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LOI CAM DOAN

To1 xin cam doan day la cong trinh nghién ctru cua riéng t61. Cac so liéu, két qua
néu trong Luan van 1a trung thyc va chua tirng duogc ai cong bd trong bat ky cong trinh

nao khac.

To61 xin cam doan rang moi su giip do cho viéc thuc hién Ludn van nay

da dugc cam on va cac thong tin trich dan trong Luan van da dugc chi rd ngudn goc.

Hoc vién thuc hién Luin van

Ta Thé Vinh



LOI CAM ON

Pé hoan thanh luan vin nay, em da dugc sy gitp do tan tinh cua cac thﬁy cd gido cung
su gitip d& cua cac ban dong nghiép, gia dinh va ban bé. Nhan dip ndy em xin bai t6 1ong
biét on toi:

Cac thﬁy c0 trong khoa dao tao sau dai hoc Truong Pai Hoc Cong Nghé Thanh Phd
H6 Chi Minh di truyén dat cho em nhiing kinh nghiém quy bau. Bén canh d6, em ciing xin
giri 101 cam on dén Ban gidm hiéu, Ban chi nhiém va cac ban nganh Truong Pai Hoc Cong
Ngh¢ Thanh Phd H6 Chi Minh da tao moi dién kién thuan loi cho em trong qua trinh hoc
tap va hoan thién luan van.

Em xin chan thanh ciam on thay PGS.TS.V6 Pinh Bay, nguoi da tan tinh huéng din
em ting budc trong sudt qua trinh thyc hién d& tai nay. Trong qué trinh 1am luan van thay
da tan tinh hudng dan giup em giai quyét cac van dé va hoan thanh luan van.

Xin chan thanh cam on cac thiy c¢6 trong hoi ddng chidm luan van di cho em nhitng
dong gop quy bau dé luan vian thém hoan chinh.

Xin chan thanh cam on céc thay c6 gido, anh chi dong nghiép, ban bé va gia dinh da
giup em hoan thanh luan van nay.

Em xin chan thanh cam on!

TP. H6 Chi Minh, thang 5 nim 2016

Nguoi thuc hién

Ta Thé Vinh



TOM TAT
Dt liéu Ia tai san quy gia cua doanh nghi¢p, n6 khong phai dit li¢u thong thuong
ma né an chira nhiéu thong tin rat c6 gia tri cho doanh nghiép, dic biét 1a co s¢ dit licu
ban hang trong sudt qua trinh hoat dong cua doanh nghiép, néu chung ta khai thac dung
cach, s€ kham phéa dugc nhiing tri thirc hitu ich cho doanh nghiép, tr d6 giup doanh

nghiép dinh huéng phat trién ding dan.

Pé kham pha dugc nhitng thong tin co6 gia tri trong co s& dit li¢u, khai thac luat két
hop 12 mot trong nhitng phuong phap pho bién nhat dé dat duoc myc dich nay. Trong d6
khai thac tap pho bién dong mot vai trd quan trong trong khai thac luat két hop. Tap pho

bién thuong dugc khai thac tir cac co s¢ dir liéu nhi phan.

Tuy nhién, co s& dir liéu nhi phan chi quan tim dén van dé khach hang c6 mua hay
khong mua san pham nao d6. Nhung trén thyuc t&, mdi mot san phdm ma khach hang mua
lai c6 thé ¢6 gia tri khac nhau. Tuong ty mdi mot hang muc trong giao dich ciing c6 cac

trong s6 khac nhau tuy theo tung loai co s& dir liéu cu thé.

Khai thac cac tap dugc danh trong phd bién trén cac co so dir liéu ting truong hién
nay van chua dugc phat trién. Vi vay, viéc nghién ctru cac k¥ thuat dé khai thac céc co

s¢ dir liéu nay mang tinh thyc tién rat cao.

Luan van nghién ctu vé cac thuat toan khai thac cac tap duoc danh trong phé bién
nhu thuat toan Apriori, WIT-FWIs, WIT-FWIs-MDIFY, WIT-FWIs-DIFF, dya vao do
lam nén tang dé tién hanh nghién ctru bai toan khai thac cac tdp phd bién dugc ddnh
trong trén CSDL ting trudng, va dé nghi ing dung khai niém pre-large vao khai thac tap
dugc dénh trong phd bién trén co s dir lidu ting truéng nham han ché phai quét lai co
so dir lieu ban dau khi dir liéu ting truong, tr d6 dé xuat thuat toan
INCREMENTAL_WIT_FWI trong khai thac tap phd bién duoc danh trong sb trén dit

liu tang trudng.



ABSTRACT

The data are valuable assets of the business, it's not the usual data but that it hides
a lot of information is valuable for business, especially sales database during the
operation of the business, if we exploit properly, will discover useful knowledge for the

enterprise, helping businesses develop proper orientation.

To discover valuable information in the database, association rules mining is one
of the most well know methods to achieve this purpose. In this, frequent itemsets mining
play an important part in associative rules mining. Frequent itemsets often mined from

the binary database.

However, the binary database are only interested in customers buy or not buy a
product. In fact, every product that customer buy can have different values. Similarly,
each item of transactions also have different weights depending on the type of specific

databases.

Frequent itemsets mining is considered common practice on the basis of current
growth data have yet to be developed. Thus the techniques research to mining the

database have highly practical.

This thesis is devoted to Frequent itemsets mining algorithm is considered
common practice on the basis as Apriori algorithm, WIT-FWIs, WIT-FWIs-MDIFY,
WIT-FWIs-DIFF, thank to that is foundation to conduct research Frequent itemsets
mining, and proposed the concept of pre-large to exploit large weight is considered
common practice in the database to limit growth to scan the initial database when the
data is grow, since, the proposed algorithm INCREMENTAL_WIT_FW!I in incremental

data mining.
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PHAN MO DAU

1. Pit van dé

Khai théac dir li€u dang 1a mdét trong cac linh vuc duogc rat nhiéu nha nghién cuu
quan tdm, dic biét 1a cac nha quan 1y rit can biét duoc mdi quan hé cua cac san phdm
trong s6 lwong 16n cac san pham, tir d6 co thé gitp doanh nghiép kinh doanh hiéu qua
hon va lam tang doanh thu cho doanh nghiép. Khai thac dir liéu la qua trinh phan tich va
tim ra cac thong tin c6 gia tri duoc an chira trong co sé dit liéu (CSDL).

Khai thac luat két hop 1a mot trong nhitng phuong phap phd bién nhat ma cac nha
nghién ctru thuong hay dung. Muc dinh cua viéc khai théac luat két hop nham tim ra céc
moi quan hé giita cac tap trong co so dit liéu, trong d6 khai thac tap pho bién dong vai
tro quan trong trong khai thac luat két hop. Khai thac tap pho bién thuong dugc khai thac
tir CSDL nhi phan, trong d6 timg muc trong giao dich c6 thé mang nhiéu ¥ nghia khac
nhau.

Tuy nhién, khai thac CSDL nhi phan nguoi ta thuong chi quan tdm dén sb luong
ban ra cua mot san phém nao do, chua quan tam nhiéu dén gia tri va logi ich cua cac san
pham duoc ban ra. Gan day, khai thac tap duoc danh trong phd bién trén CSDL c6 céac
item duogc danh trong dugc quan tdm, tuy nhién chua cé cong trinh nao xem xét viéc
khai thac tap duoc danh trong trén CSDL ting trudong. Luan vin tip trung tim hiéu bai
todn khai thac tap dugc danh trong tor do phat trién thuét toan khai thac tap dugc danh
trong trén CSDL tang trudng.

2. Muc tiéu nghién ciru
Muc tiéu chung
- Nghién ciru cac thuat toan dé khai thac tap pho bién duoc danh trong so trén
co s6 dit liéu ting truong, nham giam quét lai co sé dit liéu ban dau khi CSDL

tang truong.



Muc tiéu cu thé

- Nghién ctru cac thuat toan dé khai thac tap dugc danh trong pho bién.
- Nghién ctru khai thac tdp phd bién trén CSDL ting trudng.
- Ung dung cac thuat todn nghién ctru vao khai thac tp dugce danh trong phd

bién trén co s& dit liu tang trudng.
3. P6i twgng va pham vi nghién ciu
Poi twong nghién ciru:
- Céc thuat toan khai thac luat két hop.
- Céc that toan khai thac tap phé bién duoc danh trong $0.
- Céc thuat toan khai khac tap pho bién trén CSDL ting trudng.
- Cac CSDL 16n thuong xuyén thay doi (Gi6i han trong truong hop thém di
lidu)
Pham vi nghién ciru:
- Luéan vian tip trung vao nghién ctru cac thuat toan dé khai thac tap phd bién
dugc danh trong va nghién ctru khai thac tip phd bién trén CSDL ting trudng.
4. Y nghia khoa hoc va thyc tién ciia dé tai
Y nghia khoa hoc:

- Pé tai tim kiém giai phap cap nhat lai cac tri thirc da dugc khai thac trude do
khi CSDL duoc thém vao nham 1am giam khong gian tim kiém va thoi gian

khai thac.
Y nghia thue tién:
- Tiét kiém nhiéu thoi gian trong qua trinh khai thac luat két hop.

- La phuong phép hiéu qua trong khai thac dir liu tang trudng.



5. Céu tric cia luin vin

Ludn vin gom c6 03 chuong, phin md diu va phan két luan.

Phan mé dau; Gidi thiéu vé luan van gém cac muc: Dit van dé, muc tiéu nghién
ctru, d6i twong va pham vi nghién ctru, y nghia khoa hoc va thyc tién cta dé tai.

Chuong 1: Téng quan linh vuc nghién ctru, cac khai niém, dinh nghia, co s& khoa
hoc, cac cong trinh nghién ctru ¢6 1i€n quan, cac phuong phap nghién ctru va nhan xét
vu khuyét diém cua cac phuwong phap.

Chuong 2: Ung dung khéi niém pre-large vao khai thac tip duoc danh trong phd
bién trén co so dir liéu ting trudng .

Chuong 3: Trinh bay vé thyc nghiém bao gdm moéi truong thuc nghiém, co so dir
lidu thyc nghiém, dénh gia cac két qua thu duoc.

Phan két luan: Trinh bay cac két qua dat duoc cta luan vin, nhan xét wu khuyét
diém va hudng phat trién cua dé tai.

