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CHUONG 1. TONG QUAN

1.1. D4n nhap

Trong luan an nay, nghién ciru sinh nghién ciru, dé xuat cau tric di lidu va
phat trién mot s thuat toan hiéu qua dé giai quyét mot sé bai toan lién quan khai
thac mau phd bién trén co sé dit liéu ¢6 trong s6. Cu thé nhu sau:

1. D& xuit cau tric dir lisu WN-list va thuat toan NFWI tuong tng dé khai
thac mau phd bién cé trong sé (FWI — frequent weighted itemset) mot
cach hiéu qua. WN-list 1a mot mo rong caa cau tric N-list (Deng et al.
(2012)) dé biéu dién dir liéu c6 trong s6. Su vuot troi cua cau tric WN-
list dén tir nhitng wu diém sau: (1) Dit liéu dugc nén trén cay dang FP-
tree; (2) Quan hé td tién cua cac nét trén cay duoc xac dinh bang céch so
sanh céc gia tri pre va pos cua cac nét; (3) Noi dung cua cay duoc chuyén
sang dang tuyén tinh theo dang {(pre;, posi, weight)} twong tng véi WN-
list cua cac tap danh muc mét phan tir va qué trinh khai thac chi thuc hién
trén do; (4) Do hd tro trong sé ws ciaa mot tap danh muc duoc tinh dé
dang bang téng cua céc gia tri weight; trong WN-list cua no; (5) Do phuc
tap cua phép giao WN-list chi 1a O(n) va kich thudc cuia WN-list két qua
dugc giam thiéu dang ké nho vao viéc két hop cac phan tir chung (pre,
pos) lai v6i nhau. Thuat todn NFWI d3 tan dung cac wu diém cua cau tric
WN-list & nén dir liéu trén cdy, sau do6 trich xuat va khai thac trén céc
WN-list cua cac tap danh muc mot phan tir . Cac (g vién 16p k duoc tao
ra twong tng tir 16p (k-1) bang phwong phap chia dé tri va phép giao WN-
list voi do phirc tap tuyén tinh. Mot s6 dinh 1y da dugc dé xuét dé tinh do
phd bién trong s ciia mot tap danh muyc dya trén WN-list, ciing nhu x4c
dinh nhanh gi4 tri cia né trong mot sé trudng hop ma khéng can thuc

hién phép giao WN-list.
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Dé xuit thuat toan méi NFWCI khai thac hiéu qua mau pho bién dong co
trong s6 (FWCI — frequent weighted closed itemset) duwa trén cau tric
WN-list va chién lugc tia nhanh nhanh. Luan an da gioi thiéu khai niém
vé quan hé to tién WN-list va dé xuit mot dinh 1y dé loai bé nhanh céc
g vién khong thoa man duya trén quan hé té tién WN-list. Thuat toan
NFWCI dugc dé xuét ciing ap dung tinh chat cua phép giao WN-list khi
két hop hai ung vién khong thoa mén trén ciing mot 16p twong dwong dé
giam kich thuéc WN-list cua ing vién két hop, tir d6 tang toc tinh toan
trong cac budc ké tiép.

M©6 hinh héa bai toan khai thac top-rank-k mau phé bién cé trong s6. Khai
thac top-rank-k mau phéd bién c6 trong sé 1a xac dinh cac mau phé bién
¢6 @6 phd bién trong sé nam trong k ngudng 16n nhit, nhim thoa man
nhu cau ctia nguoi ding ma khdng mat thoi gian di xem xét toan bo cac
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mau phd bién c6 trong s6. Ba thuat toan co so TFWIT, TFWID va
TFWIN duogc dé xuit dé giai quyét bai toan khai thac top-rank-k mau phé
bién c6 trong sb twong (g dya trén ba cau tric dir liéu hign hanh Ia tidset,
diffset va WN-list. Cac chién luoc ting ngudng va tia nhanh sém da duoc
dé xuat dé cai tién thuat toan TFWIN, tir d6 dé xuat thuat toan TFWIN*
khai thac top-rank-k mau phé bién c6 trong sd.

4. M6 hinh héa bai toan khai th4c mau phé bién c6 trong sé theo ludng di
liéu sir dung mé hinh ctra s6 trwot. Luan an da dé xuat cau tric cdy SWN-
tree dé luu trir va duy tri hiéu qua cac ctra s6 dit liéu khi truot theo ludng
dit liéu. Trén co s& do, thuat todn FWPODS duogce dé xuat dé khai thac
hiéu qua mau phé bién c6 trong sé theo ludng dir liéu dya trén mé hinh
cira s6 truot.

1.2. Pong lwc nghién ceu

Hién nay, clng véi su phét trién nhanh chong ciia ky nguyén sd, cac dang dir
liéu thu dugc tir cac ung dung IoT ngay cang da dang va luén c6 mot déc trung co
ban d6 1a cac ddi tugng trong co so dir liéu thuong c6 mirc d6 quan trong khac
nhau va can duoc chd y véi mirc d6 khac nhau trong qua trinh xir Iy va khai thac
dir liéu. Mot s6 vi du nhu 1a cam bién trong céc hé thong 10T ¢6 tam quan trong
khéc nhau, cdc mat hang cé gia ca hay lgi nhuan khac nhau, cac trang web c6 trong
s6 khac nhau, cac gen hay triéu chiing bénh thi c6 y nghia khac nhau trong phéan
tich gen va chira bénh hay cac nét dd thi biéu didn mang xa hai s& c6 trong s khac
nhau dua theo céc lién két caa ndt dd thi do.

Hién tai, cac phuwong phéap hién cé dé giai quyét bai toan khai thac mau phd
bién c6 trong s6 dang ton tai mot s6 diém yéu. Ngoai ra, viéc khai thac mau phd
bién c6 trong s6 gii han theo dinh huéng nhu ciu cua ngudi sir dung nhu vé sé

lwong, thoi gian van con chua dugc quan tm nghién ciru. Nhu vay, nhu cau veé



khai thac mau phd bién trén co so dit liéu trong s6 dang dit ra cap thiét va can phai

giai quyét.

