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MO PAU

1. Loinéi dau

Trong ludn 4n nay, ching t6i nghién ctru bai toan khai thac mau
tuan tu phé bién tr co s& dit lidu chudi, phuc vu cho nhiéu linh vuc
tmg dung. Vi du nhu khai thac théi quen mua sim cua khach hang
trong linh vuc thuong mai, tiép thi thi truong, khai thac st dung web,
khai thac chudi gen trong sinh hoc, khai thic mau triéu ching bénh
trong y dugc. Tuy nhién, thach thirc dat ra 1a tap mau khai thac duoc
thuong rat 16n, nhung chi mot phan nho trong s6 chung that su ¢6 y
nghia, ddp tmg mdi quan tAm cta ngudi dung; hon nita, vi tap dir liéu
dung dé khai thac rat 16n nén qua trinh khai thac thuong tn nhiéu thoi
gian va chiém dung bo nhé. Do d6, chiing t6i dua vao cac rang budc
dai dién cho mdi quan tdm, yéu cau ctia ngudi ding va tién hanh khai
thac mau dua trén cac rang budc nay nham tim ra tap mau thu gon theo
yéu cau ngudi ding va rat ngin thoi gian khai thac, giam bd nhé s
dung. Nhu vay, ludn &n tép trung nghién ctru va xay dung cac phuong
phéap khai thac chung cho bai toan khai thac mau tudn tu phd bién dya
trén cac rang budc, ap dung duoc cho nhiéu linh vuc tmg dung co dir
liéu dang chudi va img dung ctia tap mau thoa rang budc tim dugc cho
qua trinh sinh ludt c6 rang budc. Ngoai ra, luan an con dé xuét phuong
phap khai thac riéng cho truong hop tmg dung khai thac mau truy cap
web, dap g nhu cau kham pha tri thirc trong thoi dai bung nd cong
ngh¢ web.

2. Céu tric luin 4n

Noi dung luén 4n bao gdm 126 trang (khong tinh phan danh muc
cong trinh va tai liéu tham khao), 44 bang, 31 hinh v&, phdn mé& déu,

5 chuong va phan két luan theo céu tric nhu sau:



MG dau: Gidi thidu khai quat vé hudng nghién ctru ciia luan an va
cAu tric luan an.

Chirong 1 - Gidi thiéu tong quan: Gi6i thiéu chung vé co so dit liéu
chudi véi cac ki thuat khai thac trén loai hinh dit liéu nay; trinh bay
téng quan khai thac mau tudn tu dua trén rang budc tir co so dir liéu
chudi 12 bai todn trong tim nghién ctru, khao st cac cong trinh nghién
ctru lién quan. T do, néu Ién muc ti€u, pham vi ndi dung nghién ctru
v6i nhiing dong gdp chinh cua ludn an.

Chirong 2 - Co s¢' Iy thuyét: Trinh bay co so 1y thuyét cho cac
phuong phép sir dung trong dé tai.

Chuong 3 - Khai thac maéu tuan tw dva trén rang bugc Itemset:
Gidi thiéu bai toan, d& xuat phuong phéap khai thac miu tuin tu dyua
trén rang budc Itemset.

Chuwrong 4 - Ung dung ctia tdp mau théa rang bugc Itemset trong
khai thac ludt c6 rang bugc: Gidi thi¢u bai toan khai thac luat c6 rang
budc Itemset & vé trai cua luat va d& xuit phuong phéap khai thac luat
béng cach tan dung tip mau thoa rang budc Itemset.

Churong 5 - Khai thac mau truy cdp web duwa trén rang budc chudi
con: Gioi thi€u linh vuc khai thac web, giéi thi€u bai toan tng dung -
khai thac mau truy cip web co rang budc chudi con va dé xuit phuong
phép khai thac.

Két luén va hudng phdt trién: Trinh bay tom tit két qua nghién ciru,
hudng phat trién nghién ciru tiép theo ciia dé tai.

Phan cudi cua ludin 4n 13 cac cong trinh khoa hoc chinh, cong trinh
c6 déng gop cla tac gia, va cac tai liéu tham khao chinh gdm 71 tai

lidu (bai bao hoi thao va tap chi qudc té).



CHUONG 1. GIOI THIEU TONG QUAN

1.1 Téng quan khai thic miu tuin ty tir co sé dir li¢u chudi

Phan nay trinh bay tong quan vé dit liéu chudi véi cac ki thuat khai
thac ddc thu trén loai dit liu nay. Tiép theo la téng quan bai todn trong
tam nghién ctru - khai thac mau tudn tu dya trén rang budc tur co so dir
liéu chudi va khao sat cac cong trinh nghién ctru da c6 trong va ngoai
nudce va rat ra danh gia chung vé tinh hinh nghién ctru.
1.2 Dong co va muc tiéu nghién ciru
1.2.1 Dong co nghién ciru

Cho dén nay, da c6 nhiéu phuong phap khai thac mau tuan ty duogc
dé xudt, ngdy cang cai tién song van ton tai hai thach thirc 16n vé hiéu
qua va hiéu suét thuc hién. Khai thac mau tun tu dua trén rang budc
c6 thé khic phuc ca hai kho khin nay vi rang budc dai dién cho nhiing
gi ngudi ding quan tim va yéu cau, n6 giéi han cac mau tim dugc chi
la mot tap hop con gém cac mau thoa mot sb diéu kién nhit dinh. bay
chinh 13 dong luc thuc day nghién ctru bai toan khai thac mau tuan ty
dua trén rang bugc.

Ngoai ra, tir mau tudn tu co thé sinh ra lut tuan tu. N6 mé rong
kha nang st dung va y nghia biéu dat ciia mAu tuan tu. Lut tudn tu
tuy kha don gian nhung nhiing thong tin ma luat mang lai c6 nhiéu y
nghia quan trong, hd trg cho qua trinh ra quyét dinh, quan 1y va 6 tinh
dinh hudng. Néu khai thac tra vé tdp ddy du cac luat tudn tu thi ton
nhiéu thoi gian, bd nhé va sd lugng luat qua 16n. Tuy nhién, néu khai
thac theo yéu cau nguoi ding, tirc 1a khai thac luat c6 rang budc thi
giai quyét dugc cac thach thirc nay. Do chinh 1a déng co cho nghién
clru m& rong sinh luat co rang budc tir tip mau thoa rang budc khai

thac duoc.



