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LOI CAM DOAN
T6i xin cam doan ddy 1a cong trinh nghién ctru cua riéng t6i. Cac sd liéu, két
qua néu trong Luan vin 1a trung thyc va chua timg duoc ai cong bd trong bat ky
cong trinh nao khac.
To6i xin cam doan r::ing moi sy giup do cho viéc thyc hi€n Luan van nay
da dugc cam on va cac thong tin trich din trong Luan van da duoc chi rd ngudn
gbe.

Hoc vién thuc hién Luan vin

Nguyén Quang Nhan
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LOI CAM ON

Téi xin cam on cac thiy, c6 gido & khoa Cong nghé thong tin truong Dai hoc
Cong Nghé Thanh Phé HO6 Chi Minh di giang day t6i trong sudt thoi gian hoc tap
tai trudng va tao diéu kién gitip d& toi hoan thanh luan vin nay.

Dic biét toi xin bay to 1ong cam on chan thanh va biét on sau sic téi TS.
Cao Tung Anh. Nguoi Thiy di tan tan tinh huéng dan toi trong subt thoi gian
nghién ctru va lam luan vin tot nghiép nay.

T6i ciing xin goi 101 cam on dén cac ban hoc vién trong 16p cao hoc khoa
2014-2015 da tao diéu kién, chia sé nhitng kién thirc @& em c6 thé hoan thanh khoa
hoc cling nhu luan van nay.

Cam on cac ban bé, ddng nghiép d ¢ vii dong vién toi trong subt qua trinh
hoc tap tai truong.

Tuy dé c6 nhitng ¢ ging nhat dinh nhung do thoi gian va trinh do c6 han
nén chic chéin luan vian nay con nhiéu thiéu sot va han ché nhat dinh. Kinh mong

nhén dugc sy gop v cia thay co va cac ban.
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TOM TAT

Vi ngudn thong tin khong 16 hién nay, viéc thu thap va rat trich cac thong
tin c6 ich tir vo vang dir li€u 1a mot cong viéc vo cung quan trong. Khai thac dir li¢u
la mot cong cu phan tich dir liéu vé cung manh mé, boi trong d6 quy dinh mé hinh
va cac kién thie duge trich xudt tir cac tap dir liéu 16n. Trong qua trinh khai thac dir
lidu, mot van dé dugc dit ra 1a phai dam bao tinh riéng tu cta ngudi ding va thong
tin cua ho.

Trong khai thac dir liéu, khai thac luat két hop 13 mot trong cac phuong phap
quan trong. Vi vy khai thac ludt két hop bao toan tinh riéng tu 13 mot viéc hét strc
can thiét. Hién nay c6 rat nhiéu thuat toan khai thac luat két hop bao toan tinh riéng
tu, nhu thuat toan MASK][8]. Ca thuét toan MASK va mdt sd thuat toan t6i wu hod
khac déu chi sir dung phuong phép gy nhidu dit liéu. Tuy nhién dir liéu bi nhidu
loan van ton tai sy lién quan dén dit liéu thd ban dau. Che dau dit liéu, phan vung
dir lidu, gidu cac luat nhay cam va ldy mau dir liéu duoc 4p dung trong phuong
phap han ché truy van dé tranh 10 cac dit liéu thd ban dau can dugc bao vé.

Vi cac van dé néu trén, hoc vién da chon dé tai “MQT THUAT TOAN
CAI TIEN TRONG KHAI THAC LUAT KET HQP BAO TOAN TiNH
RIENG TU™. Luan vin sé tap trung vao ndi dung xur 1y cai thién hi¢u qua thyuc thi
trong khai thac luat két hop bao toan tinh riéng tu, va chuong trinh demo cho viéc
cai thién hiéu qua thyc thi. Noi dung chinh gom :

Mé dau

Chuwong 1: Tong quan Iy thuyét

Chuwong 2: Khai thac luat két hop bao toan tinh riéng tu

Chuwong 3: Thuat toan bao toan tinh riéng tu trong khai thac luat két hop.
Két Luan
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ABSTRACT

With the innumerable information sources available today, the process of
collecting and capturing useful data is a very important job. Data mining is an
extremely powerful analysis tool as it requires proper models and methods to
extract knowledges from large data sets. During the data mining process, one of the
biggest security concerns is to ensure the privacy of users and their information.