Bang 1.2 Uu nhwoe diém cia cac thuat toan khai thac mau phé bién co

trong sé hién co

. o Quét , Hiéu
Thl?lgt to;:r; ll:lhf:: tl}ac Nén dir cay Ce? ufltn Tia qua trén
U P10 BN €0 liéu nén dir Y nhanh loai
trong so licu kiem CSDL
WIT-FWIs-Tid
(Vo et al. (2013)) X X All
WIT-FWIs-Diff
(Vo et al. (2013)) X X All
IWS
(Nguyen et al. (2016)) X X Sparse
FWI-WSD
(Lee et al. (2017)) X X All
FWI-TCD
(Lee et al. (2017)) X X All

1.3. Muc dich, ddi twgng va pham vi nghién ciru

e Muc dich nghién ctru: Nghién ciru va phat trién cau trdc di liéu va thuat

toan giai quyét hiéu qua cac bai toan khai thac mau phé bién c6 trong sb.

e Ddi twong nghién cieu: Céc bai toan: khai thac mau phd bién c6 trong sb,

khai th4c mau phd bién dong c6 trong sb, khai thac top-rank-k mau phé bién

c6 trong s6 va khai thac mau phé bién c6 trong sé theo ludng dir liéu.

e Pham vi nghién cieu: Gigi han trén cac bo dir liéu co trong s6

1.4. Y nghia khoa hoc va thuc tién cia dé tai

e Y nghia khoa hoc ciia dé tai: Noi dung cua luan &n I nghién ctru va dé xuat

cac phuong phép dé giai quyét hiéu qua cac bai toan: khai thac mau pho bién

c6 trong s, khai thac mau phé bién dong c6 trong sb, khai thac top-rank-k

mau phd bién cé trong sb va khai thac mau phé bién cé trong sb theo ludng



dir lidu. Cac déng gop cua luan an gép phan b sung nén tang ly thuyét vé
khai thac mau phé bién trén cac co so dir liéu co trong s6 ndi riéng va bai
toan khai thac mau néi chung.

e Y nghia thyc tién caa dé tai: Luan an cung cap cau tric dir liéu va thuat
toan cu thé dé giai quyét cac bai toan lién quan khai thac mau phé bién co
trong s, tir &6 cac nha phat trién cd thé ap dung vao trong cac tng dung.

1.5. B cuc luan an

Noi dung cua luan an dugc bb cuc gdm 7 chwong va tai liéu tham khao:

e Chuong 1: Téng quan: Chuong nay bao gom phan gioi thiéu tom tit vé
cdng trinh nghién ctru, dong lec nghién cau, muc dich, ddi twong va pham vi
nghién ctru, y nghia khoa hoc va thuc tién cua dé tai.

e Chuong 2: Co sé& ly thuyét: Noi dung chwong 2 gi6i thiéu cu thé vé céc bai
toan duoc quan tam giai quyét trong luan an, khao st cac nghién cau lién
quan, nhitng van dé con ton tai. Tir d6 dé ra muc tiéu caa luan an.

e Chuong 3: Khai thac miu phé bién c6 trong sé bang cau tric WN-list:
Chuong 3 trinh bay vé cau truc dir liu WN-list va thuat toan NFWI dé giai
quyét bai toan khai thac mau phé bién c6 trong sb.

e Chuong 4: Khai thac miu phé bién déng co6 trong sb bing ciu tric WN-
list va chién lwgc tia nhanh sém: Trinh bay vé phuong phap dé xuit dé giai
quyét bai toan khai thac mau pho bién dong c6 trong s6.

e Chuong 5: Khai thac top-rank-k miu phé bién c6 trong sé: Gigi thiéu
mo hinh va céc thuat toan khai thac top-rank-k mau phé bién c6 trong sb.

e Chuong 6: Khai thac miu phd bién c6 trong sé theo dong dir liéu dya
trén mé hinh cira s6 trwgt: Gigi thiéu va dua ra mé hinh va thuat toan khai

thac mau phd bién c6 trong sb theo dong dir liéu dua trén cira s6 truot.



e Chuong 7: Két luan va hwéng phat trién: Trinh bay tom tat vé nhirng két
qua nghién ctru dat duoc, nhitng wu diém va han ché cua cac thuat toan dé

XUt va cac huéng nghién cau tiép theo.



CHUONG 2. COSOLY THUYET

2.1. Gigi thi¢u bai toan
2.1.1. Bai toan khai thac mau phé bién c6 trong sé

Pinh nghia 2.1. Mot co so dir liéu c6 trong sé (WD — weighted database) la
mot bo (T, I, W), trong do6 | = {i; | j € [1, n]} la tdp cac danh muc (item), T = {t; |
j €1, m] At;c I} 1atap cac dong dit lieu, va W = { w; | j € [1, n] A w; la trong s6
cua item ij}.

Pinh nghia 2.2 (Trong sb dong dir liéu) (Tao et al. (2003)): Trong s6 cua dong
dix liéu tx € T ky hiéu la tw(tx) duoc tinh toan nhu sau:
Zijetk wj

179
Pinh nghia 2.3 (P9 hd tro trong s6) (Tao et al. (2003)): Cho tap danh muc

(itemset) X, d6 hd trg trong s6 cua X ky hiéu 1a ws(X) duoc tinh toan nhu sau:
Deetoo tw(ty)
sumtw

tw(ty) =

ws(X) =

Trong d6 t(X) la tap cac dong dir liéu chira itemset X va sumtw 12 tong gia tri
tw cua tat ca cac dong di liéu.
Pinh nghia 2.4 (Mau phd bién c6 trong s6) (Tao et al. (2003)): Cho itemset
X € I va mot ngudng hd tro trong sé tbi thiéu minws, X dugc goi 1a mau phd
bién c6 trong s (FWI — frequent weighted itemset) néu ws(X) = minws.
Bai toan 1 (Khai thac FWI): Cho WD va nguéng téi thiéu minws. Khai

thac miu phé bién c6 trong sé la di tim tap FWI théa man:
FWI ={X € WD |ws(X) = minws}
2.1.2. Bai toan khai thac mau phd bién déng c6 trong sb
Pinh nghia 2.9 (Mau phd bién déng c6 trong s6) (Vo (2017)): Cho mot itemset
X € 112 FWI, X miu phd bién déng c6 trong sé (FWCI - frequent weighted closed

itemset) néu va chi néu khéng ton tai itemset Y sao cho X ¢ ¥ va ws(X) = ws(Y).



Bai toan 2 (Khai thAc FWCI): Cho WD va ngudng toi thiéu minws. Bai

toan khai thac miu phé bién déng cé trong sé 1a di tim tip FWCI théa méan:

FWCI={X e WD |ws(X) Zminws \(AY |Y > X Aws(X) =ws(Y))}
2.1.3. Bai toan khai thac top-rank-k mau phé bién co trong sé

Pinh nghia 2.10 (Rank ciia mau pho bién c6 trong s6): Cho mot co so dit ligu
c6 trong s6 WD, rank cia mot mau phd bién cé trong sé X ky hiéu 1a r(X) dugc
xac dinh nhu sau:

r(X) = {ws(M)|Y €T Aws(Y) = ws(X)}|

Pinh nghia 2.11 (Top-rank-k mau phé bién co trong s6): Mot mau X (< I)
dugc goi 1a top-rank-k mau pho bién c6 trong sb néu va chi néu r(X) <k.

