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TOM TAT

Trong linh vuc khai thac dir liéu, da c6 nhiéu nghién ctru vé khai thac mau phd
bién duoc tmg dung thuce té rong 16n trong cac khai thac ludt két hop, twong quan, mau
tudn ty, rang budc mau phd bién, mau d6 thi, mau mai ndi, nhidu cbng trinh khai thac
dir liéu khac. Chung t6i gidi thiéu mot thuat toan MWFIM[16] ctaa U.Yun cho khai
thac miu pho bién t6i dai tir mot co sé dir liéu giao dich. Mau khai thac cua U.Yun
cat tia miu khong quan trong va lam giam kich thudc cua khong gian tim kiém. Tuy
nhién, viéc duy tri tinh chat chng su don diéu (anti-monotone) ma khdng mét mat
thong tin can duogc xem xét, do d6 thuat toan cia U.Yun cit tia mau trong s6 khong
phd bién va sir dung mot tién 6, cdy c6 thir tw trong sd giam dan. Ngoai ra trong
ludn van con su dung k¥ thuat Diffsets nham khai thac nhanh d6 hd trg céc items
trong co s dir liéu giao dich c6 mat do tring lip cao nham giam thoi gian khai thac

va tiét ki€ém bo nhd.



ABSTRACT

In the field of data mining, there have been many studies on mining frequent
patterns due to its broad applications in mining association rules, correlations,
sequential patterns, constraint-based frequent patterns, graph patterns, emerging
patterns, and many other data mining tasks. We propose a algorithm U.Yun 's MWFIM
for mining maximal weighted frequent patterns from a transaction database. His
mining paradigm prunes unimportant patterns and reduces the size of the search space.
However, maintaining the antimonotone property without loss of information should
be considered, and thus our algorithm prunes weighted infrequent patterns and uses a
prefix-tree with weight-descending order. Besides, in dense database transaction, our

algorithm used Diffset to reduce extraction time and save memory storage.
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CHUONGI1: MO PAU

1.1 Ly do chen dé tai

Chung ta dang song trong thoi dai thong tin. N6 gidp cho ching ta dan dén
thanh cdng nho vao cdng nghé hién dai ciia may tinh. Chung ta thu thap dugc mot
lugng théng tin rat 16n tir cac co so dir liéu giao dich nhu: Ngan hang, bénh vién,

cong ty, siéu thi,...

Do d6 phan tich hanh vi mua sim ciia khach hang 1a bai toan co ban trong
linh vuc hoat dong ciling nhu nghién ctru marketing. Trong d6, thong tin giao dich
thé hién qua timg hoa don va céc hoa don 12 dir liéu quan trong dé cac nha bubn ban
1é va si rat ra duge thdng tin ¢6 gia tri vé hanh vi mua sim cua khach hang dé hoach

dinh chién lwoc mua ban ciing nhu trong ké hoach tich trix ton kho.

Tuy nhién, dé mot nguoi tu rdt ra duge nhitng thong tin ¢ gia tri tir nhidu dir
liéu hda don thi thuong dé& sai s6t va tén qua nhiéu thoi gian. TAC gia quan tam dén viéc
hién thuc mot hé thdng c6 tén goi 12 Hé phan tich hanh vi khach hang dé hd trg cho cac
nha buén bén 1¢ tan dung khai thac khdi lwong dir lidu giao dich khong 16 tir chinh cira

hang cua ho.

Hé thdng gdm nhiéu md dun va nhiéu giai doan dé thuc hién, tat ca cac md dun
va cé4c giai doan thuc hién déu khé va phire tap. Nhung ¢t 18i hon hét 1a viée xu ly
dir liéu 16n hiéu qua. Vi vay, tac gia vu tién tap trung nghién ctru cac thuat toan tim
cac item c6 sb luong phd bién tbi dai tir d6 ctra hang tim dugc cac mit hang khach

hang quan tdm nhat dé nha quan Iy c6 thé hoach dinh ké hoach mua ban cho minh.
1.2 Ngi dung nghién ciru

Dé tai tap trung vao nghién ctru thuat toan khai thac mau trong sé phd bién
t6i dai trén co s& dir liéu giao dich. Gidi thiéu thuat toan MWFIM [16] khai théc
mau trong s6 t6i dai pho bién toi dai dua trén co sé dir liéu giao dich c6 danh trong

s6. Nghién ctru Diffset cia Zaki nham tmg dung vao khai thac mau t6i dai t6i dai.



1.3 Muc tiéu nghién cau

Muc tiéu tong quat: Khao sat cac phuong phap 1am thuc nghiém va phan
tich thyc nghiém cia cac tac gia va dé xuit thut toan mdi mang tinh toi vu hon
thuat toan tac gia. Panh gi4 thuc nghiém mot sé thuat toan khai thac mau trong sd
pho bién ti dai.

Muc tiéu cu thé: Pua ra cac budc thuc nghiém can thiét dé danh gia khéch
quan uvu diém va khuyét diém cua cac thuat toan MWFIM. Panh gia thuat toan khai
thac cai tién mdi. So sanh hiéu qua cta tac gia va thuat toan cai tién. Kiém tra tinh
dung din ciia M3 ngudn céc thuat toan khai thac miu trong sd phd bién toi dai
MWFIM so véi ma gia cuia cac thuat toan dua ra trong cac bai bao. Hién thuc lai cac
thuc nghiém cho timg thuat todn da trinh bay trong cac bai bao di cong bd. Qua do,
dam bao moi truong thuc nghiém 14 hodn toan dang tin ciy dé so sanh va danh gia

v6i cac két qua méi sau nay néu co.
1.4 P6i twong nghién ciru

- Thuat ton khai mau trong s6 pho bién tbi dai nhu: MWFIM cua U.Yun.
- Khai thac do hd tro bang k¥ thuat Diffsets.
- Dit liéu mau nhu: Chess, mushroom, connect, MS1_itemset_mining.

- Nghién ctru ngon ngir C#
1.5 Pham vi nghién cau

C6 nhiéu kho khan va han ché khéach quan, nén giai doan nay tac gia tim hiéu
c4c thuat toan khai thac mau trong sé phd bién tdi dai trén dit liéu tinh (dit liéu khéng
c6 bién dong), dir liéu nghién ctru duogc 14y tir ngudn dit liéu nghién ctru chuan (chua
thir nghiém trén dir liéu thuc), viéc danh gié chi méi danh gia dwa trén téc do xir ly dix
liu cua cac thuat todn (chwa danh gia tinh cd ich thuc sy so véi ¥ kién thuc cua
khach hang). Viéc xtr ly dir liéu theo hudng tap trung (chua nghién ctru hudng phan
tan). Dir lidu thyc nghiém dugc ldy tir ngudn dang tin cay: http://www.philippe-

fournier-viger.com/spmf/index.php?link=datasets.php


http://www.philippe-fournier-viger.com/spmf/index.php?link=datasets.php
http://www.philippe-fournier-viger.com/spmf/index.php?link=datasets.php

1.6 Phwong phép nghién cau
- Tién hanh thu thap va doc cac tai li¢u c6 li€n quan dén dé tai.
- Tim hiéu céc thuat toan hién c6 dé danh gid cac wu, nhugc diém cua timg
thuat toan.

- Nghiém ctru phuong phap khic phuc nhugc diém cia thuat toan cii



CHUONG 2: TONG QUAN CAC LINH VUC NGHIEN CcUU
VA CO SOLY THUYET

2.1 Céc khéi niém va dinh nghia

Khai thac dir liéu l1a mot céng cu gilp khai thac nhirng théng tin hitu ich tu
nhitng kho dir liéu duoc tich trir trong subt quéa trinh hoat dong cua mot cong
ty, t6 chirc nao d6. Khai thac dir liéu duge ding dé mé ta qua trinh tim kiém,
chit loc va khai pha tri thac trong co so dir liéu hay chi viéc tim kiém mot
tap hop nho ¢ gia tri tr mot sd lwong 16n cac dir liéu thd. Qua trinh nay
bao goém tap hop nhiéu k¥ thuat dugc sir dung trong tién trinh kham pha tri
thire dé ty dong khai thac va chi ra sy khac biét gitta cAc mdi quan hé va céc

mau chua biét bén trong dir lidu.

Khai thac luat két hop [2] 1a mot phan quan trong trong qué trinh kham pha
tri thie trong dir liéu (KDD). Khai thac luat két hop duoc sir dung dé xéac dinh
mbi quan hé giira Cac san pham trong co s dir liéu GD va diéu nay din dén
viéc né chi quan tam dén viéc khach hang c6 mua hay khdng mua san pham nao
d6. Thyc té, mdi mot san pham c6 thé ¢ gia tri khac nhau. Tuong tu mdi item
trong co so dit liéu GD ciing ¢6 trong s6 khac nhau tiy thudc timg co so di

liéu cu thé. Vi vay viéc khai thac trén loai dir liéu ndy mang tinh thuc tién cao.

Nam 1998, Ramkumar, Ranka va Tsur [4] cling nhu Cai, Fu, Cheng va
Kwong [3] di dé xudt mot md hinh dé mé ta cac khai niém vé viéc khai théac
luat két hop c6 trong s6 va dwa trén giai thuat Apriori dé tim ra céc tip phd
bién dugc danh trong. Tl d6 nhiéu ky thuat khai thac luat két hop cO trong
s6 dwoc dé xuat nhu: Wang, Yang, Yu [6] va Tao, Murtagh, Farid [5].

2.1.1 Tong quan vé khai thac luat két hep
Trong linh vuc khai thac dir liéu, muc dich cua luat két hop (Association
Rule - AR) [1] Ia tim ra cac mdi quan hé giita cac ddi twong trong khéi lugng

16n dit liéu. Noi dung co ban cua luat két hop duoc tom tit nhu dudi day.



Cho co s dir liéu gom cac GD T 1a tap cac GD T = {t1, t2, ..., tn}
Cho I = {i1,i2,...,im} 1a mot tap cac item. Moi tap con trong | duoc goi mot
itemset, s6 lugng cac phan tir trong mot itemset duoc goi la kich thude cua mot
itemset. Myc dich cua luat két hop la tim ra sy két hop (association) hay

trong quan (correlation) gitra cac items.

Cho X, Y la céc itemset, trong d6 X va Y la hai tap khong giao nhau khac
rong. Mot luat két hop duoc ky hiéu 1a X — Y thé hién mdi rang budc cua tap
Y véi tap X theo nghia 12 sy xudt hién cia tap X s& kéo theo sy xuét hién cua
tap Y trong cac GD, c6 thé hiéu ring nhitng ngudi mua cac item trong tdp X
cling thudng mua cac item trong tip Y. Vi du, néu X = {Téo, Chudi} va Y =
{Anh Dao, Sau Riéng} va ta cd luat két hop X — Y thi ching ta c6 thé ndi rang
nhirng ngudi mua T4o va Chudi thi cling thuong mua Anh Pao va Sau Riéng.

Tap X duoc goi 12 xuét hién trong GD t néu nhu né 14 tip con cua t. DO
hd tro va do tin cdy 1a hai tham sb dung dé do luong luat két hop. Thuat toan
ph6 bién nhat tim cac luat két hop la Apriori st dung cac luat két hop nhi
phan.

Pinh nghia 2.1

Do hd tro (Min_sup) cua luat két hop X — Y la tan suit GD chua
tit ca C4c item trong ca hai tap X va Y. Vi du: do hd trg cua ludt X — Y 1A

40%, cd nghia 1a40% cac GD X va Y dugc mua cung nhau.

Cong thurc:

n(xX uY)

Sup (X— Y)=P (X = ) = B

Trong 6 n(X U Y) la s GD ¢6 chtra ca X 1an Y va N 1a tong s GD trong CSDL.

Pinh nghia 2.2: Do tin ciy (Conf) la xac suat xay ra khi Y da biét X.



Vi du: do tin cdy cua {Tao}— {Chubi} 12 80% c6 nghia la 80% khach hang mua
{T40} ciing mua {Chubi}.

Cong thirc:

n(xX vuY)

Conf (X— Y)=P (X| Y) = = )

Pé thu duoc céc luat két hop, ta thuong &p dung 2 tiéu chi: Do hd tro tdi thiéu
min_sup va do tin cdy toi thiéu min_conf Ia hai gia tri ngudng tdi thiéu cho trude.
Luat két hop X — Y duoc coi 1a mot mau co gia tri néu xay ra dong thoi
Sug (X — Y) >min_sup va Conf(X — Y) > min_conf.

Mot tap X ¢ d6 hd trg vuot qua ngudng min_sup dugc goi 12 mot tap phod bién.
Pinh nghia 2.3: Lop twong duong
Cho Xcl, ta dinh nghia ham p(X,k)= X[1,k] gém k phan tir dau ctia X va quan
hé twong duwong dya vao tién td sau:

VX, Y Sl X=6,, Y p(X k) =p(Y, k)

Tap hop tat ca itemset c6 clng tién t6 1a X goi 12 16p twong duong, duoc Ky hiéu la
[X].