In data mining, mining association rule is one of the important methods. The
use of association rule to preserve the privacy is a very necessary job. Currently
there are many mining association rule algorithm to preserve privacy, such as
MASK algorithm [8] . Both MASK algorithm and other optimization algorithms are
only using data jamming methods. However distorted data still remains connected
to the raw data. Data masking, data partitioning,hiding sensitive rules, and data
sampling methods are applied by using the limiting queries method to avoid
revealing raw data that needs to be protected.

With all of the issues mentioned prior, I chose the topic “AN IMPROVED
ALGORITHM IN MINING ASSOCIATION RULE FOR PRIVACY
PRESERVATION?”. Dissertation will focus on improving effective enforcement of
mining association rule to preserve privacy, and demo program for improving
implementation efficiency. The main contents include:

Introduction

Chapter 1 : Overview Theory

Chapter 2 : Mining Association Rule for Privacy Preservation

Chapter 3 : Algorithm for Mining Association Rule for Privacy Preservation

Conclusion
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MO DAU

Pén thoi diém hién tai, s6 lugng dir liéu trong thé gidi cta chung ta dang
ngdy cang bung nd. Thu thap thong tin c6 gia tri tir vo vang di liéu khéng 15 1a mot
cong viéc vo cung quan trong. Khai thac dir li¢u 1a mot cong cu phan tich dir li¢u vo
cing manh mé, boi trong d6 quy dinh mé hinh va cac kién thirc duoc trich xuét tir
cac tap dir liéu 1on. Tuy nhién, c6 mot van dé phat sinh d6 1a sy riéng tu ctia ngudi
ding va thong tin ciia ho khong thé duoc bao vé mot cach hiu qua trong qua trinh
khai thac dir li¢u [8]. Vi du, thong qua viéc khai thac dir li¢u bénh 1y ctia bénh nhan,
cac quy tac lién quan dén cac bénh khac nhau, c6 thé duoc két ndi tir nhidu hd so
ctia nhiéu bénh nhan (mdgt bénh nhan méc bénh tiéu duong, tai cung mdt thoi diém
d6 c6 thé mic cac bénh lién quan dén tim mach nhu huyét ap cao, tai bién mach
méu nio,... ). Trong qué trinh khai thac dir liéu bénh 1y bénh nhan d6 chic chin s&
gdy ra su tiép xtc cia cac dir lidu, truong hop nay dan dén sy ro ri thong tin riéng tu
cua cac bénh nhan.

Vi vay, van dé dit ra la 1am thé nao dé dam bao su riéng tu va an ninh thong
tin trong qué trinh khai thac, phan tich dit liéu khong 16.

Trong linh vuc khai thac dir li¢u, khai thac luat két hop dong vai tro hét stre
quan trong. Lan déu tién, viéc khai thac luat két hop trong khai thac dir licu dugc dé
xuat bai Agrawal va cac cong su vao nam 1993 [6]. Ké tir khi mbi twong quan hoic
su lién quan gitta cac két qua trong qua trinh khai thac thong tin c6 thé tim thiy boi
luat két hop, thi né da dugc ap dung rong rii trong cac quyét dinh ctua Chinh phu,
doanh nghiép va cac ca nhan [11].

Khi nhéc dén cac thuat toan khai thac luat két hop trong khai thac dit liéu bao
toan tinh riéng tu, viéc ap dung don 1é cic phuong phap din dén hiéu qua thuc thi
khong cao. Dé khic phuc van dé trén, trong bao céo luin van nay sé dé& cap dén mot
thudt toan méi gitp cai thién hiéu qua thuc thi va c6 két qua tét hon trong viéc bao
v¢ tinh riéng tu cua thong tin.

