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TOM TAT

Co so dir liéu va khai pha dir li¢u 1a nhitng hudng phét trlen rit quan trong trong linh vuc
cong ngh¢ thong tin (CNTT). Vé thyc chét dir liéu dong vai tro nén tang nhét trong qud trinh xur
Ii thong tin trén hé thong mady tinh. L{ thuyet co s& dit liéu va viéc ing dung 1i thuyet nay vao
thyc tién da dwoc phit trién va dat dugc nhiéu thanh tyu ngay tir nhitng nam 80 thé ki trude. V&
ban chat Ii thuyet co s& dit liéu cung cdp cho ching ta nhitng tri thirc quan trong nhat lién quan
dén van dé to chuc, thiét ké va xay dung céc hé thong quan tri co so dit lidu. Trén nén tang
nhitng két qua dat duogc trong 1i thuyét nay, cic hang mdy tinh ciia thé gidi nhu IBM, Microsoft,
Oracle, Apple ... dd xdy dung nhitng hé thong quén tri co s& dir liéu thuong mai ban khép noi
trén thi trudng toan ciu nhu SQL, Oracle, IBM DB2. vé mot khia canh nao d6, hién nay, trong
moi hoat dong nhan loai da tich liiy mot khdi luong khong 15 dit liéu. Tuy vay, tri thic thi lai
quid nho bé. Chinh vi thé, hién nay, hudng nghién ctru vé& phdt hién tri thic tir dir liéu
(Knowledge Discovery from Data) 1la mdt hudng phat trién rat manh m&. Mot khau dic biét then
chét trong qud trinh phét hién tri thuc tr dir liéu nay la khai phd dir liéu (Data Mining) dé thu
nhan tri thirc. Do d6, hudng nghién ciru vé cdc phuong phdp khai phé dir liéu 1a mot huong rat
co ban trong linh vuc CNTT. Trong bai bdo nay, ching t6i trinh bay mot s6 két qua nén tang vé
vén d8 tinh todn, thuc chat 12 van dé thuat todn, trong linh vuc co s¢ dit liéu va khai pha dit lidu.

Tur khéa: co sé dir li€u, khai pha dir li¢u, hé thong quan tri co s¢ dit li€u, phat hién tri thirc tr dix
liéu, van dé tinh toan, thuat toan

1. MO PAU

Co s dir liéu (CSDL) 1a mét trong nhimg linh vie dugc tap trung nghién clru va phat trién
cua cong nghé thong tin, nhim giai quyet céc bai todn quan i, tim kiém thong tin trong nhitng hé
thong 16n, da dang, phuc tap cho nhiéu nguoi st dyng trén mdy tinh dién tu. Cung voi su ting
dung manh m& cong nghé thong tin vao doi song xa hoi, kinh té, quoc phong ...Viéc nghién ctu
CSDL d3 va dang phat trién ngay cang phong phu va hoan thién. Tur nhitng ndm 70, m6 hinh dir
liéu quan hé do E.F. Codd dua ra voi cau tric hoan chinh da tao 1én co sé nén tang cho céc van
dé nghién ctru If thuyét vé CSDL. Vi uu diém vé tinh cau tric don gian va kha nang hinh thirc
hoa phong phi, CSDL quan hé dé dang mo6 phong cic hé thong thong tin da dang trong thuc
tién, tao diéu kién luu trit thong tin tiét kiém, c6 tinh doc 1ap dir liéu cao, d& sira ddi, bd sung
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cling nhu khai thac dir liéu. Mat khéc, viéc khai thac va dp dung cédc ki thuét td chirc va sir dung
b nhé cho phép viéc cai dat cic CSDL quan hé dua lai hi€u qua cao va lam cho CSDL quan hé
chiém uu thé hoan toan trén thi trudong.

Nhiéu hé quan tri CSDL dya trén md hinh dit liéu quan h¢ da duoc xay dung va dua vao su
dung rong rdi nhu: DBASE, FOXBASE, FOXPRO, PARADOX, ORACLE, MEGA, IBM DB2,
SQL.

Mo hinh dit liéu quan hé dit trong diém hang dau khong phai 1a khai thdc cac tiém ning
clla mdy ma ¢ sy mo ta truc quan dit liéu theo quan diém cua nguoi dung, cung cap mot md hinh
dir liéu don gian, trong sdng, chit ché, d& hiéu va tao kha nang ty dong ho4 thiét ké CSDL quan
hé. C6 thé ndi 1i thuyet thiét k& va cai dat CSDL, nhét 12 mo ‘hinh dr liéu quan hé da phat trién Y
murc d6 cao va dat dugc nhitng két qua sdu sic. Hang loat van dé di dwoc nghién ctru giai quyét
nhu:

- Li thuyef:t thiét ké CSDL, cdc phuong phdp tich va tong hop cic so d6 quan hé theo tiéu
chuan khong ton that thong tin hay bao toan tinh nhat thé cua céc rang budc trén dir li€u .

- Céc loai rang budc dir lidu, cu triic va cdc tinh chét ctia ching, ngit nghia va kha nang 4p
dung phu thudc dit li€u vi du nhu phy thudc ham, phu thude da tri, phy thude Kkét néi, phu thude
logic...

- Céc van dé t6i uu hod: 6 muc vat Ii trong viéc t6 chirc quan If céc tép; & muc duong truy
nhap voi céc tép chi 56 hay cic danh sich sap xép; & muec logic trén co s& rit gon céic biéu thirc
biéu dién céc cau hoi, ...vv.

Trong bai bdo nay ching toi trinh bay mot s van dé thudt todn phuc vu viéc thiét ké tong
thé cac hé¢ thong CSDL hién nay.

Sy phét trién nhanh chéng cic ing dung cong nghé thong tin va Internet vao nhiéu linh virc
doi séng X hoi, quan Ii kinh té, khoa hoc ki thuat, da tao ra nhidu co so dir liéu khéng 16. Bé
khai thdc hidu qua ngudn thong tin tir cdc co s& dif lidu 16n, hd tro tién trinh ra quyét dinh, bén
canh cdc phuong phap khai thac thong tin truyen thong, cac nha nghién ctu da phat trién céc
phuong phdp tim kiém céc tri thtrc.

Theo danh gid cua IBM, cac phuwong phdp khai thdc thong tin truyén thdng chi thu dugc
khoéng 80 % thong tin tir co so dir ligu, phan con lai bao gom cdc thong tin mang tinh khai quat,
thong tin c6 tinh quy luat Van con dang tiém an trong dir liéu. Luong thong tin nay tuy nho
nhung 12 nhitng thong tin c¢dt 151 va can thiét cho tién trinh ra quyét dinh.

Khai phd dir liéu (KPDL) la mét linh vyc quan trong cia nganh CNTT. Day 1a mot trong
nhitng linh vuc phét trién rat soi dong cia CNTT.Trén thuc té, hién c6 nhiéu phuong phap
KPDL nhu phan cum dir liu, cay quyet dinh, thong ké, mang noron, phan 16p dir li¢u, phuong
phép sinh luét két hop, phuong phdp sir dung 1i thuyét tap tho,... Trong bal bdo nay ching t6i
trinh bay mot s6 van dé tinh téan lién quan dén hai phuong phap rit nén tang cua KPDL 1a
phuong phdp sinh lut két hop va phuong phép sir dung i thuyét tap tho.

Cho dén nay c6 rat nhiéu tic gia da nghién ciru va phat trién phuong phép sinh luat két hop.
K& tir khi Agrawal [1] d& xuat 1an dAu vao nam 1993 dén nay, khai ph4 tap muc thuong xuyén da
¢6 hang tram két qua nghién ctru duoc céng bd. Trong qua trinh sinh luat két hop, khai phé tap
muc thudng xuyén déng vai trd then chdt nhat. Khai pha tap muc thuong xuyén di c6 nhiéu céch
thirc mé rong va tng dung, tir thay ddi phuong phdp luan dén thay d6i da dang cac kiéu dit liéu,
mo rong cdc nhiém vy khai phé va da dang cdc ing dung méi. Nam 2003, Tao va cdc dong su dé
xuét viéc sinh luat két hop c¢6 trong s6 [2]. Trén co sé thuat téan Apriori hg da dua ra mot thuat
téan tim tdp muc thudng xuyén cd trong s6. Nam 2008, Khan va céc déng su da md rong
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phuong phép nay dé sinh ludt két hop [3]. Mot sb téc gia da nghién ctru trén cic co so dit liéu
giao tic gia tang [10,23], thuc chét 12 tip cdc muc va tap cdc giao tic déu cho phép thay dbi. Mot
hudng nghién ctru khéc 1a tng dung 1i thuyét tdp mo trong viéc sinh ludt Kkét két hop ciing duoc
nhiéu tic gia quan tam [9,21].

M6 hinh khai pha tap muc thuong xuyén co ban c6 nhiéu tmg dung trong thyc te nhung cé
nhimg han che khong dép ing day dii yéu cau ctia nguoi sir dung. Dé ddp g yéu ciu cia thuc
tidn, mot s6 hudng mé rong bai toan da dugc quan tam nghién cru. Mot hudng mo rong bai todn
¢6 rét nhiéu ung dung la quan tam dén cau tric dir liéu va mirc do quan trong khac nhau cta cac
muyc dir liéu, cdc thudc tinh trong co s¢ dit lidu. Theo hudng nay, tir bai toan khai phd tap muc
thuong xuyén ban dau, nhidu nha nghién ctru dé xuét cic mod hinh m¢ rong: khai phd tap muc cbd
phan cao, ddnh gid sy déng gép cua tap muc dir liéu trong tong sé cac muc dit lidu cua co so dit
liéu; khai pha tap muc lgi ich cao, danh gia loi ich ma tap muc dit liéu mang lai trong co s¢ di
liu [34, 35].