Bai toadn 3 (Khai thac Top-rank-k FWI): Cho WD va nguang k, bai toan
khai thac Top-rank-k mau phé bién cé trong sé 12 bai toan di tim tap TR théa

man:
TR={X e WD|r(X) <k}
2.2.4. Bai toan khai thac mau phé bién co treng sé theo dong dir liéu
Bai toan 4 (Khai thac FWI theo ludng dir ligu): Cho WD la ludng dir ligu

cap nhat theo thoi gian véi buéc nhay 1a p giao dich va nguéng tdi thiéu

minws. | la tap cac itemtrong WD. WD; = {t; | t, ST Ak €e[p+(i—1) +
i,p*(i—1)+s]} lacirasd truot cé kich thwéc cé dinh s caa lan cap nhat
thir i. Bai toan khai thac FWI theo ludng dir liéu 1a 1a di tim cac tip FWIi théa
man:
FWI; = {X € WD; | ws(X) = minws}

2.2. Céc nghién ciru lién quan
2.2.1. Khai thac miu phé bién c6 trong sé

Nam 2003 Tao va dong sy gidi thiéu mot md hinh nén tang dé khai thac mau
phd bién c6 trong s dua trén hai khai niém trong sé giao dich va do phé bién trong

s6. Sau d6, Vo va dong sy (2013) dé xuit mot thuat toan quét dir lisu mot lan st



dung cau tric WIT-tree dé khai thac hiéu qua mau phd bién c6 trong sb. Nguyen
va dong su (2016) dé xuét cau tric IWS dé luu trit va xur 1y tidset va tang cuong
hiéu qua cua viéc khai thac mau pho bién ¢ trong sé trén cac bo dit liéu thua. Lee
va dong su (2017) dé xuét cac ciu tric duwa trén cac cAu trdc dua trén FP-tree dé
khai thac mau phd bién c6 trong s6 bang hai thuat toan 1a FWI-WSD va FWI-
TCD.
2.2.2. Khai thac miu phé bién déng c6 trong sé

Hién chi ¢ nghién ctru cua Vo (2017) dua ra phuong phap khai thac mau phd
bién dong c6 trong s voi hai thuat toan la WIT-FWCI-Tid va WIT-FWCI-Diff
tuong (g Voi cac cau tric tidset va diffset trén cay WIT-tree.
2.2.3. Khai thac top-rank-k mau phé bién cé trong sb

Hién khong c6 nghién ciru nao lién quan dén khai thac top-rank-k mau phd
bién c6 trong sé.
2.2.4. Khai thac miu phdé bién ¢ trong sé theo ludng dir ligu

Hién khong c6 nghién ciru nao lién quan dén khai thac mau phd bién c6 trong
sb theo ludng dix liéu.
2.3. Nhirng vén dé con ton tai

Qua qua trinh tim hiéu, phan tich va tong hop cac cong trinh nghién ciu lién
quan, nghién ctru sinh nhan thay c6 nhiéu van d& ton tai can duoc giai quyét. Trong
pham vi cua luan &n, nghién cau sinh tap trung mét sb van dé quan trong sau:

e Tinh dap ng phd quét cuia thuat toan khai thac FWI trén céc loai co so dir
liéu khac nhau.

e Tinh dap tng kha nang mo rong cua cac thuat todn khai thac FWI khi kich
thudc cac bo dit liéu ting trudng theo chidu ngang (sé item ting) va theo
chiéu doc (s6 dong dir liéu ting).

e Van dé khai thac mau pho bién c6 trong s6 theo dinh hudng ngudi sir dung

nhur giéi han vé s6 lugng, giGi han theo thoi gian.
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e Sy it 0i cua cac phuong phap khai thac FWCI hién co.
e Sy khuyét thiéu ciia cac phuwong phap khai thac top-rank-k FWI hay khai thac
FWI theo ludng dir liéu dé dap tmg sat hon nhu cau cta nguoi sir dung.
2.4. Muc tiéu cia luan an

Nghién ctru sinh dé ra muc tiéu chinh cua luan 4an 1a dé xuat mot cAu tric di
liéu dé Iuu trix hiéu qua co s& dit liéu 6 trong sd, tir d6 phat trién cac thuat toan
hiéu qua dé khai thac FWI, FWCI, top-rank-k FWI va khai thac FWI theo ludng
dir liéu. Dé dat duoc muc tidu nay, luan an c6 hudng tiép can nhu sau:

e Huwéng tiép can 1: Khao sat cac phuong phap khai thac mau pho bién ciing
nhu khai thac FWI hién c6, két hop wu diém cia cac phuong phéap tét nhat
hién cé.

e Huéng tiép can 2: Khao sét cac dang cay tim kiém, tir &6 nghién ciru va phét
trién céc chién luoc tia nhanh hiéu qua trén khong gian tim kiém tng vién,
tir d6 tang hiéu qua vé mat thoi gian khai thac.

e Huwéng tiép can 3: Tim cach md hinh hoa vé mat toan hoc cac dic trung
riéng cua co s dit liéu cd trong so, tir d6 van dung vao céc bai toan khai thac
FWI, FWCI, top-rank-k FWI ciing nhu khai thac FWI theo ludng dit liéu n6i

trén.
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CHUONG 3. KHAI THAC MAU PHO BIEN CO TRONG SO BANG
CAU TRUC WN-LIST

3.1. Giéi thigu

Trong ndi dung chwong nay, luan &n dé xuat cau tric dir lieu WN-list
(weighted node-list), mot bién thé mé rong cua cau tric N-list (Deng et al. (2012)),
dé biéu dién hiéu qua co s& dir liéu ¢ trong so, tir d6 dwa ra thuat toan NFWI dé
khai thac hiéu qua FWI. Dau tién, co s dit liéu co trong sé dugc doc va nén trén
cay WN-tree (bién thé cua cay FP-tree (Grahne & Zhu (2005))), sau dé duoc trich
xuit va khai thac trén cac WN-list caa cac 1-FWI (FWI c6 1 item). Cac @ng vién
cua 16p k s& duoc tao ra tir cAc g vién twong tng cua I6p k-1 bang phwong phap
chia dé tri va phép giao WN-list c6 d6 phic tap chi 13 O(n). Thuat toan NFWI dya
trén cau tric WN-list két hop duoc ca hai wu diém chinh cua céc thuat toan hién
¢6 1a kha nang nén dir lidu trén cay t6t va kha ning khai thac ang vién trén khong
gian tim kiém linh hoat, hiéu qua.
3.2. Cau trdc dir ligu WN-list

Pinh nghia 3.1 (WN-Tree): Cay WN-Tree la mét cau tric bao gdom mot ndt
cha 13 "null" va céc ndt con, trong d6 mdi ndt con 1a mot bo(item-name, child-list,
pre, pos, weight):

- item-name 14 tén ctia nét, chinh 14 tén cua item dai dién cho nét.