1.2.2 Muc tiéu nghién ciu caa luan an

Muc tiéu chinh ciia d€ tai la d€ xuAt cc thudt toan khai thac mu
tuan ty tap trung theo yéu cau ciia ngudi dung mot cach hiéu qué bang
cach dua vao cac rang budc itemset, rang budc chudi con, sao cho ¢6
thé tim duoc truc tiép tip mau thoa rang budc mot cach chinh xac, rit
ngin thoi gian khai thac va giam bo nhé sir dung. Cu thé muc tiéu giai
quyét cac bai toan sau:

Bai toan 1: khai thac mau tudn ty dya trén rang budc itemset 1a di
tim tat ca cac chudi con phd bién trong CSDL chudi, ma c6 chira bat
ky itemset ndo trong tap itemset rang budc C do ngudi ding yéu ciu.
Muc tiéu ctia ludn 4n 1a phat trién thudt toan giai quyét bai toan nay
mdt cach hiéu qua. Ngoai ra, tir két qua nghién ctru nay, luin an mo
rong muc ti€u phat trién thudt toan khai thac luat tuan tu ¢ rang budc
Itemset & vé trai ludt bang cach tan dung tdp mau thoa rang budc
Itemset khai thac dugc cho qua trinh sinh luét.

Bai toan 2: Tir két qua nghién ctru cua bai todn 1, luan 4n mé rong
muc ti€u phat trién thuat toan khai thac luat tudn tu co rang budc
Itemset & vé trai luat béng cach tan dyung tap mau thoéa rang budc
Itemset khai thac dugc cho qua trinh sinh luét.

Bai toan 3: khai thac miu truy cip web dya trén rang budc chudi
con 14 di tim tit ca mau pho bién trong CSDL chudi truy cip web ma
c6 chira bat ky maiu nao cua tip rang budc U (do nguoi dung chi ra)
duéi dang chudi con. Myc tiéu cta luan an la phat trién thuét toan
riéng cho linh vuc ing dung khai thic mau truy cip web dya trén rang
chudi con, nhim d4p mg nhu cau kham phé tri thirc trong thoi dai

bung nd cong nghé web hién nay.



1.3 Pham vi, ndi dung va phwong phap nghién ciru
1.3.1 Doi twong, pham vi nghién ciu

Mot 13, nghién ctiru mé hinh dir lidu chudi, 1a loai hinh dit lidu rat
phé bién, c6 mit trong khong gian do ludong bat ky c6 thi ti toan phan
hay thtr ty b phan. Cu thé, dé tai nghién ciru hai loai chudi dién hinh:

(i) Chudi sy kién trong d6 mdi su kién gf”)rn nhiéu item nhu chudi
cac giao dich mua sim cta khach hang, chudi lich sir ban hang cua
mdt ctra hang. Trong thuc nghiém nghién ctru, cdc CSDL chudi loai
nay dugc tao ra bdi cong cu sinh dit ligu cua IBM.

(ii) Chudi su kién ma mdi su kién chi c6 mot item nhu chudi truy
cap web, chudi dir liéu sinh hoc. Cac CSDL chudi loai nay (da qua
budc tién xir Iy) duge 14y tir kho dit liéu KDD Cup 2000.

Hai 1a, nghién ctu khai thac mau trén hai loai rang budc cu thé, d6
la rang budc Itemset va rang budc chudi con vé dic diém, tinh chét va
anh hudng ciia chung dén qua trinh khai thac ciing nhu két qua khai
thac va linh vyc ing dung cu thé.

1.3.2 Noi dung nghién ciu

Nghién ctru cac phuong phap khai thic mau tuan ty phd bién tir co
so dit liéu chudi dya trén rang budc Itemset, trong d6 dua rang budc
Va0 ngay trong qua trinh khai thac (Chuong 3). Ngoai ra, nghién ctru
g dung cua tip mau théa rang budc Itemset tim dugc trong khai thac
luat tuln ty c6 rang budc Itemset & vé trai cia luat (Chuong 4).

Nghién ctru cic phuong phép khai thic miu truy cip web dua trén
rang budc chudi con (Chuong 5).

1.3.3 Phwong phap nghién ciru

Vi dé tai nghién ctru khai thac mau tuan ty tp trung vao mdi quan

tam, nhu ciu cua ngudi ding nén phuong phap nghién ciru 14 tim cach

dua rang budc vao ngay trong qua trinh khai thac mau. Khdo sat cic



loai rang bugc da c6, phan tich va chon ra loai rang budc cé tinh ung

dung cao trong thyc tién hién nay. Khao sat cac cong trinh di cong bd

trong va ngoai nudc, tong hop va rit ra cac wu nhuge diém cia timg
phuong phép, tir &6 phat trién thuat toan hiéu qua.

Phuong phap tién hanh 1ay dit liéu thyc nghiém: s dung chuong
trinh sinh dit liéu chuin IBM dé sinh cac bo dir lidu gia lap. Day la
chuong trinh dugc sir dung & tit ca cac nghién ciru khai thac mau tuan
tu da c6 trén thé gigi. Con cac bo dir lidu thuc duogc 1ay tir kho dit lidu
may hoc UCL, 1a cac bo dir licu di qua bude tién xir ly. Nhu vay,
chung t6i st dung cac co sd dir li€u thyc nghi€ém nhu ctia cac nhém
nghién ctru khac dé déi chiéu so sanh két qua thuc nghiém va ching
minh tinh hiéu qua ctia cong trinh dé xuét.

Phuong phap danh gia két qua nghién ctru: Tién hanh cai dat cac
thuét toan dé xuat. Thong qua két qua thuc nghiém dé chimg minh tinh
hiéu qua ciia phuong phap dé xuét vé tap két qua khai thac duoc, vé
thoi gian thyc thi va tiéu ton bd nhd so sanh ddi chiéu voi cac thuat
toan da co.