Trén thé gidi, cac két qua nghlen ctru vé khai phé tap muc b phan cao, khai pha tdp muc
loi ich cao dd duoc cong bd nhiéu tir cdc nhém nghién ciru tai mot s6 truong dai hoc & My,
Canada, Uc, Pai Loan, Singapore [19, 35]. Pa ¢6 cdc hoi thao qudc té riéng vé khai ph4 dit lidu
dua trén loi ich (Workshop on Utility-Based Data Mining): hdi théo 1an thtr nhat t6 chirc tai Chicago,
Mlinois, My vao thang 8 nim 2005, 1an thi hai t6 chirc cling v6i hdi thao vé khdm pha tri thirc tai
My vao thang 8 ndm 2006 [25, 35]. Khai phd tap muc 1oi ich cao 1a sy khai quét cta khai pha b
phé‘m cao va thuc sy 1a mét linh vuc dang thu hut nhiéu nha nghién cru tham gia.

Li thuyét tap thd do Z. Pawlak [27] d& xudt vao nhitng nim dau thap nién tim muoi ciia
thé ki hai muoi - duge xem 12 cong cu hitu hidu dé giai quyét cdc bai todn phén 16p, phat hién
lut...chira dir liéu mo hd khong chic chén. Tir khi xuét hién, 1 thuyét tap tho da duoc sir dung
hiéu qua trong cdc budc cua qua trinh khai pha dir liéu va kham pha tri thirc, bao gom tién xir If
56 ligu, trich loc cdc tri thie tiém an trong dir li¢u va danh gia két qua thu duogc. Viéc su dung i
thuyet tap tho vao khai pha dir liéu thu hat nhiéu nha khoa hoc. Mot trong nhimg nhanh quan
trong cua huong nghién ciru nay la nghién ctru viée rit gon thudc tinh trén bang quyet dinh.
Muc tiéu cua rit gon thudc tinh trong bang quyét dinh la tim tap thudc tinh rat gon (goi tat 1a 1Gp
rit gon) ma bao toan thong tin phén 16p cua bang quyet dinh. Véi bang quyét dinh cho trudc, sd
Iuwgng céc tap rit gon céd the la ham s6 mi theo s6 thudc tinh diéu kién. Tuy nhién, trong thyc
hanh khong doi héi tim tit ca cdc tap rat gon ma chi can tim duoc mot tap rit gon t6t nhat theo
mdt tiéu chuan danh gid ndo d6 1a di. Vi vdy, mdi phuong phép rit gon thudc tinh déu dua ra
dinh nghia tap rat gon va xay dung thudt todn heuristic tim mdt tdp rit gon t6t nhat theo tiéu
chuén danh gid chatr lwong phan 16p ciia thudc tinh, cdn goi 14 do quan trong ciia thuge tinh.
Mot s6 phuong phédp dang chi y 1a: phuong phép st dung mién duong [4, 27], phuong phép st
dung entropy Shannon [36], phuwong phap st dung entropy Liang [23, 26].

2. MOT SO KHAI NIEM CO BAN

2.1. Mot so khai niém vé co sé dir liéu

Mot co so dir liéu 1a mot hé théng cic file dit liéu, mdi file nay c6 cAu tric ban ghi khac
nhau, nhung vé mit ndi dung cé quan hé véi nhau. Mot hé quan tri co so dit liéu 1a mot hé théng
quan I va didu hanh céc file dit liéu. Trén thuc té ¢ nhiéu mo hinh dit liéu. Song md hinh di
liéu quan hé do E.F. Codd dé xuét da phét trién manh m& nhat ké ca vé mat 1i thuyét 14n tmg
dung trong thyc tién.
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M0 hinh dit liéu quan h¢ 1a mot cong cu rat tién loi dé mo ta ciu tric logic cua céc co s&
dir liéu. Nhu vdy, & mirc 16gic mé hinh nay bao gdm céc file duwoc biéu dién dudi dang cic
bang. Do d6 don vi cia CSDL quan hé¢ 1a mot bang, trong d6 cic dong cua bang 1a cic ban ghi
dir liéu cu thé, con tén cdc cOt 1a cac thudc tinh.

Theo cach nhin ctia nguoi st dung thi mot co s& dit liéu quan hé¢ 1a mét tdp hgp cac bang
bién ddi theo thoi gian.

Trong muc nay, ching ta trinh bay nhiing khéi niém co ban vé mod hinh di liéu quan hé.
Nhitng khéi niém nay c6 thé tim thay trong [8,15,16,17,20].

DPinh nghia 1. (Quan h¢, bang) 3 y
Cho R = {a; _ a,} 1a mdt tdp hitu han va khong rong céac thudc tinh. Moi thudc tinh a; c6

mién gid tri 1a D,;. Khi d6 r 1a mét tdp cic bo {hy, ..., hn} duoc goi la mot quan hé trén R véi by (§
=1,..m) la mot ham:
hji R —>uDy;
a,e R

sao cho: h; ( al) e Dy,
Chting ta c6 thé biéu dién quan hé r thanh bang sau:

a a a,
hl hl(al) hl(az) .............. hl(an)
hz hz(al) hz(az) .............. hz(an)
B B D) e hoa)

Pinh nghia 2. ( Phu thudc ham )

Cho R = {a,...,a,} 1a tap céc thudc tinh, r = {h,,...,h;;} 1a mot quan hé trén R, va A, B c R.
Khi d6 ching ta n6i A xac dinh ham cho B hay B phu thugc ham vao A trong r (Ki phip A

f

—>B) néu
r
(V hihj € 0)((V a€ A)(hi(a)=hj(a)) = (V b € B) (hi(b)=hy(b)))
batF.={ (A, B): ABCR, A i > B }. Lic d6 F, duogc goi la ho dﬁy du cac phy thude
r
ham cuar.

Khéi niém phu thudc ham miéu td mot loai rang budc (phu thudc dir liéu) xdy ra tu nhién
nhat giita cdc tap thudc tinh. DU hién nay da c6 nhicu loai phy thudc dir liéu dugc nghién ctu,
song vé co ban cac hé quan tri co sd dit liéu 16n st dung phu thudc ham.

DPinh nghia 3.
Phu thugc ham (PTH) trén tép cac thudc tinh R 1a mot day ki ty c6 dang A — B, & day

A,B c R. Chingtanéi PTH A — B ding trong quan hé rif A i> B.
r

Dinh nghia 4. (H¢ tién dé coa Armstrong)

Gia su R 1a tap cac thugc tinh va ki phap P(R) 1a tap céc tap con cua R. Cho Y < P(R) x
P(R). Chingtanéi Y la mot ho f trén R néu doi véi moi A, B,C,DcR
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(1) AAeY

2)(AB) e Y,B,O)e Y=(A0) e,
B3)(AB)e Y,AcC,DcB—->(CD)eY,

@ ABeY,CDeY=>AuUCBuUD)eY.
RO rang, F, 1a mot ho f trén R.

Trong [7] A. A. Armstrong da chirng minh mét két qua rat quan trong nhu sau: Néu Y la
mdt ho f bat ki thi ton tai mot quan hé r trén R saocho F, =Y.

Két qua nay cung voi dinh nghia cta phy thude ham chimg t6 rang hé tién d& Armstrong 1a
ding dan va day du.

Mit khdc, hé tién dé nay cho ta nhitng dic trung cta ho cdc phy thuéc ham, ma cic dic
trung nay khong phu thudc vao cdc quan hé (bang) cu the Nho ¢6 hé tién dé nay cdc cong cu
cua todn hoc duoc dp dung dé nghién ctru lam sdng to cu tric 16gic cua md hinh dit liéu quan
hé. Dac biét chiing ta st dung cong cu thuat todn dé thiét ké cac cong doan xay dung cdc hé quan
tri co so dit liéu.

Pinh nghia 5. (So dd quan hé)

Chiing ta goi so dd quan hé (SPQH) s 1a mdt cap §R,F>, o day R 1a tap cac tl}ucf)c tinh va
F la tép cac phu thudc ham trén R. Ki phap F' 1a tap tat c cac PTH duoc dan xuat tir F bang
viéc dp dung cic qui tac trong Pinh nghia 4.

bit A" = {a: A — {a} € F'}. A" dugc goi 1a bao dong cuia A trén s.
C6 thé thdy ring A — B € F" néu va chi néu B c A",

Tuong tu ching ta dat A" = {a: A A > {a} }. A" dugc goi 1a bao déng cua A trén r.
r

Theo [7] chiing ta c6 thé thiy néu s = <R,F> 12 so d6 quan hé thi ¢6 quan hé r trén R sao
cho F,=F". Quan hé r nhu vy ching ta goi 1a quan hé Armstrong cua s.

Trong trudng hop nay hién nhién cic PTH cua s didng trong r.

Pinh nghia 6. (Khod)
Giad st r la mot quan hé , s = <R,F> 1a mét so dd quan h¢, va A c R. Khi d6 A la mot

khod cuia r (tuong ung la mét khod ctia s, mdt khod cua Y) néu A i> R (A > Re F).
r

Chiing ta goi A 1a mot khod t6i tiéu coa r (twong Uing cua s) néu
-Alaméotkhodcua r (s),
- Bat ki mot tap con thuc su ciia A khong la khod cda r (s).
Ching ta ki phép K., (K,) twong g 12 tap tit ca cac khod tdi tiéu cua r (s).

Chiing ta goi K ( ¢ day K 1a mot tdp con cia P(R) ) 1a mdt hé Sperner trén R néu voi moi
A,B € K kéo theo A — B).