- child-list 1a danh sach cac nét con caa nét hién tai.

- pre la thar ty cua nét khi duyét cay tir trén xudng trai sang.

- pos 1a thir t cua ndt khi duyét cy tir trén xudng phai sang.

- weight 12 khéi lwong cua nét tinh biang téng tw cua cac giao dich di qua nét.

Pinh nghia 3.2 (WN-code): Mot WN-code cua mot ndt trén cdy WN-Tree 1a
mot bo ba gid tri (pre, pos, weight) cua nét do.

Pinh ly 3.1 (Deng et al. (2012)): Cho hai nét khac nhau trén cdy WN-Tree N,

va Nz, N1 1a mot t6 tién ctia N2 néu va chi néu Ny.pre < Na.pre va N1.pos > N,.pos.
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Pinh ly 3.2 (Deng et al. (2012)): Cho hai WN-code Ci(x1, Y1, Wi1) va Ca(x2, Y2,
W2), C1 1a mot to tién cua C, néu va chi néu x3 < Xz va y1 > Y.

Pinh nghia 3.3 (WN-list caa mét item): Cho mot cdy WN-Tree, WN-list cua
mot item X, ky hiéu 1a WL(X), 1a day c6 thir tw cdc WN-code cua cac ndt dai dién
cho item X d6 trén cay WN-Tree, trong d6 cac WN-code trong diy duoc sip xép
tang dan theo gia tri pre cua chdng.

Pinh ly 3.3: Cho A la mét item vsi WN-list cia A la WL(A) =
{(x1, Y1, W1, (X2, V2, Wa), ey (X, Vo W) }. DO pho bién trong sb ciia A 1a ws(A4)

duoc tinh nhu sau:

_ ?:1 w; 3.1
W) = () )

Pinh nghia 3.4 (WN-list cia méot k-itemset): Cho XA va XB la hai (k-1)-
itemset c6 cling phan tién t6 12 X, trong d6 A xép sau B theo thir tu trong 11. WL(XA)
va WL(XB) Ia hai WN-list twong ung ctia XA va XB. Ta c6 WL(XAB) l1a WN-list
cua k-itemset XAB dugc xac dinh nhu sau:

1. Vi mdi cap Ci(xi, yi, wi) EWL(XA) va Ci(x;, yj, w;) EWL(XB), néu C; la to
tién cua C; thi ta thém (x;, yj, wi) vao WL(XAB).

2. Duyét WL(XAB) va té hop cac WN-code c6 cuing (pre, pos) thanh mot
WN-code méi c6 weight 1a tong cua cac gié tri weight trong cac WN-code dang
Xét.

binh ly 3.4: Cho X la mot itemset voi WN-list caa X & WL(X) =
{C1, Y1, w1), (X2, Y2, W), e, (X, Yo W) }. DO phd bién trong sé cua X 1a ws(X)
duoc tinh nhu sau:

=1 W (3.2)
Dty et tw(ty)

Pinh Iy 3.6: Cho itemset P vaitemi (i &€ P),néuws(P) = ws(P U {i}) thi
v6i moi itemset A thoa man diéu kien (ANP =@ Ai & A, taco: ws(AUP) =
ws(A U P U {i}).

ws(X) =
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3.3. Thuit toan khai thac miu phé bién c6 trong sé dua trén WN-list

Thuat toan 3.3: Thuat toAn NFWI

Input: The weighted database WD and a threhold minws
Output:FWI, the set of all frequent weighted itemsets.
Method name: NFWI(WD, minws)

Call Construction_WN_Tree(WD, minws) to generate Tree and |1
Scan Tree to generate WN-lists of items in I3

Let FWl«I;

Call Find_FWI(l1, @, ®)

. __return FWI

Procedure Find_FWI(L, Prek, Sk)

1. Prene: = Prex

2. fori= Ly.size downto 2 do

A

3 Prenee— Li

4 Lnext =@

5. Shext = Sk

6. for j = i-1 downto 1 do

7 NSi; = WL_Intersection(WLi, WL;)

8 if ws(WLjj) =minws then

9. if WS(WLij) = ws(WL;) then ShexteLj
10. else FWI< {Prequ{Li}u{Lj}}
11. InextLi

12. if Snext = @ then  Find_FWI_NotWL(Prenext, Snext)
13. if Lnext = @ then Find_FWI(Lnext, Prenext, Snext)
14. remove last item of Prenex

15. Prenext<L:

16. if Sk= @ then Find FWI_notWL (Prenex, Sk)
Procedure Find_FWI_notWL(Pre, S)

1. Childs = all subset of S

2. foreach s € Childs do

3. FWIl< {Pre U s}

3.4. Két qua thuc nghiém
Thuat toan NFWI duoc so sanh vai cac thuit toan khai thac FWI hién c6 bao
gom: WIT-FWIs-Diff (Vo et al. (2013)), IWS (Nguyen et al. (2016)), FWI-WSD
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va FWI-TCD (Lee et al. (2017)) trén cac mat thoi gian chay, bo nhg st dung va
kha nang m¢é rong. Cac bd dir lieu Chess, PAMP, BMS-POS, Retail, Kosarak,
Chainstore va Sale_Fact_sync duoc sir dung dé thuc nghiém thoi gian chay va b
nhé str dung. Dir liéu dung dé thyc nghiém kha ning mo rong duoc trich xuat tir
b6 dir liéu Chainstore. Két qua thuc nghiém cho thay thuat toan dé xuat NFWI cho
két qua chay nhanh nhét trén ca hai loai dit liéu (thwa va day). Thuat toan NFWI
sir dung it bo nhé hon & hau hét cac bo dir liéu thuc nghiém nhu Chess, PAMP,
BMS-POS va Sale_Fact_Sync. Thuc nghiém ciing cho thay thuat toan NFWI cho
thdy kha nang mo rong tét vé mat thoi gian chay, trong khi kha ning mé rong vé
b6 nhé sir dung ciing kha tot.
3.5. Panh gia vé phwong phap dé xuit