Luan vin bao gdm téng cong 5 phan: Bao gdm phan M¢ Pau, Chuong 1, Chuong
2, Chuong 3, va phan Két luan—danh gia.
MO PAU: S& gi6i thiéu tong quan linh vuc nghién ctu, tinh hinh nghién ciru.



Chuwong 1: Tong quan Iy thuyét.

Trong Chuong 1 sé& s& dugc chia thanh bon phan

Phan mot 13 trinh bay cac khai niém vé Khai thac dit liéu, Tinh riéng tu, va
khai thac dir liu c6 bao toan tinh riéng tu.

Phan hai gi6i thiéu vé cac phuong phap Khai thac dir liéu bao toan dir liéu
bao toan tinh riéng tu. Bao gdm 3 phuong phép.

Phan ba gi6i thiéu cac phuong che déu di liéu nhay cam.

Phan bdn s& 1a cac khai niém vé luat két hop, khai thac luat két hop dé 1am
g, va thuat toan Apriori dé tim luat két hop.

Chuwong 2: Khai thac luat két hop bao toan tinh riéng tu

Chuong 2 bao gom bén phan chinh.

Phan mot 1a Bai toan can Khai thac luat két hop bao toan tinh riéng tu

Phan hai trinh bay cac ky thuat dung dé ap dung khai thac luat két hop bao
toan tinh riéng tu.

Phan ba 13 thuat toan MASK(Mining Associations with Secrecy
Konstraints), mot thuat toan khai thac luat két hop bdo toan tinh riéng tu.
Trong phan niy bao gém gidi thiéu tinh hinh nghién ctru lién quan dén thuat
toan; bai toan dat ra va thuat toan xur ly. Mot s6 bién thé lién quan.

Phan bén gidi thiu vé 1y thuyét gian giao, viéc ap dung gian giao trong viéc
an tap muc nhay cam. Mat han ché trong viéc ap dung nay, tu d6 dua ra

huéng giai quyét trong Chuong 3.

Chuwong 3: Thuit toan bao toan tinh riéng tu trong khai thac luat két hop.

Trong Chuong 3 s& gdm 3 phan

Phan mot s& gidi tong quan vé thuat toan.
- Phan hai gidi thi€u bai todn, cach xu ly va thuat toan, vi du
minh hoa.

- Phan ba la chuong trinh minh hoa cho thuét toan.

Két luan: Trong phan niy s& néu 1én cac két qua dat duoc sau khi thuc hién luin

van, cac van dé con ton dong cdc mat han ché cua luan van, cudi cung 1a kién nghi

huéng phat trién tiép theo cta luan van.



CHUONG1 LY THUYET TONG QUAN
1.1  Cac khai niém
1.1.1 Khai thac dir ligu

Khai thac dir licu (data mining) 1a qué trinh kham pha cac tri thirc méi va céac
tri thirc ¢6 ich & dang tiém ning trong ngudn dir liéu di c6. Cu thé hon khai thac dir
liéu 1a moét tap hop céc ky thudt duge st dung dé tu dong khai thac va tim ra céc
mdi quan hé 1an nhau cia dit liéu trong mot tap hop dir liéu khong 16 va phic tap,
ddng thoi cling tim ra cac mau tiém 4n trong tap di liéu do.

Khai thac dir liéu 1a mot bude trong cac bude cia qua trinh Khai thac tri
thirc- KDD (Knowledge Discovery in Database) va KDD dugc xem la cac qua
trinh khac nhau theo thtr tu sau day:

- Trich chon dir li¢u (data selection): La budc trich chon nhiing tap dir licu can
duoc khai pha tr cac tap dir li€u lon (databases, data warehouses, data
repositories) ban ddu theo mot s6 tiéu chi nhit dinh.