1.4 Dong gop cia luin an
DPong gop chinh cua luan an 1a dé xut cac thuat toan khai thac mau

tuan ty dya trén rang budc va ung dung cho khai thac luat c6 rang bude

tir CSDL chubi, bao gém:

+ Dé xuit thuat toan khai thac mau tuln ty dya trén rang budc Itemset
— thuéat toan MSPIC-DBV [CT1], dong gop & chwong 3. Thuét toan
mé rong va phat trién cach t6 chirc dit liéu biéu dién doc - dé xuat
cu tric DBVP lam dai dién biéu dién lai CSDL theo chiéu doc nho

vay chi duyét CSDL mét lan. Bang cach sir dung céu triic cdy tién

L http://mlr.cs.umass.edu/ml/datasets.html
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t6 két hop DBVP dé luu khong gian tim kiém, thuat toan dua ra ky
thuat tia khong gian con theo tién té va k¥ thuat kiém tra rang budc
theo tién td co thé bo qua vi¢c kiém tra rang budc cho mét sb lugng
16n cac mau tmg vién.

Dé xuét thuat toan khai thac ludt tudn tu voi rang budc Itemset &
vé trai cua luat gdm bo ba thuat toan MSRIC-B, MSRIC-R va
MSRIC-P [CT2, CT3]; dong gép & chuong 4. Trong do, MSRIC-B
l1a phuong phap co s¢ don gidn dua rang budc vao sau qua trinh
khai thac, hai thuat toan con lai dua vao trong qua trinh khai thac.
MSRIC-R dua ¢ giai doan sinh luat, con MSRIC-P dua & giai doan
tim mAu, tan dung két qua cua thuat toan MSPIC-DBV. MSRIC-P
la thuat toan dong gop chinh, hi€u qua hon hai thuét toan con lai.
Pé xuét hai thuat toan khai thac mau truy cap web dua trén rang
budc chudi con gdbm MWAPC va EMWAPC [CT4] 1a déng gop
chinh cta chuong 5. Trong d6, EMWAPC la thuat toan dong gop
chinh, cai tién cia MWAPC. EMWAPC sit dung cAu trac dir liéu va
cac ky thuat twong tu phuong phap khai thac mau véi rang budc
Itemset. Tuy nhién, dua vao dac diém cta mau truy cap web, thuat
toan thuc hién tia nhanh khong gian tim kiém ngay tir dau va giam
thiéu viéc kiém tra rang budc dua vao dic diém cua rang budc chudi

con.



CHUONG 2. COSOLY THUYET
2.1 Céc khai niém va dinh nghia

Pinh nghia Khai thic miu tuin tw. Cho truéc CSDL chudi SDB
va ngudng pho bién t6i thiéu minSup do ngudi ding qui dinh trudc,
bai toan khai thac mau tudn tu 1a tim tat ca cac chudi con pho bién hay
mAu tudn ty pho bién c6 trong SDB.

Goi FP 1a tap cac mau tudn ty phd bién trong SDB, ta co:

JFP={p € SDB | sup(p) = minSup}.

Pinh nghia Khai thic miu tudn ty dya trén rang budc. Rang
budc C trong khai thic miu tuan tu 1a mot ham Boolean €{p) trén cac
mau. Cho CSDL chudi SDB, rang budc C va ngudng pho bién tdi thiéu
minSup do ngudi dung dua ra. Bai toan khai thic mau tudn tu dua trén
rang budc 1a tim tit ca cac mau tuan ty phd bién trong CSDL thoa rang
budc C.

JFCP ={p € SDB | sup(p) > minSup A C(p) = true}.
2.2 Cac loai rang bugc

Jian Pei va dong sy di khao sat va dua ra dinh nghia cho bay loai
rang budc xuat hién pho bién trong cac linh vuc ing dung, bao gdm:
rang budc item, rang budc do dai, rang budc chudi con, rang budc Kkét
hop, rang budc biéu din dudi dang biéu thirc c6 quy tic, rang budc vé
khoang thoi gian xdy ra cta su kién dau va cudi trong mau, rang budc
vé khoang thoi gian giita hai sy kién ké nhau trong mau. Mic du chua
hoan toan day du, nhung hau nhu da khai quat nhiéu rang budc hitu
ich trong céc linh vuc Gng dung.

2.3 Pic trung ciia cac thuit toan khai thac mau tuén ty

Khi phat trién mot thuat toan dé khai thac miu tudn ty tir CSDL

chudi, yéu tb dai dién cho hiéu suat khai thac 1a chi phi bo nh¢ st dung

va téc do xur 1y dit liéu. Do d6, phai st dung cdu trac dit liéu thich hop



va thuét toan t6i vu. Nhu vay, cac dac trung anh hudng dén hiéu suit
cua thuat toan la:

«  Céach t6 chitc biéu dién dir ligu d€ luu trit vao bd nhé.

«  Céhc hudng tiép can dé tim va liét ké mau tuan tu.

« Ky thuat tao mau tng vién.

«  Phuong phéap duyét khong gian tim kiém.

Ngoai ra, st dung mét sb dac trung khac nhu ly thuyét dd thi, dua
ra nhitng rang budc cho bai toan s€ gitp thudt toan thuc thi nhanh hon,
cac mau phd bién tim duoc ¢6 gia tri hon.

2.4 Phan loai cac phwong phap khai thac

Khai thac miu tudn tir 13 bai toan kha thong dung, thu hut nhiéu
nghién ctru. Cho dén nay, nhiéu thuit toan da dugc dé xuit dé giai
quyét bai toan ndy. Dua vao cach thirc to chire dir lidu, c6 thé chia cac
thuét toan thanh hai lop nhu sau:

(1) L6p thuat toan t6 chirc dit lidu biéu dién ngang.

(2) Lop thut toan t6 chire dir lidu biéu dién doc.

2.5 Két chwong

T6m lai, chuong ndy trinh bay toan bd co s& 1y thuyét nén tang lién
quan dén linh vyuc khai thac mau tuan ty tir CSDL chudi dya trén cac
rang budc. Trong do, trong tim 1 tim hiéu, phan loai va phan tich uu
nhuoc diém cua cac phuong phéap khai thac miu da cé. Tir d6, chon ra
cach thirc t6 chuc dit liéu, k¥ thuat tao mau, cach duyét khong gian
tim kiém 4p dung cho khai thac v&i loai rang budc cu thé, xuat hién
kha phé bién trong nhiéu linh vic tng dung, d6 1a rang budc Itemset
duogc trinh bay ¢ Chuong 3, Chwong 4 va rang budc chudi con &
Chuong 5.