Tong cong cb 56 trang, trong d6 c¢6 30 hinh v&, 12 bang sb.



CHUONG 1: TONG QUAN LINH VUC NGHIEN CUU VA CO
SO LY THUYET

1.1  Cac khai niém va dinh nghia

Khai thac luat két hop 1a mot yéu té quan trong trong linh vuc khdm pha tri thirc tir
kho dit liéu (KDD) [3] duoc luu trit trong sudt qua trinh hoat dong cuia doanh nghiép hoic
mot t6 chirc nao d6. Khai thac luat két hop 12 dé xac dinh méi quan hé giita cac tap muc
trong co so dit liéu (CSDL) giao dich. Qua trinh khai thac thudng st dung nhiéu k¥ thuat
khac nhau dé tim ra méi quan hé giita cic tip muc va phat hién ra tri thirc an chira bén

trong co s¢ dir liu.

Tuy nhién, cac phuong phap khai khac trudc day thuong chi quan tim dén mot san
pham hay mot mat hang nao d6 c6 duoc ban hay 1a khong va thuong khong quan tim vao
viéc xem xét cac loi ich hodc tam quan trong cua san phém d6. Trén thyuc t& thi mdi mat
hang hay san pham nao d6 c6 gia khac nhau va lgi nhuén c6 dugc khi ban mot san pham
nao do ciing khac nhau. Vi vy, viéc khai thac tap phd bién duoc danh trong sé mang tinh

thuc tién cao.

Nam 1998, Ramkumar, Ranka va Tsur [7] d3 dé xuat mot mo hinh dé mo ta cac
khéi niém vé viéc khai thac luat két hop ¢o6 trong s6 va dua trén giai thuat Apriori dé tim
ra cac tap phé bién dugc danh trong sb. Tur do, nhiéu k¥ thuat khai thac luat két hop c6
trong s6 duoc dé xuat nhu: Tao, Murtagh, va Farid [8], Vo, Frans, Le [3].

1.2 Toéng quan vé khai thac luat két hop

Bai toan tim luat két hop va 14 bai toan co ban trong khai thac dir liéu [1] gdm hai
budc chinh 1a: budc mot, tim ra tat ca cac tap pho bién theo ngudng hd tro' So cho trudc va
budc hai 13 tim ra cac luat két hop dua vao cac tap phd bién da dugc tim thay.

Trong linh vyc khai thac dir li¢u, myc tiéu cudi cung la tim ra duoc cac mbi quan

hé tiém 4n gitra cac dbi tuong trong co s& dir li€u, dé dat duoc muc tiéu, khai thac luat két



hop 1a vén dé can dugc tim hiéu, ndi dung co ban cua luat két hop (Association Rule —
AR) dugc mo ta nhu sau:

Mot co sé dir liéu giao dich (D) dugc dinh nghia nhu sau: D 1a bao gé)m mot tap
hop cac giao dich T ={ty,to, ..., tm} Va | = {is, iz, ...,in} 1a mot tip cac item. Mdi tip con trong
| duoc goi la mot itemset, ) luong cua cac phﬁn tur trong mét itemset duoc goi 1a kich
thudc cia mot itemset.

Cho X, Y 1a c4c itemset, trong d6 X va Y 1 hai tap khong giao nhau khéc rong.
Mot luat két hop duoc ky hi¢u la X —Y, diéu nay thé hién moi quan hé¢ rang budc cua
tap Y voi tap X duogc hiéu 1a sy xuét hién cta tap X s€ kéo theo sy xuét hién cta tip Y
trong cac giao dich, mot cach dé hiéu 1a nhirg ngudi mua cac mit hang trong tap X ciing
thuong mua cac mat hang trong tap Y.

Vi du, néu X = {Banh Mi, Tring} va Y = {Sita, Thit} va ta co lut két hop X—>Y
thi ching ta c6 thé néi rang nhig ngudi mua Banh Mi va Trimg thi cling thuong mua

Stra va Thit.
Tap X duoc goi la xuat hién trong giao dich t néu nhu no 1a tap con cua t. P

hd trg va do tin cdy 13 hai tham sé dugc dung dé do ludng luat két hop. Thuat toan phd

bién nhat dé tim cac luat két hop 1a Apriori.

Pinh nghia 1.1: D6 hd tro (Support)

Do hd tro cua luat két hop X —Y la tan suét giao dich c6 chtra tat ca cac item trong
cihaitap X vay.

Vi du: Do hd tro cta luat két hop X —Y 1a 50%, c¢6 nghia 1a 50% cac giao dich X
va Y dugc mua cung nhau.

Cong thirc tinh do hd trg cia luat (X—Y):

Support(X -»Y )=P(XUY)= nXUY)

Trong d6 n(X U Y) la sb giao dich c6 chita X va Y, N 1a tong s6 giao dich co

trong co s¢ dir licu.



Pinh nghia 1.2: D6 tin cay (Confidence)

Do tin cay 1a xac sudt xay ra Y khi da biét X.

Vi du: BJ tin cay cua {Banh Mi}— {Stta} 1a 70% c6 nghia 1a 70% khach hang
mua Banh Mi cling mua Stra.

Cong thuce tinh do tinh cay cua luat (X—Y):
. nXuvy
Confidence(X —-Y )=P(X | Y) = %

Trong d6 n(X) 1a s6 giao dich c6 chira X
Pé thu duoc luat két hop ngudi ta thudng ap dung 2 tiéu chi d6 1a minsup va minconf,
trong d6 minsup 13 d6 hd tro tbi thiéu va minconf 1a d6 tin cay tdi thiéu, 14 hai gia tri
ngudng tdi thiéu cho trudc.

Luat két hop X —Y duoc coi 13 luat két hop c6 gia tri khi thoa 2 tiéu chi
Support (X —Y ) > minsup va Confidence (X —Y ) > minconf

Tap X duogc goi 14 tap phd bién khi ¢ d6 hd trg 16n hon hay bang minsup

Pinh nghia 1.3: Lop twong duong

Lép twong duong 13 tap hop tit ca cac itemset ¢ cung tién t6 X goi 13 16p twong
duong, va duoc ky hi¢u la [X].

Cho X € 1, ta dinh nghia ham p(X,k)= X[1,k] gdm k phan tir dau ctia X va quan
hé twong duong dua vao tién td sau:

VXY C ILX =0, Y & p(X,K) =p(Y,k)

Két ndi Galois
Cho 8 Sl x T ¢6 mdi quan hé nhj phan, trong d6 I 14 tip cac item con T 14 tip cac giao
dich chira trong CSDL can khai thac. Cho P(S) (tap tat ca cac tap con clia S) bao gom céc
tap con cua S. Hai 4anh xa giita P(I) va P(T) duoc goi 1a két ni Galois [3] .

ChoXclvayY cT,taco:

. tP(D)-=P(M),t(X)={y e T|V¥xeX,xdy}
Il ©P(M) - P),i(Y)={y€el|VyeY,xdy}



Anh xa t(X) 1a tap cac giao dich trong CSDL c¢6 chtra X, va anh xa i(Y) 1a mot
itemset co chira trong tat ca cac giao dich Y.

Cho X, X1, X2 e P() va 'Y, Y1, Y2 € P(T). Két n6i Galois thoa mén c4c tinh chat
sau (Zaki, 2004):

L Xi€ X2 = t(X1) 2 t(X2)
. YicYo=i(Y) 2i(Y2)
. X Ci(t(X)) va YEt(i(Y))
1.3  Thuét toan Apriori

Khai thac luat két hop 1a mot trong nhitng phuong phap kham pha tri thirc tir CSDL
va dugc nhiéu nha nghién ciru quan tim va phat trién, Apriori 13 thuét toan noi tiéng duoc
tac gia Agrawal ciing cac dong su dé xudt nam 1994 [12], lic dau né duoc tng dung vao
viéc khai thac luat két hop trong linh vuc thuong mai, vé sau no duogc ung dung rong rai
trong cac linh vuc khac nhu trong quan ly, y khoa, cong nghiép, v.v.

Y tudng chinh ctia thuét toan Apriori la:

Tim tit ca cac tap phd bién trong co s dir liéu: k-itemset 13 tip tng vién gdm k
phan tir, dugce dung dé tim k+1 itemset.

Budc dau tim tap Gng vién ¢ 1 phan tir duoc goi 14 1-itemset (dugc ky hiéu 1a Ly),
tap L1 dugc dung dé tim tap 2-itemset (Lo), L2 duoc dung dé tim tap 3-itemset (Ls) va cir
thé tiép tuc tim dén khi khong c6 k-itemset ndo duoc tim thay.

Tir cac tap phd bién sinh ra cac luat két hop manh, cac ludt két hop phai thoa minsup
va minconf.

Tinh chét 1: Moi tap con cta tp phd bién déu phd bién, diéu niy c6 nghia 1a

vX €Y, néu Sup(Y) > minsup thi Sup(X) > minsup

Tinh chét 2: Moi tap cha cua tip khong phd bién déu khong phd bién,diéu nay

c6 nghia 1a VY2X néu Sup(X) < minsup thi Sup(Y) < minsup

Mo ta thuat toan:



Budre 1:Tinh d6 hd trg ciia mdi item co kich thude 1a 1, sau d6 loc ra céc item thoa
man d6 ho tro tdi thiéu (minsup) va dit cac item thoa minsup vira loc ra 1a tap Li:1-itemset,
va chon tap L1 13 tip ngudn.

Buéie 2: Tir tip ngudn Ly phat sinh ra tap ing vién c6 kich thudc 14 2 duge ky hiéu
la (C) va tinh d¢ hd trg cho tap tng vién (C) sau d6 loc ra cac tap phd théa minsup va dit
ching 1a L2: 2-itemset va chon 13 tap ngudn cho budc tiép theo.

Budre 3: Lip lai budc 2 dé tim ra cac tap g vién c6 kich thudc 1a (k+1) — itemset,
qua trinh nay s& lap di lap lai cho dén khi khong tim ra dugc tap pho bién théa minsup thi
dung lai.