Két noi Galois

Cho quan hé hai ngbi 8 € | x Tchira CSDL can khai thac, trong d6 | 1a tap céac
danh muc con T la tap cac giao tac. bat X € Iva Y € T. Ta dinh nghia hai anh xa

gitra P(I) va P(T) nhu sau:
t1—T,t(X)={y eT|Vx € X, xoy}
i T—Li(Y)={x€eIlVyeY,xdy}

Anh xa t(X) 12 tap hop tat ca cac GD c6 chira X trong CSDL GD,



anh xa i(Y) 1a tap hop tat ca cac item chira trong tat ca GD Y
Cho X, X1, X2 €P(l) va Y,Y1,Y2 € P(T). Dua theo Galois [9] ta cd c4c tinh chat
sau:

(i). X1 € X2 = t(X1) 2 t(X2)

(ii). YIc Y2=i(Y1) 2i(Y2)

(iii)). X C i(t(X)ra Y < t (i(Y))

2.1.2 Phwong phap Apriori

Khai thac tap pho bién dugc dé xuat boi Agrawal va cic dong sy nim
1993 [3] la mét phuwong thirc danh cho doanh nghiép dé phan tich gié hang,
nhim muc dich tim ra nhitng quy ludt trong viéc mua sam cta khach hang,

Siéu thi, v.v...

Thuat todn Apriori 1 thuat toan sinh tng vién duoc dé xuat boi Agrawal va

Srikant vao nam 1994 [2]. Tu tudng chinh cua thuat toan Apriori la:

Tim ra tat ca cac tip phd bién c6 thé c6 trong co s& dir liéu: k-itemset (tap

danh muc gdm k phén tir) duoc ding dé tim (k+1)-itemset

Dau tién tim 1-itemset (ky hiéu L1). L1 dwgc dung dé tim L2 (2-itemset).
L2 duoc dung dé tim L3 (3-itemset) va tiép tuc cho dén khi khdng cé k-
itemset duoc tim thay.
Tir phd bién sinh ra cac luat két hop manh (c4c luat két hop théa man min_sup
va min_conf)

Thuat toan Apriori ding céch tiép can lip duoc biét dén nhu tim kiém theo
mirc, voi cac tap ¢ kich thude 1a k goi 1a k-itemset dwoc ding dé tham do céc

tap cO kich thudc k+1 goi la (k+1)-itemset.

Tinh chat 2.1: Moi tdp con cua tdp phé bién déu phé bién, nghia 1a v
X € Y ¢c6 nghia l1a néu Sup(Y) >min_sup thi Sup(X) > min_sup.



Tinh chat 2.2: Moi tdp cha cia tdp khong phé bién déu khdng phé bién,
nghia 12 vV Y 2X, néu Sup(X) < min_sup thi Sup(Y) < min_sup
* C4&c bude cua giai thuat Apriori:

Buée 1: Tinh @6 hd tro cho mdi item co kich thudc 1a 1, sau do loc ra
cac item thoa man yéu cau min_sup va dat nd latap L1: 1-itemset 1a tap két qua
tim duoc. Chon L1 14 tap hat gidng.

Buéc 2: Bat dau tir tap hat gidng 1-itemset 1a tap phd bién cO kich thudc
la 1d3 tim dugc & trén, phat sinh ra cac tap phd bién cé kich thudc 1a 2 goi
la cac tap tng vién (C) va tinh do hd trg cho mdi tap (C) nay, tir d6 chon ra
cac tap pho bién thoa yéu cau va dat n6 la tap L2: 2-itemset dugce ding lam tap
hat giéng cho budc ké tiép.

Bwéce 3: Lip lai buéc 2, tir viée tién hanh chon tdp hat giéng cé kich
thude | 1 I-itemset dé tim ra cac tap Gmg vién c6 kich thudc 1a (1+1)-itemset,
qua trinh nay sé& két thic khi khong con tim duoc tip phd bién nao thoa yéu

cau min_sup.

Giai thuat Apriori:

Pauvao:  Tap cac GD D, ngudng hd tro tbi thiéu cmin_sup
Pau ra: L céc tap phd bién c6 trong D.

Phuong thuec:

Apriori()
{
Goi Cy Tap cac trng vién cé kich thudc k

Ly Céc tap phd bién co kich thude k




L, = { céc tap phd bién c6 kich thude 1a 1 thoa cmin_sup};
for (k=1; L= 0; k++)
{
Ck + 1= Apriori_gen(Fy) // Cac ung vién dugc tao ra tur Fy

foreachtinD

{
Ci={ceCyscct}
forc € C;
{
c.count++
}
Fr+1 = {c € Cy1/C . count > cmin_sup
}
}

return Uy Fy

Thuat toan Apriori sit dung do hd tro tbi thiéu dudi dang sé dém (cmin_sup
- min_sup count) dé loai bo c4c tng vién. Gia trj cmin_sup do ngudi ding dua ra.

Ham Apriori_gen c6 nhiém vu sinh ra cac tap itemset c6 kich thudc k + 1 tur
tap hat gidng cd kich thudc 1 k trong tap LK. Thu tuc ndy duoc thuc thi bing cach
ndi (join) cac tap item cd chung céc tién t6 (prefix) va sau d6 &p dung tinh chat 1.1

dé loai bo cac tap khong thoa man:

Budc nbi: sinh ra cac tap Ly, 12 tmg vién cia tap pho bién c6 kich thude k+1
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bang cach két hop tap pho bién Pk va Qk c6 kich thudc k va tring nhau ¢ k-1 tap
dﬁu tién. Vi duta co: Lgs1 =P+ Qk = {il, i2, ey ik—ly ik } vo1 Voi Py = {il, i2, .

ik—li ik } va Qk = {il, i2, ceny ik_]_, ik } trong do il < i2 <..< ik_]_ < ik < ik.

Budc tia: Giir lai tit ca c4c tng Vién Ly, thoa thoa man tinh chat Apriori (tinh chat
1.1) tic 12 moi tap con c6 kich thudce k ctia nd déu 1a tap phd bién (VX S Ly, va

IX| = k thi X € F). Ta c6 co so dir liéu D gom 4 GD véi C4c tap item sau:

Bang 2.1 Co s¢ dir li€éu cac GD

Transaction Item

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

Ap dung giai thuat Apriori, cho CSDL GD D véi ngudng min_sup = 0.4

Buéc 1: Duyét CSDL Ddé xac dinh do hd trg cho cac tap pho bién co kich
thude 12 1. Céc tap item ndo c6 do hd tro nhé hon 40% s& bi loai bo. Sau lan

duyét dau tién thi tit ca cac tap phd bién déu thoa ngudng min_sup, ta co:
L1 = {{A},{B},{C},{D}, {E}}

Bang 2.2 Apriori 1-itemset théa min_sup

Buéde 2: Tao ra cac tap pho bién ¢ kich thude 1a 2 dya trén cac tap

Transactions Items

1 A B.D.E 1 - Itemset Support 1 - Itemset Support

2 B.C.E A 4 (A} 4
{B} 6 {B} 6

3 A.B.D.E |—>» >
{C 4 {C} 4

4 A.B.C.E D) 3 D y

5 A.B.C.D.E {E} 5 {E} 5

6 B.C.D
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phd bién c6 kich thudc 1a 1 théa diéu kién min_sup vira tim duogc, duyét co
so dir liéu D dé xé4c dinh do hd tro cho ting tip phd bién va loai bo tat ca céac

tap pho bién c6 d6 hd tro nho hon min_sup. Sau khi duyét ta co:

Bang 2.3 Apriori 2-itemset théa min_sup

2 - Itemset Support
{A, B} 4 2 - Itemset Support
1 - Itemset Support {A, C} 2 {A, B} 4
{A} 4 {A, D} 3 {A, D} 3
(B} 6 | as 1 (A E} ]
G 4 I B.G ! " 3B.G 3
{D} 4 {B, D} 4 {B, D} 4
{E} 5 {B,E} 5 {B, E} 5
{C,D} 2 {C.E} 3
{C,E} 3 1D, E} 3
{D,E} 3

Bwéc 3: Tao ra cac tap phd bién co kich thude 12 3 duwa trén céc tap phd bién

c6 kich thudce 12 2 thoa min_sup vira tim dugc, duyét co sé dit liéu D dé xac dinh do

hd tro cho ting tp phd bién va loai bo tat ca cac tap phd bién c6 d6 hd tro nhod hon

min_sup.
Bang 2.4 Apriori 3-itemset théa min_sup
2 - Itemset Support 3 — Itemset Support
{A, B} 4 {A, B, C} 2 3 — Itemset Support
A, D} {A,B, D} 3 {A,B, D} 3
ke : {A,B,E} 4 {A, B, E}
{B,C} 4
A,D,E 3
(B.D} n {A, D, E} 3 t }
(B, E} 5 {B, C, D} 2 {B, C, E} 3
{C,E} 3 {B,C,E} 3 {B,D, E} 3
{D, E} 3 {B,D,E} 3

Budée 4: Tao ra cac tap pho bién co kich thudc 12 4 dya trén cac tap phd bién

c6 kich thude 1a 3 vira tim duoc, duyét co so dit liéu D dé xac dinh d6 hd trg cho
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ting tap pho bién va loai bo tat ca cac tap pho bién c6 do hd tro nho hon min_sup.

Bang 2.5 Apriori 4-itemset théa min_sup

3 — Itemset Support

{A, B, D}

{A, B, E} 4 — Itemset Support

{A,B,D, E} 3

{A.D,E}

{B, C,E}
{B,D, E}

Wl W]l Wl & W

Budére 5: Tong hop tat ca cac tap pho bién tim duoc théa diéu kién ngudng hd tro

min_sup = 40%
2.1.3 Phwong phap IT-tree

Phuong phép IT-tree duoc Zaki dé xuat vao nam 1997 [8]. IT-Tree cé cach
tiép can don gian 1 dya trén phan giao nhau cia tap cic giao tac dé tinh do pho
bién va khéi niém moi 16p twong duwong nhiam chia khong gian xtr ly ban dau thanh
tap cac khong gian nho doc lap gilp cho viéc tim kiém nhanh hon. Mot diém mai
nira ctia phuong phap IT-tree 1a dya trén phan khéc nhau trén Tidset cua cac tap dir
liéu nham lam giam kich thudc bd nhd yéu cau va gilp cho viée tinh do pho bién

nhanh hon.
Ung dung I T-Tree trong giai doan khai thac tap phé bién:

Nhan xét: chi nhirng itemset nao co tap giao tac khac rong thi méi co thé xuat
hién trong giao tac, lic dé6 mdi tinh do hd tro va so sanh véi min_sup. Con lai
nhirng itemset 6 tap giao tac bang rdng thi khdng xuat hién trong co so dit liéu do.
Vi du mét tap cac mén hang ma khdng dugc ban 1an nao hét thi tap mon hang do
khong xuat hién trong héa don ban hang. Do vay ta c6 thé tia bot nhiing tap d6

trong qua trinh sinh tap k-itemset tir tap (k-1)-itemset dé giam b6t khong gian xt Ii.

Dé ung dung IT-Tree ta can thay thé ham Apriori_gen trong thuét toan Apriori
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thanh ham IT_Tree, nhu trong hinh 2.2, dé sinh ra mot k-itemset tir hai (k-1)-
itemset ta can phai xét dén hai yéu to:
Hai (k-1)-itemset phai cling tién to
Giao hai tap giao tac cua hai (k-1)-itemset, néu luc luong cta phan giao 16n
hon hay bang min_sup thi k-itemset dwoc thém vao tap C,.
Giai thuat Eclat
Bwéc 1: Pau tién duyét co s& dir lidu, khdi tao 16p twong duong rdng véi tién

t6 {} ( hay [@]) chira tat ca cic tdp phd bién co kich thudce 13 1 thoa diéu kién >

min_sup.

Buée 2: Goi ham ENUMERATE_FREQUENT véi dau vao la 16p tuong
duong voi tién td {}. Thu tuc nay s& xét mdi nat li€ [ P] véi lj€ [P] dang sau nd,
v6i mdi mot cap (I;,1y), thi tuc nay s& tinh Y=t(l; U 1) = t(l;) N t(ly), néu|Y[|> min_sup
nghia 1 d6 ho trg cta li U 1j théa min_sup thi thém nit X XY vao 16p tuong duong
[Pi].

Bwéc 3: Tiép tuc lip lai bude 2 cho dén khi khdng tim dugc 16p twong duong
nao thoa diéu kién min_sup.