- Tién xu ly dir liéu (data preprocessing): Day 1a giai doan lam sach dit lidu va
c4u hinh lai, & ddy mot s ky thuat duoc ap dung dé ddi phé véi tinh khong
day du, nhidu, va khong phu hop cia dir liu. Budc nay ciing cd ging dé
giam dit lidu bang cach st dung chtrc ning tong hop va nhom, cac phuong
phap nén dir li¢u, histograms, léy mau, ... Ngoai ra, cac k¥ thuat rdi rac hoa
dir li¢u (Bining, ro1 rac hoéa dya vao histograms, dua vao entropy, dua vao
phan khoang, ...) c6 thé duoc st dung dé lam giam sb luong cac gid tri cho
mot thudc tinh lién tuc. Sau budc nay, dir licu dugc lam sach , hoan chinh,
thong nhat.

- Bién dbi dit liéu (data transformation): Trong budc nay, dir liéu dugc chuyén
dang hodc hop nhét thanh dang thich hop cho khai thac dit lidu. Bién doi dir
lidu c6 thé lién quan dén viéc lam min va chuan héa dit liéu. Sau budc nay,
dit liéu d4 san sang cho budc khai thac dit liéu.

- Khai thac dir liéu (data mining): Pay duoc xem la budc quan trong nhat

trong qua trinh KDD. N6 ap dung mdt sb ky thuat khai thac dit liéu (chu yéu



1a tir hoc méy va cac linh vuc khac) dé khai thac, trich chon duoc nhitng mau

(patterns) thong tin, nhitg mdi lién hé (relationships) dic biét trong dir lidu.

- Biéu dién va danh gia tri thirc (knowledge representation and evaluation):
Nhing mau thong tin va mbi lién hé trong dir liéu dd duoc khai thac & budc
trén dugc chuyén dang va biéu dién ¢ mot dang gan gili v6i nguoi sir dung
nhu db thi, cdy, bang biéu, luat, ... Dong thoi budc nay ciing danh gia nhimg
tri thirc khdm pha dugc theo nhiing ti€u chi nhét dinh.

1.1.2 Tinh riéng tuw

Tinh riéng tu la tinh chét cua cac dit liéu nhay cam: nhu dinh danh, tén, dia
chi, dién thoai, thu nhap,... cua cac ca nhan, mot s6 dir lidu théng ké cua cac to
chirc hay doanh nghiép. Cac thong tin nay thudc vé thong tin ca nhan, bi mat kinh
doanh, néu dé 16 ra ngoai s& gy bat loi cho ca nhan hay t6 chtc,... hay cac thong
tin theo quy dinh ctia phap luat khong nén tiét 16 nhu théng tin bao hiém y té, thong
tin tai khoan ngan hang,.... Nhitng loai thong tin nhu trén dugc goi 1a nhitng thong
tin c6 tinh riéng tu hay tri thirc nhay cam.

1.1.3 Khai thdc dii liéu bao toan tinh riéng tw

Khai thac dir liéu bao toan tinh riéng tu PPDM (Privacy Preserving Data
Mining) 12 huéng nghién ctru bao vé tinh riéng tu cua dit liéu 1an tri thic trude va
sau khi thuc hién khai thac trén dir liéu.

Mot s6 vi du minh hoa:

Vi du 1: Dit liéu vé dinh danh, tén, dia chi, dién thoai, thu nhép, ... cia mot
c4 nhan can phai dugc stra dbi hodc loai bo bot theo cach nao do6 dé cho ngudi st
dung dir liéu khong thé vi pham tinh riéng tu ciia ho.

Vi dy 2: Siéu thi A c6 mot co so dit lidu vé cac giao dich ban hang. A biét
r::ing cO s¢ dir li€u nay chtra dung mét s6 tri thirc rat c¢6 loi cho hoat dong kinh
doanh. Siéu thi B mong mubn cung dugc chia sé dir li¢u véi A. Vi mbi quan h¢, A
ddng ¥ nhung vi lién quan dén chién luoc kinh doanh, trude khi giri co so dir lidu
cho B, A da thay d6i dir liéu theo chiéu hudng gidu di nhitng tri thirc nhay cam ma
A cho 14 quan trong va khong mudn tiét 10.