Thuat toan Apriori:

Piu vao: Tap cac giao dich D, ngudng hd tro t6i thiéu minsup

Piu ra: L cac tap pho bién c6 trong D

Phwong thirc:

{

Goi Ck 1a tap céac tmg vién c6 kich thude la k

Goi L 1a cac tap pho bién c6 kich thude 1a k

L1 14 cac tap pho bién cé kich thudce 1 phan tir thoa minsup

for (k=2; Lk-1# 0; k++)

{

Ck = apriori-gen(Lk-1); // New candidates

forall transactions t € D

{
Ci=subset (Cx, t); // Candidates contained in t
forall candidate c € Ct

{

c.count++;



Li={c € Ck| c.count > minsup}

}
}
Answer = Uk Lk
}

Thuét toan Apriori sir dung d6 h tro tdi thiéu (minsup) dé loai bé tng vién khong
phu hop. Gia tri minsup do nguoi dung dua ra.

Ham Apriori-gen() c6 tac dung sinh ra céc tap itemset c6 kich thudc k+1 phan tir
tir tap nguodn co kich thude 12 k trong tap Lk, cc itemset dugc tao ra bang cach ndi cac tap
item c6 cuing tién t6 va ap dung tinh chét 1 dé loai bo cac tap khong thoa.

Budée ndi: Bude ndi co tac dung sinh ra cac tap Li+11a img vién cta tap pho bién
¢6 kich thuéc K+1 bang cach két hop cac tng vién c6 cung tién t6 lai v6i nhau

Budre tia: Giif lai tat ca cac ing vién L+t thoan mén tinh chat Apriori (tinh chét 1)
c6 nghia 12 moi tap con cua tdp pho bién déu phd bién.

Mo ta giai thuat Apriori:

Ta c6 co so dit liéu D gdm 6 giao dich véi cac tap item sau:

Bang 1.1: Co s¢ dir liéu giao dich D

Transaction Item
1 A B,DE
2 B,C,E
3 A B,DE
4 A B,CE
5 A B CDE
6 B,C,D

Ngudng hd trg minsup 0.4

Ap dung giai thuat Apriori cho CSDL giao dich D
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Buéc 1: Thuat toan s& quét CSDL D va xac dinh do ho tro cho céc tip phé bién 1
itemset. Céc tap item nao c6 do ho tro nhd hon 40% s& bi loai bd, chi gitr lai cac item thoa
ngudng minsup, nhu vay sau lan quét dau tién ta duge cac tip phd bién théa minsup 1a:

Li= {{A}{B}.{C}{D}{E}}

Bang 1.2: Apriori 1-itemset théa minsup

Transaction Item 1-Itemset |Support
1 A B D E 1A} 4
2 B.C.E iB} 6
3 A B.D.E iC} 4
4 A B .CE 1D} 4
5 A B, C.DE {E} 5
6 B.C.D

Budre 2: Tir cc tap pho bién 1 itemset thoa minsup vira tim dugc & budc 1, tao ra
cac tap pho bién co kich thude 13 2, quét co sé dit liéu D tim tap phd bién c6 do hd tro thoa

ngudng minsup va loai bo cac tdp khong thda. Sau budc 2 ta duogc:

Bang 1.3: Apriori 2-itemset théa minsup

1-Itemset |Support 2-Itemset | Support 2-Itemse|Support
{A} 4 {AB} 4 {AB) 4
{B} 6 . {AC} 2 {AD} 3
{C} 4 {AD} 3 {AE} 4
{D} 4 {AE} 4 {B.C} 4
{E} 5 {B.C} 4 {B.D} 4
{BD} 4 {BE} 5
{BE} 5 {CE} 3
{CD} 2 {DE} 3
{CE} 3
{DE} 3
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Budce 3: Tu cac tap phé bién 2 itemset thoa minsup vura tim dugc ¢ budce 2, tao ra
cac tap pho bién co kich thude 13 3, quét co sé dit liéu D tim tap phd bién c6 d6 hd tro thoa

ngudng minsup va loai bo cac tap khong thoéa. Sau bude 3 ta dugc:

Bang 1.4: Apriori 3-itemset théa minsup

2-Itemset | Support J-Itemset | Support J-Itemset | Support

{AB} 4 {AB.C} 2 1A B.D} 3
{AD} 3 1A.B.D} 3 {ABE} 4
{AE} 4 {ABE} 4 {ADE} 3
{B.C} 4 {ADE} 3 {B.CE} 3
{B.D} 4 iB.C.D} 2 {B.DE} 3
{B.E} 5 {B.C.E} 3

{CE} 3 1B.DE} 3

{D.E} 3

Budc 4: Tu cac tap phé bién 3 itemset thoa minsup vira tim dugc ¢ bude 3, tao ra
cac tap pho bién co kich thudc 13 4, quét co so dir liéu D tim tap pho bién c6 d6 h tro thoa

ngudng minsup va loai bo cac tap khong thdéa. Sau budc 4 ta duoc:

Bang 1.5: Apriori 4—itemset théa minsup

3-Itemset | Support
{ABD} 3
{ABE} 4 4-Itemset | Support
 —
{ADE} 3 {ABDE} 3
{B.CE} 3
{B.DE} 3

Bude 5: Tong hop tit ca cac tap phd bién thoa ngudng hd trg minsup = 40%, sau

khi két thiic thuat toan ta tim dugc cac tap phd bién:
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{{A}{B}{C},{D}{E}.{AB}.{A,D},{AE},{B,C},{B,D},{B,E}{C,E}.{D,E},
{AB,D}, {ABE}, {ADE}, {B,CE} {BD,E} {ABDE}}

1.4  Thuat toan Eclat
Eclat 1a thuat toan duoc Zaki dé xuat nam 1997 [11], cach tiép can IT-tree 1a dua

vao phan giao nhau cia tap cac giao dich trén CSDL giao dich dé tinh do phd bién va
khai niém 16p tuong duong chia khong gian xir Iy ban du thanh tap cac khong gian nho
hd trg tim kiém nhanh hon, ngoai ra phuong phap IT-tree con gitip tinh do phd bién
nhanh hon bang cach dua trén phan khac nhau trén Tidset va lam giam kich thudc b
nhd.

Ung dung IT-tree khai thac tip pho bién

Mo ta giii thuat Eclat

Buwée 1: Pau tién thuat toan s& quét CSDL va khai tao 16p twong duong rdng c6
tién t6 13 {} hodc [@] chua tit ca cac tdp phd bién c6 kich thudc 1a 1 thoa diéu kién 16n
hon hozc bang minsup

Buéc 2: Goi ham ENUMERATE_FREQUENTV6i dau vao 1a 16p tuong duong
v6i tién t6 {}. Thu tuc ndy s& xét mdi n(t i€[P] v6i li€[P] dtng sau n6, vi mdi cap (1,
lj), thi tuc nay sé tinh Y=t(Liu I}) = t(lin 1;), néu |Y|> minsup nghia 1a 46 hd tro cta i U |;
thoa minsup thi thém nat XXY vao 16p twong duong [Pi].

Buwée 3: Tiép tuc lap lai bude 2 cho dén khi khong tim duogc 16p twong dwong nao
thoa minsup

Mo ta gidi thuat Eclat

Piu vao: Co s¢ dit liéu D va ngudng hd tro tbi thiéu minsup

Pau ra: I T-tree chira tat ca cac tap pho bién tir CSDL D

Phwong thirc:

Eclat()

1. [@]={i €l Ao (i) = minsup}
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2. ENUMERATE_FREQUENT([?])

ENUMERATE_FREQUENT([P])
3. Forall lie [P] do

4. [Pi]={2}

5 For all lj€ [P], with j>i do

6. X:|iU lj

7. Y=t(l) N t()

8 If [Y] = minsup then

9. [Pi]=[Pi] U {X x Y}

10. ENUMERATE_FREQUENT([Pi])

Pau tién, thuat toan khai tao 16p twong duong rong [@] chta toan bd cac nut b
kich thuéc 1 1 goi 1a 1-itemsets, va chung déu thoa diéu kién ngudng minsup. Tét ca
cac nt & mirc 1 s& tré thanh mot 16p twong duong voi tién t6 1a [@] (dong 1). Sau d6
ham ENUMERATE_FREQUENT véi bién dau vao 13 16p twong duong rdng s& duoc
thyc thi. Tha tue ENUMERATE_FREQUENT sé& xét mdi nit li€ [P] (dong 3) véi nit
li€ [P] (dong 5) dirng sau no, v&i moi cap (1;,]), tha tuc nay sé tinh Y=t(LU 1)=t(l;)
N t(l) (dong 7), néu |Y| = minsup nghia 1a dd ho tro theo s6 dém cta li U 1j théa
minsup thi thém nut X x Y vao lép twong dwong [Pi] (dwoc khéi tao rong & dong 4).
Sau d6 goi dé quy thu tuc ENUMERATE_FREQUENT dé sinh ra cac 16p tuong
duong con cho dén khi khong con 16p twong duong nao duoc tao ra (dong 10)

Str dung CSDL D (bang 1.1) dé tién hanh khai thac cac tap phd bién c6 d6 hd tro
thoa minsup = 0.4.

Buéc 1: Khai tao 16p[@] chira tat ca cac tap phd bién c6 kich thude 1a 1
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|ax1345| |Bx123456| |Cx2456| |Dx1356| |Ex12345

Hinh 1.1: Khéi tao 16p twong dwong rong trén cay IT-tree

Buwée 2: Vi mdi nit & mie 1, ta tién hanh khai tao cac 16p tuong duong cia cac

tap phd bién c6 kich thude 1a 2 va loai bo céac tap khong thoa diéu kién minsup.

|Ax1345| |Bx123456| |Cx2456| |Dx1356| |Ex12345

/

X
/

ABx1345 ACx45 || ADx135 AEx1345

Hinh 1.2: Cay IT-tree véi l6p twong dwong ¢ mirc 2

Buwée 3: Tién hanh lip lai budce 2, khoi tao cac 16p twong dwong cho cac tap phd
bién c6 kich thude 1a 3, véi tién t6 13 tir cac tap & 16p twong duong murc 2, loai bo cac

tap khong thoa diéu kién minsup.
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|Bx123456| |Cx2456| |[Dx1356| |[Ex12345

ABx1345 || ACx45 || ADx135 || AEx1345 |

/N

ABDx135 || ABEx1345

Hinh 1.3: Cay IT-tree véi l6p twong dwong ¢ mirc 3

Bué'c 4: Tao ra cac tdp phd bién co kich thude 1a 4, tir cac tp & muirc 3, va loai

b6 cac tap khong thoa diéu kién minsup.