C6 thé thay K., K, 1a cdc hé Sperner trén R.

Pinh nghia 7.
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Gia st K 1a mot h¢ Sperner trén R. Chiing ta dinh nghia tap cac phan khod cua K, ki phép
la K'l, nhu sau:

K'={AcR:(Be K)=BcA)and (AcC)= (3B e K)B cC)}

D@ thiy K ciing 12 mot hé Sperner trén R.

Tap phan khoa déng vai tro rég quan trong trong qud trinh nghién ctu cu tric 16gic cua cac
ho phu thudc ham, khéa, dang chuan, quan hé Armstrong, déc biét doi voi céc bai todn to hop
trong md hinh dit liéu quan hé.

Trong [14] ngudi ta da néu ra rang néu s = <R,F> la mot so dd quan h¢ trén R, thi K 1a h¢
Sperner trén R. Nguoc lai, néu K 1a mot hé Sperner bat ki trén R, thi ton tai mdt so do quan hé s
sao cho K, =K.

Pinh nghia 8.

Cho r 1a mdt quan hé trén R Ching tadat E, = {E; 1<i<j<Il}, 6dayEj={ae R:
hi(a) = hj(a)}. E; duoc goi la hé bang nhau cuar.

DPit M, = { A e P(R): IE; = A, IE,: A c E,}. Khi d6 chiing ta goi M, 12 h¢ bang nhau
cuc dai ciar.

Sau nay ta s¢ thdy hé bang nhau va hé bang nhau cyc dai dugc diung rat nhiéu trong cic
thuat todn thiét ké.

Mbi quan hé gitra 16p cdc quan h¢ va 16p céc phu thugc ham déng mot vai trd quan trong
trong qué trinh nghién ctlru cau trdc 16gic cua 16p cdc phu thudc ham.

Pinh nghia 9.

Cho trudce r 1a mot quan hé r va F 1a mét ho f trén R. Ching ta néi réng r 12 thé hién ho F
néu F, =F. Chiing ta cling c6 thé néi r 1a mot quan hé Armstrong cta F.

2.2. Mot s6 khai niém lién quan dén khai pha dir liéu
2.2.1. M4t s6 khdi niém lién quan dén sinh ludt két hop

Khai phd tdp muyc thudng xuyén 1a bai todn ¢ vai trd quan trong trong nhiéu nhiém vu khai
pha dir liéu. Khai phé tdp muc thuong xuyén duoc biét dén ban dau 1a mot trong nhing bai téan
quan trong ctia khai pha luat két hop duoc gidi thidu bai Agrawal vao nam 1993 khi phan tich co
s& dit liéu ban hang cua siéu thi [8], phan tich s& thich mua ciia khich hang bang céch tim ra
nhitng mét hang khéc nhau dwgc khach hang mua cling trong mot 1an mua. Nhiing thong tin nhu
vdy s& gitip nguoi quan 1f kinh doanh tiép thi chon loc va thu xép khong gian bay hang hop i
hon, gidp cho kinh doanh hi¢u qua hon.

Khai phd luat két hop 1a phat hién nhitng mdi quan hé giita cdc gid tri dit liéu trong co s&
dir lidu, cdc mdi quan hé d6 chinh 1a cdc lut két hop.

Viéc sinh luat két hop c6 hai budc: bude thir nhit, tim cdc tip muc thuong xuyén théa mén
ngudng do hd tro t6i thiéu minsup cho trudc, budc thir hai, tir cic tip muc thuong xuyén tim
duoc, sinh ra cdc luat két hop thoa man ngudng d6 tin cay minconf cho trudc. Moi kho khén ctia
bai todn khai phd ludt két hop tap trung & budc thir nhit, d6 12 khai phé tét ca cdc tap muc
thuong xuyén théa min ngudng do ho tro cho trude.

Sinh luét két hop 1a mot k¥ thuat quan trong cua khai pha dir liéu. Muc tiéu 1a phat hién
nhitng mdi quan hé gitra cdc gid tri dir lidu trong co s& dir lidu.
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Sau day chiing t6i trinh bay mot s6 khdi niém co ban lién quan bai todn khai phé tap muc
thuong xuyén.

Co s¢ dir li¢u giao tac
Pinh nghia 1.

Cho tap cac myc (item) [ = {il’iz""’in } . Mot giao tac (transaction) 7 12 mot tip con cua
I, Td. Co s& di liéu giao tac 12 mot tap cdc giao tic DB = {Tl,Tz,...,Tm}. MBbi giao tic duoc

g4n mot dinh danh TID. Mot tap muc con X < I, gdm k muyc phan biét duoc goi 1a mot k-tap

muc. Giao tic T goi la chtra tip muc X néu X < T .

Ma trén giao tdic: Co so dir liéu giao tic DB ={T1,T2,...,Tm} trén tp cdc muc (item)

I = {il slysennsl, } duoc biéu dién béi ma trdn nhi phan M = (m o dé:
Lkhii €T,

P _{OkhiiquTp

jole] )m><n ’

Tap muc thuong xuyén va luat két hop

Pinh nghia 2. Cho tap muc X 1. Ta goi d6 hd trg (Support) cua X trong co s¢ dir liéu giao tac
DB, ki hiéu sup(X), 12 ty 1& phan trim céc giao tic chira X trén téng s6 cdc giao tic trong DB, tirc

{TeDBIT 2 X}
|DB|

Taco: 0< sup(X) <1 voi moi tap muc X < 1.

la: sup(X)=

Pinh nghia 3. Cho tip muc X < I vd ngudng hd tro tdi thiéu (minimum support)
minsupe [0,1] (dugc xac dinh trude bdi nguoi st dung). X duoc goi la tdp muc thuong
xuyén (frequent itemset hodc large itemset) voi dd hd tro t6i thiéu minsup néu
sup(X) = minsup , nguoc lai X goi 12 tip muc khong thudng xuyén.

Pinh nghia 4. Mot luat két hop 1a mot biéu thic dang X — Y, trong d6 X va Y 1a cdc tap
concial, X N Y= ;X goilatién d&, ¥ goi la két ludn cia luat.
Luat két hop c6 hai thong ) quan trong 1a dé hé tro va dé tin cay.

Pinh nghia 5. Do hd trg (Support) ciia mot luat kéthop X — Y, ki hiéula sup(X — Y),1a
dohd roctiatagpmuc X UY, sup(X —Y) = sup(X UY).

Nhu vay d6 hd tro cua luat két hop X — Y chinh 1a xdc suat P(XUY) cua sy xudt hién
dong thoi cua X va Y trong mot giao téc.

Tacé: 0 < sup(X —Y) <

Pinh nghia 6. D) tin ciy (Confidence) cia mot luat X — Y, ki hiéu conf(X — YY), laty1é
phén tram giita s6 giao tdc chira X WY va sb giao tic chira X trong co s& dit liéu DB.
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sup(X U Y)
sup(X)
D6 tin cdy cua ludt két hop X — Y chinh 12 xdc suét c6 diéu kién P(Y/X) :
P(y/X)_|{Te DBIX cTAYCT) |(TeDBIXUYCTY supXuU Y)
(TeDBIX T} {Te DB1X T} sup(X)

vatac6 0 < conf(X —»Y) < 1.

Céc lut thoa man ca hai ngudng do hd tro tdi thiéu (minsup) va do tin cdy tdi thiéu
(minconf), tic thbaman sup(X — Y ) = minsup va conf(X —»Y) = minconf , dugc
goi 12 luat két hop manh.

conf(X »Y)=

Tinh chét co ban ciia tip muc thwdong xuyén

Cho co s dir liéu giao tic DB va ngudng do hd tro t6i thiéu minsup. Céc tip muc thuong
xuyén c6 cdc tinh chat sau :

(1) NéuX, Ylacdctapmucva X Y thi sup(X)=>sup(Y).

(2) Néu mot tap muyc 1a khong thudng xuyén thi moi tdp cha ctia né ciing khong thudng
xuyén.

3) Néu mot tdp muc la thudng xuyén thi moi tdp con khéc r5ng cua né cling la tdp muc
thuong xuyén.

Tinh chat (3) dugc goi 1a tinh chat Apriori, tinh chit nay 1a co s¢ dé rit gon khong gian tim
kiém céc tdp muc thuong xuyén.

Cho co s dit liéu giao tic DB, ngudng do hd tro tdi thidu minsup va ngudng do tin ciy tbi
thiéu minconf.

Yéu ciu: Tim tit ca cdc luat két hop X — Y trén co so dit lidu DB sao cho
sup(X =Y ) = minsup va conf(X —Y) = minconf .

Bai todn khai pha luat két hop nay dwoc goi 12 bai toan co ban hay bai todn nhi phan, vi &
day, gia tri cua muc dir liéu trong co s& dir liéu 1a 0 hodc 1 (xuat hién hay khong xuat hién).

Bai ton khai phd lut két hop dugc chia thanh hai bai toan con. Bai todn thtr nhét la tim tat
ca cac tap muc thoa man do ho trg toi thiéu cho trude, tirc 1a tim tat ca cic tap muc thuong
xuyén. Bai todn thir hai la sinh ra cic luat két hop tur céc tap myc thuong xuyén da tim duoc thoa
man dg tin cay toi thiéu cho trudc.

Bai todn thir hai duoc giai quyét nhu sau : gia sir da tim dugc X 12 tap muc thudng xuyén, ta
sinh ra cdc luat két hop bang cach tim VY < X , kiém tra do tin cay cia luat X \Y =Y ¢6
théa man dg tin cay toi thicu khong. Bai todn thir hai nay don gian, moi khé khan nam ¢ bai toan
thar nhat, hau hét cac nghién ctru veé luat két hop déu tép trung gidi quyét bai todn thr nhat 1a tim
cdc tap muc thuong xuyén.