Giai thuat Eclat

Pau vao: co so dir liéu D véi ngudng phd bién cmin_sup

Dau ra: IT-tree chira tit ca cac tdp phd bién cta co sé dit lidu

Phuong thirc:

Eclat()

1. [@]=1€ 1 Ao(i) > cmin_sup}

2, ENUMERATE_FREQUENT([])

ENUMERATE_FREQUENT([P])
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3. For all l;e [P]do

4. [Pil={ 2}

5. For all I;€ [P], with j > i do

6. X=l; U |;

7. Y=t(li) N (1)

8. If Y| > cmin_sup then

9. [Pi]= [Pi] U{XxY}

10. ENUMERATE_FREQUENT([P;])

Pau tién, thuat toan khoi tao 16p twong dwong rong ([@]) chira toan bo cac nit

c6 kich thudce 1a 1 goi 1-itemsets, ching déu thoa diéu kién ngudng min_sup.

T4t ca cac nit & muc 1 s& tro thanh mot 16p twong duong véi tién td 1 [@]
(dong 1). Sau d6 ham ENUMERATE_FREQUENT véi bién dau vao 1a 16p tuong
duong rong s& duoc thyuc thi. Tha tuce ENUMERATE_FREQUENT s& xét mdi nt
lie [P] (dong 3) véi nat lje [P] (dong 5) dimg sau nd, vai mdi cap (1ilj), thu tuc nay
sé tinh Y= t(l; U ;)= t(l;) N t(l;) (dong 7), néu |Y|> cmin_sup nghia 1a do hd tro theo
s6 dém cua I; U l; théa cmin_sup thi thém nut X XY vao 16p tuong duong [P;] (dugc
khoi tao réng & dong 4). Sau dé, goi dé qui tha tue ENUMERATE_FREQUENT dé
sinh ra cac 16p twong dwong con cho dén khi khdng con 16p twong duong nao duoc
tao ra (dong 10).

Str dung co so dit liéu D (Bang 2.1.2.1) dé tién hanh khai thac c4c tap pho bién

c6 do hd trg thoa min_sup = 0.4.

Buée 1: Khai tao 16p [@] chua tat ca cac tap pho bién cd kich thude 1a 1
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/}N
Ax1345 Bx123456 Cx2456 Dx1356 Ex12345

Hinh 2.1 Khéi tao 16p twong dwong réng trén cay 1 T-tree
Bwée 2: Voi mdi mot nit & mac 1, ta tién hanh khoi tao cac 16p tuong

duong cia cé4c tap phd bién c6 kich thudc 1a 2, loai bo cac tip khong thoa
diéu kién min_sup.

e . Ex12345
- ’ ™~ . ----'""'--,._
Ax1345 Cx2436 Dx1336
//T\\ -
/|
P S |

7 s | \ . \ o X135
- | , \ . CEx245 DEx133
. . | ; < BEx12345 (D136

ABx1345 ACx45 ADx135  AEx1345 BCx2456  BDx1336

Hinh 2.2 Cay IT-tree véi lop twong dwong ¢ mirc 2
Buwéc 3: tién hanh lap lai budc 2, khéi tao cac 16p twong duong cho cac
tap phd bién c6 kich thude 12 3, voi tién t6 1a tir cac tdp ¢ 16p twong duong
muc 2, loai bo cac tap khong thoa diéu kién min_sup.

{
e E—
N~ T
o — ;"r ™~ — i ——
o’ - - / \\\ B T
— / . T Ex12345
s Bel23436 Cx2456 D356
p /._,-": I'I \\\\ y / |II '.:\\\
4 III \\\\ S N
// "lr I': \\\ _,-” | \ I'l \\\ \
y 5 ACx45 . 5  BCx2456 5 5
wf1343 All)ﬂ;;_-, AEx1345 - BDxE336 BEx1234 CDs56 CEx245 DEx135
I, 1 FAR ,
|, \ _e"f \". \\
[ N .II / \
II \\\ '|I / \\.\ \\
Il \‘\ II| ."'.;.l I\\ \\
ABDx135  ABEx1345

ADExI35  BCDsS6  BCEX25  BDExi3s
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Hinh 2.3 Cay IT-tree véi l6p twong dwong ¢ mirc
Budéc 4: tao ra cac tap phd bién c6 kich thuéc 1a 4, tir cac tap &

muc 3, tién hanh loai bo cac tap khdng thoa diéu kién min_sup

{
o TS—
/N~
/ S
™ —
/ N Ex12345
A3 B 23456 Cx2436 Dx1356
P | . ;o [
P I|I . VA [T
;& “ / |I j( \\\ \
; 5 ACx45 5 2 5 BCx2456 5 5
43;134:: X ‘u.km AEx1345 ; ] BDX‘F:& BEx1234 CDx56 CEx245 DEx135

I, |
[N \ P
\ \ A
| ™, 1 !
|

/
| \ \ J
, | x
N, | 7
%, 1 J

/
| /

ABDx135  ABESIMS  sppog3s  BCDsS6 BCEX2S  BDE(3s

ABDEx135

Hinh 2.4 Cay IT-tree véi lop twong dwong ¢ mirc 4

Giai thuat dung lai.
Bwéce 5: Khong thé phat sinh ra dwgc cac ung vién ndo thoa didu kién
cmin_sup. Két thic giai thuat ta thu duoc tap F gdm céc tap phd bién thoa diéu kién
minsup F = {{A}, {B}, {C}, {D}, {E}, {AB}, {AD}, {AE}, {BC }, {BD}, {BE},
{CE}}, {DE}, {ABD}, {ABE }, {ADE}, {BCE}, {BDE}, {ABDE}

2.1.4 Phwong phap FP-tree

Nhuoc diém cia thuat toan Apriori la phat sinh ra qua nhiéu Gmg Vvién va viéc
duyét co s& dit liéu nhiéu 1an dan t6i phat sinh chi phi 16n khi kich thuéc cua cac tap
pho bién ting lén. Giai thuat khai thac tap phd bién duya trén cau tric cay FP-tree
dugc Han va cac dong su gi6i thiéu vao nam 2000 [7] di khic phuc duoc nhuoc

diém nay cua thuat toan Apriori:
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Str dung ciu tric dir liéu nén dir liéu tir tap dit liéu vao cay FP-tree:

Giam chi phi cho toan tap dit liéu dung trong qua trinh khai thac do nhiing
phan tir khong pho bién (khdng théa man diéu kién minsup) da bi loai bo ngay tir

dau.
Tranh tao tap du tuyén mdi 1an kiém tra mot tip phan tir

CAu trdc nay cho phép thuc hién viéc tim kiém theo chiéu sau va ap dung mo

hinh chia dé tri kha hiéu qua do qua trinh khai thac dugc chia thanh céc tac vu nho:
Xay dung cay FP-tree
Khai thac tap pho bién voi FP-tree
Cay FP duoc xay dung theo cac budc sau:
Buwéc 1: Duyét CSDL, 14y ra tap cac item phd bién F va tinh d6 pho bién cua
chang.

Séap xép cac item trong tap F theo thir ty giam dan cua do pho bién, ta dugc

tap két qua 1a L.

Buéc 2: Tao nit géc cho cay T, tén ciia nat gc s& la Null. Sau d6 duyét
CSDL lan tht hai.

Ung v&i méi giao tac trong CSDL thyc hién 2 c6ng viéc sau:

Chon céc item pho bién trong céc giao tac va sip xép ching theo thir ty giam

dan d6 phd bién trong tap L
Goi ham Insert_Tree(P,Root) dé dwa cé4c item vao trong cay T

Thu tuc con Insert_Tree dugc dinh nghia nhu sau:

Insert_Tree(P, R)

{

Dit P=[p|P - p], v6i p 12 phan tir dau va P — p 1a phan con lai cta tap hop;




18

If R cO mot con N sao cho N.item-name = pthen N.count ++;

else {

Tao nlt maGi N; N.count = 1; N.item-name = p;

N. parent = R;

/I Tao node-link chi dén item, H 1a bang Header N.node-link = H[p].head;
H[p].head = N;

}
I/ Tang bién count cua p trong bang header thém 1
H[p].count ++;

If (P —p) '=null then Call Insert_Tree(P —p, N) ;

¥

Dé khai thac cac cac tap phd bién tir FP-tree, ta s dung thu tuc FP-
Growth. Phuong phap nay la phuong phap duyét cay theo chiéu sau va dua vao
mo hinh chia dé tri.

FP-Growth(Tree, a)
{
F=35;

If Tree chi chira mot duong dan don P then

{

For each t6 hop /8 cua céc nit trong P do

{

Phat sinh mau p = fU a;
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support_count(p) = dg hé tro- nhé nhat cua cac ndt trong f;
F=FuUp;

}

}

else{

For each aj trong bang header ctua Tree

{

Phat sinh mau B = ajUa; support_count(f)=ai.support_count;
F=Fupg

Xay dung co s¢ ¢O diéu kién cua /;

Xay dung FP-tree ¢ diéu kién Treef ctia p;

¥

Dya Va0 co so dit liéu D1 ta tién hanh khai thac tim ra cac tap phd

bién, v6i ngudng hd tro minsup = 0.6

Bang 2.6 Co s¢ dir liéu cac GD D1

Transaction ltem

1 f,a,c,d g i, mp
2 a,b,c,fl,mo

3 b, f, h, jo

4 b,c, ks, p

5 a,f,c,e l,p,mn

Budéc 1: Duyét co s dir liéu tim ra tat ca cac tap pho bién co kich thuéc 1a 1,
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Sép xép ching theo danh sach voi trat tw giam dan theo tin sb xudt hién.
Loai bo cac tap phd bién c6 @6 hd tro khdng théoa minsup ta cd danh sach.
Ta c6 mot danh sach cac item phd bién: L= {f (4), ¢ (4), a (3), b (3), m (3), p

(3)}

Bude 2: Xay dung cdy FP qua ting budc. Cac item trong méi GD duoc

xu ly theo trat ty trong L.

TID Cdc item dwgc mua

Cdc item phé bién théa mén

Min sup (dé sdp theo the tw)

1 f,a, c,d, g, i, mp f,c,a,mp
2 a,b,c,f,l,mo f,c,a, b,m
3 b, f, h,j,o0 f, b

4 b,c Kk, s p c,b,p

5 a,f,coe l,p,m,n f,c,a,mp

Khéi tao FP-tree v4i nit goc 1a root gan nhan “null”

root

null
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Hinh 2.5 Khéi tao nut root trén cay FP

Xét GD va thém vao cay ta dugc cay FP-tree nhu sau:

Hinh 2.6 Cay FP hoan chinh

2.2 Tong quan vé khai thac luat két hgp trén CSDL dwec danh trong so

2.2.1 Pinh nghia va tinh chat cia tap dwoec danh trong so

Co s dir liéu GD cua tap duge danh trong sé bao gdm: mot tap hop cac GD T
= {ti,t,.....tm} ; MOt tap céc item | = {iy,ip,...,In} V& mot tp hop cac trong s6 W =

{W1,W,,...,W,} twong ing voi mdi mot item co trong .

Bang 2.9 CSDL cac 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
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Bang 2.10 Trong s cac giao dich CSDL D

Item Weight

A 0.6
B 0.1
C 0.3
D 0.9
E 0.2

Pinh nghia 2.1: Trong s6 GD cua mot GD (transaction weight — t,)t, duoc goi 1a
tw va duoc nghia 14 ti s6 cla téng C4c trong sd cua cac item duoc mua chia cho sb

item:

oW
tW t — leetk
(t) ST

Khai thac tap duogc danh trong phd bién quan tdm dén trong sd (weighted hay
benefit) ctia c4c item va chwa quan tdm dén sé lwong mua. Dya vao CSDL trong
Bang 2.1.2.1 va Bang 2.1.4.1 va dinh nghia 2.1 ta tinh duoc trong s6 GD ctia GD T,

nhu sau:

Ta cé T1 = {A,B,D,E} tuong tmg véi WA= 0.6, WB= 0.1, WD= 0.9, WE =

0.2 suy ra ta c6 tw(t;)dugc tinh nhu sau:

Wa+Wb+Wc+We _ 0.7+0.1+0.94+0.2 _
4 4

0.4

tw(ty) =

Tuong tu véi cac GD khéc ta co:

Bang 2.11 Trong s6 GD ciia cac GD c6 trong D

1 0.45
2 0.2
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3 0.45
4 0.3
5 0.42
6
u

0.43
m 2.25

S

Pinh nghia 2.2: Trong s6 hd tro dugc ky hiéu 1a ws ciia mot tip phd

bién duoc dinh nghia nhu sau:

tw(tl) + tw(t3) + tw(t4) +tw(t5) _ 0.45 +0.45 + 0.3 + 0.42
4 - 4

Ws(A) = =0.72

Bang 2.12 Bang trong s6 hd ho cho tap phé bién 1 ph‘fln tw

Weighted support (ws)

‘

A 0.72
B 1

C 0.6
D 0.78
E 0.81

Pinh 1y 2.1: “Moi tdp con khac réng ciia tdp phé bién cing 1A tdp phé bién va
moi tdp chira tdp khong phé bién déu a tdp khong phé bién” cO nghia la
néu cho X c Y khi dows (X) >ws (Y).