Vi du 3: Co quan tinh bao cua mot nudc A quan sat hoat dong X = (x1, x2,

..., Xxn) trong mot thoi gian dai. Co quan tinh bio cta B ciing quan sat mdt hoat



dong Y (y1, y2, ..., ym) trong mot thoi gian dai. Ho mudn tim ra nhiing hoat dong
cia Y c6 twong quan véi bat ky hoat dong nao ctia X hay khong. Két qua cua sy
cong tac cb thé gitp ca 2 nude hiéu ra khuynh huéng hoat dong cua cac ddi twong,
nhu cac hanh vi ctia cac t6 chirc bi nghi ngd 1a khung b, nhitng hoat dong quén su.
Tuy nhién ca A 1an B déu khéng mudn tiét 16 nhiing thong tin ciia né cho nhiing
nude khac vi ho khong hoan toan tin tuong 1an nhau. Rat c6 thé rang B c6 thé st
dung cac thong tin tinh bao cua A, chéng han nhu dem bén, dé 1am hai lai A.

Truong hop dau tién lién quan dén van dé gidu dir liéu nhay cam. Truong
hop thir hai 12 bai toan thay doi dir liéu dé viéc chia sé dit liéu khong 1am mat di mot
s tri thire nhay cam. O vi du sau cing, hai hay nhiéu t6 chirc déu c6 dit liéu riéng
va ciing mudn khai thac trén dir liéu cta chung, nhung khong ai muén tiét 16 dit liéu
cua minh.

1.2 Phan loai cac phwong phap PPDM

C6 nhiéu céach tiép can ding cho PPDM. C6 nhiéu cach phan loai khac nhau.
Moi cach phan loai giup ta hiéu vin dé & mot khia canh khéac nhau.

1.2.1 Phwong phap 1:
Co thé phan loai ching dya trén céc ti€u chi nhu sau:

1) Sy phan bd dit lidu (Data distribution): Dir li¢u tap trung hoac dir liéu
phén tan. Trong truong hgp dir licu 1a phan tan thi phan tan ngang hodc phan tan
doc.

2) Phuong phép sira d6i dit liéu (Data modification): Stra ddi cac gia tri
nguyén thily ciia CSDL trudc khi giri cho nhidu ngudi nhan nham bao vé tinh riéng
tu. K§ thuat stra d6i nay phai phii hop vai chinh sach riéng tu dang dugc sir dung.
C6 thé liét ké cac phuong phap nhu sau:

a) Thay gia tri thuc sy thanh gia tri mai (vi du ddi 1 thanh 0 hodc 1am nhiéu
dix ligu).

b) Lam can tr& qua trinh phén tich dit liéu bang cach thay thé gia tri da co
thanh “?7”.

¢) Gom lai hodc trdn lai, 1a su két hop nhiéu gia tri thanh mot phan loai tho
hon.

d) D6i chd giita cac gia tri trong timg record.



e) Tao mau: chi cho chia sé nhitng dit liéu mang tinh chat chung.

3) Thuat toan khai khoang (Data mining Algorithm): Céac thuat toan khai
khoang gdm, phan 16p, cay quyét dinh, tim tdp phd bién va luat két hop, gom nhém,
tap tho va mang Bayesian.

4) Gidu dir liéu hodc gidu luat (Data or rule hiding): Gom viéc gidu dir liéu
tho hodc dit lidu két hop dang luat. Co nhiéu phuong phap dung cho viéc giéu dir
licu két hop dudi dang luat vi do phtic tap cao hon. Gidm bt dir 1i€u khi chia sé s€
1am cho viéc suy dién yéu hon hodc cho ra gia tri suy dién c6 d6 tin cay thap. Qua
trinh nay goi 1a rule confusion.