2.2.2. Mét s6 khdi niém lién quan dén Ii thuyét tdp tho
Hé théng tin 12 cong cu biéu dién tri thire dudi dang mot bang dir liéu gdm p cot ing véi p

thugc tinh va n hang Gng vdi n dbi tugng. Mot cach hinh thire, h¢ thong tin dugc dinh nghia nhu
sau.
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Pinh nghia 1. H¢ thong tin 1a mot bo t& IS =(U, A,V, f ) trong d6 U 1a tap hitu han, khdc

rong cdc ddi tuong; A 1a tap hitu han, khéc rdng céc thudc tinh; V = U V., v6i V, latap gid tri

acA
cia thudc tinh ae A; f:UXA —V, laham thong tin, Vae A,ue U f(u,a)eV,.

Véi moi ue U, a€ A, ta ki hiéu gid tri thudc tinh a tai d6i tuong u 1a a(u) thay vi
f(u,a).Néu B={b,,b,,....b,} = A 1a mot tap con cdc thudc tinh thi ta ki hidu bd cdc gid tri
b,(u) béi B(u). Nhu vay, néu u va v 1a hai ddi tuong, thi ta viét B(u)=B(v) néu
bi(u):bi(v) véimoi i=1,...,k.

Cho hé thong tin 1S =(U,A,V,f) ,néutdntai ue U va ae A sao cho a(u) thiéu gid

i (missing value) thi IS duoc goi 1a hé thong tin khong d‘d‘y du, tréi lai IS duoc goi 1a hé thong tin
day du.

Xét hé thong tin 1S = (U LAV, f ) . M&i tap con cic thudc tinh P < A xdc dinh mot quan

hé hai ngdi trén U, ki hiéu la IND (P), xéc dinh boi
IND(P) z{(u,v)e U><U|Vae P, a(u)= a(v)} :

IND (P ) 12 quan hé P-khong phan biét duwgc. D& thiy rang IND (P ) la mdt quan hé twong duong trén
U.Néu (u,v)e IND(P) thi hai d6i twong u va v khong phan biét dugc béi céc thudc tinh trong P.
Quan h¢ tuong duong IND (P) xéc dinh mot phan hoach trén U, ki hi¢ula U / IND(P) hay U / P .
Ki higu 16p twong duong trong phan hoach U/Pchia ddi twong u la [u],, khi d6
[u], = {ve Ul(u.v)e IND(P)}.

Pinh nghia 2. [4,27] Cho h¢ thong tin IS = (U, AV, f) va P,Q  A.Tanéi:

1) Phéan hoach U /P va phan hoach U /Q 13 nhu nhau (viét U/P=U/Q), khi va
chikhi YueU, [u],=[u],.

2) Phan hoach U/ P min hon phan hoach U /Q (viét U /P <U /Q) khi va chi khi
YuelU, [u]P g[u]Q.

Cho h¢ thong tin IS =(U,A,V, f) va tap d6i twong X c U . V6i mot tap thudc tinh

B C A cho trude, chiing ta c6 céc 16p twong dwong ciia phan hoach U / B, thé thi mot tap dbi
twong X 6 thé biéu dién théng qua cic 16p trong dwong nay nhu thé nao?

Trong 1i thuyét tap tho, dé biéu dién X thong qua cdc 16p twong duong ciia U / B (con
goi 12 biéu dién X bang tri thirc c¢6 sin B), ngudi ta xap xi X bdi hop ciia mot s6 hiru han cic 16p
twong dwong ctia U / B. C6 hai cach x4p xi tap ddi twong X thong qua tap thude tinh B , dugc
goi la B-xdp xi dudi va B-xdp xi trén cua X, ki hiéu 12 lwot 1a BX va BX , dugc xdc dinh nhu
sau:
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BX ={ueUl[u], c X}. BX ={uc U|[u], n X 2 2}.

Tap BX bao gdm tat ca cdc phan tir cia U chic chan thudc vao X, con tap BX bao gdm
cac phé‘m tr ciia U c6 thé thudc vao X dua trén tap thudc tinh B. Tt hai tap xép xi néu trén, ta
dinh nghia céc tap

BN, (X ) = BX — BX : B-mién bién ciaX, U — BX : B-mién ngodi ciia X.
B-mién bién cua X 1a tap cht’ra’céc dei tuong cé thé thudc hodc khong thuoc X, con B-mién ngoai
cua X chira cac doi tuong chac chan khong thugc X. St dung cac 16p cua phan hoach U/B, cic
xap xi dudi va trén cta X c6 thé viét lai
BX =U{reU/Bly c X}, BX =U{YeU/B|Y nX =Q}.

Trong truong hgp BN, (X ) = thi X dugc goi 1a tdp chinh xdc (exact set), nguoc lai X
duoc goi la tdp tho (rough set).

Véi B,D C A, tagoi B-mién duong cta D 1a tap dugc xac dinh nhu sau

POS,(D)= | (BX)

XeU/D
Ro6 rang POS, (D) la tap tat ca cic ddi tugng u sao cho véi moi ve U ma u(B) = v(B) ta
déu c6 u(D)=v(D).Néi cich khic, POS,(D)={ue U|[u] <[u],}

Mot lop dac biét cua cac hé thong tin ¢4 vai trd quan trong trong nhiéu ung dung 1a bang
quyét dmh Bang quyét dinh 12 mot hé thong tin DS véi tap thudc tinh A dugc chia thanh hai tap
khéc rong roi nhau C va D , lan luot duoc goi 1a tap thudc tinh diéu kién va tap thudc tinh quyet

dinh. Ttc la DS—(U,CUD,V,f) voi CND=0.
Xét bang quyét dinh DS =(U,CUD,V, f) véi gia thiét Vue U,Vde D, d(u) ddy
dhi gid tri, néu ton tai ue U va ce C sao cho c(u) thiéu gid tri thi DS dwoc goi 1a bang

quyet dinh khong d‘ay du, tréi lai DS duogc goi 1a bang quyet dinh day di. Trong bai bdo nay,
bang quyét dinh day di dugc goi tat 1a bang quyét d‘znh
Béng quyét dinh DS duoc goi 1 nhit quan néu D phu thudc ham vao C, tic 1a v6i moi

u,ve U, C(u) = C(v) kéo theo D(u) = D(V). Nguoc lai thi goi 1a khong nhit quén hay
méau thudn. Theo dinh nghia mién dwong, bang quyét dinh 1a nhét quan khi va chi khi
POS,. (D) =U . Trong trudng hop bang khong nhat quén thi POS,. (D) chinh 1a tép con cuc
dai cua U sao cho phuy thuéc ham C — D ding.

3. KET QUA NGHIEN CUU

3.1. Co sé dir liéu

Cho trude quan hé r va h¢ Sperner K trén R. Ching ta n6i rang r thé hién K néu K, = K.
Nhitng két qua sau c6 thé thay tai [28, 14].

Pinh li 1,. Gia st K Ia mot hé Sperner khong r5n‘g, r 1a mot 1a mot quan hé trén R. Khi d6 r thé
hién K néu va chinéu K'=M,, day M, la h€ bang nhau cyc dai cuar.
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Cho trude s = <R,F> 12 mot so d6 quan hé trén R, K, 1a tap tit ca cac khod tdi tiéu cia s.
Ki phép K, 1a tap céc phan khod ctia s. Ttr Dinh 1f 1 chiing ta c6 két qua sau.

H¢ qua 1. Cho trudce s = <R,F> 1a mot so dd quan h¢ var la mdt quan h¢ trén R. Khi d6 K, =
K.néuvachinduK,'=M,, ¢ day M, la hé bang nhau cyc dai cuar.

Pinh nghia 1. Gia sir r 1a mot quan hé trén R va K, 1a tip cta tit ca cdc khod tdi tiéu cua r.
Ching ta n6i rang a 1a mot thudc tinh co ban ctia r néu ton tai mot khoa t6i ticu K (K € K,) dé a
1a mot phan tir cia K.

Néu a khong thoa man tinh cht trén thi a 1a thudc tinh thir cp.

Chng ta c6 thé thiy cdc thudc tinh co ban va thir cip déng mét vai trd quan trong trong
viéc chuan hod cac so do quan hé va cac quan hé.

Nguoi ta dd ching minh két qua sau

Cho trudc mot so dd quan hé s = <R,F> va mét thudc tinh a. Bai todn xac dinh a 1a thudc
tinh co ban hay kh6ng la bai todn NP- day du.

C6 nghia rang cho dén nay khong c6 mot thuft todn c6 do phuc tap thoi gian da thire dé
giai quyét bai todn nay. Tuy vdy, ching ta chi ra ring ddi voi quan hé thi bai toan nay duoc giai
bang mot thuat todn thoi gian da thirc.

Trudc tién ching ta ching minh két qua sau [1, 3].

Pinh li 2. Gia st K 1a m¢t hé Sperner trén R thi
WUK=R - nK’.

Trén co s¢ Dinh 1i 1 va Dinh Ii 2 chiing ta chi ra réng ddi véi mot quan h¢, thi véan dé vé
thudc tinh co ban c6 the 1a giai quyet bang mot thudt todn thoi gian da thic.

Pau tién chiing ta xay dyng mot thuat todn xac dinh tap cac thudc tinh co ban cua quan hé
cho trudc.

Thuat toan 1.