Bx123456| |cx2456| |Dx1356| |Ex12345

!
| ABx1345 || Acx4s || ADx13s || AExi1345 |

| ABDx135 || ABEx1345 |

ABDEx135

Hinh 1.4: Cay IT-tree véi 16p twong dwong ¢ mirc 4
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Buwéc 5: Thuat toan tiép tuc tinh & cac nut con lai cho dén khi khong thé
sinh ra dugc cac tap thda diéu kién minsup thi thuat toan dung lai. Két thac giai
thuat ta thu duoc tap F gdm cac tdp phd bién thoa diéu kién minsup.
F={{A}.{B}{C}{D}{E}.{AB} {AD} {AE}{BC}{BD} {BE}.{CE} {DE} {ABD},
{ABE} {ADE} {BCD} {BCE} {BDE} {ABDE}}

1.5  Pinh nghia va tinh chit ciia tip dwoc danh trong sb

Co s6 dit liéu giao dich cua tap duoc danh trong s6 bao gdm mot tap hop céac giao
dich T={ty,to,....tm}; MOt tdp cac item I={i1iz,....in} va tdp hop cac trong s6
W={w1,W>,...,wn}taong ing voi ting item trong I.

Vidu 1.1: Xét co s¢ dir liéu dugc trinh bay ¢ bang 1.6 va bang 1.7, ¢ bang 1.6 trinh
bay co s dir liéu giao dich gém 6 6 giao dich T={t1,t>,t3,t4,15,ts} va 6 item 1={A,B,C,D,E}.
Trong sb cua cac item duogc trinh bay trong bang 1.7, W={0.6,0.1,0.3,0.9,0.2}

Béang 1.6: Co sé dir liéu giao dich

Transaction Item
1 A B,DE
2 B,CE
3 A B,D E
4 A B,C E
5 A/ B,CDE
6 B,C,D

Bang 1.7: Trong so giao dich ciia tirng item

Item Weight
A 0.6
B 0.1
C 0.3
D 0.9
E 0.2
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Biang 1.8: Trong so giao dich ciia tirng giao dich & bang 1.6

Transaction tw
1 0.45
2 0.2
3 0.45
4 0.3
5 0.42
6 0.43
Sum 2.25

1.6 Khai thac tap pho bién dwoc danh trong sb

Dé khai thac tap pho bién dugc danh trong s dwa vao hai thong s6 1a trong sb giao
dich ctia mét giao dich dugc ky hiéu 1a tw va trong s6 hd trg ctia mot itemset duoc ky hi¢u
1a ws.

Pinh nghia 1.1: Trong sd giao dich (tw) ciia mot giao dich tk dwoc dinh nghia
2i j€t Wi

|tkl
Pinh nghia 1.2: Trong s6 hd trg ciia mot itemset dugc dinh nghia nhu sau
Liper(x) tw(te)
St er tw(t)

tw(tk)=

ws(X)=

Trong d6, T 1a danh sach cac giao dich trong co s¢ dir li¢u
Vi du 1.2: Dya vao bang 1.6, bang 1.7 va dinh nghia 1.1 chiing ta c6 thé tinh dugc
trong sb giao dich cua giao dich tiduoc ky hiéu tw(ty):
Ta c6 T1={A,B,D,E} tuong tng vdi Wa= 0.6,Wg=0.1,Wp=0.9 WEe=0.2 nén ta co tw(t1)
duoc tinh nhu sau:
Wyt Wg+Wp+ Wy 0.6+0.1+0.9+0.2

twit) = = 0.45
() 4 4

Bang 1.8 trinh bay tat ca trong s giao dich ctia cac giao dich c6 trong bang 1.6
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Tir dit liéu & bang 1.6, bang 1.8 va dinh nghia 1.2 chung ta c6 thé tinh gi tri trong s6 hd
trg ws(A) nhu sau: B6i vi A xuét hién trong cac giao dich {T1,T3,T4,Ts} vi vy ws(A)
duoc tinh nhu sau:

tw(t)+tw(tz)+tw(ty)+tw(ts) 0.45+0.45+0.3+0.42
Sum B 2.25

ws(A) =

Bang 1.9: Bang trong s6 hd tro cho tap phé bién 1 phan tir

item Weighted support (ws)
A 0.72
B 1
C 0.6
D 0.78
E 0.81

Viéc khai thac tap phé bién duoc danh trong s6 doi hoi ching ta can xac dinh
duogc tat ca cac trong s6 hd trg thoa ngudng trong s ho tro tdi thiéu (minws) twong Ung
v6i timg tap phd bién do nguoi dung dit ra.

FWI = {X c | | ws(X) > minws}

Pinh Iy 1.1: “Moi tap con khac rdng ciia tip pho bién ciing 14 tip pho bién va
moi tap chira tap khong phd bién déu 1a tap khong phd bién” c6 nghia 1a néu cho
X c'Y thi khi d6 ws(X) = ws(Y).

1.7  Chu triic WIT-tree

Dé khai thac cac luat két hop co trong s6, dau tién chung ta phai tim tit ca c4c tip
dugc danh trong sb thoa diéu kién ngudng trong so tbi thiu minws. Viéc khai thac cac
tap duoc danh trong sé dugc xem 14 qua trinh quan trong nhat trong viéc khai thac cac
luat két hop c6 trong s6. Ramkumar va cac dong su [7] da trinh bay giai thuat khai thac

cac tap duogc danh trong s6 dya trén mo hinh thuét toan Apriori.



19

Nhuoc diém chinh cua cac giai thut dua trén thuat toan Apriori | viéc phai quét
co s& dit liéu nhiéu 1an dé tim ra cac tap phé bién, din dén viéc s& phat sinh chi phi 16n.

Khai thac tap phd bién trén CSDL giao dich c6 trong sb ngudi ta quan tim dén
trong sb cua cac item. Nam 2003, Tao va cic dong su dé xuit phuong phap khai thac
WAR [8]. Thuét toan duoc dé nghi str dung mot bién thé cua thuat toan Apriori cho khai
thac cac FWI. Nam 2013, Vo va c4c dong su dé xuit mot phuwong phap khai thac nhanh
FWI sir dung WIT-tree va phét trién céc tinh chat trén WIT-tree dé tinh nhanh ws cta
cac itemset [3] .

Giai thuat khai thac tap pho bién dugc danh trong s6 dua trén ciu tric WIT-tree,
cAu tric ndy 1a phan mé rong ciia cau tric IT-tree. Mdi nut trén WIT-tree gom 3 thanh
phan:

I. X:la mot itemset
1. t(X): 1a tap cac giao dich c6 chtra X
1. ws: 12 trong sb giao dich cua X

Mbi nit duoe ky hiéu nhu 1a mot bo ba (X, t(X), ws).

Trong s6 hd trg ciia mdi nat duoce tinh dua theo cong thuc & phén dinh nghia 1.2.
Trong s6 hd tro duoc tinh dua trén cac Tidset. Cac nut duge tao béng cach lién két cac
nut & muc k goi 1a X, cac nit dugce tao ra béng cach lién két cac nit & muc k+1 goilayY.

Nt gdc (root) ctia cay WIT-tree chua tat ca cac nut c6 kich thude 1a 1 goi 1a 1-
itemset. T4t ca cac nit & muc 1 s& trd thanh 16p twong dwong vdi tién t6 1a {} (hay [@]).
M&i nut trong murc 1 s& két ndi v6i nhau tré thanh cac nit & mie 2 thoc 10p twong duong
moi, va st dung cac item ¢ mac 1 nhu la mdt tién t6. Mdi nat cd chung tién to & muc 2,
n6 s& két hop véi cac nat phia sau n6 dé tao ra cac 16p twong dwong méi. Qua trinh nay

s€ dugc thuc hién d€ quy dé tim ra cac 16p tuong duong & cac muc cao hon.
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1.8 Thuat toAn WIT-FWI

WIT-FWI 12 phwong phap méi dé khai thac nhanh tip phd bién dugc danh trong
sb st dung WIT-tree da dugc Bay Vo va cong su dé xuét nam 2013[3], thuat toan su
dung mot ngudng minws, goi 1a ngudng trong sé hd trg dung dé tia bét cac nit ma khong
phai 13 phd bién gitip khai thac nhanh tap phd bién dugc danh trong sb.

M0 ta giai thuat WIT-FWI:

Budc 1: Cho tap Lr chira tat cac cac tap dugc danh trong c6 kich thude 1a 1 va
trong s6 hd trg cta chung thoa diéu kién ngudng trong sd hd trg tdi thiéu minws (dong
1).

Buéc 2: Sap xép cac nut chtra trong Ly theo th ty ting dan dua vao trong s hd
trg cua tirng nat (dong 2).

Budce 3: Khoi tao FWI va gan nhan null (dong 3)

Buéc 4: Goi ham FWI-EXTEND véi tham s6 1a Ly

Ham FWI-EXTEND: xem xét mdi mot nut li €6 trong L v&i cac nat phia sau nd
dé tao ra mot tap nhirg nit mai 1a Li (dong 5 va 7).

Cach dé tao ra Li nhu sau: Pau tién, cho X= I;.itemset U lj.itemset va tinh toan Y=
t(X) = t(Ii) N t(1;) (dong 8). Néu ws(X) (dugc tinh toan thong qua t(X), dong 9) thoa dicu
kién minws (dong 10). Nut méi <X,Y,ws(X)> tao ra s€ duoc thém vao trong tap Li (dong
11). Sau khi tao thanh Li, ham FWI-EXTEND s& duoc goi dé quy véi bién dau vao la
Li (dong 13) néu sb luong cac nat c6 trong tap Li 16n hon 1. Him COMPUTE-WS(Y)
duoc str dung dé tinh trong sd hd tro cua tip X dua trén gia tri trong sé giao dich cua
tung giao dich dugc tinh toan trudc d6 véi Y = t(X) (dong 12).