CHUONG 3. KHAI THAC MAU TUAN TU DUA TREN
RANG BUQC ITEMSET
3.1 Giéi thi¢u
Tuy thudc timg linh vyc tmg dung, da c6 nhiéu nghién ctru trén
nhiing loai rang budc khac nhau. Céc rang budc da dugc nghién ctru
dé xuét thuat toan; tuy nhién, cho dén nay chua c6 nghién ctru riéng
nao vé rang budc Itemset, 13 rang budc kha phd bién va phu hop cho
nhiéu linh vyc Gng dung. Rang budc Itemset yéu cdu miu khai thac
duogc phai chua mot trong cac itemset cho trudc. Trong chuong nay,
chung toi giai quyét bai toan khai thac mau tuan tu dwa trén rang budc
Itemset bang cach dua rang budc vao trong qua trinh khai thac, sao
cho ¢6 thé tim duoc truc tiép tap mau thoa rang budc, rat ngén thoi
gian khai thac va bd nh¢ sir dung [CT1].
3.2 Phit biéu bai toan
Cho CSDL SDB, tap itemset rang budc C = {c1, C... Cn} va ngudng
phd bién tdi thiéu minSup do ngudi dung chi ra. Bai toan khai thac
mau tuan tu dua trén rang bugc itemset 1a di tim tat ca cac chudi con
pho bién trong CSDL ma c6 chira bt ky itemset nao cia tap C.
JFCP ={p| sup (p) = minSup A Ji: 1 <i<size(p), Ik: 1 <k <n, pli]
DC, Ck € C}
3.3 Cac nghién ciru lién quan
Céc thuat toan thudc 16p t6 chire dit lidu biéu dién doc dugc danh
gid 1a hidu qua hon tat ca cac thuat toan khac vé thoi gian va bo nhé
sir dung. Do d6, trong phan nay trinh bay mot s6 phuong phap thudc
16p cac thuat toan dinh dang doc ti€u biéu va tién tién dé ddi chibu so
sanh v6i phuong phap dé xuit. gom:
+ Phuong phap str dung vector bit/ bitmap
+ Phuong phép ma héa nguyén tb trén vector bit
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+ Phuong phap vector bit dong
3.4 Phwong phap dé xuat

Pé xuat phuong phap khai thac voi thuat toan MSPIC-DBV, sir
dung cu trac dit lieu DBVP, khong gian tim kiém 14 cay tién t5. Dya
trén co so 1y thuyét cua 3 ménh dé dé xuét, thuat toan c6 thé thu gon
khong gian tim kiém, giam chi phi xir 1y khi tao miu tmg vién, giam
thiéu viéc kiém tra rang budc. Nho d6, thuat toan MSPIC-DBV tén it
thoi gian va bo nhd hon cac thuit toan trudc. Thuat toan MSPIC-DBV
c6 thé tom tat nhu sau:

Bude 1: Tim tap miu phd bién do dai 1 luu vao tap F1 (dong 1).
Tap FCP can tim ban dau rong (dong 2).

Buwéc 2: Tim nhing itemset rang budc phd bién. (dong 3). Budc
nay s& tim itemset nao trong tap C c6 do phd bién thoa minSup.

Buée 3: Bién d6i DBVP cua cic atom trong tap F1 (dong 4). viéc
bién d6i gitip tia khong gian tim kiém theo tién td va chudi con, giam
thiéu chi phi tinh toan khi mé rong mau.

Budrc 4: Kiém tra rang budc va mo rong mau (dong 5-12) bang tha
tuc PREFIX-EXTENSION() nhu Bang 3.8) va PREFIX-EXTENSION-
CHECK() nhu Bang 3.9.

Bdng 3.1. Thudt toan MSPIC-DBV.
Thudt toan MSPIC-DBV

Pau vao: SDB, C = {ci, C2 ..., Cn}, minSup.
Piu ra: T4t ca mdu tudn tu thoéa minSup va thoéa rang budc
Itemset.

FCP = {a | Ji: 1 £ i £ size(a), Jk: 1 £ k < n, af[i]
2 Ck}.
1. Duyét SDB d&é& tim F; = {atom va DBVP.tonlatom € I A

sup (atom) = minSup};
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2. FCP = &;
3. Goi thu tuc FIND_FRE_CONSTRAINT ITEMSET(F;, C,
minSup) ;

4. Goi thu tuc TRANSFORM(Fi, C, minSup);

5. For each node n in F; do

6. For each ¢ in C do

7 If (n.sequence thoéa rang budc c) then

8. FCP = FCP U {n.sequence};

9. PREFIX-EXTENSION(n, F:;, F:, minSup);

10. break;

11. If (n.sequence khdéng thoéa rang bubdc c¢ nao, Vc
e C) then

12. PREFIX-EXTENSION-CHECK(n, F:;, F:, minSup,
Q) ;

Bing 3.2. Thii tuc mé réng mau ti tién t6, tao mau chdc chdn thoa rang

buoc.

Tha tuc 3. PREFIX-EXTENSION(p, S, I, minSup)

//M& réng sequence

1. S; = {1 € S| sup(pi = M& rong theo sequence(p, 1))
> minSup};

2. For each item i in S; do

3. FCP = FCP U {pi.sequence};

4. PREFIX-EXTENSION(pi, S:;, item € S; 16n hon i,
minSup) ;

//Mé& réng itemset: tuong tu mé réng sequence

Bing 3.3. Thii tuc mé réng theo tién to, tao mau vmg vién mdi phdi kiém tra

rang buoc.

Tha tuc 4. PREFIX-EXTENSION-CHECK(p, S, I, minSup, C)
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10.
11.
12.
13.
14.
15.

16.
17.

18.