Vao: r = {hy, ..., h;, }]a mdt quan h¢ trén R

Ra: Va tap tat ca thudc tinh co ban ciar

Budc 1: T r ching ta xay dung mot tap E, = {Eij: m>j>i 21} vaE;; ={ ae R: hj(a) =
hi(a) }

Budce 2: Tu E, ching ta x4y dung tap

M = {B €P(R): Ton tai E;; €E.: E;; =B}

Budc 3: Tu M xdy dung tap M, = { Be M: V6imoi B'e M: B z B'}

C6 thé thiy rang M, tinh duoc bang mot thuat ton thdi gian da thirc.

Budc 4: Xay dungtap V=R - nM;.

Rorang m(m+1)/2> | E, | > M| > | M, |. Boi vy thoi gian tinh cia Thuét todn 1 1a
mdt da thirc theo so6 hang va so ¢t cua r.

Nhu vay l1a ton tai thuat todn déi voi mot quan h¢ r cho trude, xac dinh mot thugc tinh bét
ki I1a co ban hay khong vai thoi gian tinh da thic theo so hang va cot cuar.
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M&bi quan hé giita quan hé Armstrong va so d6 quan hé

Viéc xay dung quan hé Armstrong cia mot so ) quan hé cho trudc va nguogc lai tir quan
hé cho trude ta xay dung mot SDQH sao cho quan hé cho trude nay 1a quan hé Armstrong cua
né c6 vai trod rat quan trong trong viéc phan tich cu tric 16gic ciia md hinh dir liéu quan hé ca
trong thiét ké 14n trong tmg dung. D3 c6 nhiéu tic gia nghién ctru van dé nay. Trong muyc nay
ching t6i trinh bay hai thuat todn giai quyét bai todn trén va dwa ra viéc danh gid céc thuat todn
nay cling nhu danh gia d¢ phtc tap cta bai todn trén.

Trong [13, 31] chiing t6i da trinh bay céc két qua sau:
DPinh li 3. Ton tai mot thuat toan dé tim SPQH s = <R,F> tir mot quan h¢ r cho trudc sao cho
F"=F.

Nguoc lai

Pinh li 4. Tdn tai mot thuat téan dé tim mot quan hé r tir SDQH s = <R,F> cho trudc sao cho F*
=F.

DPinh li 5. DB§ phirc tap thoi gian cho viée tim kiém mot quan hé Armstrong cua mot SPQH cho
trude 14 ham s6 mi theo s6 lugng cia cac thudc tinh.

Pinh li 6. B phuc tap thoi gian cho viéc tim kiém mot SPQH s = <R,F> tir mot quan hé r cho
trudc sao cho F, = F 1a ham s0 mil theo s0 luwong céc thudc tinh.

Vé chuan hoéa dir liéu

Viéc chuan hod céc quan hé ciing nhu céc so ) quan h¢ déong mdt vai tro cuc ki quan trong
trong viéc thiét ké cdc hé quan tri co so dit lidu trén md hinh dif liéu cua Codd. Nho ¢6 chudn
ho4 cidc quan h¢ va céc so dd quan hé ching ta tranh dugc viéc du thtra di li€u va tang toc do
cua cic phép toan xu Ii quan hé [15,17,29].

Chiing ta dinh nghia c4c dang chudn nhu sau.
Chor = {hy,...,h,} laquan h¢ rén R = {a, ...., a,}

Pinh nghia 1. (Dang chuén 1 - INF):
r la dang chuén 1 néu cic phé‘m tr ciia né 1a so cép.

Khai niém so cép hiéu ¢ day 1a gid tri hi(aj) (i=1....,m; j=1,...,n) khong phan chia dugc nira.

Pinh nghia 2 (Dang chuan 2 - 2NF)
r 1a dang chuén 2 néu:
- r 1a dang chuan 1

- A — {a} ¢ F, dbi v6i moi khod téi thidu K, A c K va a I thudc tinh thir cip.

Pinh nghia 3. ( Dang chuan 3 - 3NF):
r la dang chuén 3 néu:
A—{a}eF dbiv6iAmaA* # Rag A,agUK
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Pinh nghia 4. (Dang chuén Boye-Codd - BCNF)
r 12 dang chuédn cia Boye-Codd néu:
A—{a}eF, dbiv6iAmaA*#R,a¢ A

Qua dinh nghia, ta c6 thé thiy dang chuan

BCNF la 3NF va 3NF la 2NF. Tuy vay, chiing ta c6 thé dwa ra céc vi du ching té c¢6 quan
hé 1a 2NF nhung khong 1a 3NF va c¢6 quan hé 1a 3NF nhung khong 1a BCNF.

N6i céch khéac 1a 16p cac quan hé BCNF la 16p con thuc su cta 16p cdc quan hé 3NF va 16p
cac quan h¢ 3NF nay lai 1a 16p con thuc su cta 16p céc quan hé 2NF.

D6i voi s = <F.R> thi cdc dang chuin 2NF, 3NF, BCNF trong d6 ta thay F, bang F*,
Dang chuin 2NF

Pinh Ii 1. Gia sir s = <R, F> 1a so dd quan hé. Pat M, = {A-a;ae A, A € K,}, va F, 12 tap tat
ca cac thudc tinh thi cép cuas. Datly = {B: B=C", C € M,}. Khi d6 ta ¢6 cdc twong duong
sau:

(1) s1a 2NF.

(2) V6imdi C e M: C*'NF,=@;

(3) VoimdiBe I;vaae F,: (B-a)" =B -a.

Tir dinh If 1 tryc tiép suy ra két qua sau
Hé qua 1. Gia sir s = (R, F) 1a mot so d6 quan hé. Ki phdp F, 1a tap tit ca nhiing thudc tinh thi
chp cias, va G, = {B - F,: B € K, }. Khi d6 néu dbi véi moi C € G,: C* = C thi s 1a 2NF.

Dang chuin 3NF

Pinh Ii 2. Cho s = <R, F> 12 mét so dd quan hé. Dat F, 1a tap tit ca cdc thudc tinh thir cip cua s.
Khi d6 s 12 3NF néu vachinéu VBe K", ae F,;(B-a)'=B -a.

Pinh li 3. Gia st rla mcf)t’ quan hé trén R. Khi d6 r 1a 3NF néu yél chinfuvéimoi A € E,,a €
A va ala thudc tinh thir cap thi {A- a }," = A- a, & ddy E, 1a hé bang nhau cuar.

Tu Pinh 1i 3 ta ¢6 hé qua sau
Hé qué 2. Gia str s 12 mot so dd quan hé trén R. Khi d6 s 12 3NF néu va chi néu voi moi A: A*
=A,a € A vaalathudc tinh th cép thi {A-a}"=A-a.
Dang chuin BCNF

Trong muc ndy, ching ta dua ra mot sé cic ddc trung ctia dang chudn BCNF cho so dd

quan h¢ va quan hé.

Pinh Ii 4. Cho s = <R, F> 12 mét so ¢ quan hé. Dat F, 1a tap tat ca cdc thudc tinh thir cip cuia s.
Khi d6 s 1aBCNFnéuvachinfuVBe K',ae B:(B-a)" =B -a.

Pinh li 5. Gia sur la mot quan hé¢ trén R. Khi d6 r 1a BCNF néu va chi néu véimoi A € M,, a
€ A thi {A-a}," = A-a, & ddy M, 12 hé bing nhau cuc dai cuar.
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Trén co so céc dinh 1f da trinh bay & cdc muyc trén, ching ta xdy dyng cic thuat todn dé xéc
dinh dang chuan cho cac quan h¢ hodc so d6 quan hé cho trudc.

Pau tién ching ta xdy dyng thuat todn xdc dinh mot quan hé cho trudc c¢6 1a 3NF hay
khong.

Thuat toan 1.

Piu vao: r = {hy, ..., hy, }1a mdt quan hé trén R

Déaura: r1a3NF?

Budc 1: Tir r chiing ta xdy dung mot tap E, = {E;;: m >j >i 21}, ¢ day E;; = { a € R: hy(a)
=hj(a)}.

Budc 2: Tu E, ching ta xay dung mét tap M = {B € P(R): Tdn tai Eij €E.: E;; = B}.

Bude 3: Tu M xdy dung tap M, = { Be M: V6imoi B'e M: B & B'}.

C6 thé thiy rang M, tinh duoc bang mot thuat ton thoi gian da thirc.

Budc 4: Xay dung tap V = NM.,.

Budce 5: r 12 3NF néu voi moi Be M;,ae V: {B-a};" =B - a. Nguoc lai r khong 13 3NF.

Trén co s¢ Dinh Ii 5 chiing ta xay dung thuét todn dudi day

Thuat toan 2.

Piu vao: r = {hy, ..., hy, }]a mot quan h¢ trén R

Déu ra: r 1a BCNF ?

Budc 1: Tu r ching ta xdy dung mot tdp E, = {E;;: m=j>i =1} vaE;; ={ae R: hj(a) =
hj(a)}

Budc 2: Tu E, ching ta xay dung mot tap M = {B € P(R): Tbn tai Ei; €E;: Ei; =B}

Budce 3: Tir M xdy dung tp M, = {B € M: V&i moi B'e M: B @ B'}. C6 thé théy ring M,
tinh dugc bang madt thuét todn thoi gian da thirc.

Budc 4: r1a BCNF néu véimoi Be M,, ae B: {B-a}," =B - a Nguoc lai r khong 12
BCNF.

Chtng ta c6 thé thay thuat toan dudi day

Thuat toan 3.
DPau vio: s = <R,F>1a mot so dd quan hé trén R, vdi
F={A;—>By..,Ays—> B, }
Pau ra: s 1a BCNF ?

Budc 1: Néu A;— B 1a phy thuoc ham khong tim thuong va A,* # R thi dimg va két lugn
s khong la BCNF. Nguoc lai thi chuyén sang budc ti€p theo.