M0 ta giai thuat WIT-FWI:

Piu vao: Co sd dir liu D va mot ngudng trong sd hd tro tdi thiéu minsup

Piu ra: Tap phd bién duoc danh trong s6 thoa ngudng minsup

Phuong thuec:
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WIT-FWI()

Lr= tat ca cac item ma co trong s hd tro ws théa ngudng minsup
Séap xép cac nit trong Ly theo thir ti ting dan ciia ws

Khoi tao tap FWI=0

Goi ham FWI-EXTEND véi tham s6 truyén vao 1a Ly
FWI-EXTEND(L)

A w P

. 'V&i moi nut 1 trong Ly thuc hién viéc

. Thém (li.itemset, li.ws) dén FWI

5
6
7. Tao mot tap Li bang cach ndi i vai tat ca 1j theo sau no trong L,
8. Cho X=li.itemset U lj.itemset va Y =t(l;) N t(l;)

9. ws(X)=COMPUTE-WS(Y)

10. Néu ws(X) thoa ngudng minsup khi d6

11. Thém nat <X,Y,ws(X)> vao trong L.

12. Néu s6 lugng nat trong Li > 2 khi d6

13. Goi dé quy ham FWI-EXTEND v6i tham s 1a Li

¥

Thue hién giai thuat WIT-FWI trén co s& dir liéu vi du miu

Dé hiéu rd giai thuat WIT-FWI ta s& tién hanh khai thac tip pho bién dugc danh
trong s6 trén co so dir liéu mau ¢ vi du 1.1 (bang 1.6 va 1.7) v6i ngudng trong sb hd tro
toi thiéu 1a 0.4.

Budce 1: Tinh trong s6 hd trg cua cac tap co kich thude 1a 1 ta dugce céc tap nhu
sau: ws(A) = 0.72, ws(B) = 1, ws(C) = 0.6, ws(D )= 0.78, ws(E) = 0.81, tat ca cac tip
nay déu thoa ngudng minws, khaéi tao tap Lr. Ta dugc tap L nhu sau:

L={<A,1345,0.72>, <B,123456,1.0>, <C,2456,0.6>, <D,1356,0.78>,<E,12345,0.81>}
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Sau d6 tién hanh sip xép cac tap trong L; theo th tu ting dan cua trong sd hd trg, sau
khi sap xép tang dan ta duoc.
L={<C,2456,0.6>, <A,1345,0.72>, <D,1356,0.78>, <E,12345,0.81>,<B,123456,1.0>}

Tién hanh khoi tao 16p {} chira cac tap pho bién théa ngudng minws cé kich thudc 1a 1

{
Cx2456 Ax1345 Dx1356 Ex12345 || Bx123456
0.6 0.72 0.78 0.81 1

Hinh 1.5: Khéi tao 16p twong dwong rong cho WIT-tree

Buwde 2: Tién hanh két ndi cac itemset co kich thudc 12 1 tao ra cac nut thude 16p
twong duong moi.

C két ndi v6i A ta duoc itemset méi CA véi t((CA)=45 va ws(CA)=0.32, vi
ws(CA) khong thoa minws nén khong dugc thém vao tap Lc.

C két ndi voi D ta dugc itemset mdi CD voi t(CD)=56 va ws(CD)=0.38, vi
ws(CD) khong thoa minws nén khong duge thém vao tap Lc.

C két ndi véi E ta duoc itemset méi CE véi t(CE)=245 va ws(CE)=0.41, vi
ws(CE) thoa minws nén thém vao tap Lc.

C két nbi v6i B ta dugc itemset mdi CB vé6i t(CB)=2456 va ws(CB)=0.60, vi
ws(CB) théa minws nén thém vao tap Lc.

K&t qua cudi cung sau khi két noi céc nut ta c¢6 tap Lc nhu hinh sau:
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{
Cx2456 Ax1345 Dx1356 Ex12345 Bx123456
0.6 0.72 0.78 0.81 1
CDx56 CAx45 CEx245 CBx2456
0.38 0.32 0.41 0.6

Hinh 1.6: Tap L¢ cia cay WIT-tree

Trong tap Lc ¢6 cac nat CD va CA ¢6 minws khong thoa nén tién hanh loai bo

{
Cx2456 Ax1345 Dx1356 Ex12345 || Bx123456
0.6 0.72 0.78 0.81 1
CEx245 CBx2456
0.41 0.6

Hinh 1.7: Cay WIT-tree sau khi loai b6 tap khong théa minws trong L.

Budére 3: Vi s6 luong céc niit trong Lc nhiéu hon 1 tién hanh goi dé quy ham FWI-
EXTEND dé tao ra cac nit con cua tap Lc.

Ta két ndi CE voi CB ta duoc ntit méi CEB véi t((CEB)=245, ws(CEB)= 0.41, ta
thém tap CEB vao trong tdp Lce ={CEB}
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{
Cx2456 Ax1345 Dx1356 Ex12345 Bx123456
0.6 0.72 0.78 0.81 1
CEx245 CBx2456
0.41 0.6
CEBx245
0.41

Bude 4: Ta tién hanh thuc hién tiép cac nat con lai dé tim tat ca cac tap phé bién

Hinh 1.8: Cay WIT-tree véi tip Lce

c6 trong soO thoa ngudng minws.
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i
Cx2456 Ax1345 Dx1336 Ex12345 Bx123456
0.6 0.72 0.78 0.81 1

CEx245 CBx2436 ADx135 AFEx1345 DE=x135 DEBE=x1336 || EBx11345

0.41 0.6 0.50 0.72 0.59 0.78 0.281
CEBx245 ADB=x135 ADEx135 AFBx1345 DEBx135

0.41 0.59 0.59 0.72 0.59

ADBEx135
0.59

Hinh 1.9: Cay WIT-tree hoan chinh véi minws = 0.4

Két qua tap phd bién dugc danh trong dugc tim thay:
FWI={{C}, {CE}{CB},{CEB}{A},{AD}, {ADB} {ADBE}, {ADE}, {AE},
{AEB}.{AB}.{D}{DA}{DE}, {DEB}{DB}, {E} {EB}.{B}}
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1.9 Khai niém PRE-LARGE trong khai thac dir li€u tang truwémg

Khai niém pre-large dugc Hong, Wang, Tao dé xuit nim 2001[5]. N6 dua trén
mot ngudng an toan f dé giam nhu cau quét lai co so dir liéu ban dau va duy tri hiéu qua
luat két hop. Sd luong céc giao dich méi dugc thém vao thudc ngudng an toan f dugc
tinh theo cong thirc sau:

o] s
1-Sy

Trong d6 Su 13 ngudng trén, S. 13 ngudng dudi va [D| 1a sb luong cac giao dich
trong co so dit li¢u ban dau. Khi s6 lugng cac giao dich mdi dugc thém vao bing hoac
nho hon ngudng an toan f thi thuat toan khong can phai quét lai co sé dit liéu ban dau.

Khi hai ngudng dugc sir dung thi mdi itemset c6 3 trudng hop c6 thé xay ra la:
phé bién, gan pho bién va khong pho bién. Phan chia itemsets trong co s& dit liéu ban

dau va co s dit liéu mai thém vao thanh 9 trudng hop.

- Ngudng dudi Ngudng trén
CSDL ban | Khong phé bién JGan pho bién g Pho bien g
dau
- Khong phd bién I Gan pho bién | Pho bién
>
! |
Ngudng dudi Ngudng trén

Hinh 1.10: 9 trwong hop xay ra khi thém dir liéu méi vao dir liéu ban dau

Truong hop 1, 5, 6, 8 va 9 & trén s& khong 1am anh hudng dén két qua cudi cing
clia cac luat két hop. Cac truong hop 2 va 3 co thé loai bo cac luat két hop hién co, va

cac truong hop 4 va 7 c6 thé thém céac luat két hop méi.
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Néu chiing ta giir lai tit ca cac tap gan phd bién va cac tip phd bién thi truong
hop 2,3 va 4 s& duoc xir Iy mot cach dé dang.

Ngoai ra trong giai doan duy tri luat két hop, ty 1& giira giao dich méi vao giao
dich cii thudng rat nho. Piéu nay c6 thé nhan thiy rd hon khi khai thac dir liéu 16n. Mot
tap pho bién trong trudng hop 7 khong thé 1a phd bién cho toan bo dit liéu duge cip nhat,
mién 13 s6 luong trong giao dich méi 1a nho so véi sd lugng giao dich trong co s& dit
lidu ban dau. Piéu nay di dugc Hong va cac cong sy chimg minh.

1.10 Khai théc tap pho bién trén co sé dir liéu ting truéng

Céc thuat toan khai thac tap pho bién trude day chu yéu xu Iy trén co s dit liéu
dugc x4c dinh trude. Ta biét rang, ngay nay cong nghé thong tin phat trién, cic cira hang
giao dich tryc tuyén ngay cang pho bién va phat trién rat nhanh, nhu ciu mua hang truc
tuyén ngdy cang trd thanh nhu cau can thiét ciia con nguoi, didu nay da kéo theo dir liu
giao dich ngay cang tang truong theo thoi gian, vi viy ma céc tap pho bién va cac luat
két hop da duoc tinh toan khong con gia tri, khi can khai thac tip pho bién thi can phai
tinh lai tr dau.

Dé khic phuc diéu nay, nhiéu nha nghién ciru da tim hiéu va phat trién thuat toan
tang trudng, trong d6 co tac gia Nguyén Xuan Huy va cong su dé xuét thuat toan ting
trudng[ 1] duoc dang trén tap chi khoa hoc cong nghé nam 2007, Vo va cOng su dé xuét
phuong phép tiép can hiéu qua dé duy tri dan tap pho bién dua trén khai niém pre-large
[4].

Y tudng co ban cia thuat toan nhu sau:

Cho co so dit liéu giao dich ban dau, lac dau thuat toan tinh do hd tro cta tat ca
cac tap muc co6 trong co s¢ dir li¢u giao dich ban dau va luu trit vao trong tap K. Theo
thoi gian, s6 lugng cac giao dich tang dan, thuat toan chi tinh toan véi cac dir lidu duoc
thém mai vao ma khong can phai tinh lai tir dau.

Dé tinh d6 hd tro cia cac tap muc dir li¢u, khong can phai tinh tat ca cac tap muc

ma chi can tinh cho cac tap muc dir li€u xuat hién trong cac giao dich mai.



28

Thuét toan tang truéng INCREMENTAL-FIL()

Mo ta thuat toan:

Budre 1: Cho co s& dit liéu dau vao D, ngudng an toan f dya trén D, dit liéu ting
truong D’, ngudng hd tro trén Su va ngudng hd trg dudi Si.

Budre 2: Néu dit 1iéu ban dau rdng thi thuc hién goi ham FIL dé x4y dyng dan sir
dung ngudng Si dé xay dung dan tip pho bién va tinh lai ngudng an toan.

Bude 3: Néu s6 luong giao dich trén D’ 16n hon f thi goi ham FIL xay dung dan
tap pho bién cho D + D’ sir dung ngudng hd trg Si.