//Mé réng sequence
S; = {i € 8 sup(pi = M& rdng sequence (p, 1)) =
minSup};
For each item i in S; do
For each ¢ in C do
If (pi.sequence thdéa rang budc c¢) then
FCP = FCP U {pi.sequence};
PREFIX-EXTENSION (pi, S;, item € S;
16n hon i, minSup),
break;
If (pi.sequence khdéng thdéa c nao, Vc € Q)
then
PREFIX-EXTENSION-CHECK(pi, S;, item € S;:
16n hon i, minSup, C);
//Mé réng Itemset: tuong tu mé réng sequence

I;

{i € I| sup(pi = M& rdng Itemset (p, 1)) = minSup};
For each item i in I; do
For each ¢ in C do
If (pi.sequence thdéa rang budc c¢) then
FCP = FCP U {pi.sequence},
PREFIX-EXTENSION (pi, S;, item € I;
16n hon i,minSup) ;
break;
If (pi.sequence khdng théa ¢ nao, Vc € C) then
PREFIX-EXTENSION-CHECK(pi, S;, item € I,

16n hon i, minSup, C);
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3.5 Két qua thwe nghiém

Thuat toan: Thyc nghiém so sanh hiéu suét thuc hién cua cac thuat
toan dé xuit bao gom MSPIC-Naive va MSPIC-DBV véi PRISM-IC
va CM-SPAM-IC (thuat toan mé rong tir PRISM va CM-SPAM) dé
khai thac mau tudn tu véi rang budc itemset. Trong d6, ca hai thuat
toan MSPIC-Naive va MSPIC-DBV déu st dung cAu trac DBVP,
nhung MSPIC-DBV 4p dung céc ki thuét giup thu gon khong gian tim
kiém va giam thiéu viéc kiém tra rang budc.

Co s6 dir liéu: Cac bo dir liéu ma itemset c6 kich thudc 1a 1 gom:
Gazelle va Kosarak.

Céc b dir lidu c6 kich thudc itemset 16n hon hodc bang 1 gom:
C20T20S20120N100D1k va C20T50S20110N1kD100k

Két qua thuc nghiém: Thuc nghiém so sanh hiéu suét thuc hién
clia cac thut toan khai thac mau dua trén rang budc Itemset véi su
thay doi gia tri ctia minSup va selectivity. Trén tat ca cac loai CSDL
thuc nghiém, tdp mau khai thac dugc & ca bdn thuat toan déu giéng
nhau nhung thoi gian thuc hién va bd nhd st dung 1a khac nhau. Cac
két qua thuc nghiém da cho thiy rang viéc dwra rang budc vao qua trinh
khai thac 14 hiéu qua va thuat toan dé xuat MSPIC-DBV chay nhanh
va ton it bd nhé hon so voi cac thuit toan MSPIC-Naive, PRISM-IC
va CM-SPAM-IC.
3.6 Két chwong

Tom lai, chuong nay da trinh bay bai toan khai thac mau tudn tu
dwa trén rang budc Itemset va dé xuit phuong phéap khai thac voi thuat
toan MSPIC-DBV [CT1]?

2[CT1] V. Trang, V. Bay, & L. Bac (2018), “Mining sequential patterns
with itemset constraints”, Knowledge and Information Systems, vol. 57(2),
pp. 311-330 (Springer, SCIE, Q1, IF=2.397).
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CHUONG 4. UNG DUNG CUA TAP MAU THOA RANG
BUQC ITEMSET TRONG KHAI THAC LUAT CO RANG
BUQC

4.1 Gidi thiéu

Chuong nay trinh bay bai toan khai thac luat tudn tu tir co so dir
liéu chudi véi rang budc Itemset & vé trai cua luat va dua ra phuong
phap giai quyét bai toan nay [CT2][CT3], trong d6 phuong phép sinh
luat truc tiép bang cach st dung tdp mau thoa rang budc Itemset hiéu
qua hon so voi cac phuong phap khac.

4.2 Phit biéu bai toan va cic nghién ciru lién quan

Pinh nghia luit théa rang budc. Cho mdt itemset rang budc c,
luat r = (a; az ... any — (b1 by ... bmy duoc coi la théa rang budc ¢ néu
mAu (@ @z ... an) & vé trai cua ludt 13 mdu théa rang budc itemset c.

Bai toan khai thac luit tudn tw véi rang budc Itemset:

Cho CSDL SDB, tap itemset rang budc C = {cs, Co... Cn}, ngudng
phé bién tdi thiéu minSup va ngudng tin cdy t6i thiéu minConf do
ngudi dung chi ra. Bai toan khai thac luat tuan tu voi rang budc Itemset
1a di tim tat ca céac luat thoa rang budc véi do phé bién va do tin cay
thoa man cac ngudng minSup va minConf.

CR = {r: X-=Y| sup(r) > minSup A conf(r) > minConf
Adk:1<k<n, Xoc, ek e C}

Cac nghién ciru lién quan:

Dbi v6i bai toan khai thac luat tudn tu, cac nghién cuu da dé xuit
thue hién trén hai loai luat. Loai thir nhét 1a lut tudn tu chuan, 1a luat
c6 vé trai va vé phai 1a cac mau tuan ty. Loai thir hai goi 1a lut tudn
tu ¢6 thir ty bo phén, trong d6 cac itemset trong moi vé cua luat khong
can c6 tht tu. Trong nghién ctru cua lun 4n, ching t6i nghién ciru trén

loai thr nhat, vi thir ty cua cac sy kién dong vai tro quan trong va co
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¥ nghia trong nhiéu linh vuc ng dung nhu phan tich thi truong chimg
khoan, cong nghé phin mém, cham soc sirc khoe y té.

Dé giai quyét bai toan khai thac luat tudn ty, 6 hai hudng tiép can
chinh. M6t 14 chia qué trinh khai thac luat thanh hai giai doan gdm tim
tap mau phd bién va sinh luat tir tip mau phd bién tim duoc; hai 1a
khai thac luat tryc tiép tir co s& dit lidu, hudng tiép can nay phi hop
voi ludt tudn tu c6 thi tu b phan. Do dd, trong nghién ctru nay, chung
t6i sir dung hudng tiép can thir nhat dé khai thac luat cé rang budc
itemset bang cach tan dung tdp miu théa rang budc da khai thac dugc.

4.3 Phuong phap khai thac luét véi rang bugc Itemset.

(1) Pua rang budc vao sau qua trinh khai thac.
(2.2) Pura rang bude vao trong qua trinh khai thac, & giai doan sinh luat tir tap mau.