Trong chuong nay, luan an da gidi thidu cau trdc WN-list dé biéu didn CSDL
c6 trong s6. Ludn an ciing d& xuit mot sé dinh 1y dé tinh toan d6 phd bién trong
s6 cua itemset, ciing nhu xac dinh nhanh gié tri cua né trong mot s6 truong hop
ma khong can thuc hién phép giao WN-list. Dua vao d6 dé xay dung thuat toan
NFWI dé khai thac nhanh mau phé bién c6 trong sé. Su hiéu qua cua thuat toén
NFWI thu duoc 13 nhé céc wu diém cia cu tric WN-list. Cac wu diém do 1a: kha
nang nén dit lidu cao khién kich thugc WN-list nho, dé dang tinh do phé bién trong
s6 thong qua quét WN-list va thuat toan giao hai WN-list chi co do phuc tap tuyén
tinh. Cac thuc nghiém trén nhiéu loai CSDL d3 cho thdy NFWI hoat dong hiéu
qua hon céc thuat toan khai thac FWI hién cé.

Két qua nghién ctru trong chuong nay duoc céng bd trong cac cong trinh
[CT.1] va [CT.6]. Trong d6 thuat toan NFWI duoc dé xuat trong [CT.1] hién duoc

xem la thuat toan t6t nhét hién cé trong khai thac mau phé bién c6 trong sb.
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CHUONG 4. KHAI THAC MAU PHO BIEN PONG CO TRONG SO
BANG CAU TRUC WN-LIST VA CHIEN LUQC TiA NHANH SOM

4.1. Gigi thigu

Trong ndi dung chuong nay, luan &n dé xuat thuat toan NFWCI dé khai thac
mau phd bién déng cé trong sé dua trén cau trdc dit liéu WN-list. Nghién ctru sinh
da gisi thiéu khai niém vé phép toan to tien WN-list va dé xuat mot dinh 1y dé loai
bo nhanh céc ng vién khong thoa man dya trén phép toan to tién WN-list. Thuat
toan NFWCI ciing 4p dung tinh chat cua phép giao WN-list khi két hop hai ung
vién khong thoa man trén ciing mot 16p twong dwong dé giam kich thuéc WN-list
cua tng vién két hop, tir d6 gilp cho viéc tang tdc tinh toén.
4.2. Quan hé té tién WN-list va chién lwec tia nhanh sém dya trén quan hé
t6 tién WN-list
Pinh nghia 4.1 (Quan hé t6 tién WN-list): Cho PA; va PA; la hai mau phé bién
c6 trong sé (A; dung trudc A, theo tha tu trong 1y va P c6 thé rdng). Ta noi
WL(PA,) 1a to tién cua WL(PA,), ky hiéu la WL(PA,) = WL(PA,) néu va chi
néu ¥C; € WL(PAy), 3C; € WL(PA,) sao cho Cj la mot t6 tién cua Ci.
Pinh ly 4.1: Cho PA; va PA; 1a hai mau phé bién cé trong sé (A; ding trudc Az
theo thir ty trong |1 va P ¢ thé rdng).

a.  NéuWL(PA;)) > WL(PA,), thi PA; khong phai 1a mau phé bién dong co

trong s0.
b. NéuWL(PAL) & WL(PA2) va ws(PA;) = ws(PAy), thi PA; va PA; khong
phai 1a mau phd bién dong c6 trong so.

4.3. Thuit toan khai thac mau phd bién déng c6 trong sé dwa trén WN-list
Thuét toan 4.1: Thuat toAn NFWCI
Input: WD and minws
Output: FWCls
Method name: NFWCI(WD, minws)
1. Construction_ WN_Tree(WD, minws)
2. Scan WN-Tree to find {SWL(A), Ai € 11}
3. SetFWCIs <« @
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4. Find_FWCI(ly)

5. Return FWCls

Procedure Find_FWCI(Is)

6. fori «|ls|-1 downtoOdo

7. |ne><t = @

8. forjei-1to0do

9. WL(XiX;) « WL_Intersection(WL(X;), WL(X;))
10. if WL(X;) € WL(X;) then

11. Xi = Xi U Xj

12. for each Xy in lnext

13. update Xk = Xx U X;

14. end for

15. if ws(Xi) = ws(X;) then

16. Remove X;

17. i-

18. end if

19. else

20. if ws(XiXj) = minws and XiX; € FWClIs then
21. Inext < XiX;

22. end for

23. Find_FWCI(FWClyex:)

24, FWClIs « X;

25. end for

4.4. Két qua thuc nghigm

Céc thuc nghiém duoc tién hanh dé so sanh su hiéu qua cua thuat toan dé
xudt NFWCI véi thuat toan hién c6 WIT-FWCI-Diff (Vo (2017)), ciing nhu so
s&nh vai thuat toan co s¢ DiffNFWCI, dugc dp dung cung phwong phap khai thac
nhung dya trén ciu trdc dir liéu DiffNodeset (Deng (2016)). Li do dé tao ra va sir
dung thuat toan DiffNFWCI cho viéc so sanh 1a bai vi cau tric DiffNodeset 1a mot
cAu tric dix liéu méi nhét trong khai thac mau phé bién.

Dix liéu thyc nghiém vé thoi gian chay va bo nhé sir dung bao gdm 09 bo dir
liéu la Accidents, Connect, PAMP, Chess, PowerC, OnlineRetail, Retail, Kosarak
va Sale_Fact_Sync. Di liéu thyc nghiém vé kha ning ma rong duoc lay tir hai bo
dir liéu 16n 1a Chainstore va Susy.
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Két qua thuc nghiém cho thiy thuat toAn NFWCI chay nhanh hon nhiéu so
voi céc thuat toan WIT-FWCI-Diff va DiffNFWCI trén cac bo dix liéu Accidents,
Connect, Retail, PALM, Sale_Fact_sync, PowerC va Kosarak. bac biét NFWCI
thé hién su vuot troi trén cac co sé dit liéu lon nhu Kosarak va PAMP. V& bo nhé
str dung, thuat toan NFWCI 14 thuat toan hiéu qua nhat vé mat bo nhé sir dung khi
so sanh véi hai thuat ton con lai 1a DiffNFWCI va WIT-FWCI-Diff. Vé kha ning
ma rong, NFWCI t6t hon WIT-FWCI-Diff khi s6 lwong giao dich tang 1én, va kém
hon WIT-FWCI-Diff khi s6 danh muc tang 1én. Kha ning mé rong vé bo nhé st
dung ctia NFWCI va DiffNFWCI 1a twong duong va cung kém hon so voi WIT-
FWCI-Diff.