Budc 4: Nguoc lai, néu sb lugng giao dich méi thém vao bé hon hodc béng f thi
thuc hién x06a cac thong tin tidset, cap nhat lai thong tin & mac 1 va danh dau nhitng nut
¢6 thong tin thay doi ngudng trong sb hd tro.

Buwéc 5: Goi ham cép nhat dan tap pho bién dé cap nhat tat ca cac nat trén dan véi
tham s6 La.

Mo ta thuat toan INCREMENTAL-FIL()
Piu vao:
— Dit liéu ban ddu D
— Nguodng an toan f duogc tinh dya trén D
— Dt liéu tang truong D’
_ Ngudng hd tro trén Su
— Ngudng ho trg dudi

Piu ra: Dan Tap pho bién

Phwong thire:

INCREMENTAL-FIL()

1. Néu dit liéu ban dau D = 0 thuét toan sé& thuc hién

2. Goi ham FIL dé xay dung dan cho D’ sir dung ngudng Si

(Sy—S1)x|D!") J
1-Sy

3. Tinh lai ngudng hd tro f theo cong thue =
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4, Néu téng trong $6 giao dich trong dir li€éu D’ > { thuat toan s€ thuc hién
S. Goi ham FIL dé xay dung cdy cho D+D’ str dung ngudng Si

6. Tinh lai ngudng hd trg f= l(SU_SIi):;lleD’l

7. Nguoc lai thuat todn sé thuc hién

8. Xba thdng tin tidset & mdi nut trén dan

9. Cép nhat lai thong tin cac nit & mirc dau tién L1, va danh diu toan

bd cac nut dugc thay doi thoa ngudng hd trg St
10. Goi thu tuc UPDATE-PFIL dé cap nhat lai tat ca cac nuat trén dan
v6i tham s6 Ly
11.  Tinh lai ngudng an toan f=f{—|D’|
12. CépnhatlaiddlicuD=D+D’
Thuec hién thuit toan ting truémg INCREMENTAL-FIL trén dir liéu mau

Cho dit liéu ban dau D1 ¢6 6 giao dich, ngudng hd trg dudi SL=50%, ngudng hd trg trén
Su=65%

Transaction Items
1 ACTW,Z
2 C,.D,W
3 ACTW
4 A,C,DW
5 ACD,T,W
6 C,D,T

Dit lidu D2 tang truong lan 1

Transaction Items
7 ATW,Z
8 CTWwW,Z

Dit liéu Ds tang truong lan 2
Transaction Items
9 ADTW,Z
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PAu tién (dir li¢u D1 ¢6 6 giao dich) thuat toan thyuc hién goi ham FIL dé xay dung
dan tap phd bién dira vao co so dir liéu ban dau D1, sau d6 thuc hién tinh ngudng an toan

_1(0.65-0.5)x(6)
f_l 1-0.65

JZZ va tién hanh cap nhat lai sé lwong giao dich D = ¢ + D1

iy

Ax1345 Dx2456 Tx1356 Wx1235 Cx123456
5

ATWCx135
3

Hinh 1.11: FIL cho dir li¢u D1 véi minsup = 50% sir dung TFIL

Ké tiép (dit liéu D2 o 2 giao dich) sé luong giao dich trong D con nam trong
ngudng an toan f nén thuat todn khong quét lai toan bd dir licu ma thye hi¢n cap nhat thong
tin nhu sau:

That toan s& x6a thong tin tidset két hop véi tit ca cac nut trén dan.

Thuat toan chén vao thong tin tidset (chi trong cc giao dich 7 va 8) két hop véi tap

phé bién 1-itemset trén dan va danh diu nhitng nat da cap nhat.
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O

ATXQ AWX@ ACxQ DWx@®  DCx® TWx@  TCx® WCx®
3 5

. T -
- -
.- .-
-

3

ATWCx®
3

Hinh 1.12: Xda thong tin tidset trén dan
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ATX0 AWxP ACxQ DWxQ DCx® TWxQ TCx® WCxQ
3

ATWCx®
3

Hinh 1.13: Cap nhat thong tin tidset 1-itemset

Sau d6 thuat toan tién hanh goi dé quy ham UPDATE-PFIL dé cap nhat thong tin tidset
cac nut két hop voi 1-itemset trén dan.

Tinh lai ngudng an toan f= f-|D,| = 2-2 =0

Cép nhat lai dit licu D = D1 + D2
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U

ATWCx®
3

Hinh 1.14: Goi UPDATE-PFIL cép nhit thong tin tidset két hop véi 1-itemset
Ké tiép tién hanh ting truong dit liéu D3 (D3 c6 1 giao dich), lic ndy ngudng an toan f =
0 nén khi ¢ bat ky tang trudng nio thuit toan s& phai quét lai toan bo dit liéu dé tinh lai

thdng tin cac nat trén dan.
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O

Ax134579 Dx24569 Tx1356789 Cx1234568 Wx12345789

ATx13579 AWx134579 TCx13568 TWx135789 CWx123458
5 6 5 6 6

ATWx13579
5

Hinh 1.15: Két qua sau khi ting truwéng D3

5-0. 5)><(9)J 3

Sau khi thyc hién tang trudng D, thuat toan s€ tinh lai ngudng an toan f= l(o 61 es

Luc nay thyc hién tang trudng Da, néu s6 luong cac giao dich trong D4 < 3 thi thuét toan

s& tién hanh cép nhat lai dan tdp phd bién ma khong can phai quét lai toan bo dit liéu.
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CHUONG 2: KHAI THAC TAP PHO BIEN PUQC PANH

TRONG SO TREN CO SO DU LIEU TANG TRUONG
2.1 Khai thac tip pho bién dwge danh trong sé

Viéc khai thac tap phé bién duogc danh trong sb trén co s& dit lidu tdng trudng
chua duoc nhiéu nha nghién ciru quan tim phat trién, trong khi d6 cac thuat toan khai
thac tdp phd bién dugc danh trong sé da dugc nhiéu nha nghién ctru phat trién, trong d6
Vo va dong su da dé xuat thuat toan WIT-FWI dya vao cau trac cdy WIT-tree [3]. sau
d6 thuat toan da duogc cai tién dé tang toc do tinh toan va giam bét viée sir dung bd nhé
nhu 1a WIT-FWI-MODIFY, WIT-FWI-DIFF da mang lai hiéu suit toi vu trong viéc khai
thac dir liéu dugc danh trong s6. Tuy nhién viéc khai thac nay thuong 13 trén co so dir
liéu dugc xéc dinh trudce, trong khi ngay nay co sé dit li¢u thuong ting truong theo thoi
gian. Pic biét 1a co s dit liéu ban hang, cic mon hang s& dugc mua va thay doi theo
thot gian. Viéc ing dung thuat toan WIT-FWI trong khai thac co s dit liéu tdng truéng
ton tai nhuoc diém 1a mdi khi c6 mén hang duoc mua, viéc tinh todn s€ phai quét lai toan
b6 co s6 dif liéu va can phai tén kha nhiéu thoi gian cho viéc tinh toén.

Dé khic phuc nhuoc diém phai quét lai toan bd co so dir liéu mbi khi c6 moén
hang duoc mua, dé tai nghién ctru va Gmg dung thuat toan WIT-FWI [3][4] két hop véi
khai niém pre-large [5] trong khai thac dir liu tang truong trong d6 st dung hai ngudng
WS, va WSL dugc goi 1a ngudng trong sd hd tro trén va ngudng trong s6 hd trg dudi
hoat dong nhu 1a bd nhd dém nham tang tdc do tinh toan, trong d6 c6 st dung mat

ngudng an toan f nham han ché viéc phai quét lai toan bo dir liéu ban dau.
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2.2 Khai thac tap phd bién dwoc danh trong sb trén dir lidu ting truéng.

Ung dung khai niém pre-large ctia Hong va cong su dé& xuat nim 2001 [5] trong
khai thac dit liéu tang truong két hop véi thuat toan WIT-FWI trong khai thac dir liéu
dugc danh trong s6 duge Vo va dong su dé xuat nam 2013 [3], nghién ctru dé xuét thuat
toan INCREMENTAL_WIT_FWI trong khai thac tap duoc danh trong pho bién trén
CSDL tang truéng nham han ché viéc phai quét lai co s& dit li¢u ban dau khi c6 dix liéu
moi1 duoc thém vao.

2.3 Cac budc ciaa thuat toan tang trweéng INCREMENTAL-WIT-FWI()

Budre 1: Cho co s6 dit liéu dau vao D, dit liéu ting truong D’, ngudng trong s6 hd
trg trén WSy va ngudng trong s6 hd tro dudi WS, va tap trong so ciia timg item, ngudng
an toan f dua trén D va WSy, WSL.

Budre 2: Néu dit liéu ban dau rdng thi thuc hién goi ham WIT-FWI dé xay dung
cay cho dir liéu D, str dung ngudng WS, va tinh lai ngudng an toan f.

Bude 3: Néu sd luong giao dich trén D’ 16n hon ngudng an toan f thi goi ham
INCREMENTAL-WIT-FWI() xiy dung cay cho D + D’ sir dung ngudng trong sd hd
tro WSL.

Buéc 4: Nguoc lai, néu s6 luong giao dich méi thém vao bé hon hoic bang ngudng
an toan f thi thuc hién x6a cac thong tin tidset & cac ntt trén cdy, cap nhat lai thong tin &
mirc ddu tién L1, va danh diu toan bo cac nit duoc thay doi thoa ngudng hd trg WSL.

Budée 5: Goi ham cap nhat cly dé cap nhat tit ca cac nut trén cay voi tham sb L.