-«

m Khai thac mau >\ <

Tap luit thoa rang buéc

Rang buéc

——_Tap ludt ddy du

Khai thac mau

Tap luat thoa rang buéc

(2.b) Pua rang bugc vao trong qué trinh khai thic, & giai doan khai thac mau.

ﬁ Khai thac mau FCP —-b\J\

Tap luit thoa rang buéc

Hinh 4.1.. Cdc mé hinh khai thdc ludt tuan tw véi rang bugc Itemset.
Vi qua trinh khai thac luat gdm 2 giai doan: tim cic mau tudn tu

thoa ngudng phd bién tbi thiéu va sinh luat dang tin cy tir cac mau
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phé bién tim duoc. Do d6, co thé dua rang budc vao giai doan sinh
luat hodc giai doan tim mau nhu Hinh 4.1.

Khai thac mau dua trén rang budc Itemset thu dugc tap mau thoa
rang budc, ¢ dong theo mdi quan tAm cua ngudi dung, sé lugng miu
giam di dang ké. Vi vay, néu sinh ludt tudn tu tir tip mau nay thi tap
luat thu duoc ciing thoa rang budc va dap ung theo yéu ciu ngudi
dung. Dé thiy rd hiéu qua ciia g dung tip mau thoa rang budc trong
khai thac ludt c6 rang budc Itemset, luan an da dua ra ba thuat toan
gdm MSRIC-B, MSRIC-R, va MSRIC-P, ddng thoi so sanh két qua
thuc hién cua ching. Trong d6, MSRIC-B 1a phuong phap co ban dua
rang budc vao kiém tra sau khi khai thac xong tip luat day du, con
MSRIC-R va MSRIC-P déu dua rang budc vio trong qué trinh khai
thac. MSRIC-R dua ¢ giai doan sinh luat, MSRIC-P ¢ giai doan khai
thac mau. Piéu dang chu y 1a thuét toan MSRIC-P sir dung tap mau
thoa rang budc Itemset sinh truc tiép ra duoc cac luat thoa rang budc
Itemset & vé trai ngay ma khong can kiém tra rang budc nhu hai thuat
toan kia.

Thuat toan MSRIC-B: Phuong phap co so thuc hién dua rang
budc vao sau qua trinh khai thac nhu Hinh 4.1.(1). Cac giai doan khai
thac tién hanh nhu sau:

(1) Tim tap FP gom tat ca cac mau tudn tu phd bién tir CSDL.

(2) Sinh tap luat tin cdy R tlr cic mau trong tip FP, tic 1a tao ra
va chon cac luat r co sup(r) > minConf.

(3) Kiém tra rang budc trén ting ludt r € R dé chon ra cac lut
thoa rang budc Itemset & vé trai cla luat, thu dugc tap F'CR.

Thuét toan MSRIC-R: Phuong phép dua rang budc vao trong qua
trinh khai thac, dua tryc tiép vao giai doan sinh luat nhur Hinh 4.1.(2a).
Theo phuong phéap nay, qua trinh khai thic gdm hai giai doan:
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(1) Tim tap FP gom tat ca cic mau tuan ty pho bién tir CSDL, tip mau
thu duoc luu trén ciu tric cdy tién to.

(2) Sinh tap luat tin cay théa rang budc CR tlr cic mau trong tip
FP, tirc 1a tao ra va chon cac luat r c6 conf(r) > minConf va
thoa rang budc.

Luu y rang, luat tao ra phai thoa rang budc Itemset & vé trai, do d6
phai kiém tra miu ¢ vé trai c6 chira itemset rang budc khong. Dé tranh
phai kiém tra rang budc cho moi mau & vé trai luat, thuat toan dé xuat
ky thuat bé qua budc kiém tra rang budc cho mot sd luong 16n cac
luat.

Thuéat toan MSRIC-P: Thuat toan MSRIC-P ciing stit dung phuong
phap dua rang budc vao trong qua trinh khai thac, tuy nhién dua ¢ giai
doan khai thac mau nhu Hinh 4.1.(2b). Thuat todan MSRIC-P s& sinh
truc tiép ra moi luat thoa rang budc ngay lap tic tir tip miu thoa rang
budc tim duoc, ma khong can phai kiém tra rang budc trén luat nhu
thut toan MSRIC-R. Nhu viy, & thuat toan nay, cdy tién t6 duogc sir
dung dé luu trix cdc mau tudn tu d3 thoa rang budc itemset.

(1) Tim tap FCP gdm tit ca cac mau tuan ty phd bién thoa rang budc
Itemset tr CSDL, tip mau thu duge luu trén ciu trac cay tién to,
su dung thuat toan MSPIC-DBV (thudt toan dong goép & Chuong
3).

(2) Sinh céc luat r dang tin cdy thoa rang budc tir tip mau FCP.

4.4 Két qua thue nghiém

Thuc nghiém tién hanh trén CSDL Gazelle dai dién cho loai CSDL
thtr nhat va C20T50S20110N1kD100k dai dién cho loai thir hai nhu
mo ta & Chuong 3.

Thyc nghiém so sanh thoi gian thyc hién va bd nhé st deia cac

thuat toan khai thac luét tudn tu cd rang budc Itemset & vé trai: MSRIC-
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B, MSRIC-R va MSRIC-P v¢i su thay doi gia tri ctia minSup, minConf
va selectivity trén ca hai loai dir liéu chudi. Trong tat ca cac truong
hop, tap luat khai thac dugc ¢ ca ba thuat toan déu giéng nhau nhung
thoi gian thyuc hién va bd nhd sir dung 13 khac nhau. Két qua sip theo
thoi gian thyc hién (gidy): MSRIC-B > MSRIC-R > MSRIC-P; b6 nhd
str dung (MB): MSRIC-B > MSRIC-R > MSRIC-P.

Céc két qua thuc nghiém da chimg minh rang viéc dua rang budc
vao trong qua trinh khai thac hiéu qua hon so vé6i dua vao sau. Hon
nita, thoi gian khai thac khi dua rang budc vao giai doan khai thac mau
it hon nhiéu so véi dua vao giai doan sinh luat. Diéu nay cho thy hiéu
qua cua viéc ung dung tap mau thoa rang budc Itemset trong sinh luat
c6 rang bugc. Po 1a, co thé sinh truc tiép duogc tap luat thoa rang bude
Itemset & vé trai tir tp mau thoa rang budc Itemset, rat ngan thoi gian
khai thac va bd nh¢ str dung so voi phuong phap thong thuong.