4.5. Panh gia phwong phap dé xuit

Dong gop cua noi dung chuong 4 d6 1a d& xuat mot thuat toan hiéu qua la
NFWCI dé khai thac mau phé bién dong cé trong sb. Thuat toan NFWCI dugc xay
dung dwa trén cau tric WN-list. Dya trén viéc gidi thiéu khéi niém phép toan to
tién WN-list, mot dinh 1y dugc dé xuat dé loai bo nhanh chéng cac ung vién khdng
thoa mén trong qua trinh khai thadc mau phod bién dong c6 trong sb. Két qua thuc
nghiém duoc thyuc hién dé so sanh hiéu qua gitra thuat toan dé xuat so véi thuat
toan hién c6 WIT-FWCI-Diff (Vo (2017)) va mot thuat todn ap dung phuong phap
tiép can tuong tu nhung dua trén ciu tric dir liéu mai nhét trong khai thdc mau
phé bién DiffNodeset (Deng (2016)). Két qua thuc nghiém chi ra rang thuat toan
dé xuat cd hiéu qua vuot troi so voi cac thuat todn con lai trén cac mit nhu thoi
gian chay, bo nhé stir dung va kha nang mé rong.

Két qua nghién ctru trong chuong 4 da dwoc cong bd & cac cong trinh
[CT.2]. Thuat toan NFWCI dugc dé xuét hién duoc xem la thuat toan tét nhat hién

c6 trong khai th4c mau phd bién dong co trong so.
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CHUONG 5. KHAI THAC TOP-RANK-K MAU PHO BIEN CO
TRONG SO BANG CAU TRUC WN-LIST

5.1. Giéi thigu

Trong ndi dung chuong nay, luan &n gigi thiéu va mé hinh héa bai toan khai
théc top-rank-k mau phé bién cé trong sé. Khai thac top-rank-k mau phé bién cé
trong s6 1a xac dinh cac mau phd bién co d6 pho bién trong sé nam trong k ngudng
I6n nhat, nham thoa man nhu cu ciia nguoi ding ma khong mat thoi gian di xem
xét toan bo cac mau phé bién co trong sb. Céc chién lugce ting ngudng va tia nhanh
s6m da dugc dé xuit dua ra thuat toan TFWIN* khai thac top-rank-k mau phé bién
c6 trong sb hiéu qua nht.

5.2. Phwong phap dé xuit

Chién Iwgc 5.1 (RTS - raising threshold strategy): Pau tién, tap top-rank-k
ky hiéu 1a TR la rong, va nhu vay ngudng khai tao dugc dit 1a minws = 0. Khi mot
tap FWI ky hiéu 1a | duoc tim thdy, néu d6 hd tro trong sb cia né khdng nho hon
ngudng minws, thi | duoc thém vao TR. Néu TR c¢6 nhiéu hon k rank, ngudng
minws c6 thé duoc tang 1én téi 6 hd tro trong sé ciia muc cudi trong TR.

Pinh ly 5.1: Cho XA va XB la hai tap FWIs cing 16p twong duong. Néu
ws(XA) < minws hozc ws(XB) < minws thi XAB khéng thugc vé TR.

Chién lwgc 5.2 (EPS - early pruning strategy): Trong sudt tha tuc
TFWIN_Plus_CandidateGen, thuat toan TFWIN* s& khong tao ra &ng vién cua
hai FWI ¢, va ¢, v6i c,.ws < minws hoac ¢,.ws < minws dua trén Dinh Iy 5.1. Bén
canh do, thuat toan ciing loai bo tmg vién co d6 hd tro trong s6 nhé hon ngudng

trong thu tuc nay.
Thuét todn 5.4. TFWIN* algorithm
Input: a weighted database WD and a threshold k
Output: the complete set of top-rank-k FWI (TR)
1 LetTR«JandCx« I
2 Build WN-tree from WD
3 Determine Iy and its WN-lists
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4 Sort I; in weighted support ascending order

5 forj=0tom-1do

6 if TR.count > 0 and TR.last_entry.ws = I1[j].ws then

7 Add I1[j] to TR.last_entry.list and I4[j] to Cxk

8 else

9 Let R is new rank, R.ws = I1[j].ws and R.list.add(l1[j])
10 Add R to TR and I4[j] to Cx

11 end for
12 Let minws «TR.last_entry.ws // using RTS
13 while Cx# @ do

14 C — TFWIN_Plus_CandidateGen(Cy)

15 Sort C in weighted support ascending order

16 Let Cx« &, x <« 0and |« 0

17 while | < C.count and x < TR.count do

18 if TR[x].ws = C[I].ws then

19 Add C[l] to TR[x].list and C[I] to C
20 [++

21 else if TR[x].ws > C[I].ws then

22 Let R be the new rank

23 R.ws = C[I].ws and R.list.add(C[I])
24 Insert R to TR at position x

25 if TR.count > k then

26 Remove the last tuple in TR

27 Update minws «<—TR.last_entry.ws // using RTS
28 Add C[I] to Ci

29 |++

30 else

31 X++

32 end while

33 if TR.count < k then

34 Lett « min(k — TR.count, C.count - | + 1)
35 For (x = I; x < | + t; x++) do

36 R.ws = C[x].ws and R.list.add(C[x])
37 Add R to TR

38 end while

Procedure TFWIN_Plus_CandidateGen(Cy)
1 LetChxx< O
2 foreachc, € Ckdo
3 for each ¢, e Cy with u < v do
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4 if c,and cy are in the same equivalence class then

5 if c,.ws < minws or ¢,.ws < minws then Continue

6 c.WN-list = ¢,.WN-list interest with c,.WN-list
! caws = S

8 ) TTW

9 if c.ws < minws then Continue // Using EPS
10 c= Cu ) Cv

11 Add ¢ to Crext

Return Cnext

5.3. Két qua thuc nghig¢m
Thuc nghiém so sanh thoi gian chay caa cac thuat toan TFWIT, TFWID,

TFWIN va TFWIN* trén bén bo dir liéu thuc nghiém Accident, Chess, Connect
va Pumsh. Két qua thuc nghiém cho thay TFWIN* 1a thuat toan tot nhat trong khai
thac top-rank-k trén mat thoi gian chay. TFWIN* ciing vuot troi TFWIT, TFWID
va TFWIN vé mat bo nhé st dung.
5.4. Panh gia phwong phap dé xuit

Noi dung chuong 5 gigi thiéu bai todn khai thac top-rank-k FWI1, véi mot cach
tiép can két hop hai pha khai thac va xép hang vao mot pha ma khong can tim tat
ca FWI, tir d6 tang sy hiéu qua cua cac hé thong théng minh. Céc chién luoc ting
ngudng va tia nhanh som dugc &p dung dé ting tinh hiéu qua cua qué trinh khai
thac top-rank-k FWI. Ap dung cac chién lugc d6 véi su hd tro caa mot dinh 1y, tir
d6 phat trién thuat toan TFWIN* dé khai théc hiéu qua hon top-rank-k FWI. Cudi
cling, cac thuc nghiém duoc thyuc hién trén céc bo dit liéu chuan dé so sanh vé mat
thoi gian chay va bo nhé sir dung cua cac thuit toan duge dé xuat néi trén. Két
qua thuc nghiém cho thiy thuat toan TFWIN* 1a thuat toan tét nhat trong khai thac
top-rank-k FWI vé ca mat thoi gian chay va bo nhé st dung.