Budc m: Gidng nhu bude 1 nhung ddi voi Ap,— By, .
Budc m+1: s 1a BCNF.
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Dinh li 4. Cho truéc mot quan hé r va mot so do quan hé s. Khi d6 déu ton tai mot thudt todn ¢6
d6 phrc tap thoi gian da thire theo kich thudc cua r (s) d€ kiém tra r (s) c6 1la BCNF hay khong.

Pinh li 5. Cho truge r la mot quan hé trén R. Khi d6 ton tai mot thuat todn c6 do phtc tap thoi
gian da thic d€ kiém tra r c6 la 3NF hay khong.

Tuy vay, ddi v6i dau vao 1a s thi ddy lai 12 bai todn NP ddy di.
C6 nghia 1a cho dén nay, d6 phtc tap thoi gian ciia bai todn nay khong 1a da thic.

Véi truong hop 2NF, cédc cau hoi twong tw cho ca r 1an s con 1 bai todn mo (Ching toi
phdng doan cé do phuc tap thoi gian 1a ham mil tr¢ 1€n).

3.2. Vé khai pha tip muc thwong xuyén sinh luét két hop

Bai todn co ban khai pha luat két hop do Agrawal va dong sy dé xuit. Muc tiéu cta bai
todn la phat hién cdc tdp muc thudng xuyén, tur d6 tao cic ludt két hop. Trong md hinh cta bai
todn nay, gid tri cia mdi muc dit liéu trong mot giao téc 14 0 hodc 1, tic 1a chi quan tim muyc dit
lidu c6 xuét hién trong giao tic hay khong. Bai todn co ban niy c6 nhiéu tmg dung, tuy vay, do
tap myc thuong xuyén chi mang ngit nghia thdng ké nén n6 chi ddp tmg dugc phan nao nhu ciu
cuia thuc tién.

Nhim khéc phuc han ché ciia bai todn co ban khai pha luat két hop, nhidu nha nghién ciru
d3 mé rong bai todn theo nhiéu hudng khéc nhau. Nam 1998, Hilderman va cic cong sy d& xuét
bai toan khai pha tdp muc cb phan cao [19]. Trong mé hinh nay, gi4 tri ciia muyc dit liéu trong
giao tic 12 mot s6, s6 d6 c6 thé la s6 nguyén (nhu sb luong dd ban ciia mét hang). C6 phan (hay
dong gop) cua mot tap muc la so do ty 1¢ dong gbp cua tap muc trong co so dir liéu. Khai pha tap
muc ¢ phan cao 14 khdm ph4 tit ca cdc tdp muc c6 c¢d phan khong nho hon ngudng quy dinh boi
nguoi st dung.

Trong bai todn co bén, cac thudt todn kham pha dugc xay dung theo phuong phap tim kiém
ting bude. Co sé ciia céc thuat todn 1 tinh chat Apriori ctia tap muc thudng xuyén (hay con goi
1a tinh chét phan don diéu — Anti monotone). Trong mé hinh khai pha tap muyc co phan cao, tinh
chat nay khong con ding nita. Vi vay viéc rit gon khong gian tim kiém khong thé thuc hién
dwoc nhu ddi voi khai phé tap muc thudng xuyén. Trong [22,25], cdc téc gia da dé nghi mot sb
thuat todn khai pha tap muc b phén cao nhu cédc thuat toan ZP, ZSP, SIP, FSM,.... Trong d6,
thuat todn FSM trong [22] 1a mdt thuét todn nhanh, cho phép kham pha tat ca cdc tap muc ¢b
phan cao trong co s& dir liéu giao tac cho trudce.

Trong [6,32] ching toi dé xuét khdi niém “tdp muc cb phan theo giao tic cao” va ching
minh n6 ¢6 tinh chat phan don diéu (anti monotone), co thé _mg dung vao nhiéu thuat toan khai
phad tdp muc thudng xuyén da co dé tim duoc tap muc cb phan theo giao tic cao, tir d6 tim ra tap
muc cO phan cao. Sur dung y tudng nay, chiing t6i dé xuat thuat toin AFSM (Advanced FSM)
dua trén cic budc cua thuat todn FSM véi phuong phap méi tia hi€u qua hon céc tap muc rng
vién.

Nhu phin trén da trinh bay, rang budc cd phan khong c6 tinh chat phan don diéu nhu tap
muyc thuong xuyén, ddy chinh la tr¢ ngai cua bai to4n khai phd tap muc cb phan cao. De khic
phuc didu nay, luan 4n dé xuat khéi niém gla tri theo giao tdc cua tdp muc”, “tap muc b phan
theo giao tic cao” va ching minh tdp muc cb phan theo giao téc cao c6 tinh chit phan don diéu,
do d6 c6 thé sir dung dé tia cic tap muc tng vién.

Pinh nghia 1: Cho tap muc X, db, 1a tdp cdc giao tdc chira X. Gid tri theo giao tdc (transaction
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measure value) cia tap muc X, ki hi¢u tmv(X), la téng gid tri cua tat ca cdc giao tac chira tap muc
X, tac la tmv(X) = Tmv(dby) = . tmw(T,).

T,edby
Pinh nghia 2: Tap muc X dwoc goi 1a tdp muc c¢é phan theo giao tdic cao néu
tmy (X) > min _Imv . Trudng hop nguoc lai, X dwoc goi 12 tdp muc ¢6 phan theo giao tdc
thcfp.

Ménh dé 1: Tap muc cd phén theo giao tic cao c6 tinh chét phan don diéu (Anti Monotone).

Chirng minh:

Xét hai tap muc X, Y sao cho Y < X , ta chitng minh néu Y 1a tap muc b phﬁn theo giao
tac thap thi X cling la tdp muc c6 phan theo giao tac thap.

Tacé Y < X nén db, D db, ,do dé6
tmv(Y) =Tmv(db, ) 2 Tmv(db, ) =tmv(X).
Néu Y 1a tdp muc cd phan theo giao tic thép, tic 1a tmy (Y ) <min_Imyv thi
tmv (X) < tmy (Y) < min_Imy , X ciing 1a tip myc c¢d phan theo giao tic thip. O

Ménh dé 1 cho biét cdc tap muc cb phin theo giao tdc cao c6 tinh chét phan don diéu nhu
tinh chat cta tdp muc thuong xuyén, do d6 c6 thé su dung tinh chat nay dé tia cac ung vién khi
khai pha.

Ménh dé 2: Néu tap muc X 12 tdp muc cd phéan cao thi X ciing 1a tdp muc c¢d phin theo giao tic
cao.

Chirng minh: Ki hiéu db,, 1a tap cdc giao téc chira tap muc X, ta c6:

Imv(X)= Y imv(X,T)= > > mv(i,,T)< > > mv(i,,T,)=mv(X)

T,edby Tedby ieX T,edby i €T,

Do d6, néu X 1a tap muc cd phan cao, tirc lmx(X) > min_Imv , thi X ciing la tdp muc
¢b phan theo giao tic cao vi tmv(X) > lmx(X) > min_Imv. [

Tir Ménh dé 2 c6 thé suy ra tap cac tap muc cbd phﬁn cao chira trong tap cdc tap muc cb
phan theo giao tac cao. Theo Ménh dé 1, cac tap muyc co phan theo giao tdc cao c6 tinh chit phéan
don di€u nhu tdp muc thudong xuyén, do d6 ta c6 thé 4 ap dung mot so thuat todn khai pha tap myc
thuong xuyén da cé (nhu cic thudt todn kiéu Apriori, thuit todn tim kiém theo chiéu su FP-
growth,...), thay s6 1an xuét hién cua tdp muc bdi gid tri theo giao tdc cta tdp muc thi s€ nhan
duogc két qua khai ph4 12 cdc tap muc ¢ phan theo giao tic cao. Khi d6 ta chi can duyét lai co sé
dir liéu dé tinh gid tri dong gbp thuc sy cua cic tdp muc cbd phén theo giao tic cao dé nhan duoc
cac tdp muyc b phﬁn cao.

Tir cdc co s6 1f thuyét dd trinh bay, chiing toi d& xuét thuat todan AFSM nhu sau:

Thuat toan AFSM( )
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Input: Co s¢ dir liéu giao tic DB, ngudng b phﬁn minShare (s%).
Output: Tap HS gdm cdc tdp muc cb phan cao.

Method:

1. k=1 HS;:=&, C;:=I,

2. for each TeDB /I duyét co s¢ dir liéu DB
3 tinh Imv(i,) va tmv(ip) cho Vip eC;

4. foreach i,eC,
5

if tmv(i,) <min_lmv then
6. ¢, =C\{i}

7. else if Imv(i,) >min_lmv then

HS, = HS, u{i }:

9. RC =C;

10. repeat

11. k=k+1,

12. for each X, X, ERCy,;

13. C :=Apriori-gen(X,, X,);

14. for each TeDB // duyét co sé dir liéu DB
15. tinh Imv(X) va tmv(X) cho VXe( ;
16. for each XeC,

17. if tmv(X) <min_lmv then

18. C,=C \{X}

19. else if /mv(X)>min_Ilmv then

20. HS, =HS, u{X};

21. RC, =C;

22. wntil C, =J;
23. return HS =UHS,;

Khai pha tdp muc 1oi ich cao 1a sy mé rong, tong quat héa cia khai phd tap muc c6 phin
cao. Mo hinh khai phé tap muc lgi ich cao dugc Yao va cong su dé xuét [34, 35]. Trong md hinh
khai pha tap muc lgi ich cao, gid tri ctia muc dir liu trong giao tic 1a mot s6 (nhu sb lugng da
ban ciia mat hang, goi 1a gid tri khach quan), ngoai ra cdn c¢6 bang loi ich cho biét loi ich mang
lai khi ban mdt don vi hang d6 (goi 1a gid tri chu quan, do nguodi quan 1f kinh doanh xac dinh).
Loi ich cia mdt tap myc Ia s6 do lgi nhuan ma tdp muc d6 dong gop trong co s& dir liéu, nd céd
thé 13 tdng loi nhudn, 12 téng chi phi cua tdp muyc. Khai phé tap muc 1oi ich cao 1a kham ph4 tit
ca cdc tap muyc c6 loi ich khong nhé hon ngudng loi ich ti thiéu quy dinh boi ngudi sir dung.