2.2.2 Thuat toan khai thac dwa trén WIT-tree[9]

Chu trac WIT-tree

Pé khai thac cac luat két hop co trong s, dau tién ching ta phai tim tat

ca cic tdp dugc danh trong s thoa diéu kién ngudng trong sb tdi thiéu
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min_ws. Viéc khai thac cic tap duoc danh trong sé dugc xem la qué trinh
quan trong nhit trong viéc khai thac cac luat két hop ¢ trong sb. Ramkumar
va cac dong sy [4] da trinh bay giai thuat khai thac céc tap duoc danh trong

s6 dya trén mé hinh thuat toan Apriori.

Nhuoc diém chinh cua céc giai thuat dua trén thuat toan Apriori 1 viéc
phai duyét co s¢ dir liéu nhiéu 1an dé tim ra cac tap phd bién, din dén viéc s&

phat sinh chi phi 16n.
FWI khai thac trén CSDL GD c6 quan tam dén trong sé cua cac muc.

Nim 2003, Tao va cac dong su dé xuat phuong phap khai thac WAR (Weighted
Association Rule) [11]. Thuat toan dwoc dé nghi st dung mot bién thé cia
thuat toan Apriori cho khai thac cac FWI. Nam 2013, Vo va cac dong su dé
xudt mot phuong phép khai thac nhanh FWI st dung WIT-tree va phét trién

c4c tinh chat trén WIT- tree dé tinh nhanh ws cua cac itemset.

Giai thuat khai thac cac tap dugc danh trong sb dua trén cau trdc WIT-tree
(Weighted Itemset-Tidset), cau tric ndy la phin mé rong dua trén ciu tric
cay IT- tree da duoc trinh bay & muc 1.2.3. M6i mot node trén WIT-tree bao
gém 3 thanh phan:

e X: dai dién cho mot tap phd bién
e t(X):Tidset tap hgp cac GD co chira X
e Ws: trong s hd tro cia X
Moi mot ndt duge ky hiéu nhu 1a mot bo ba <X, t(X), ws>.

Gia tri cia mdi mot nat duge tinh dua theo cong thire trong sé hd trg (dinh
nghia 2.2). Viéc tinh toan cac trong s6 hd tro dua trén cac Tidset. Cac lién
két két ndi cac nat & muc thir k (goi 1a X) véi cac cac mirc thi k+1 (goi 12 Y).

NGt gbc “root” cia cdy WIT-tree chira tit ca cac nut co kich thude 1a 1 goi la

1-itemset. T4t ca cAc n(t & mirc 1 s& trd thanh 16p tuong dwong véi tién t6 1a {3}
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(hay [@] ). M&i mdt nit trong muc 1 s& trd thanh mot 16p twong duwong mdi,
sit dung Cac item ndy nhu 1a mot tién td. Voi mdi mot ndt cd chung tién td, no
s& két hop vé6i cac nat phia sau né dé tao ra cac 16p twong dwong méi. Qua
trinh ndy s& dugc thuc hién dé qui dé tim ra cac 16p twong duong & cac mirc

cao hon.
Giai thuat WIT-FWI M6 ta gii thuat:

Bwéc 1: Cho tip Lr chira tit cac céc tip dugc danh trong cO kich thudc
la 1 va trong s6 hd tro cua ching thoa diéu kién ngudng trong s6 hd tro tdi thiéu
min_ws (dong 1).

Buéc 2: Céac nut chira trong Ly duoc sap xép theo thir ty ting dan dya trén
trong sd hd trg (dong 2).

Buéc 3: Khoi tao tap FWI va gan nhén “null” (dong 3).

Bwéc 4: Goi ham FWI-EXTEND dé khai thac céc tap duoc danh trong
(dong 4). Ham FWI-EXTEND: s& xem xét moi mot nit lj co trong Ly véi cac
nGt phia sau n6 dé tao ra mot tdp nhitng nGt méi 1a Lj (dong 5 va 7). Bé tao ra
Li: dau tién, cho X= lj.itemset U lj.itemset va tinh toan Y = t(X) = t(li) N t(lj)
(dong 8). Néu ws(X) (dugc tinh toan thong qua t(X), (dong 9) thoa diéu kién
min_ws (dong 10). Nut méi tao ra sé dugec thém vao trong tap Lj (dong 11). Sau
khi tao thanh Lj, ham FWI- EXTEND s& duoc goi dé qui v6i bién dau vao 1a
Li (dong 13) néu sb6 lwong cac nat cd trong tap Li 16n hon 1. Ham
COMPUTE-WS(Y) duoc st dung dé tinh trong sd hd tro cia tap X dua trén
gia tri trong Bang 2.2 v4i Y = t(X) (dong 12).

Dau vao: co so dir liéu D va min_ws (ngudng trong s6 hd tro toi thiéu)

Pau ra: tap FWI chira c4c tap pho bién duoc danh trong thoa ngudng min_ws
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Phuong thuc:

WIT-FWI ()

{

1. L, = tit ca c4c item ma ws thoa min_ws

2. Sap cac ndt trong L, ting dan theo ws

3. Khoi tao tap FWI = @

4. Goi ham FWI-EXTEND véi tham sb 1a Lr
FWI-EXTEND(L,)

5. Cho mdi ndt I; trong L,

6. Chén (l;.itemset, I;.ws) vao trong FWI

7. Tao mot tap Li bang cach ndi livéi tat ca I; theo sau trong L,:
8. Tap X = I;.itemset I;.itemset va Y = t(l;) t(l;)
9. ws(X) = COMPUTE-WS(Y)

10. Néu ws(X) thoa min_ws khi do

11. Chen mdt nit vao trong L;

12. Néu s6 luong nt trong L; 2 khi do

13. Goi dé qui ham FWI-EXTEND vdi bién Li

Sau day ta sé tién hanh khai thac cac tap dugc danh trong phd bién
dya trén Bang 2.2.1.3 va Bang 2.2.1.4 voi ngudng trong sd hd tro tdi thiéu

min_ws = 0.4

Budre 1: Ta tién hanh tinh toan trong sd hd tro cua céc tap cé kich thuée
la 1 va khoi tao tap Lr. Ta cd ws(A) = 0.72, ws(B)= 1, ws(C) = 0.6,ws(D) =
0.78, ws(E) = 0.81.
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Tat ca CAc gia tri cia Cac tap ndy déu thoa diéu kién min_ws. Suy ra ta co
tap: L,= Sau do6 ta tién hanh sip xép Lr theo tht tu ting din cua trong sb h tro,

chidng ta co:

Ta tién hanh khoi tao 16p {} chira c4c tap co kich thudce 1a 1.

0

Cx2456 Ax1345 Dx1356 Ex12345 Bx123456
0.6 0.72 0.78 0.81 1

Hinh 2.6 Khéi tao 16p twong dwong réng cho WIT-tree

Buée 2: Tién hanh tao ra 16p twong dwong moi dua trén 16p tuong
duong cii. Vi du ta ¢ C s& ndi véi D, ta c6 mét tdp dugc trong msi CD
véi t(CD) = 56 va ws(CD) = 0.38, vi ws(CD) khéng thoa min_ws, nén khéng
duoc phép thém vao tap LC. Ta tiép tuc tién hanh ghép CA, véi t(CA) = 45 va
ws(CA) = 0.32 ciing khong thoa min_ws. Tiép tuc ghép C véi E ta cd CE véi
t(CE) = 245, ws(CE) = 0.41 thoa min_ws. Ta thém nut CE vao trong tap Lc suy
ra Lc = . Két qua cudi cung sau khi da tién hanh ghép nit véi cac nat con lai sau

notacd tap Lc =

i

Cx2456) Ax1345 Dx1356 Ex12345 Bx123456
0.6 0.72 0.78 0.1 1

CDx36 CAxd4S CEx245 CBx2456
0.38 0.32 0.41 0.6

Hinh 2.7 Cay WIT-tree véi tap Lc
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0

Cx2456 Ax1345 Dx1356 Ex12345 Bx123456
0-6 0.7- 0-78 0.81 l

CEx245  CBx2456
0.41 0.6
Hinh 2.8 Cay WIT-tree sau khi tién hanh tia cac tap khong théa min_ws
Buée 3: Sau khi tao ra tp Lc, boi vi sd lugng cac nit trong Lc nhiéu
hon 1, nén ta tién hanh goi dé qui ham FWI-EXTENDGdé tién hanh tao ra
cac nut con cua tap Lc. Ta ghép CE voi CB ta c6 t(CEB) = 245, ws(CEB) =
0.41, ta thém tap CEB vao trong tip L¢ =

,‘}

Cx2456 Ax1345 Dx1356 Ex12345 Bx123456
0.6 0.72 0.78 0.81 1

CEx245 CBx2456
0.41 0.6

CEBx245
0.41

Hinh 2.9 Cay WIT-tree véi tap Lce

Budre 4: Ta tién hanh thuc hién tiép d6i véi cac nat con lai, dé tim

ra tit ca cac tap FWI thoa diéu kién min_ws.
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Cx2456 Ax1345 Dx1356 Ex12345 Bx123456
0.6 0.72 0.78 0.81 1
CEx245 | CBx2456 |[ADx135 |[AEx1345 | [ABx1345| DEx135 DBxl356 EBx12345
0.41 0.6 0.59 0.72 0.72 0.59 0.78 0.81
CEBx245 | | ADBx135| [ADEx135 | Appuass DEBx135
0.41 0.59 0.59 0.72 0.59
ADBEx135
0.59

Hinh 2.10 Cay WIT-tree hoan chinh véi min_ws = 0.4
Két qua ta tim duoc tap FWI={{C}, {CE},{CB},{CEB}{A},{AD}, {ADB},

{ADBE}, {ADE}, {AE}, {AEB}{AB}{D}{DA},{DE}, {DEB}{DB},
{E}{EB}{B}}

2.3 Khai thac mau pho bién t6i dai MFP

Khai niém: Mot mau X duoc goi 12 mau phd bién t6i dai (MFP) néu X phd

bién va khdng ton tai tap nao bao nd pho bién.

Bang 2.13 Minh hoa tip pho bién toi dai

Tid ltems
10 AB,CDE

20 B,C,D,E,
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30 ACDF

e {B,C,D,E} {A C, D} -tap pho bién téi dai
o {B, C, D} - khong phai tap pho bién ti dai
Vi Min_sup=2
P hd tro cua tat ca cAC mAu phd bién can thiét cho viée rat ra cho luat két
hop. Tat nhién, nd thuong khéng &p dung dé tao nén toan bo mau phd bién hoic
mau bao déng trong khi ¢ nhiéu mau rat dai trong dir liéu. B ctia mau pho bién toi
dai 12 nho nhét c6 thé c6 trong cach dién ta cua Data ma van c6 thé s dung dé trich

xuat mgt bo mau pho bién.

Sau khi FI duoc tao ra, cac thong tin do hd tro ¢ thé d& dang tinh toén lai tir
cac co s dir lidu GD. Burdick dé xuat mot thuat toan khai thac MFP, MAFIA (cac
thuat todn mau pho bién téi dai). Thuat toan nay sir dung mot dai dién bitmap thang
dung, noi Ma cac sd cua mot mau dua trén cac cot trong bitmap. Nguoc lai, thuat
toan FPmax st dung mét dinh dang ngang. NO ciing la mét thuat todan MFP Kkhai
thac sau dau tién, nhung nd str dung mot cau tric FP-Tree cach tiép can cac ting
truong ctia mau. Dé tim ra mau pho bién tdi dai tir d6 ta s& tim ra tat ca cAc mau phd

bién tir miu pho bién téi dai duogc tim thay.
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CHUONG 3: KHAI THAC MAU PHO BIEN TRONG SO
TOI PAI TRONG CSDL GIAO DICH

3.1 Tong quéat khai thac tap phé bién trong sé téi dai

Tap trung chinh vao khai thac mau phd bién trong sb (WFP) 13 quan tim dén

tinh chat anti-monotone.

Tinh chét anti-monotone. Néu Iq1, lg2s lgay -y Iqk 12 K-items pho bién thi moi tap con
ctia né ciing 1a phd bién.

Tir tinh chéat nay thong thuong bi pha v& khi trong s6 khac nhau ung dung
dén cac items va cac miu. Nghia 13, Mic du mau X c6 trong sb 1a khong pho bién,
nhiing si€u mau cta X 1a phé bién. Khai thac luat két hop vai item ¢ trong s6 duoc
dinh nghia 1a d ho trg trong s6, ma noé dugc tinh boi phép nhan do ho tro ciia mot
mAu véi trong s trung binh cia mdt mau. Trong khai thac luat két hop c6 trong sd
(WARM), van dé pha v& tinh chat anti-monotone dugc giai quyét bang cach st
dung mot do hd tro trong sb va dé ra mot tinh chit bao dong giam trong (weighted

downward closure property ).