Noi dung nghién ciru trong chuong 5 duoc cdng bd trong cong trinh [CT.3]
va thuat toan TFWIN* hién 1 thuat toan tét nhét hién c6 trong khai thac top-rank-

k mau phd bién c6 trong sb.
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CHUONG 6. KHAI THAC MAU PHO BIEN CO TRQONG SO THEO

LUONG DU LIEU BANG MO HINH CUA SO TRUQT
6.1. Giéi thigu

Trong chuong nay, luan &n dé xuat mot thuat toan dé khai thac mau phd bién
c6 trong so trén dir ligu ting truong. Dau tién, mot md hinh khai thac mau phé
bién c6 trong sé theo ludng dir lidu duoc gidi thiéu dua trén mé hinh cira s6 truot.
Sau d0, ciu trdc cdy SWN-tree, mot phién ban cai tién cia cdy WN-tree [CT.1],
dugc dé xuit dé xay dung cay dit liéu trén ctra s6 ban dau. Mot thuat toan duy tri
cdy SWN-tree khi truot trén céc cira so dir ligu tiép theo ciing dwoc xay dung,
nham muc dich t6i wu hoa qua trinh cap nhat dir liéu theo ludng dir liéu, han ché
viéc doc lai toan bo dir lidu cua cira s6 trude d6. Cudi cling, mot thuat toan tén 1a
FWPDOS (Frequent weighted patterns over data stream) dugc dé xuat dé khai
thac mau phd bién cé trong sb theo ludng dit liéu dya trén md hinh cia sb truot.
Két qua thuc nghiém trén cac mit nhu thoi gian xay dung va bao tri cay, thoi gian
khai thac mau va kha nang mé rong cho thay thuat toan dé xuat cé hiéu qua vuot
troi so véi thuat toan co s NFWI [CT.1] khi &p dung trén ludng dit liéu.
6.2 Thuat toan khai thac miu phé bién c6 trong sé theo ludng dir liéu bing
mo hinh cira s6 truet

Pinh nghia 6.1 (Cay SWN-tree): Cay SWN-tree 12 mot cay bao gdm 6 thanh
phan (name, weight, pre, pos, child-list, parent). Trong d6 name 1a dinh danh item,
weight 1a téng trong s dong dix liéu chira item, pre 1a thu tu duyét trude, pos la
thir tw duyét sau, child-list 1a danh sach nét con va parent 1a nbt cha.

Thuét toan 6.2. Thuatt todn duy tri cdy SWN-tree

Input: SWN-tree R and T — new inserted transactions
Output: Updated SWN-tree for the new window

Method name: Maintaining_SWN_Tree(R, T)

1 foreach TiinT do
2 Call Insert_tree(Ti, R)
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3 fori«1to|T|do

4 Let | be the first element in TAIL, N = l.Parentand t = [.TID do
5 N.weight = N.weight — tw(t)

6 if N.weight = 0 then

7 Let N’ = N.Parent

8

Delete N
9 LetN=N"’
10 else
11 N = N.Parent

12 while (N is not the ROOT of R)
13 Delete | in TAIL
14 Return R

Thuat toan FWPODS duoc dé xuit dua trén két hop gitra thuat toan NFWI
va thuat toan Maintaining_ SWN_Tree néi trén dé khai thac FWI théng qua ludng

dir liéu bang mé hinh ctra s6 truot.
6.3. Két qua thuc nghiém

Thuc nghiém so sanh thoi gian xu ly cua thuat toAn FWPODS va thuat toan
NFWI [CT.1] trong viéc x&y dung va duy tri cay trén 5 bo dir liéu Accidents,
Connect, Kosarak, Pumsb va Retail. Téng thoi gian xir Iy d6i véi 16 ctra s6 truot
cia FWPODS it hon nhiéu so véi tong thoi gian tuong tng cia NFWI. FWPODS
thé hién kha ning mo rong tot trén cac mat thoi gian chay khi kich thuéc cia s6
truot va panel tang 1én.
6.4. Panh gia phwong phap dé xuit

Trong churong nay luan &n da phat trién thuat toan FWPODS [CT.4] dé khai
thac mau phd bién cé trong s6 theo ludng dit liéu. Pau tién, md hinh khai thac mau
phd bién c6 trong sé theo ludng di lidu duoc gidi thiéu théng qua cach tiép can
ctra 56 dit liéu truot. Sau do, cau tric SWN-tree duge dé xuét tir viéc cai tién cu
tric WN-tree [CT.1] dé c6 thé duy tri thong tin hiéu qua theo ludng dir lidu. Thuat
toan FWPODS duoc phét trién dya trén cdy SWN-tree nay. Thuc nghiém dugc
thuc hién va két qua thuc nghiém cho thay su hiéu qua cua phuong phap dé& xuit

khi khai thdc mau phé bién c6 trong s theo md hinh ctra s6 truot.
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CHUONG 7. KET LUAN VA HUONG PHAT TRIEN
7.1. Két luan

Trong luan &n nay, nghién ciu sinh nghién ctru, dé xuat cau trdc di liéu va
phat trién mot sé thuat todn hiéu qua dé giai quyét mot s bai toan khai thac mau
va mau déng trén co so dit liéu c6 trong sb.