45 Két chwong

Nhu vy, trong chuong nay luan 4n da giai quyét bai toan khai thac
ludt c6 rang budc Itemset & vé trai trén co s¢ ké thira tap mau thoa rang
budc Itemset & Chuong 3 [CT2, CT3]°.

3[CT2] V. Trang, V. Bay, & L. Bac (2014), “IMSR_PreTree: an improved
algorithm for mining sequential rules based on the prefix-tree”, Vietham
Journal Computer Science, vol. 1(2), pp. 97-105 (Springer).

[CT3] V. Trang, & L. Bac (2020), “Mining sequential rules with itemset
constraints”, Applied Intelligence (Springer, SCI, Q2, IF=2.882).

-19-



CHUONG 5. KHAI THAC MAU TRUY CAP WEB DUA
TREN RANG BUQC CHUOI CON
5.1 Giédi thiéu bai toan

Khai thac mau truy cap web (con goi 1a khai thac thoi quen st dung
web, khai thac web log) 1a mét ing dung quan trong ctia khai thac mau
tudn ty, co lién quan dén viéc tim kiém cac mau diéu hudng ctia nguoi
dung trén hé thong World Wide Web bang cach rat trich nhimg tri
thirc tur cac truy cap web dugc ghi lai trong cac tap tin log, & d6 cac sy
kién co thu ty trong mdi chudi cia CSDL 1a cac trang web ma ngudi
dung da truy cép.

Phat biéu bai toan: Cho CSDL chudi truy cap web WD, tip mau
rang budc U = {uy, Uz... Un} va ngudng phd bién tdi thiéu minSup do
nguoi dung chi ra. Bai toan khai thac mau truy cip web voi rang budc
chudi con 1a di tim tit ca miu phd bién trong CSDL ma c6 chtra bat
ky mau nao cua tap U duéi dang chudi con.

JFCP = {p| sup(p) = minSup A Ik: L <k<n, p o U}
5.2 Cac nghién ciru lién quan

Vi cdu tric ciia mau truy cdp web don gian hon cu tric mau tuan
tu nén ngodi nhirng phuong phap khai thac miu tudn tu chung, co
nhiing phuong phap khai thac riéng danh cho loai dit liéu nay.

Pei va dng su (2000) da d& xuét ciu trac cay dé luu thong tin mau
truy cap web, goi tit 1a ciy-WAP va thuat toan WAP-Mine. WAP-Mine
khong tao ra tap tng vién khong 16 nhu Apriori nhung phai dung rat
nhiéu cay WAP trung gian trong sudt qua trinh khai thac, ttc 1a né van
tiéu tdn kha nhiéu thoi gian va bo nhd. Mot sb nghién ciru cai tién tur
cdy WAP bao gébm cdy PLWAP (Lu & Ezeife, 2003), FLWAP-tree
(Tang, Turkia, & Gallivan, 2007) va cady AWAPT (Vijayalakshmi,
Mohan, & Suresh, 2010).
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Nhin chung céc thuat toan theo hudng tiép can dung cay WAP t6i
wu vé thoi gian va bd nhé hon so v6i cac phuong phap Apriori, song
lai khong hiéu qué bang cac phuong phap dinh dang CSDL theo chiéu
doc, do d6 khong con thu hut nghién ctru trong thoi gian gin day.

5.3 Phwong phap dé xuit

Dé xut hai thuat toan MWAPC v EMWAPC str dung cau trac dit
lidu cdy tién t6 PreWAP. Trong dé thudt toan dong gép chinh la
EMWAPC cii tién tir MWAPC bang cach van dung cac tinh chat cia
DBVP va cay PreWAP dé rat ngan thoi gian khai thac va bo nhd sir
dung.

Tién trinh khai thac xuét phat tir mdi cdy con c6 gdc tai mdi atom
trong F1, EMWAPC tia khong gian tim kiém cta cay PreWAP ngay tir
dau trude khi thuc hién mo rong mau nhd k¥ thuat loai trir sém. Sau
do, trong qua trinh mo rong mau dé tao mau Gmg vién mai, thay vi phai
kiém tra rang budc cho mdi tng vién méi nhuw MWAPC, EMWAPC c¢6
thé bo qua budc kiém tra nay cho mét sé lugng 16n Gmg vién nhd ky
thuat kiém tra rang budc. Chi tiét cua thuét toan EMWAPC dugc md
ta dudi day.

Bdng5.1. Thudt toan EMWAPC.

Thuidt toan EMWAPC

Pau vao: WD, minSup, té&p rang budc U = {ui, uz... Up}

PAu ra: FCP (tdp cac mdu truy cédp web théa minSup va

U) .

1. Fcp = &;

2. Duyét WD d& tim F; mdu-1 cung véi DBVP cla ching;

3. Tim U’ = {u; € U | sup(u;) = minSup} béng cdch tinh
DBVP,;, Yu; € U;

4. F;* = Goi EARLY-PRUNING(F:;, U’, minSup) ;
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5. For each node r in in F;" do

6. If (r.label thdéa 1 rang budc u € U’) then

7. FCP = FCP U {r.label};

8. Goi EXTENSION (r, F;, minSup) ;

9. If (r.label khéng thoéa moi rang budc ue U’) then
10. Goi EXTENSION-CHECK (r, F;, minSup, U’);

Thu tuc EXTENSION (r, I, minSup)

11.L4y I; = {e € I| sup(ddt pe = Pattern -
Extension(p, e€)) = minSup};

12.For each item e in I; do

13. FCP = FCP U {pe.label};

14. Goi EXTENSION (pe, I;, minSup) ;

Thu tuc EXTENSION-CHECK(r, I, minSup, U’)

15. L&y I; = {e € I| sup(dit pe = Pattern -
Extension(p, e€)) = minSup};

16. For each item e in I; do

17. If (pe.label thdéa 1 rang budc u € U’) then

18. FCP = FCP U {pe.label};

19. Goi EXTENSION (pe, I;, minSup);

20. If (pe.label khéng thdéa moi rang budc ue U’)
then

21. Goi EXTENSION-CHECK (pe, I:;, minSup, U’);

5.4 Két qua thwe nghiém

Thuit toin: so sanh cac thudt toan d& xuit gdbm MWAPC va
EMWAPC (dua rang budc vao trong qua trinh khai thic mau) voi
PRISMC va CM-SPAMC (dua rang budc vao sau qua trinh khai thac).