Tinh chat bao déng giam trong: Néu mot mau X 1a khong pho bién thi cha ciia nd

ciing khong thé phd bién va trong s6 hd tro WS(X) > WS(cha X) ludn ding.

Tat nhién, do hd tro trong s6 clia mau {A,B} trong WARM khong xem xét
bién phap hd trg nay. Gan day, c6 trong sd phd bién cac thuat toan khai thac miu
[17,18] dua trén cach tiép can mau ting truong da duoc phat trién. Trong so dua
trén khai thac mau 1am giam kich thudc cta khong gian tim kiém, ma con tim cac
mAu quan trong hon. Trong sb ctia mot item 13 mot sd thue khong 4m giao dé phan
anh tdm quan trong ctia mdi muc trong TDB. Cho mdt tap hop ctia cac muc, I = {ij,

Iy, I3, ..., In}, trong sO ciia mot mau dugc dinh nghia chinh thirc nhu sau:

> P weight(Pi)

i=1

Length(P)

Weight(P) =
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Gia tri dat dugc khi do hd tro cia mot mau phép nhan véi trong s6 ctia mau do
duoc goi 1a dd ho tro trong s6 clia mau d6. Nghia 13, cho mau P, d hd trg trong so

cua P duogc dinh nghia nhu sau:
WSupport(P)=Weight(P).Support(P).

Mot mau goi la mau phd bién co trong s6 néu do ho trg trong sd cua mau

khong nhé hon d9 hd trg cia ngudng.
3.1.1 Miu trong s6 pho bién toi dai

Dau tién, ching ta dé xuit khai thac mau pho bién tdi dai v6i rang budc trong
sd. Chling ta dinh nghia mot miu tham gia m&i xem xét nhu ca hai mau. Thi tu
tham gia cua ching 1a khai thdc mAu phd bién trong sé téi dai (MWFP). Trong
MWHFP khai thac, mau pho bién trong s6 dugc tim thay dau tién, mau phd bién toi

dai duoc khai thac tir mau phd bién trong s6 MFP.

Pinh nghia 3.1.1. Mot mau dugc 1a trong s6 pho bién tdi dai néu khong c6 mau cha

nao co trong so pho bién chtra n6

Trong phuong phép tiép can ndy, MWFP khai thac kham pha nhiing tng
vién mau pho bién co trong s6 dung dé MaxW (trong s6 cao nhat trong CSDL)
trudc nhat, cAc mau phd bién t6i dai duoc phat hién sau. CoOn lai tinh chét anti-
monotone cia MWFP, MaxW duoc str dung dé phat hién liéu mot mau xap xi mau
phd bién trong sb trude khi kiém tra tdp cha (Liéu ring mau ndy c6 nhiing tap cha

c6 trong s6 1a pho bién ) .

Cubi ciing, mot s6 ctia phd bién tdi dai nhung trong s6 khong la cac mau phd
bién duoc cét tia, cic miu phd bién t6i dai mdi duoc khai thac nhu Gng vién
MWFPs. C4c mau trong sb tdi dai dugc kiém tra lan nira cho thu giam dir liéu
MWEFP.

Sy tich hop ctia mot mau phd bién trong s6 v&i mot mau phd bién téi dai la

hién nhién. Céc rang budc trong s6 phai duoc can nhéc trude khi 4p dung vao kiém
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tra tap cha. Vi du: Gia sir c4c ngudng tbi thiéu 1a 2, cac GD trong CSLD d6 trong
bang la va trong sb Range(0.4-0.8) duoc st dung nhu 14 trong sb théng thuong
trong bang 3.3

TID TRANSACTION
100 abcdfg

200 abcdf

300 abdehi

400 abdeg

500 abcdfg

600 abefgh

ITEM WEIGHT SUPPORT

a 0.7 4
b 0.6 4
C 0.8 3
d 0.65 5
e 0.45 3
f 0.5 4
g 0.4 4
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[ 0.45 1

3.1.2Vidu
Tap ctia ing Vién c4c miu pho bién trong s sir dung thuat toan Apriori la

{{a}, {b}, {c}, {d}, {e}, {f}, {0} {ab}, {ac}, {ad}, {a f}, {a g}, {bc} {b.d},
{b, f}, {c, d}, {c, f}, {d, f}, {d, g}, {a,b,c}, {a,b,d}, {a,d, f}, {a,c,d}, {a.c, f}, {a, d,
g}, {b,c,d}, {b.c, f}, {cd, .}, {ab,cd}, {ab,c, f}, {a,cd, f}, {a b,d, f}, {b,c,d, f},
{a,b,c,d, f}}, MaxW bang 0.8. Sau d6, cac mau {a, b,c,d, f} va {a,d, g} 1 tdi dai vi
n6 khong cé tap cha nao phi hop. Tat nhién, khong phai 1a mot mau pho bién trong
s6 thuc té ndo do hd tro trong sé ti da ciia nd (MaxW support) 13 nhé hon mét do
hd tro tdi thiéu, do d6 nd phai duogc cét tia va kiém tra mau trong sd phd bién. Do
d6, cac miu pho bién téi dai méi {{a,b,c,d}, {a,b,c, f}, {a,c,d, f}, {a, b,d, f}, {b,c,d,
f}, {a, d}, {a, g}} duoc khai thac 1an nita. Trong s6 cac mau, chi c6 mau {a, b,c,d}
la mau pho bién trong s6 ding, n6 d6 1a MWFP. Nguoc lai, {{a,b,c, f}, {a,b,d, f},
{a,c,d, f}, {b,c.d, f}, {a, d}, {a, g}} duoc cit tia va tao ra it hon cac tdp con mot

cap.

Vi vay, cic mau tmg vién méi {{a.b, f}, {a.c, f}, {a, d, f}, {b.c, f}, {b.d, },
{c,d, }, {g}} duoc tao ra. Mau {a.c, f} la mot MWFP, nhung mau khac thi khong
phai.Cudi cing ta nhan duoc két qua MWFPs {{a,b,c,d},va {a,c, f}}. Nhu trong vi
du trén, dé duy tri tinh chét anti-monotone trong MWFP khai thac, chiing ta sir dung
trong s6 toi dai (MaxW) khi mot trong s ctia item 1a khong pho bién phai dugc cat
tia. Vi ly do ndy, mot s6 miu tng vién co thé co trong s6 1a khdng phd bién la chinh

Xac.

Do d6, ching ta phai kiém tra liéu cac ang vién cd trong s 1a phd bién mot

cach chinh xac. Véan dé xay ra khi mot mau ung vién co trong sé khong chinh xéac
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pho bién, n6 1a néu ching ta x6a tng vién mau trong s6 phd bién thi sau d6 théng
tin nhit dinh cdc mAu khéc s& bi mat. Su kién néu ung vién c6 trong sd khong phd
bién, bat ky mau phd bién trong s nao thude vé Cac tap con cua Gmg Vién c6 thé ton
tai, vi thé n6 cd thé tim thay mét MWFP tir tap con. Trong két luan, néu tao ra mot
mau tng Vién 1a pho bién véi trong s chinh xéc, sau d6 ching ta kiém tra mau cha
phd bién trong sb lidu co thich hop trong khai thaic MWFP hay khdng. Chi néu n6
khong phi hop miu cha phé bién trong s, thi mau ang vién 1a mot MWFP va c
thé chén vao két qua tap cua khai thaic MWFP. Nguoc lai, Néu tng Vién pho bién
trong s6 khdng chinh xac thi ching ta phai nhéc lai viéc kiém tra liéu tit ca mirc 1
giam tip con clia tng Vién ma pho bién trong sé. Piéu d6 c6 nghia 14 néu mau tng
vién ctia mot n{t 14 12 phd bién trong sb khi thuat toan khai thac MWFP nghién ctru
k¥ trong thtr tw dau tiénsau cho viéc tao ra cAc mau tng vien MWFP, sau do c4c nit
cha cia né phai dugc duyét va duoc kiém tra cac nit cha. Viéc nghién ctru chién
luge khai thac MWFP cta ching ta lién quan dén xtu Iy bd sung nay, tim thiy toan

bd MWFPs cua dir liéu GD ma khéng 1am mat thong tin.

=Y WEIGHT
: 03 o

o | o | e e —
[ os bes s

Hinh 3.1 Cac node va trong s6 hd tro
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Cho vi du: nhu hinh 12, v&i d6 hd tro cuc tiéu 1a 2 va mot danh sach ctia 3
item trong s (a,b,c), trong nd {a:0.8,b:0.75,c:0.45}, mau {a,b,c} 1a pho bién trong
s6 mot cach chinh xac do hd tro trong sd ciia nod 1a 2. Hon nita, né khong c6 mau
cha pho bién trong sé riéng, do d6 n6 1a mot MWFP. Tét nhién, mot tap con ciia nd
khong dung d6 hd tro trong sd. Mot mau, {a,c}, dd hd tro trong sé cta no, 1.875, 1a
nhé hon d6 hd tro cua dd hd trg cuc tiéu. Vi vay, Mot trong nhitng dac diém cua
MFP, mot mau phd bién hoan toan thiét 1ap ma cé thé dugc tao ra tir moét MFP ¢6
thé khdng duoc thira husng mot MWFP. Tuy nhién, khai thac MWFP van c6 ung

dung rong rdi nhu khai thac mau tiéu cuc va tich cuc cho phan loai.

3.2 Phwong phap khai thac MWFP

Trong phan nay, ching ta trinh bay mot khai niém khung ctia mang tap con,
cuing voi chién luoc nghién ctru cho khai thaic MWFP. Gia sir ¢6 mot thi tw giam
dan trong tong trong s6 <WD cuia cc item, i trong CSDL. Néu mot item trudc mot

item j xay ra trong sy sap xép, chling ta biéu thi su xay ra nay 1a i<WD,.

weight(a) > weight(b) > weight(c) > weight(d)

Hinh 3.2 Mét vi du vé mot cay tién t6 4 phan tir
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Sy sip xép nay co thé liét ké so do mang cta tap con item hodc mot phan
vuot anh hudng tap S cua item . Chlng ta dinh nghia phan thi ty < trong S1,52€S
sao cho S1 < S2 if S1 — S2. Hinh 2 thé hién mét vi du hoan thanh so do mang cua
tap con cho 4 item. Phan tir dau ctia mang 14 rong (ky hiéu 1a {} hoic root), mdi cip

duéi k khai bao tat ca k mau.

Nhitng mire k thi duoc sdp xép trong thir tu trong s giam dan ¢ mdi mirc, tat
ca cac nat con dugc lién két vai tap con dé dang nhat trén muc truéc. Su dinh danh

clia mau 12 phan dau nat, trong phan mé rong cta nit duoc dat tén duoi (tail).

Cho vi du: Xem xét n(t P & hinh 3.3 Phan dau cua P 13 {a,b}, phan dudi cua
no 1a {c,d}. Khong gian tim kiém duoc sir dung trong khai thac cac mau phd bién
trong s6 t6i dai 1a mot cay tién t6 chi c6 duy nhat nhitng item phd bién trong sé. Cu
thé, Cac item phd bién trong s6 xdp xi duoc hinh thanh con lai tinh chat anti-
monotone. Str dung tién t6 trong sd, ching ta c6 thé tim nhitng item nhu vy ma

khong bat ctr thong tin nao.

Cay tién t6 12 mang tap con, nhu thé hién hinh 2. Phan dudi chtra tit ca
nhitng item trong s6 ma x4p xi phd bién, cac trong sb cua nd khéng 16n hon moi
item trong s6 clia phan dau. Cat tia nhimng item khong pho bién,khong phai tt ca
déu chinh xac do hd tro trong s6 v6i cac item ndy Ia can thiét. Thay vao d6 ching ta

nhan véi trong s6 ctia phan dau caa item boi do hd tro cua no.