Pong gop dau tién cua luan an 1a dé xuat ciu tric dir liéu WN-list va thuat
toan NFWI twong (rng dé khai thac mau phé bién c6 trong sé mot cach hiéu qua.
WN-list 1a mot mé rong cua ciu tric N-list dé biéu dién dir liéu c6 trong sb. Su
vuot troi cia cau trdc WN-list dén tir nhitng wu diém sau: (1) Dir liéu dugc nén
trén cay dang FP-tree; (2) Quan hé to tién cua cac ndt trén cay duoc xac dinh bang
céch so sénh céc gia tri pre va pos cua cac ndt; (3) Noi dung cia ciy duoc chuyén
sang dang tuyén tinh theo dang {(prei, posi, weight;)} tuong ng véi WN-list cua
céc tap danh muc mot phan tir va qué trinh khai thac chi thuc hién trén do; (4) Po
hd tro trong s6 ws cua mét tap danh muc duoc tinh dé dang bang tong cua cac gia
tri weighti trong WN-list ctiia né; (5) Do phirc tap cua phép giao WN-list chi la
O(n) va kich thude cua WN-list két qua dwoc giam thiéu dang ké nho vao viéc két
hop céc phan tir chung (pre, pos) lai véi nhau. Thuat toan NFWI di tan dung cac
wu diém cua ciu tric WN-list dé nén dit liéu trén cdy, sau do trich xut va khai
thac trén cac WN-list cua cac 1-itemset phé bién. Céc ing vién 16p k duoc tao ra
tuong tng tir 16p (k-1) bang phuong phap chia dé tri va phép giao WN-list véi do
phtrc tap tuyén tinh. Mot s6 dinh 1y da dwoc dé xuat dé tinh do phd bién trong sd
cta mot itemset dua trén WN-list, cling nhu xac dinh nhanh gié tri ctia no trong
mot sé truong hop ma khong can thuc hién phép giao WN-list. Két qua thuc
nghiém trén nhiéu loai co so dit liéu cho thiy thuat toan NFWI hoat dong hiéu qua
hon cac thuét todn khai thac mau phé bién cé trong sé hién cé.

Dong gop thir hai ciia luan 4n 1a dé xut thuat toan méi NFWCI khai thac

hiéu qua mau pho bién dong co trong sb dua trén cau tric WN-list va chién lugc
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tia nhanh nhanh. Nghién ctru sinh da gigi thiéu khéi niém vé phép toan to tién WN-
list va dé xuat mot dinh 1y d¢ loai bo nhanh cac ung vién khdng thoa man duya trén
phép toan to tién WN-list. Thuat toan NFWCI ciing 4p dung tinh chat ciia phép
giao WN-list khi két hop hai tng vién khong thoa man trén cing mot 16p twong
duong dé giam kich thuéc WN-list ciia tng vién két hop, tir d6 tang toc tinh toan
trong cac budc ké tiép. Thuc nghiém trén nhiéu co s¢ dit liéu thua va day cho thdy
sy hiéu qua cua thuat toan NFWCI so véi thuat toan hién cé trong khai thac mau
phod bién dong cé trong s6.

Pong gop thtr ba la luan an da giGi thiéu va md hinh hoa bai toan khai thac
top-rank-k mau phd bién cd trong sb. Khai thac top-rank-k mau phé bién cé trong
s6 1a xac dinh cac mau phd bién co d phd bién trong s6 nam trong k ngudng Ién
nhét, nham muc dich thoa man nhu ciu cua ngudi ding ma khdng mét thoi gian
di xem xét toan bo cac mau phd bién cé trong sb. Ba thuat toan co s TFWIT,
TFWID va TFWIN duoc dé xuat dé giai quyét bai toan khai thac top-rank-k mau
phd bién co trong sb twong ng duya trén ba cau trdc dir liéu hién hanh 1a tidset,
diffset va WN-list. C4c chién lugc ting ngudng va tia nhanh sém da duoc dé xuat
dé cai tién thuat toan TFWIN, tir d6 dé& xuét thuat todn TFWIN* khai thac top-
rank-k mau phé bién cé trong sb. Két qua thuc nghiém trén cac mat thoi gian chay
va bo nha sir dung cho thay thuat toan TFWIN* 1a thuat toan hiéu qua nhét trong
khai thac top-rank-k mau phé bién c6 trong sé.

Cuébi cung, luan an dd mo hinh hoa bai toan khai thac mau phé bién c6 trong
sb theo ludng dir liéu bang céach tiép can cira s6 dit liéu truot. Khai thac mau phd
bién c6 trong sb theo ludng dit liéu gitp cho két qua khai thac tiép can vai nhu cau
ctia ngudi dung theo gii han vé thoi gian véi chi phi bo nhé tdi thiéu. Céu trac
cdy SWN-tree di dwoc dé xuét trén co s& cai tién cdu trdc WN-tree, dé cd thé xay
dung va duy tri hiéu qua cay luu dir liéu khi truot theo cac cira s6 dir liéu. Thuat

toan FWPODS duoc xay dung trén nén tang cdy SWN-tree dé cd thé khai thac
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hiéu qua mau pho bién cé trong sb theo ludng dir liéu, va két qua cac thuc nghiém
trén cac bo dir liéu thua va day da chirng minh tinh hiéu qua cua thuat toan dé xuét.

Cac két qua nghién cau lién quan cac noi dung trén di duoc cong b trén bon
tap chi chuyén nganh uy tin ([CT.1], [CT.2], [CT.3] va [CT.4]) va cac hoi thao
chuyén nganh dugc phan bién doc lap ([CT.5], [CT.6] va [CT.7]).
7.2. Huéng phat trién

Hudng phét trién nghién ciru trong tuong lai s& tap trung giai quyét mot s6
bai toan khai thac mau trén co s dir liéu co trong s6 nhur 1a: khai thac tap dbi dai
c6 trong s6, khai thac mau phé bién dong c6 trong sb trén co so dit lidu tang truong,
khai thac mau phé bién c6 trong sb trén co so dir liéu khong chic chan va nghién
ctu trién khai cac giai phap khai thac mau phd bién c6 trong sé trén hé thong
multicore va h¢ thdng phan tan. Nghién ctu sinh s& nghién ctu cai tién va ap dung
cAu tric WN-list dé giai quyét cac I6p bai toan khai thac mau trén co sé dit lidu co
trong s6, mot dang co so dir liéu kha thong dung hién hanh trong cac tng dung
loT. Bén canh d6, nghién clru sinh ciing s& nghién ctu viéc ap dung noi dung
nghién ciru vao giai quyét cac bai toan (ng dung cu thé nhu 1a khai thac dit liéu
vin ban va khai thac dir liéu khdng gian. Cudi cuing, nghién ciu sinh s& nghién
ctu trién khai cac (tng dung sir dung nén tang khai thac mau c6 trong sé nhu khai
thac dd thi, khai thac mang xa hoi, khai thac dir liéu van ban va khai thac dir liu
loT.
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