Budc 6: Tinh lai ngudng an toan f va cap nhat lai dir liéu D

Buéc 7: Duyét cAy va loc ra nhiing tip théa ngudng hd trg WSy

2.4 Mo ta thuit toan INCREMENTAL_WIT _FWI
Diu vao:
- Co s¢ dit liéu ban dau D

- Dt liéu tang truéng D’
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- Ngudng trong sd hd tro trén WSy
- Ngudng trong sd hd tro dudi WS,
- Ngudng an toan f duge xac dinh tir dit liéu ban dau D va ngudng WSL va
WSy
- Dt li¢u trong )
Piu ra: Tap phd bién dugce danh trong sb thoa ngudng WSy

INCREMENTAL_WIT_FWI()

1. Néu dit liéu ban dau D = 0 thuit toan sé& thuc hién

2. Goi ham WIT_FWI dé xay dung cay cho D’ sir dung ngudng WS,

3. Tinh lai ngudng hd tro f theo cong thirc
f:((WSU—WSL)xSum(D))

1-WSy

4, Néu téng trong s6 giao dich trong dir liéu D’ > f thuat toan sé thuc hién

5. Goi ham WIT_FWI dé xay dung cay cho D+D’ st dung ngudng
WS,

6. Tinh lai ngudng hd tro f:((WSU—WSL):;S‘;n;(]DHSum(D'))

7. Nguoc lai thuat todn sé thuc hién

8. Xéa thong tin tidset & mdi nut trén cdy WIT FWI

9. Goi ham UpdateLevell() cap nhat lai thong tin & mirc dau tién Ly,
va danh diu toan bo cac nit duoc thay doi thoa ngudng hd trg WSL

10. Goi thu tuc UpdateFWI() dé cap nhat lai tat ca cac nuat trén ciy voi

tham s L1
11.  Tinh lai ngudng an toan f = f — Sum(D’)
12. Céapnhatlaiddligcu D=D+D’
13.  Duyét cay va loc ra nhiing tap thoa ngudng hd trg WSy
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Trong d6, Sum(D) 14 tong trong s hd tro cua cac giao dich trong dir liéu D,
Sum(D’) 1a tong trong s6 hd trg cia cac giao dich dit liéu D’, Sum(D)+Sum(D’) 1 tong
trong sd hd tro cua cac giao dich trong D va D’

2.5 Thuc thién thuit toan ting truéng trén dir liéu mau

Dé hiéu rd giai thudt INCREMENTAL_WIT_FWI() ta s& tién khanh khai thac
tap phd bién dugc danh trong sd trén co so dir liéu miu & bang 1.6 (goi 1a D1) va bang
1.7 v6i ngudng trong sd hd trg dudi 13 WSL=0.4 va ngudng trong sd hd tro trén 1a
WSy=0.6 va bang dir liéu tang truong D2 (bang 2.1) va D3 (bang 2.2).

Béang 2.1: Bang dir li€u tang truéng D>

Transaction Iltem
7 A D

Béang 2.2: Bang dir liéu ting truwéng D3

Transaction Iltem
8 A C,D

Trudc tién thudt toan nhan dugc cac gia tri

D: 1a co s& dit liéu ban dau

- Ngudng trong sd hd tro trén WSy =0.6

- Ngudng trong sd hd tro dudi WS.= 0.4

- Tap dit liéu trong s6 (bang 1.7)

- Gia tri nguong an toan f duoc tinh tir dir liéu D
Lan dau tién chay chuong trinh dit liéu D = 0, trong trudng hop hay thuat toan s& goi
ham WIT-FWI st dung ngudng hd tro dudi WS dé xay dung cdy, va tinh lai ngudng
an toan f = ((WSu — WSL)*Sum(D)/(1-WSy)) = ((0.6-0.4)*2.25)/(1-0.6) = 1.1.
Céap nhat lai dir li¢u D= @ + D
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{3
Cx2456 Ax1345 Dx1356 Ex12345 Bx123456
0.60 0.72 0.78 0.81

M/R\\

CEx245 CBx2456 ADx135 AEx1345 ABx1345 DEx135 DBx1356 EBx12345
0.41 0.60 0.59 0.72 0.72 0.59 0.78 0.81

N

CEBx245 ADEX135 ADBx135  AEBx1345 DEBx135
0.41 0.59 0.59 0.72 0.59

l

ADEBXx135
0.59

Hinh 2.1: Cay D1 véi ngudng trong sé hd tro WS 40%

Sau khi c6 cdy D ta tién hanh thém dir liéu D2 (bang 2.1) dé tinh dir liéu ting
trudng.

Lan nay dit liéu D da khac 0, trong bang 2.1 ¢6 1 giao dich, thuat toan s& tinh tong
trong sb clia cac giao dich trén D,.va so sanh véi ngudng an toan f.

Lac nay Sum(D2) duoc goi 1a tong cac trong sé giao dich trén dit liéu D2 = 0.75

f=1.1 > Sum(D.) nén thoa ngudng an toan, thuat toan s€ khong quét lai toan bd
di¥ liéu ma chi thuc hi¢n x6a cac thong tin tidset ¢ cac nut trén cay va cap nhat lai thong
tin cac nut & mirc dau tién L1, sau d6 danh diu cac nut ¢ thong tin thay d6i va va thoa

nguong WSL.
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U

Cx® AxQ Dx® Ex® Bx®
0.45 0.78 0.83 0.60 0.75

o

CEx® CBx0 ADx@  AEx® ABx@® DEx® DBx0® EBx0®

0.30 0.45 0.68 0.53 053 043 0.58 0.60
CEBx©® ADEx® ADBx0® AEBx® DEBx®
0.40 0.43 0.43 0.53 0.43
ADEBx®
0.43

Hinh 2.2: X6a thong tin tidset ¢ cac nit trén ciy
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{3
A//N‘
Cx® Ax13457 Dx13567 Ex® Bx@
0.45 078 0.83 0.60 0.75

ﬂ T~ N

CEx® CBx0 ADx@® AExQ ABx¢p DEx® DBx® EBx0®

0.30 0.45 0.68 0.53 0.53 0.43 0.58 0.60
CEBx® ADEx® ADBx® AEBx@® DEBx®
0.40 0.43 0.43 0.53 0.43
ADEBx®
0.43

Hinh 2.3: Cap nhit lai thong tin cac nit & L1 va danh d4u c4c nit thay ddi

Ké tiép thuat toan goi ham UPDATE-FWI dé cap nhat cic nit trén cay v6i tham

solaL:
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{}
.//N,
CxQ Ax13457 Dx13567 Ex@ Bx@
0.45 078 0.83 0.60 0.75

M o\ T~ v\A\A\A

CExp CBx@ |ADx1357)AExp  ABx¢ DEx@ DBx@  EBx@

0.30 0.45 0.68 0.53 0.53 0.43 0.58 0.60
CEBx0 ADEx® ADBx® AEBx@® DEBx0®
0.40 0.43 0.43 0.53 0.43
ADEBx@
0.43

Hinh 2.4: Cap nhét lai cac nut & mirc L

Sau khi cap nhat xong thuat toan s€ tinh lai ngudng an toan f va cap nhat lai dit liéu D
Lic nay dir liéu D2 da dugc thém vao thuat todn s€ tinh lai téng trong sb cla cac giao
dich Sum(D) = Sum(D1) + Sum(D) = 2.28+0.75 = 3.03

Ldc nay f =f—Sum(D2)=1.1-0.75=0.35

Cap nhat lai dit liéu D= D1 + D>

Khi dir liéu méi duoc thém vao ma cod téng trong s6 hd tro 1on hon ngudng an toan f
diéu nay co6 nghia la thuat toan can phai quét lai toan bo dir liéu dé tinh toan lai cac thong
tin trén cay.

Ta tién hanh ting trudng dit 1iéu D3 ( bang 2.2) ¢6 1 giao dich, thuit toan s& tién hanh
tinh tong trong s6 giao dich cua dit liéu D3 = 0.6. Tuy nhién, lic ndy ngudng an toan f =
0.35 vuot ngudng an toan nén ta tién hanh quét lai toan bg dir liéu dé tinh toan lai céc

thong tin trén cay.
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8

Ex12345 Cx24568 Bx123456 Ax134578 px135678
0.51 0.54 0.63 0.82 0.86

N b I T

EBx12345 EAx1345 CDx568 BAx1345 BDx1356 ADx13578
0.5.1 0.45 0.40 0.45 0.49 0.74

|

EBAx1345
0.45

Hinh 2.5: Cay sau khi tang truwéng dir liéu D3 voi WS =0.4

Sau khi két thuc ting truong Dj thuat toan sé& 14y ra danh sach céc nat thoa ngudng

trong s6 hd trg trén (WSy=0.60).

4

Bx123456 Ax134578 Dx135678
0.63 0.82 0.86

l

ADx13578
0.74

Hinh 2.6: Danh sach cac nut théa ngudng WSy sau khi ting trwéng D3
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Ta ¢6 thé hiéu duge khi dit liéu méi duge thém vao thult toan s& xem xét ngudng
an toan trén dir liéu méi, néu khong vugt qua ngudng an toan thi khong can phai quét lai
toan bo dir 1iéu ma chi tién hanh cap nhat lai théng tin v6i dit liéu méi, didu nay gitp giam
dang ké thoi gian cho viéc khai thac tap phd bién duoc danh trong sé trén co sé dit liéu

tang truong.
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CHUONG 3: THUC NGHIEM VA PANH GIA

3.1 Maéi truong thue nghiém

Tt ca cac thi nghiém duoc trinh bay trong phan nay dugc thuc hién trén may tinh
ca nhan voéi thong sb cau hinh may tinh CPU Intel i5-5200U 2.20 GHz va 8 GB RAM
chay hé diéu hanh Windows 8. T4t ca cic chwong trinh d3 duoc ma hoa trong C# 2013.
3.2  Pic diém dir liéu thue nghiém

Nguon co s dit liéu thyc nghiém duoc lay tir trang web Frequent Itemset Mining

Dataset Repository: http://fimi.cs.helsinki.fi/data/ v4i tén co sé dir liéu dugce st dung cho

thuc nghiém Ia: Chess, Mushroom, Connect. Cac bd dit liéu nay duogc sira doi bang cach
thém vao mot bang dé luu trix trong sb hd tro cua tung item, trong $6 nay co gid tri tur 1
dén 10 cho mdi co s dit liéu.