St dung bo dé 1, d6 hd tro trong sd xap xi ndy, W, lubn 16n hon do hd tro
trong s6 chinh xac. Ngoai ra, W 1a d6 hd tro trong so tdi dai ctia phan dau tap con,

do d6 tinh chét anti-monotone lubn dugc duy tri

Dé khai thac cac miu phd bién tdi dai tir cay tién t, ching ta duyét cay tha
tur sAu dau tién. Tai mdi nGt P, mdi phan ttr cudi ctia nlt duoc tao ra va duge dém la
mot phan mé rong ctia mire 1. Néu d6 hd tro cua {dau cia P} U {1phan mé rong}
la nho hon d6 hd tro cyc tiéu ngudng, moi Siéu mau trong cay con ciia root tai {dau

ctiia P} U {1phan mé rong} sé la trong sé khéng pho bién.
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Items Weight p Root
a 0.8 RN {alb}
b 0.7
c 0.6 @S taba
d 0.5
{a,b,c,d}

Hinh 3.3 Mét vi du vé mdt cay tién té véi thir tw gidm din trong s6
B6 dé 1. Trong cay tién td, cay cd tht ty trong s6 giam dan, trong s ctia mau P chi
chtra c4c item dau ludn ludn 12 bang hodc 16n hon bét ky trong s6 cua bat ky mau

cha chia P.

wl+w24+w3+---wn+wk wl+w2+w3+:---+wn wil+w2+w3+---wn+wk

n+1 n n+1

= (n+1) (WytWo+Wa...+W,) < N(WiHWotWat. .. +Wp+w)
= Wi HWo+W3... +W, > n(wWy)
VA Wy +W,+Ws...+ W, 16n hon hodc bang n(w,)

Chtng minh: Cho tat ca item aj,ap,as,...,am, ax duoc sép xép giam déan theo trong sb

nhu sau:

w1 Wi1+w2
— =
1

W1>Wo> W3 > > W, > Wy >0, - 2W; > (WitW,) = Wy > W,

luén dung, Do d6 trong luong cua miu {al} ludn bang hoidc 1én hon miu {ay,a,}.

Ngoai ra, trong s6 mau {al,a2} chi ludn ludn bang hodc 16p hon {a;,a,,a3} khi:
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wl+w?2 - wl+w2+w3
2

= 3(WpHtWy)> 2(WHW,+W3) = Wi+W, > 2w

Trong s6 miu {a1,3,,a3,...,a} 14 (Wy + W, + W3 + ... + W,)/n va lubn bang hoic 16n

hon mau {al,a2,a3,...,an, ak},

wl+w2+w3+---wn+wk wl+w2+4+w3+---+wn wil+w2+w3+:---wn+wk

n+1 n n+1

= (n+1) (WytWo+wWa...+W,) < N(WiHWotWa+. .. +Wp+w)
= Wi HWo+Wa... +W, > n(wy)
va ludn bang hodc 16n hon n(wy)

Hinh. 3 cho thdy muc c6 thir tu trong sd giam dan va cy tién td cta ho.
Trong sb cua tip {a, b} ludn ludn 1a bang hoic 16n hon cua no siéu mau, {a, b, c}
va {a, b, d} ctia B6 dé 1. Nhu hinh. 3, trong sb cua tap {a, b} 12 0,75, cua {ab, c} 1a
(0,8 + 0,7 + 0,6) / 3=0,7. Trong s cua {a, b, d} 1a (0,8 + 0,7 + 0,5) / 3 ~ 0,667,

cling 12 bang hoic it hon so véi cac tap ndt cha caa nd, {a, b}.

B6 dé 2: Trong mot trong sd giam dan cay tién t6, néu mot mau ndt trong s 1a
khong pho bién, sau do tit ca cac nat con caa nd trong sé nhu khdng phd bién. Nhu
vay, trong mot duyét sdu dau tién, néu mot miu duge chinh xac trong s6 nhu khong
phd bién, sau d6 duyét cay con cua n6 duoc dimg lai va cac nat con con lai khéng

dugc xem xét.

Items Weight Root
a 0.8 {a,tL:5}
b 0.7
c 0.6
d 0.5

Hinh 3.4 Mét vi du miu trong so pho bién va cay tién té ciia n6
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Chirng minh: Mdi ndt mau ludn 1a siéu mau nat cha ctia né trong cay tién t6. Dya
trén bo dé 1, mdi nat con ludn bang hoic it hon nit cha. Ngoai ra do hd trg ciia mot
nGt cha 1 ludn ludn bang hodc 16n hon cAc siéu mau ciia N6 ké tir khi,néu cac mau
tang murc, s6 d6 hd tro giam. Do do, tit ca cac nit con trong cay tién td thtr tu trong

sd giam thi phai nhé hon hoic bang dd hd tro trong sb ciia d6 hd tro ctia nit cha.

Nhu thé hién & Hinh 3.4, @6 hé tro cua {a,b} 12 5, do d6 do hd tro trong sd
ctia mau {a,b} 12 0.75 x 5=3.75. Néu d6 hd trg ngudng (min_sup) 1a 3, mau {a,b} 1a
phé bién trong sb. Mic du, do hd tro trong sb cua {a,b,c}, 0.7x4=2.8, khdng 16n hon
min_sup, do dé {a,b,c} 12 trong sé khéng pho bién. Khong can thiét dé kiém tra liéu

{a,b,c,d} Ia trong sé phd bién hay khéng tir mot ndt con cua {a,b,c}.

B6 dé 3. Trong mét trong s6 giam dan cay tién td, néu phan dau ding dau ciia mot

nGt 12 trong s6 1 khong pho bién, sau d6 nGt N phai 1a mot nit 14.

Chirng minh. Mau cua N 1a mot tap con cta cac nit con N (ky hiéu 1a C). Su
kién néu mau cua N 1 trong s6 khdng pho bién, mot sé siéu mau co thé phd bién.
Tuy nhién, néu tit ca item duoc sip xép thir ty giam dan, do hd tro trong sb cua C
lubn nho hon hodc bang do hd tro trong sb ciia phan dau N dya theo bd dé 1. Do do,

néu mau cua N 1 trong sé khong phé bién, C phai trong s6 khdng phd bién

Vi vay, moi n(t con cua N ludn ludn trong s6 khdng phd bién. Hon nita, mot
cay con moc tir N khong thé ¢6 moi mau la trong s6 phd bién. Vi ly do nay, nat P
trong cach duyét sdu dau tién cua cay, ching ta c6 duoc mdt tng vién cho tap két
qua cia mau trong sd pho bién t6i dai. Trong khi d6, mot tap cha trong sd phd bién

ctia P 0 thé da dugc phat hién

Vi vay, ching ta can kiém tra liéu mot siéu mau cua Gng vién P 12 dugc chira
trong tap két qua. Chi c6 cac mau trong s6 phd bién ma cac tap cha la khong trong
s6 pho bién co thé dugc thém vao tap két qua. Mau pho bién 16n nhat 6 thé duoc

chira céc cay con ¢6 gbc 1a P 1a H U T cua P. Nhu hién thi hinh 3, 1a phan dau caa P
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la {a,b} va phin duodi 12 {c,d}, H U T ctia P 12 {a,b,c.d}. Néu {a,b,c,d} duoc phét
hién trong s6 phd bién, né 14 can thiét d& ma duyét moi tap con caa H U T. Do do,
chiing ta c6 thé cat tia toan cay con c6 gbc 1a nlt P. C4c item ctia phan cudi 1a ludn
sap xép giam dan thir ty trong sb cua nd, thw tur item 12 ludn ludn sira lai. Vi vay,
khong can thiét dé thir ty lai cac item cho moi cdy con, ching ta c6 thé bo qua thoi

gian sip xép.

Pé phat hién cac tap két qua chinh xac cia MWFPs, ching ta phai kiém tra
tat ca MWFPs dé chic chan rang khong c6 tap cha ndo ctia moi mau duoc phat hién
trude khi thém miu dén MWFPs. Mot k¥ thuat duoc tap trung cai tién da duoc gi6i
thiéu cai thién viéc kiém ta hiéu suat tdp cha ma khong truy xuat qua nhiéu tat ca
tap MWFPs. Y twong co ban 1a nhu sau. Néu toan bo tip MWFP 1 qué 16n tai bat
ky ndt nao, chi mot phan ciia tip MWFP 1a 6 thé 1a tap cha ctia c4C mAu tai nut cho

trudc.

Do d6, chung ta sir dung mét cuc bd tap MWFP, ma no la tap cha cta toan bo
tap MWFP va lién quan cac nut, dé kiém tra hiéu qua cua c4c tap cha. Trong khai
thac MWFP cua ching ta, tip MWFP cuc bd cho thu muc gdc duoc khdi tao 1 tap
null. Gia st ching ta dang kiém tra nat k va duyét qua Kn, noi Kn= K U {i} (i 1a
mdi item cta phan dudi N). Tap MWFP cuc bd cho Kn chira tat ca c4c mau trong
tap MWFP cuc bd chira trong MWFPs ctia Kn duoc chén dén tip MWFP toan cuc.

Do d6, tap tmg cir vién khdng con can thiét dé tién hanh kiém tra siéu trong
tap MWFP toan cuc. Thay vao do, tip MWFP cuc bd bao gom tat ca cac tap cha cia
nGt hién tai. Nhu vy, néu tip MWFP cuc bd ctia mdt ndt Gng ctr vién 1 rong, sau
d6 tap MWFP toan cuc khdng co céc tap cha. Nguoc lai, néu tip MWFP cuc bo
khong phai 12 rong, sau d6 mot tap cha s& duogc tim thay trong tip MWFP toan cuc.
Khuén khé khai thac MWFP cua tac gia dé trong sé giam dan 1a nhu sau. Dau tién,
mot mau tng cir Vién ¢6 thé duoc kiém tra dé xac dinh xem liéu do hd tro trong sd
thuc sy cta nd 1a nhé hon hoic bang véi ngudng hd tro tdi thiéu (min_sup) hay

khong. Néu tap nay duoc thuc trong sé nhu pho bién, tip cha ciia né (phan mo



42

rong) ¢6 kha nang duoc mau phd bién thuc sy trong sd. Do d6, su két hop mau va
mdi item pho bién xAp xi trong s6 ciia mau dudi 1am cho tién ich mé rong 1 cip cia
nd. Cudi cing, thue miu phd bién co trong sé ctia mot nat 14 phai duoc kiém tra dé

xé&c dinh xem n6 ¢6 mot tap cha trong sd phod bién.
3.3 Nghién cwu lién quan

Trong CSDL day dic, mat do item xuat hién tang suat cao, Zaki va Gouda
[12] d& xuét Diffset nhu 12 mot phuong phap dé tinh toan trong sé hd tro cua
tap pho bién mot cach nhanh chéng va tiét kiém bo nhé dé luu trir Tidset. Vi
vdy, luan van nghién ctu cdc thuat todn khai thac tdp danh trong, &p dung
Diffset, d& nghi thuat todn khai khac mau trong sb phd bién tbi dai sir dung
Diffset nham giam thoi gian khai thac va tiét kiém bo nhd luu trir.

Dya vao dinh nghia trén ta c6 thé sir dung Diffset thay vi sa dung
Tidset cho viéc tinh toan trong s6 hd tro cia tap itemset trong quéa trinh khai
thac FWI.

3.4 Giéi thiéu Diffset

Diffset tinh su khac biét gitra hai Tidset (tap khac nhau gitra Tidset(X) so véi
Tidset(Y)) trong 16p twong duong nhau.

Trong mot co so dir liéu day dac, kich thude cua Diffset 1a nhé hon so véi
Tidset. Vi vay, sir dung Diffset s& tiéu ton it dung luong bd nhé, khong gian luu trix

giam dang ké va do d6 cho phép cac may tinh nhanh gia tri hd tro trong sb.
Cho d(PXY) la su khac nhau gitra tap PX va PY.

Ta c6: d(PXY) = t(PX) - t(PY)[12] (3.1)

Trong d6 PX va PY thudc 16p twong duong [P].

Gia st rang ching ta da c6 d(PX) va d(PY) va can tinh d(PXY):

Theo cac két qua trong [12], ching ta c6 thé c6 dugc né mot cach dé& dang
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bang cach tinh toan su khéc biét gitra tap d(PY) va d(PX):
d(PXY) = d(PY) - d(PX) [12] (3.2)

Dua vao cong thirc 3.1, 3.2 ta c6 thé tinh toan d6 hd tro trong s6 cia PXY bang
cach tinh d(PXY) nhu sau:

Yted(pxy) tw(t)
2teTtw (t)

ws (PXY) = ws(PX) -

Pinh ly 3.3
Néu d(PXY) = @ thi ws(PXY) = ws(PX)

Ytk et(PXY) tw(tK)
Xtk eT tW(tK)

Vi d(PXY) = @ => ws(PXY) = ws(PX) - = ws(PX)

Dé tiét kiém bd nhd cho viée luu trir Diffset va thoi gian cho viée tinh toan
Diffset, sap xép tap itemsets in tip 16p twong dwong ting dan theo trong s6 hd

tro.
3.5 Thuat toan dua trén Diffset

3.5.1 Thuat toAn WIT-FWI-DIFF dwa trén Diffset

Thuat toan WIT-FWI-DIFF st dung Diffset dé tinh toan gid tri ws. Vi
muc dau tién chi luu trit Tidset, néu L, thuoc mic dau tién, nghia 1a I, va J
thuoc mirc 1, ching ta s& su dung Y=d(X) = d(liv Ij) = t(l;) - t(l;) (theo cong

thirc (3.1)).

