim hiéu nhitng chtic ning co ban cta khai phd dit liéu, luan vin
tap trung hon vao nghién ctru cdc ki thuat khai phd luat két hop va phan 16p
bang hoc cdy quyét dinh. Hiéu dugc cédc thuat todn hiéu qua gan ddy, tir d6
nam dugc nhitng diém chinh cin quan tim giai quyét trong mdi k¥ thuat khai
phd, nhu: Xt 1y dit lidu thiéu, cit tia giam kich thudc, giam 1an duyét CSDL.

Lya chon cong cu Oracle Data Mining (ODM) cuia Oracle dé khai pha
tri thie trén CSDL nganh Thué. Thuc nghiém khai phé luat két hop thé hién
mdi lién quan giita nganh nghé kinh doanh ctia DPTNT, quy mé doanh nghiép,
doanh thu trung binh, murc thué phai ndp vdi ¥ thirc chap hanh nghia vu nop
thué. Tiép theo 4p dung phuong phdp phan 16p bang ciy quyét dinh dé phan
16p va du bdo trén CSDL nganh Thué: Phan 16p PTNT dya vao mét sb chi
tiéu phan tich (nganh nghé, ty suat sinh loi, tong doanh thu, chi phi, thué phai
ndp) dua ra phan loai trén thudc tinh dich tra 161 cau hoi PTNT c6 thude dién
nghi ngd vi pham vé Thué khdng-1a tri thirc trg givip thanh tra Thué.

Cic tri thic khai phd thuc nghiém chic chan con nhiéu thiéu sét, rat
mong nhan dugc gép ¥ tir cdc thly cd va cic chuyén gia Thué. Hy vong khai
phd dugc hoan thién trong dy 4n khai phd dir liéu Thué phuc vu cong tac
Thanh tra — noi hoi du yéu td thanh cong: Két hop chat ché gitta ky thuat voéi
cac chuyén gia nghi¢p vu - c¢6 kinh nghiém quy bau lam can cir khdm pha tri

thuc.
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