Dit liéu thuc nghiém duoc tién hanh khai thac trén dit liéu chuan & bang 3.1

Bang 3.1: Co sé dir liéu thuwe nghiém cé chinh sira trong so hd tro

CSDL S6 Item | S6 giao dich Tinh trang
CHESS 76 3196 | Ba dugc sira doi
MUSHROOM 120 8124 | Pa dugc sira d6i
CONNECT 129 67557 | Ba duoc sira doi

Noi dung thuc nghiém s€ sir dung hai thuat toan WIT-FWI va thuét toan tang
trudng INCREMENTAL_WIT_FWI cung chay trén bo dir li¢u chuan va so sanh thoi
gian thyc hién cua hai thudt toan dé tim thuat toan t6i wu hon trong khai thac dir li¢u tang

trudng.


http://fimi.cs.helsinki.fi/data/
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3.3 Két qua thuc nghiém
Thoi gian thuc thi chuong trinh cho viée tim kiém cac tap phd bién dugc danh

trong sd khac nhau tuy theo timg ngudng trong sé hd trg, néu ngudng trong sé hd tro
cang thap thoi gian thuc thi cang 1au, két qua tim kiém tdp FWI duogc tim thiy cang nhiéu

Khoang cach giita ngudng trong sé hd trg WS va WSy cang xa thi kha ning quét
lai toan bo dit liéu ban dau cang thap, tuy nhién viéc nay c6 thé tén nhiéu bo nhé va lam
chim thoi gian tim kiém tdp FWI, vi vy viéc chon ngudng trong sb hd trg sao cho phu
hop véi dit liu 1a diéu quan trong va sé giup giam dang ké thoi gian khai thac.

Tién hanh thuc nghiém vo1 dir liu Chess, dit liéu Chess gSm c6 3196 giao dich,
duogc chia lam hai phan, phan 1 gom 3096 giao dich 1am di lidu gdc, phan 2 gom c6 100
giao dich duoc chia diéu cho 10 lan ting trudng (mdi ting trudng 10 giao dich), két qua
sau 10 1an tang trudng tim thay dugc 50649 tap FWI. O c4 hai thuat toan déu cho ra két

qua nhu nhau nhung khac nhau vé thoi gian thuce thi tim kiém.

CHESS

WIT-FWI
(\__—c\__.h' . . .

[y
B

[
5]

-]

INCREMENTAL WIT_FWI

Thei gian (5)

3096 3106 3116 3126 3136 3146 3156 3166 3176 3186 3196

Hinh 3.1: Thoi gian thwe thi trén dir li€u Chess
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Chess
140
120 1149
100 925
80
a0
40
20
0
INCREMENTAL_WIT_PI WIT-FWI (W5=0.70)

[(WSL=0.69, W5U=0.70}

B Tang thé gian xir 1y (s)

Hinh 3.2: Tong thoi gian thye hi¢n trén dir liéu Chess

CHESS
1,2

0

0
0
0
0
0
1 2 3 4 5 & 7 & 9 10

56 [antang tredng

=

&

on

e

[

EWIT-FW1 B INCREMENTAL_WIT_FWI

Hinh 3.3: Bo nhé sir dung khi chay dir liéu Chess
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Tiép dén ta tién hanh thuc nghi¢m véi dir licu Mushroom, dit licu Mushroom gém
c6 8124 giao dich, dugc chia lam hai phﬁn, phén 1 gém 7624 giao dich lam dir li¢u géc,
phan 2 gdm c6 500 giao dich duoc chia didu cho 10 1an ting trudng ( mdi ting trudng
50 giao dich) , két qua sau 10 lan ting trudong tim thiy duoc 54115 tap FWI, ¢ ca hai
thuat toan WIT-FWI va thuit téa ting truéng INCREMENTAL_WIT_FWI déu cho ra

két qua nhu nhau nhung khac nhau vé thoi gian thuc thi tim kiém.

Mushroom

10
/\ WIT-FWI

[==]

Théri gian (5)

INCREMENTAL WIT_FWI

7884 7914 7944 7974 8004 BO34 BOG4 8O

[¥=]

4 8124

Hinh 3.4: Thoi gian thwec thi trén dir liéu Mushroom
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Mushroom

100
20
B0
70
a0
50

88.8

30
20
10

INCREMENTAL_WIT_FWI WIT-FWI [WS=0.20)
(W5L=0.18, W5L=0.20)

m Tang thivi gian xi¥ Iy {s)

Hinh 3.5: Tong thoi gian thye hién trén dir liéu Mushroom

(=]
[=3]

[=]

(¥

=

F=

L

=

[

B& nhé st dung (GB)
= =

=

Mushroom

1 2 3 4 5 & 7 B 9 10

54 [&n ting tredng

BWIT-FWl  m INCREMENTAL_WIT_FWI

Hinh 3.6: By nhé sir dung khi chay dir liéu Mushroom
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Ké tiép ta tién hanh thuc nghi¢m véi dir liéu Connect, dir liéu Connect gém co
67557 giao dich, duoc chia lam hai phan, phan 1 gdm 55557 giao dich lam dit liéu géc,
phan 2 gom c6 1200 giao dich duoc chia diéu cho 10 lan ting trudng ( mdi ting trudng
1200 giao dich) , két qua sau 10 lan ting truong tim thdy duogc 1077 tap FWI, ¢ cé hai
thuat toan WIT-FWI va thuit téa ting truéng INCREMENTAL_WIT_FWI déu cho ra

két qua nhu nhau nhung khac nhau vé thoi gian thuc thi tim kiém.

Connect
WIT-FWwWl

14 _”——-‘________..

12 E—

INCREMEMNTAL _WIT_FWI

Thitigian (s)

56757 57857 59157 60357 61557 62757 63957 65157 66357 67557

Hinh 3.7: Thoi gian thue thi trén dir li€u Connect



B6 nhd s dung (GB)

H

0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1

0

o1

Connect

160 1516

140
121.8
120
100
BO
60
40
20
0
INCREMENTAL_WIT_P¥I WIT-FW (WS5=0.96)

(WSL=0.95, W5U=0.96)

m Tang thiv gian xi Iy (s)

inh 3.8: Tong thoi gian thye thi trén dir liéu Connect

Connect

1 2 3 4 5 & 7 8 9 10

BWIT-FWl  mINCREMENTAL _WIT_FWI

Hinh 3.9: By nhé sir dung khi chay dir liéu Connect
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Tir nhitng két qua thuc nghiém & trén ta co thé thiy thdi gian xtr 1y cho timg dir
liéu khac nhau can c6 thoi gian xtr 1y khac nhau, tiy thudc vao ngudng trong sé hd tro
do nguoi dung dat ra va do 16n cua di liéu can khai thac, téng s6 thoi gian thuc hién cho
10 1an tang truong, thuat toan ting trusng INCREMENTAL_WIT_FWI luén cho thoi
gian thyc thi nhanh hon thuat toan WIT-FWI.

Thuat toan tang truéng INCREMENTAL_WIT_FWI thuc sy mang lai hiéu qua
dang ké trong khai thac dit liéu ting trudng, gitp rat ngan thoi gian khai thac va 1am
giam dang ké s6 lan phai quét lai toan bo dit liéu, khi khai thac trén co so di liéu 16n,
lac nay ngudng an toan 1 rat 10n, trong khi dit liéu ting trudng trong thuc té thuong rat
nhd va thuong khong vugt qua ngudng an toan. Vi vay trng dung thuét toan tang truong
INCREMENTAL_WIT_FWI s& mang lai hiéu qua dang ké cho viéc khai thac tap phd

bién dugc danh trong so trén co s¢ dit liéu tdng trudng.
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PHAN KET LUAN VA HUONG PHAT TRIEN

Két Luan

D& tai nay tap trung nghién ctru khai thac tap phd bién dugc danh trong sb trén dir
liéu tang truong, dé xuat mot thuat toan hiéu qua dé khai thac dir liéu ting truong va duy
tri cdy WIT-FWI dua trén khai niém pre-large. Thong qua qua trinh thyc hién dé tai toi da
thuc hién duoc cac muc tiéu:

- Nghién ciru co sd 1y thuyét vé cac k¥ thuat khai thac tap pho bién nhu phuong phép
Apriori, IT-tree, WIT-tree.

- Tim hiéu co s& dit liéu giao dich c6 trong 30, trong s6 hd trg va céc Iy thuyét co lién
quan.

- Nghién ciru cac thudt toan khai thac cac tap phd bién trén co sd dit lidu giao dich c6
trong s6 WIT-FWI, WIT-FWI-MODIFY, WIT-FWI-DIF.

- Cai dat thuc nghiém dé khao sat két qua cua thuat toan dé xuét: tién hanh khai thac
tap pho bién duoc danh trong sb trén cac co sd dir liéu chuan nhu Chess, Mushroom,
Connect.

Tir d6 dé xuat thuat toan INCREMENTAL_WIT_FWI dé khai thac tap phd bién
dugc danh trong s6 trén co so dit liéu ting trudong, ap dung khai niém pre-large trong
khai thac dir liéu ting trudng, giup han ché viéc phai quét lai toan bo dit liéu ban dau khi
c6 dir liéu mai dugce thém vao lam cho viéc khai thac dugc xir Iy nhanh hon. Véi thuat
toan dé xuit nay da mang lai hiéu qua dang ké trong khai thac tap phd bién trén co so dir
liéu ting truéng. Tir d6 tmg dung thuat toan nay vao trong thuc tién.

Nhin xét wu diém va han ché

Uu diém:

Trong khai thac dir li€u tang truong, dir liéu mo1 dugc thém vao 1a thuong xuyén,
mdi khi ¢6 dit liéu méi dugc thém vao thi can phai quét lai toan bo dir lidu dé cap nhat lai

trong s6 hd tro, viéc phai quét lai dir liéu ban dau 1am ton kha nhiéu thoi gian, thuat toan
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duoc dé xuét trong dé tai nay da khic phuc duoc nhuoc diém ndy, va lam ting toc do xtr
ly.

Han ché:

Bén canh nhitng vu diém thuat toan cling tdn tai nhitng mat han ché, thuét toan can
nhiéu bo nhd dé luu tri cac thong tin phuc vu cho viéc tinh todn nhanh trong s6 h tro, khi
khai thac trén co so dit liéu 16n can phai ton lugng 16n bd nhé cho viée luu tri.

Lan dau chay thuit toan can nhiéu thoi gian cho viée xay dung cu trac lwu tri dir
liéu phuc vu cho viéc tinh toan nhanh khi dit li¢u tang trudng.

Ngudi ding can chon ngudng trong sb hd tro phi hop véi dit liéu can khai thac.

Huwéng phat trién
Tiép tuc nghién ctru cach khai thac tip phd bién dugc danh trong sb trén co so dir
liéu tang truong mot cach hi¢u qua hon.
Nghién ctru ap dung k¥ thuat Diffset trong khai thac tang trudng.
Nghién ciru cai tién thuat toan theo huéng giam thoi gian tinh toan.

Nghién ciru cai tién thuat toan theo huéng giam bo nhé luu trix cho viéc tinh toan.
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