Diffset dugc tinh tr mirc thir 2, ching ta c6 thé st dung cong thic (3.2)
dé tinh Y = d(X) = d(Lu 1) = d(1) - d(1).

Ngoai ra thuat todn con sir dung dinh ly 3.3 nham tinh todn nhanh chéng
ws(X).
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Piu vao: Co so dir liéu cac GD D, ngudng hd trg trong s toi thiéu min_ws

Pau ra: FWI chira tit ca c4c tap phd bién itemsets tir CSDL D, théa man

min_ws
Phuong thire:

WIT-FWI-DIFF()

{

1. L, = tit ca c&c item ma ws thoa min_ws

2. Sép cac nut trong L, ting dan theo ws

3. Khoi tao tap FWI =@

4. Goi ham FWI-EXTEND-DIFF véi tham s6 1a L, FWI-EXTEND-DIFF(L,)
5. Cho mbi nit I trong L,

6. Thém (l;.itemset, l;.ws) vao trong FWI

7. Tao mot tap L; bang cach ndi li véi tht ca j theo sau trong L:

8. Thiét 1ap tap X = l,.itemset U I;.itemset

9. Néu L, 13 mic dau tién thi Y = t(I;)- t(l;) // theo cong thirc 3.1
10. Nguoc lai Y=d(l;) - d(lj)  // theo cong thirc 3.2

11. Néu Y= 9 thi ws(X)= ws(l)) // theo dinh Iy 3.3

12, Nguoc lai ws(X) = COMPUTE-WS-DIFF(Y) // theo dinh Iy 3.3
13. Néu ws(X) théa min_ws thi khi do

14, Thém mot nat (X, Y, ws ( X)) vao trong L;

15.  Néu sb lugng nit trong L> 2 khi d6

16. Goi dé qui ham FWI-EXTEND-DIFF véi bién L;

}

Bdang 5: Thudt toan WIT-FWI-DIFF cho khai thac trong s6 CAC itemset

Str dung cac dir liéu vi du duoc trinh bay trong bang co s¢ dir liéu GD D
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2.1 va bang trong sd cac item trong CSDL D 2.2 nhu sau:

Bing 3.3 Trong s6 GD ciia tirng GD

Transations Tw |

1 0.45
2 0.2
3 0.45
4 0.3
5 0.42
6 0.43

Sum 2.25

Bang 3.4 Trong s6 hd ho cho tip phd bién 1 item

X Weighted support (ws)

A 0.72
B 1

C 0.6
D 0.78
E 0.81

Ta minh hoa cac thuat toan WIT-FWI-DIFF véi min_ws = 0.4 nhu sau.

Murc 1 cia WIT-cAy c6 c4c ndt con chira duy nhdt mot mat item. Ching
dugc sip xép thir ty ting dan cua |tidset]. Muyc dich cia viéc nay la dé tinh toan
Diffset nhanh hon. Vi du:

e Xét cac nit B va D, néu ho khdng dugc sip xép, ching ta phai tinh

toan
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e Xét A ndi véi C
d(AC) = t(A) - t(C) = 1345 - 2456 = 13

t t
ZtE d(AC) W( ) 20.72_ M: 032 < min WS

=>ws(AC) = ws(A)-
e Xét A ndi v6i D
d(AD) = t(A) - t(D) = 1345 - 1356 = 4

2te d(AD)tW (D)
Zte'rtVV'(t)

=>ws(AC) = ws(A)- =0.72- %: 0.59> min_ws

o Xét Anbi voi E:
d(AE) = t(A) - t(E) = 1345-12345 = @
=> ws(AD) =ws(A) =0.72

e Xét A ndi véi B:
d(AB) = t(A) - t(B) = 1345 - 123456 = ¢
=>ws(AB) =ws(A) =0.72

Root

Cx2456->06 Ax1345->0.72  Dx1356->0.78 Ex12345->0.81  Bx123456->1

] N

CEx6->0.41 CEBx@->0.6  ADx4->059 AEx@->0.72 ABx@->0.72 DEx6->0.59 DEx6->0.59 EBx®->0.81

| RN N\

CEBx@->0.41 ADEXx@->0.59  ADBx@:0->59 AEBx®->0.72 DEBx@®->0.59

.

ADEBx@->0.59

Hinh 3.5 Két qua ciia thuat toan WIT-FWI-DIFF tir CSDL trong Béang 2.9 véi
trong so ho trg toi thieu Min_sup=0.4



47

3.5.2 Khai thac MWFIM_DIFF dwa trén Diffset

3.5.3.1 Thuat toan MWFIM_DIFF dwa trén Diffset

ALGORITHM [MWFIM_DIFF]: Maximal Weighted Frequent Itemset Mining

Diffset

Input: (1) A Transaction Database: TDB;

(2) Weights of the items within weight range:

MinW-MaxW:;

(3) Minimum support threshold: min_sup

Output: The complete set of maximal weighted frequent

patterns

Begin

1. Let MWFP be the set of maximal weighted frequent patterns. Initialize
MWFP « {};

2. Scan TDB once to find the global weighted frequent items as follows:
support * MaxW > min_sup

3. Sort the items in weight-descending order;

4. Scan the TDB again and build vertical bitmaps Diffset to store
weighted frequent candidate items of transactions in the TDB.

5. Call MWFIM(root, MWFP, false);

Procedure MWFIM (Current node C, MWFP, Boolean isHUT)

1: isAdded = false;

2: allWF = true;
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3: HeadWS = C.Head.Weight * C.Head.Support;

4: If (HeadWS > min_sup)

5: For each item i in all the remaining items
/lremaining items that have lower orders than the items of
C.Head

6: If (C.Head.Weight * C.Head U {i} > min_sup), then
insert i into C.Tail;

7: Else allWF = false;

8: for each item i in C.Talil

9: If (i is the first item in C.Tail) iSHUT = true;

10: Else isHUT = false;

11: extended C =Cu {i};

12: isAdded_local = MWFIM(extended_C, MWFP, isHUT);

13: If (isAdded_local) isAdded  MWFP = true;

14: If (isHUT and AIIWF = true) return isAdded,;

15: if (C.Tail == {3})

16: If (not ExistSubset(C.Head, MWFP)) {

// C.Head is not subset of a weighted frequent pattern
17: Insert C.Head into MWFP;

18: isAdded = true; }

19: Else isAdded = false;

20: return isAdded;
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3.5.2.2 Vi du mét thuat toAn MWFIM

Trong thuét todn ta 4p dung cac céng thirc:

1) d(PXY) = t(PX)-t((PY)
2) d(PXY) = d(PY) - d(X)

3) a(PXY) = a(X) - [d(PXY)| = o(X) - |[d(PY) - d(PX)|

Trong khai thac luat két hop vai trong s6 (MINWAL) [14] trong s6 dugc tinh nhu

sau.

length(P)

. Weight(Pi
Weight(P) === IntPD

length(P)

Trong s hd tro:

WS(P) = Weight(P) * a(P)

Vi du ta c6 mét CSDL TDB nhu hinh 12, cac items | ={a, b, ¢, d, e, f, g, h, i}, cac
GD T ={100,200,300,400,500,100}, c4c items dwoc danh trong sb. Cho mot
ngudng min_sup co gia tri do nguoi dung dinh nghia vi du bang 2. Tim c4c miu

phé bién tdi dai thoa man ngudng trong CSDL TDB vira cho.

Bing 3.5 CSDL TDB GD va trong sb items

TID TRANSACTION

100 abcdefg
200 abcdf
300 abdehi

400 abdeg
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500 abcdefg
600 abefgh
WEIGHT SUPPORT

a 0.7 6
b 0.6 6
c 0.8 3
d 0.65 5
e 0.45 5
f 0.5 4
g 0.4 4
h 0.5 2
[ 0.45 1

Bude 1: Khoi tao MWFP = {};
Buwdrc 2: Duyét toan bo CSDL TDB tim ra cac item thoa man min_sup:

item.support *item.weight > min_sup. Két qua thu dugc ¢ Bang 3.7 ta thay cac item
bi gach chéo "g","h","i" khong thoa man min_sup nén khdng thém vao danh sach

pho bién.

ITEMS WEIGHT SUPPORT WS

a 0.7 6 4.2

b 0.6 6 3.6
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d 0.65 5 3.25
c 0.8 3 2.4
e 0.45 5 2.25
f 0.5 4 2

Buwéc 3: Sip xép cac items theo ther tw giam dan trong s6. Danh sach sau khi

duoc sip xép theo giam trong s6 nhu sau:

Bang 3.7 Sap xép trong so giam dan cac item

ITEM WEIGHT

c 0.8
a 0.7
d 0.65
b 0.6
f 0.5
e 0.45

Buéc 4: Duyét CSDL TDB lan nita Xy dung bang thanh doc bitvectors

Diffset tir c4c ing Vién phd bién Bang 3.7
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VERTICAL BITVECTORS

VERTICAL TIDSET

c . g 0 o - DIFFSET
1 1 1 1 1 1
2 2 2 2 2 4 0 0 0 0 0 0
5 3 3 3 4 5 0 0 0 0 0 1
4 4 4 5 6 1 0 0 0 1 1
5 5 5 6 1 0 0 0 0 0
6 6 0 0 0 0 0 0
1 0 1 0 0 0

Budée 5: Ta goi ham MWFIM_DIFF d thuc hién c4c budce thuat toan:

Pau tién ta khoi tao nlt gbe 1a root, sap xép thir tw giam trong sd Ma trong sb
16n nhét 12 0.8 1a (c, a,d, b, e, f). Danh sach nay lan luot thém vao phan dudi cua
root hinh 3.7.

Ta thuc hién duyét cdy tién t6 theo theo thir tu sAu dau tién tir tréi sang phai dé
kiém tra vd mo rong nat. Bat dau tir nGt {c} ¢ phan dudi c6 nat 1a {a, d, b, e, f}

trong d6 céc item duoc sip xép giam dan nén phan dau {c} 1 c6 trong s 16n nhat
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0.8. Pé md rong muc 1 ching ta két hop {c} U {i} 1a tung item {a, d, b, e, f}. Ta

kiém tra mau {c,a} co trong sb hd trg c6 théa man min_sup = 2 hay khong?
- Tinh ws(ca)
weight(ca) = [weight(c)+weight(a)]/2 = [(0.8+0.7)]/2 =0.75
ws(ca) = o(ca) * weight(ca)
ma:
o(ca) = a(c) - |d(ca)| = a(c) - |d(a) -d(c)| =3 - |@] =3-0=3
— ws(ca) = a(ca) * weight(ca) = 0.75 * 3 =2.25 > min_sup

Root

m}
{c} {a} {d} {b} {e}
{c.a}

Hinh 3.7 Mé rong nit {c}

Vi {c,a} théa man min_sup nén {c,a} 12 mau pho bién va thém vao phan mo
rong cua {c} Hinh 3.8. Ta tiép tuc thuc hién duyét theo thtr ty sdu dau tién tir trai
sang phai. Ta kiém tra mau {c,a,d} c6 trong s6 hd tro c6 thoéa man min_sup = 2 hay
khong?

- Tinh ws(cad) nhu sau:
ws(cad) = a(cad) * weight(cad)
weight(cad) = [weight(ca)+weight(d)]/2 =(0.75 + 0.65)/2 = 0.70

va: g(cad) = a(ca) - |d(cad)| = a(ca) - |d(d) - d(ca)| = 3 - |@| = 3- 0 =3 (o(ca) = 3 tur

mau {c,a})

— ws(cad) = g(cad) * weight(cad) =3 * 0.70 = 2.1 > min_sup
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Vi {c,a,d} théa man min_sup nén {c,a,d} 1a mau phd bién va thém vao phan mo

rong cua {c,a}. Ta tiép tuc thuc hién duyét thir ty sdu dau tién tir trai sang phai.

Root

s

{c} {a} {d} {b} {e}

/

{c.a}

/

{c,a,d}
Hinh 3.8 mo rong nat {c,a}

Thuc hién tuong ty cac bude trén ta tinh dugc mau {c,a,d,b} c6 trong sé hd
trg bang 2.0625 > min_sup nén n6 duoc thém vao phan mé rong. Nhung khi kiém
tra mau{c,a,d,b,e} co trong sé hd tro bang 19.2 rd rang khéng théa man min_sup vi
nho hon 2 nén né 1a mau khdng pho bién va ciing chinh 1a mot ndt 14 ciia nhanh {c}.
Do d6 ta tro lai véi nat {c,a,d,b} va kiém tra xem n6 c6 phai 1a mot mau trong sb
pho bién t6i dai néu thoéa man diéu kién khdng ¢ miu nao chira nd nam trong tap
MWEFP.