Trong [34, 35], Hong Yao va Howard Hamilton dé xudt phuong phdp khai pha va cac chién
Iugc tia dua trén cdc tinh chat cta rang budc 1¢i ich, thé hién trong hai thuét todn Umining va
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Umining H. Céc thuat tia ma hai thuat todn ndy 4p dung c6 kha ning thu gon phan nao tap tng
vién, tuy vdy c6 nhitng nhuoc diém nén hiéu qua khong cao.

Trong [25], Liu dua ra khéi niém loi ich cta giao tic va loi ich cua tdp muyc tinh theo lgi
ich cta cac giao tic chtra n6 goi la loi ich TWU (Transaction- weighted Utilization). Lgi ich theo
giao tic TWU c6 tinh chét phan don diéu nhu tinh chat cta tap muc thudng xuyén va tap tat ca
cdc tap muc loi ich cao chira trong tép tAt ca céc tap muc lgi ich TWU cao. Y. Liu dé xuat thuat
todn hiéu qua gém hai pha dé khai pha tap muc lgi ich cao. Thuat todn rit gon khong gian tim
kiém nho 4p dung tinh chét phan don diéu cia lgi ich TWU. Tuy nhién, thuat todn thuc hién
kém hiéu qua khi khai phd cdc tap dir liéu day va miu dai vi tdn nhiéu thoi gian cho viéc sinh ra
khéi luong khong 16 cic tip muc ung vién va tinh loi ich TWU ctia né trong mdi lan duyét co sé
dir liéu. Thudt toan phai duyét co sé dit lidu nhiéu 1an, sb 1an duyét bang véi chidu dai cia miu
dai nhét tim duoc, do d6, khi s6 muc dit lidu 16n thi khéi luong tinh to4n 1a vo cling 16n.

Trong [11], A. Erwin va dong su dé xuét cdc thuét toan CTU-Mine va CTU-PRO khai ph4
tap muc 1oi ich cao theo cich phat trién céc mau trén ciu tric cdy. Thuat todn CTU-Mine khai
phd hiéu qua hon thudt toan Hai pha chi trong co s& dir liéu day véi ngudng loi ich thap. Thuét
todn CTU-PRO ¢6 cai tién so vé6i thuét toan CTU-Mine nén khai phd hi€u qua hon thuét toan
Hai pha va thuét toan CTU-Mine.

Trong [32] ching t6i dé xuét ba thuat todn khai pha tap muc lgi ich cao dya trén cAu tric
ciy don gian hon va cdch khai pha khong dé quy. Cac thuat todn d& xuit sir dung céu tric ciy
FP-tree dugc Han, Wang va Yin gidi thi¢éu ndm 2000 trong [18], cdch khai pha ciy FP-tree
khong dé quy bai ciu tric cdy COFI-tree do Mohammad El-Hajj va Osmar R. Zaiane dé xuét
nam 2003 trong [12]. Hai thuat todn dau s dung cu tric cay FP-tree dé xay dung ciy chua
thong tin cta cdc giao tic, sau d6 khai phd cdy nay dé tim céc tdp muc loi ich cao. Thuat todn
thir ba chuyen d6i dir liéu thanh dang ma tran va luu & bd nhd ngoai, sau khi da chuyen do6i sang
dang biéu dién mdi, c6 thé khai phd voi cdc ngudng lgi ich khac nhau. Thuét todn thir ba nay c6
thé khai phd dwoc céc tap dir liéu rat 16n vi hiu nhu toan bd dir liéu dat tai bd nhé ngoai, chi dua
va0 bd nhd trong mot phan nho cua dit lidu dé khai pha. Ba thuat todn dé xudt thuc hién khai phé
hiéu qua vi cdc 1i do: 1) S6 1an duyét co s6 dit liéu it, 2) Khong sinh ra khdi lugng khong 16 céc
tap muc ung vién, gidm chi phi tinh todn va 3) Str dung tiét kiém bo nhé.

3.3. Li thuyét tap tho

Trong bang quyét dinh, nhidu phwong phdp rit gon thudc tinh da dugc cong béﬂ. Méi
phuong phdp déu dua ra dinh nghia #dp rit gon cua phuong phdp d6 dya trén mét do do. O day,
trong bai bdo nay chiing t6i chi trinh bay ba dinh nghia co ban vé tp rit gon.

Pinh nghia 1. [27] Cho bang quyét dinh DS =(U,C U D) va tap thudc tinh R < C . Néu

1) POS, (D)= POS.(D)

2) Vre R,POS,_,,(D)# POS.(D)
thi R 12 mot tap rit gon cua C dua trén mién dwong, goi tit 1a tdp rit gon mién dwong. Ki hiéu
PRED (C ) 12 ho tit ca céc tap rdt gon mién duong.

) ’Tép rit gon dya trén d§ do entropy Shannon cé diéu kién do G.Wang va céc cong su [36]
dé xuat.
Cho bang quyét dinh DS=(U,CuD). Gia st U/C={C,C,,..C,},

U/D={D,,D,,...,D,}.Entropy Shannon c6 diéu kién cua D khi da biét C duoc dinh nghia boi
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H<D|c)=—zﬁi

trong d6 |X| ki hi¢u luc lugng cua tap X va voi quy ude 0.1log, 0=0.

Pinh nghia 2. [36] Cho bang quyét dinh DS =(U,C U D) va tap thudc tinh R < C. Néu

1) H(D|R)=H(D|C)

2) Vre R, H(D|R—{r}) = H(D|C)

thi R 1a mét rit gon cua C dya trén entropy Shannon cé dicu kién, goi tat 1a tdp riit gon
Entropy Shannon. Ki hiéu HRED (C ) 12 ho tét ca céc tap rit gon Entropy Shannon.

Trong [23], Jiye Liang va cdc cong sy da dua ra mot dinh nghia méi vé entropy, ching toi

goi la entropy Liang.
Pinh nghia 3. [23] Cho bang quyét dinh DS =(U,CuUD). Giast U /C ={C,,C,,....,C, },
U/D={D,,D,,..,D,}.Entropy Liang c6 diéu kién ciia D khi d4 biét C dugc dinh nghia boi
D, ~C)||Df -

B0 =3 T

i=l j=1

voi Dy =U-D,C; =U-C,
Dua trén’ entropy Liang c6 diéu kién, Luo Ping va cic cong sy [26] dinh nghia tép rit gon
cta bang quyét dinh.

Pinh nghia 4. [26] Cho bang quyét dinh DS = (U,C U D) vatap thudc tinh R < C . Néu

1) E(D|R)=E(D|C).

2) VreR, E(D‘ (R-{r}))# E(D| C).
thi R 12 mot rit gon ciia C dua trén entropy Liang c¢6 diéu kién, goi tit 12 tdp riit gon Entropy
Liang. Ki hiéu ERED (C ) 12 ho tét ca céc tap riit gon Entropy Liang.

Ngoai ba dinh ‘nghia tap rut gon néu trén, mot s6 dinh nghia khac vé tap rat gon cling duoc
mot sb tac gia dé xuat.

Thoéng thudng, moi phuong phdp rit gon thuge tinh déu dua ra dinh nghia tap rit gon cua
phuong phdp. Trong bang quyét dinh nhat quan, cic tap rit gon 1a nhu nhau. Trong bang quyét
dinh khong nhit quan, chiing ta c¢6 két qua sau:

Mbi lign h¢ giira ba tap rit gon nay la: Néu R, 1a mot tdp riit gon Entropy Liang thi ton
tai mot tdp nit gon Entropy Shannon R, va mot tdp rit gon mién dwong R, sao cho

R, CcR, CR,.

Trong cdc bai toan thyc té, bang quyét dinh thuong chita cic dbi twong khong nhat quan
(la cac doi tuong bang nhau trén tap thudc tinh diéu kién nhung khac nhau trén tap thudc tinh
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quyet dinh). Tuy nhién, tuy thudc vao 16p bai todn can giai quyét ma ta c6 the chuyen bang
quyet dinh khong nhét quéin vé bang quyet dinh nhat quén qua budc tién xir 1f s6 lidu bang cach
loai bo cac dbi tegng khong nhét quén.

Nhu da trinh bay trong muc trén, bang quyét dinh DS = (U LCu{d} V. f ) 1a nhat quén
khi va chi khi phu thugc ham C — {d} ding va B 1a mot tap riit gon ctia C néu B la tap t6i thiéu
théa man phu thuoc ham B — {d } Trong co s¢ dit liéu quan hé, véi quan hé r trén tap thudc
tinh R thi B 12 mot tap t6i thiéu ciia thudc tinh d € R, d € B néu B 1a tap tdi thiéu thoa man phy
thugc ham B — {d } [17]. Do d6, khdi niém tap rit gon cia bang quyét dinh twong duong voi
khi ni¢m tap tdi thiéu ctia thudc tinh{d} trén quan hé.

Vi céc bang quyet dinh nhét qudn, ching t6i trinh bay mot so thuat todn lién quan dén tap rut

gon str dung mdt s6 thudt todn va mot sé két qua lién quan dén tap t6i thiéu cia mot thudc tinh trong
co s& dir li€u quan hé.