Co s& di liéu:
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#item phan Do dai chudi

CSDL fchuoi biét trung binh
Gazelle 59,602 497 2.51 (std = 4.85)
34.74 (std =
FIFA 20,450 2,990 24.08)
Kosarak10k 10,000 10,094 8.14 (std = 22)

Két qua thue nghiém: so sanh thoi gian thuc hién va bd nhd sir
dung vé6i hai tham s6 minSup va Length thay doi.

Vé thoi gian: Céc két qua thuc nghiém cho thdy ring CM-SPAMC
chay nhanh hon PRISMC trén CSDL Kosarak nhung cham trén
Gazelle va FIFA. Két qua nay 1a do céc item xut hién ciing nhau hau
nhu c6 mit trong moi chudi cua CSDL Gazelle va FIFA nén CM-
SPAMC it c6 co hoi dé tia mg vién. Pang chi ¥ 1a ca hai thuat toan
dé xuat MWAPC va EMWAPC déu chay nhanh hon CM-SPAMC va
PRISMC trén tat ca cac CSDL thuc nghiém. Pac biét, EMWAPC luén
chay nhanh nhit.

Vé bé nhé: Trén ca ba bo dit liéu, ca hai thuét toan dé xuat MWAPC
va EMWAPC déu tén it bd nhd hon, ta c6 ti 1 chénh léch it hon 10 lan
so véi PRISMC va 100 1an véi CM-SPAMC.

5.5 Két chwong

Chuong nay di trinh bay van dé khai thic mau truy cap web voi
rang budc chudi con va d& xuit hai thuit toan c6 tén MWAPC va
EMWAPC d¢é giai quyét van dé [CT4]*. Trong d6, thuat toan déng gop
chinh 12 EMWAPC phat trién dwa trén co s& 1y thuyét ciia ba ménh dé
c6 thé tia nhanh khong gian tim kiém va giam thiéu viéc kiém tra rang

budc.

4 [CT4] V. Trang, A Yoshitaka, & L. Bac (2018), “Mining web access
patterns with supper-pattern constraints”, Applied Intelligence, vol. 48(11),
pp. 3902-3914 (Springer, SCI, Q2, IF=2.882).
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KET LUAN VA HUONG PHAT TRIEN

1. Kétluin

Luan an da trinh bay tong quan, tim hiéu co s& 1y thuyét vé& khai
thac mau tuan tu phé bién dya trén cac rang budc. Trong do, di sau
vao nghién ctru van d& khai thic mau tuan ty v6i hai loai rang budc 1a
rang budc Itemset va rang budc chudi con, va ung dung tap mau thoa
rang budc trong khai thac luat tuan tu co rang budc. Bén canh d6, luan
an nghién curu linh vyc tng dung cu thé ctia mau tuan tu 1a khai thac
st dung web theo rang budc ctia nguoi dung. Luan an da hoan thanh
duge cac muyc tiéu ban dau 1a d& xuét cac phuong phap khai thac hiéu
qua cho cac bai toan dit ra sao cho co thé tim duoc truc tiép tap mau
thoa rang budc mot cach chinh xéac, rat ngan thoi gian khai thac va
giam bd nhd st dung. Luan an dat duoc cac Kkét qua nhu sau.

(1) Pé xuét thuat toan khai thac miu tudn tu dua trén rang budc
Itemset: thuat toan MSPIC-DBV. Thuat toan md rong va phat trién
cach to chirc dir liéu biéu dién doc - dé xuét cau trac DBVP lam
dai dién biéu dién lai CSDL theo chiéu doc nho vay chi duyét
CSDL mdt 1an. Bang cach sir dung cau tric cay tién t6 két hop
DBVP dé luu khong gian tim kiém, thuét toan dua ra k¥ thuat tia
khong gian con theo tién t& va ky thuat kiém tra rang budc theo
tién t6 co thé bo qua viée kiém tra rang budc cho mot sé lwong 16n
cdc miu ung vién.

(2) Dé xuat thuat toan khai thac lut tudn tu thoa rang budc Itemset &
vé trai cta luat gdm bo ba thuat toan MSRIC-B, MSRIC-R, va
MSRIC-P. Trong d6 MSRIC-P 1a thudt toan dong gép chinh, st
dung tap mau thoa rang budc Itemset sinh truc tiép ra duoc cac luat
thoa rang budc Itemset & vé trai ma khong cn kiém tra rang budc

nhu hai thuét toan kia.
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(3) Pé xuat thuat toan khai thdc mau truy cap web dua trén rang budc
chudi con gdbm MWAPC va EMWAPC. Trong d6, thuat toan dong
g6p chinh 18 EMWAPC st dung céu trac dit liéu va cac ky thuat
tuong tu phuong phap khai thic mau voi rang budc Itemset. Tuy
nhién, dua vao dic diém cia mau truy cap web, thudt toan thyc
hién tia nhanh khong gian tim kiém ngay tir dau va giam thiéu viéc
kiém tra rang budc dya vao dic diém cua rang budc chudi con.

2. Huwéng phat trién

Tiép tuc phat trién cac chién lugc tia khong gian tim kiém hiéu qua
cho bai toan khai thac mau tudn tu co rang budc dé cac thuat toan dat
tbc d6 va bo nhé t6i wu hon. Nghién ciru cac giai phap song song hda
dua trén kién thirc da 13i, spark.

Nghién ctru khai thac mau tuan ty c6 rang budc trén CSDL phan
tan, nham tim cach xir Iy hiéu qua cho cac CSDL cuc 16n vé6i chudi dir
lidu dai. Trong linh vuc khai thac thoi quen sir dung web, c6 thé ap
dung khai thac phén tan dé khai thac web log bi phan tan trén nhiéu
server.

Nghién ciru ap dung cac k¥ thuat dé xudt cho van d& khai thac mau
tuan ty voi cac loai rang budc khac nhu: rang budc trong viéc két hop

cac su kién ctia mau, rang budc thoi gian.
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