Thuc hién kiém tra: Duyét tit ca cac mau trong MWFP xem c6 mau nao
chira {c,a,d,b} néu c6 mau chira {c,a,d,b} thi né khéng Ia MWFP nguoc lai thi no la
MWEFP, ta nhan thiy rang khdng c6 mau nao chtra né nén {c,a,d,b} (lic nay MWFP

la rdng) dugc thém vao tap MWFP ta c6 duoc cay tién to Hinh 3.9
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Root

m}

{c} {a} {d} {o} {e}

{c.a}
{c,a,d}

{c,a,d,b}

Hinh 3.9 mé rong nhanh {c}

Thuc hién twong ty cac bude trén ta cd duoc hinh 3.10 Cac mau bi gach tén
la c4c mAu khdng thoa man min_sup nén nd khéng phd bién va no ciing la cac nat 1a
ctia nhanh {a}. Cac mau khong bi gach nhu {c,ab},{c,d,b},{c,b} 1a cac miu trong
s6 pho bién vi thoa man min_sup. Ngoai ra cac mau nay khong la mau MWFP vi n6
chira trong mau {c,a,d,b} 1a mot MWFP.,

Root

{f}
{c} {a} {d} {b} {e}

A

{c.a} {c.d}  {cb} fese}

{c.a,d} {c,a,b} {esase}{c,d.b} fe-e-e} fesh-e}

/NN N\

{c,a,d,b}{esasehe} {e-a:bse} {esehbse}

|

3.10 duyét hét nhanh {c}
Chung ta tiép tuc thuc hién twong tu cac budc trén cho cac nhanh con lai ta
dugc Hinh 20. Ta thay rang sau khi thuc hién duyét thir ty sAu dau tién tir tréi sang
phai nhanh {a} ta cé nut {a,d,b,e,f},{a,d,b,f}{a,d,e,f},{d.e,f},{af} la cac nit khéng

thoa man min_sup bang 2 nén nd khong 1a mau phd bién va ciing 1a cac nit 1a cua
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nhanh {a}. Ta xem xét hai mau {a,d,b,e}.{a,b,e,f} thoa man diéu kién thém vao tap
MWHFP vi né khdng c6 mau ndo chira nd trong MWFP. Con lai cac miu phd bién

khac khong thoa man dé thém vao MWFP cubi ciing 1a dugce Hinh 3.11

Root
{f}
/N /{ ) {I} {T
{c,a} {c,d} {c,b} {ad} {ab} {ae} ({af} {d.b} {be}  {eH

S AN T

{c,a,d} {c.a,b} {e;ae}{c,d,b} {e.dhe} febre} {ad,b} {ad.e} {abe} {aef /1be} {dbf e

/NN N NN

{c.a,d.b}feae-e} {esab.e} {e:dbie} {a.d,b,e} fase:bsf} {asehesfH{ab.ef) {dbse:f}

l /

Hinh 3.11 MWFP la {{c,a,d,b},{a,d,b,e},{a,b,e,f}} 12 cac miu trong sé pho bién

toi dai

Vay sau khi thuat toan két thic ta c6 tap MWFP I
{{c,a,d,b}{a,d,b,e} {a,b,e,f}} lacac mau trong sb phé bién tbi dai.
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CHUONG 4: THUC NGHIEM VA PANH GIA

4.1 M0i trewong thuc nghiém
- Ngobn ngir lap trinh C# VS2013
- CPU Intel core i3, Ram 6G
- Microsoft Windows 7 64 — bit.

% Pic diém co sé dir liéu thwe nghiém
Céc két qua thyc nghiém d3 duoc thir nghiém trén CSDL liéu dugc ldy
tr  trang web Frequent Itemset Mining Dataset Repository:

http://www.philippe-fournier-viger.com/spmf/index.php?link=datasets.php.

Cé4c bo dir liéu chuan di duoc sira d6i bang cach tao ra mot bang dé luu
trit C4C Qia tri trong s cua timg item (gi4 tri trong khoang tir 1 dén 90) va
gia tri min_sup tir cho mdi mot co s dit lidu.

Co so dé gén trong s6 1a: Trong CSDL bén hang siéu thi trong sb thé hién
sb luong cua mit hang. min_sup 1a do ngudi dung tu dinh nghia nén co thé
thay doi tly y. Thuat toan c6 thé tmg dung vao CSDL GD thyc té.

Két qua thuc nghiém khai thac miu trong sb phd bién tdi dai trén céc
CSDL chuan dugc hién thi minh hoa & hinh 4.1,4.2,4.3,4.4,4.5

Bang 4.1 Co s& dir liéu thuc nghiém ¢6 chinh stra

CSDL #Trans #ltem Size Tinh trang
Chess 3196 75 334 KB | Di dugc stra doi
Mushrooms 8416 119 589 KB | Di dugc stra doi
BMS1_itemset_mining | 59602 | 498 934 KB Di duoc stra d6i

Connect 88162 129 8.82 MB b3 duoc stra doi



http://fimi.cs.helsinki.fi/data/
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4.2 Két qua thuc nghiém

Thoi gian thuc thi dé tim kiém céc tp dugc danh trong sb thay dbi tiy theo
min_sup tir 10 dén 90, gia tri min_sup cang nho thi thyc hién cang 1au va nguoc lai.

S6 giao dich cang nhiéu thi bo nhé str dung cang ting va nguoc lai.

Cai dat thyc nghiém cho thuat toan MWFIM st dung Tidsets va MWFIM_DIFF st
dung Diffsets ta nhan duoc két qua thuc nghiém véi cing két qua mau trong sd phd

bién t6i dai nhung khac nhau vé thoi gian thuc thi.

T nhitng két qua ther nghiém & trén, ta thidy duoc thoi gian xu ly
MWFIM_TID (str dung Tidset) ton kh4 nhiéu thoi gian khi xir 1y cac CSDL c6 s6
san phdm qud 16n hodc min sup nhd. Tuy nhién voi thudt todn cai tién
MWFIM_DIFF (st dung Diffsets), hé thong xir Iy kha nhanh va 6n dbi véi cac
CSDL c¢6 tang s6 GD day dic, c6 kich thudc vira va nho ddi v6i min_sup thich hop
CSDL.

(o2}
o

(%)
o

IS
o

== MWFIM_TID

w
o

~@—MWFIM_DIFF

Thoi gian thue thi (gidy)
S

[any
o

o

90 70 50 30 10
min_sup

Hinh 4.1 Biéu dd thwe nghiém MWFP trén CSDL Chess
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350

300

N
[
o

N
o
o

==MWFIM_TID

[any
(%)
o

== MWFIM_DIFF

Thoi gian thuc thi (gidy)
)
o

(%4
o

min_sup

Hinh 4.2 Biéu db thue nghiém MWFP trén CSDL Mushrooms

w
o

N
(%2}

N
o

=¢=MWFIM_TID
== MWFIM_DIFF

Thoi gian thuc thi (gidy)
S &

(52}

min_sup

Hinh 4.3 Biéu dé thwc nghiém MWFP trén CSDL BMS1_itemset_mining
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140

[y
N
o

[uny
o
o

80

60 ——MWFIM_DIF

== MWFIM_DIFF
40

Thoi gian thue thi (gidy)

20

min_sup

Hinh 4.4 Biéu dé thwe nghiém MWFP trén CSDL Connect

(e2]
o

a1
o

o
o

= MWFIM_TID
= MWFIM_DIFF

N
o

B¢ nhé sir dung (MB)
w
o

[EY
o

o
!

Chess Mushrooms BMS1 Connect
CSDL

Hinh 4.5 Biéu dé thwe nghiém bd nhé sir dung
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{14 CHUGNG TRINH DEMO THUAT TOAN MWFIM SU DUNG TID VA DIFF__ T - .Elﬂﬂ
Databasic: |1 P 3196 75 334 KB Bl % e
MIN SU_ 25_@ D @®

KET QUA sU DUNG TID

Thdi gian thuc hién: 00:00:23.1924663
B& nhd s( dung: 4.3 MB

TID Total: 3196

ltems Total: 75

Size Total: 334 KB

{11215234601543}
1121523460 154374}
{1121523460154 72}
111215234601 54 72 74}
11215234601 74}
{1121523460543 74}
1112152346054 37274}
11215234603 7274}
{112152341543 72}
112152341543 74}
111215234154 7274}

EI MWFIM TID |

3

-

Ty L& tring méu:

KET QUA sU DUNG DIFF

Thdi gian thuc hién: 00:00:06.4561056
B6 nhé st dung: 1.5 MB

TID Total: 3196

Items Total: 75

Size Total: 334 KB
=============MWFP used by DIFF=========
{11215234601543}
{11215234860 154374}
{1121523460154 72}
{11215234601547274}
{112152348601 74}
{1121523486054 3 74}
{112152346054 37274}
{112152348603 7274}
{112152341543 72}
{112152341543 74}
11215234154 7274}

B2 v orrF |

>

Hinh 4.6 Chwong trinh dé mo thuat toan
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CHUONG 5: KET LUAN VA HUONG PHAT TRIEN

5.1 Két luan

Pé tai tap trung vao nghién ctu cac thuat todn khai thac cic mAu trong
s6 phd bién dugc danh trong s6 dya trén céc thut toan khai thac tip phd
bién trén CSDL nhi phan. Théng qua qua trinh thuc hién dé tai da thuc

hién duoc cac muc tiéu:

- Nghién ctru co s ly thuyét vé cac ky thuat khai thac céc tap phd bién
nhu cac phuong phép Apriori, FP-tree, IT-tree.

- Tim hiéu vé& co so dir liéu GD c6 trong sd, trong s6 hd trg va cac dinh

nghia 1y thuyét lién quan.
- Tim hiéu vé do khac nhau cua hai tip twong dwong Diffset

- Nghién ctru cac thuit toan khai thac cac tip pho bién trén co so dir lidu
GD c6 trong s6 WIT-FWI, WIT-FWI-DIF.

- Cai dit thuc nghiém dé khao sat két qua cua thudt todn dé xuét: tién
hanh khai mau trong sb pho bién tdi dai trén cac co sé dit liéu chuan nhu: Chess,

Mushrooms, BMS1_itemset_mining, Connect

Tu d6 dé xuét ra thuat toan khai thac cac mau trong s6 pho bién tdi dai
ciia U.Yun 1a cac tdp dugc danh trong sd dwa trén CSDL GD c6 trong sb ap
dung Diffset dé tién hanh tinh nhanh céac do hd tro. Dya vao d6 dé khai thac
nhanh c4c tap duoc danh trong sd gilp cho viéc khai thac m Au trong sb phd
bién t6i dai duoc xtr ly nhanh hon. Nho &p dung Diffset, ching tdi cO thé
tinh toan trong s hd trg dua trén su khac nhau cua cac tap Tidset, nham
t6i wu vé thoi gian xtr ly cho khai thac cadc Mau trong s6 phd bién tdi dai,
cing nhu giam chi phi cho khéng gian luu trir khi khai thic CSDL 16n.
Vé6i nhirng cai tién ndy, thuat toan dé xuéat c6 hiéu sudt tot hon so véi cac

thuat toan trudc do véi tat ca két qua. Tu d6 tng dung cac thuat todn nay
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vao trong thyc tién.

5.2 Nhan xét wu diém va han ché
% Uu diém:

Trong nhitng co s¢ dir liéu day dac, kich thudc cia Diffset la nho
hon so véi Tidset. Vi vdy, st dung Diffset s& tiéu ton it dung luong
bd nhé, khong gian luu trit giam dang ké va do d6 cho phép cac

may tinh nhanh d6hd tro ciia cac itemset.

Thuat todn phU hop véi tit ca cac loai CSDL, nhung dic biét hiéu
qua khi khai thac véi nhitng CSDL ma mat d6 tring lap giita cac GD
|4 16n hoac vira duge thu thap tir thdng tin trang thai ctia nguoi choi
trong cac game (chtra cac nudc di cua nguoi choi), hoac Mushroom

chtra cac ban ghi md ta dic diém cua céc lodi nim khac nhau.

% Han ché:

Thuat todn dat duoc hiéu qua vdoi co s dir liéu day dac, mat
do tring lap gitta cac GD 16n, nhung véi co s& dit liéu nho thi thoi
gian thuc thi khong c6 su khac biét so vai sur dung Tidset.

Véi nhitng CSDL thua nhu CSDL chta cdc GD mua hang &

cac siéu thi 16n nhu BMS1_itemset_mining, thi thuat todn cho hiéu

qua twong duong SO véi nhimng thuat todn di duoc dé nghi trude day.

% Hudng phat trién
- Tiép tuc nghién ctru cach thirc khai thac mau trong sé pho bién t6i
dai tap duoc danh trong phé bién hiéu qua hon.
- Tién dén viéc khai thac miu trong sé phd bién tip dong dugce danh

trong pho bién.

- Nghién ctru cach thuc cip nhat tap két qua khi CSDL thay d6i.
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