Bang quyét dinh trong cac bai toan thyc té thuong chira mot s6 thudc tinh du thira thuc su,
12 nhitng thudc tinh ma viéc loai bé ching khong anh hudng gi dén viéc phan 16p tap ddi tuong.
Su ¢6 mét cua cac thudc tinh nay lam cho d¢ phuec tap tinh todn cua bai todn khai phé dit li¢u
tang 1én rat 16n. Viéc loai bo céc thude tinh nay trudc khi thyc hién cac nhi€ém vu khai pha dir
lidu ¢6 ¥ nghia thyc tidn cao trong bdi canh dit liéu ngay cang 16n, ngay cang da dang va phirc
tap.

Nhu di trinh bay, trong bang quyét dinh thudc tinh dw thira thire si 12 thude tinh khong
xudt hién trong bat ki tap rit gon no va thugc tinh rit gon la thudc tinh xuét hién trong mot tap
rit gon nao do Khi d6, bai todn tim tép tat ca thudc tinh du thtra thyc sy tuong duong Vol bai
todn tim tap tat ca céc thugc tinh rdt gon. bé giai quyet bai todn nay, phuong phdp tlep can
thong thuong 1a tim ho tat ca cic tap rdt gon cua bang quyet dinh, sau d6 tim phép hop gilra cic
tap rut gon. Tuy nhién, cich tiép can nay khong kha thi véi cdc bang dit liéu kich thudce 16n vi
d6 phrc tap thoi gian cia thudt todn tim ho tit ca céc tap rit gon cta bang quyét dinh 12 ham mii
ddi véi s thue tinh diéu kién.

Trong phan nay, chung t6i dé xuat mot thudt toan tim tap tit ca cac thudc tinh rdt gon cua
bang quyét dinh nhét quén c6 do phuc tap thoi gian 1a da thirc.

Trong co s6 dir liéu quan hé, chiing t6i [16] d4 chirmg minh bd dé quan trong sau.

B d& 1. [16] Gid sir K 1a mgt hé Sperner trén R, khido | ] K=R—- [ K.

Kek Kek ™!

Trén quan hé r, do K" 1ahé Sperner trén R nén dp dung B dé 1 ta c6 bd dé sau

B6 dé 2. Cho r1a mot quan hé trén R va a€ R, khi dé

UKR—ﬂK

KekK, KE(K )

Cho bang quyét dinh nhat quan DS =(U,CU{d},V,f) voi U Z{ul,uz,...,um}. Xét

quan hé r={u,,u,,...,u, } trén tap thudc tinh R =C U{d}, tir khdi niém tdp nit gon clia bang

quyét dinh nhit quin vA tdp 10i thiéu cia mét thuc tinh tén quan hé ta c6
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PRED(C) =K, —{d} , VOi PRED(C) 1a ho tt ca cdc tap rit gon Pawlak cta C trong DS va
K, 1a ho cdc tap tdi thiéu cua thudc tinh d trén r. Do d6, néu ki hiu REAT (C) la tap tat ca céc
thudc tinh rit gon cta C thi

REAT(C)= | R (URJ—{(Z}

Re PRED(C ReK[

Thuit toan 1. Tim tap tit ca cdc thudc tinh rit gon.
Pau vao: Bang quyét dinh DS =(U,CU{d},V,f)véri POS,. ({d}) =U
C={c,cy .}, U={u,uy,....u,
Piura: REAT (C ) 1a tap tat ca céc thudc tinh rit gon cua C.

Xét quan hé r ={u,,u,,...,u,, } trén tap thudc tinh R=C U{d}.

Buéc 1. Tu r ta tinh h¢ bing nhau E, ={E;:1<i< j<m}véi
E; :{ae R:a(ui):a(uj)}.

Buoc 2. T E, taxay dung tap M ={AEE, de A,ZfBEEr d ¢ B,ACB}.

Buoc 3. Xay dung tap V = R— ﬂ K.

KeM ,

Budc 4. Dat REAT (C)=V —{d}.

Tap REAT (C ) duoc xay dyng 12 tap tit ca cac thudc tinh riit gon cua C.
Chirng minh

Theo cich xay dung M , tai Budc 2 va theo cong thuc tinh bao déng cua tap thudc tinh
trén quan hé, VAe M , ta c6 A’ =A va A khong chita d nén A’ khong chta d, suy ra
A—> {d} ¢ F*. Mit khdc, néu tdn tai B sao cho Ac B thi xay ra hai truong hop: (1) Néu B
khong chta d thi B =R ; (2) Néu B chira d thi hién nhién B’ chtta d. Ca hai truong hop ta
du o6 Bchita d hay B—{d}eF'. Do d6 M, =MAX(F'.d) véi
MAX (F*.d)={AcR:A—{d}e¢ F",AcB=B—{d}e F'}. Theo [17],
MAX (F*.d)=(K, )_l v6i K 1a ho céc tap toi thiéu cua thudc tinh d trén quan hé r. Do d6

-1 / [
M ,=(K,) . TaiBuoc 3 két hop véi BG dé 5.2 ta c6

VRﬂKR—ﬂK U k.

KeM , KG Kd) KeK,/

Tai Budc 4 ta c6 REAT(C)=V—{d}:( U KJ—{d}: U R

KekK, Re PRED(C
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Do d6 theo dinh nghia, REAT(C ) 1a tap tAt ca cdc thudc tinh rit gon cua C.

P§ phirc tap thoi gian clia Thuit toan 1
Vi m 1a s6 d6i tuong va n 12 s6 thudc tinh didu kién, do phtec tap thoi gian dé tinh hé bang
nhau E, tai Budc I 1a O(m’n). Tai Budc 2, hé bing nhau E, c6 téi da m’ phan tir. Do d6,

d6 phuc tap thoi gian dé tinh tap M Pt O(m4n). Vi vay, d0 phuc tap thoi gian cia Thuat
toan 11a O (m4n) . Do phirc tap nay 1a da thic theo s hang va sb cot ciia bang quyét dinh DS.

Tu thuat todn 1 ta thu dugc cac hé qua sau:

Heé qua 1. Cho trudc bang quyét dinh nhat qudn DS = (U, C U{d} ,V, f) va thude tinh a, ton

tai thudt todn xdc dinh thudc tinh a la thudc tinh rit gon hay khong voi thoi gian da thirc theo
s0 hang va so cot cua DS.

Vé mit i thuyét, trong nhiéu trudng hop chiing ta cin tim tit ca céc tap rit gon
trong bang quyét dinh nhat quan. Chung t6i da xay dung ba thuat todn sau:

- Thudt todn tim ho tat ca cic tap rit gon ctia bang quyét dinh nhét quan véi do phirc tap
thoi gian 1a ham m.

- Thugt todn xay dung céc phy thudc ham tir bang quyét dinh nhat quan voi do phuc tap
thoi gian la ham ma. Y nghia ciia thudt todn nay la xdy dung mot cong cu hinh thirc dé biéu

dién tat ca céc quyet dinh dudi dang céc phy thudc ham tir bang quyet dinh nhét quén cho trudc,
khong quan tam dén dir liéu cu thé.

- Thudt todn xay dung bang quyét dinh théa man tap phu thudc ham cho trudc véi do
phure tap thoi gian 1a ham mi. Y nghia ciia thuat ton nay 1a khéng dinh tinh ding dén coa viée
suy dién va ra quyét dinh trén cic phu thu¢c ham. Nghia la c6 thé thyc hién suy dién vara quyet
dinh trén cdc tri thie dudi dwoc biéu dién dudi dang phu thudc ham ma khong quan tadm dén
bang dir li€u cu thé.

Cic két qua nay da duoc cong bd trong [5,33].

Léi cdm on. Toi xin chan thanh cAm on Ban Bién tap Tap chi Khoa hoc va Cong nghé da moi toi viét bai
béo nay. Do khudn khé c6 han cila bai bdo, t6i chi c6 thé trinh bay mot phdn nhing két qua da dat dwoc
trong linh vyc co s dit liéu va khai phé dit liu. Mot s6 két qua trinh bay trong bai bdo nay Ia nhitng két
qua lam viéc clia cdc nghién ctru sinh ca t6i, TS. Nguyén Long Giang, TS Nguyén Huy Puc, TS Nguyén
Hoang Son trong nhém nghién ctru “Co s¢ dit li€u va khai pha dir liéu “ cia Vién Cong ngh¢ thong tin.
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ABSTRACT

SOME COMPUTATIONAL PROBLEMS RELATED TO DATABASE
AND DATA MINING

Vu Duc Thi
Institute of Information Technology, VAST, 18 Hoang Quoc Viet, Cau Giay, Hanoi, Vietnam
Email: vdthi@ioit.ac.vn

Database and data mining are very important development in information technology (IT).
In essence the data play a fundamental role in the processing of information on computer
systems. Database theory and the practical applications of this theory have been developed and
achieved many accomplishments since the 80th of last century. Essentially, database theory
provides us with the most important knowledge related to organizational issues, design and
construction of the database management system. On the basis of the results obtained in this
theory, computer companies such as IBM, Microsoft, Oracle, Apple has built the database
management system trade all over the world market requirements, such as SQL, Oracle, IBM
DB2. In some aspects, the present, in all activities of mankind has accumulated a huge amount
of data. However, knowledge is too small. Therefore, the current research directions for
knowledge discovery from data is a very powerful development. A particularly critical stage in
the process of knowledge discovery from data is data mining to acquire knowledge. Hence,
research on data mining methods is a very basic directions in IT. In this paper, we present some
main results related to the computational problems, in fact algorithmic problems, in the field of
database and data mining.

Keywords: database, data mining, database management system, knowledge discovery from
data, computational problem, algorithm.
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