5) Bao vé riéng tu (Privacy preservation): La quan trong nhat, lién quan dén
cac k¥ thuat bao v¢ tinh riéng tu dung dé stra ddi dir liéu c6 chon loc. Stra dbi dix
liéu ¢6 chon loc nham cho dit liéu van cé tinh thiét thuc cao nhung khong anh
huong dén tinh riéng tu. Cac k¥ thuat nay gém co:

a) K¥ thuat dua trén Heuristic (Heuristic-based techniques) nhu 1a chinh sua
thich nghi, tirc 1a chi chinh stra mot cach c6 chon loc dé giam thiéu viéc mat di tinh
thiét thuc cla dit liéu sau khi da chinh stra.

b) K¥ thuat dua trén phuong phap ma hoa (Cryptographic-based techniques)
chang han nhu k§y thuat bao mat tinh toan da thanh phan SMC (Secure multiparty
computation), trong d6 c¢6 nhiéu nguoi tham gia vao mot hé théng phan tan, mdi
ngudi c6 mot di liéu dau vao (input) va tham gia qua trinh tinh toan dwa trén mot/
mdt s6 dit lidu dau vao khac dé cho ra két qua cudi cing (output). Timg ngudi tham
gia chi biét gia tri input ctia ngudi d6 va két qua tra vé, ngoai ra khong biét gi hon.

¢) Ky thuat dya trén sy tai tao (Reconstruction-based techniques): Sy phan
b6 cua dit lidu nguyén thuy duogc tai tao lai tir dit liéu ngau nhién.

1.2.2 Phwong phdp 2:

C6 thé chia cac ky thuat PPDM ra lam 2 nhom:

- Nhém 1: Chia sé dir liéu (Data-sharing techniques): Gom céc thuat toan
lam thay ddi dit 1iéu ban dau dé giéu di dir liéu nhay cam. Co thé chia ra 1am 3 loai:

a) XoOa bot ph?m tlr (item restriction — based): La lam giam do hd trg hodc do
tin cdy (trong bai toan tim luat két hop) ctia ludt bang cach xoa giao tic hodc mot/

mat sO item cua mot giao tac de giau ludt nhay cam.



b) Thém phan tir (item addition-based): Thém item a0 vao cc giao tac nham
gidu di mot sb luat nhay cam (va phat sinh tri thirc khong c6 that).

¢) Thay bang gia tri khong rd (unknown - ?): Dé giau tri thirc nhay cam.

- Nhom 2: Chia s¢ tri thuc kham phd dugc tu dir licu (Pattern-sharing
techniques): GOm cac thudt toan gidu luat khai phd dwuoc chtr khong phai gidu dir
ligu. Cac giai phap thudc loai nay tim cach loai bo céc luat nhay cam trudce khi chia
sé luat hodc chia sé theo kiéu bao mat tinh toan da thanh phén SMC.

1.2.3 Phwong phap 3:

Khai thac dir li¢u bao toan tinh riéng tu dugc thuc hién ¢ cac cép do sau:

- Célp d6 1: Gom cac ky thuat ap dung trén dit liéu thd ban dau véi muyc dich
tranh mat dir liéu hodc tri thuc nhay cam. Hodc k¥ thuat bao v¢ tinh riéng tu cua 2
hay nhiéu nguoi tham gia mudn khai thac trén dir liéu chung nhung khéng mudn
mét thong tin riéng tu trén dit liéu clia timg ngudi.

- Cép d6 2: GOm cac k¥ thuat dam bao tinh riéng tu dugc nhing trong thuat
toan khai thac dit liéu. Thong thuong, nhitng chuyén gia vé dit liéu dung cac rang
bugc trudce khi hodc trong khi thyc hién khai thac.

- Cép d6 3: Gom céac ky thuat ap dung trén két qua cua qua trinh khai thac
nham dat duoc cung muc dich nhu ¢ cép do 1.

1.3 Cac phuwong phap gidu dir li¢u nhay cam:
1.3.1 Lam xdao tron (Perturbation)

V6i ki thudt nay, gia tri nguyén thuy cta dir liéu bi thay ddi thanh mot gia tri
khac hodc thém nhiéu. Trong cic co so dir liéu nhi phan (con goi 1a co s dit lidu
gi6 hang siéu thi), nguoi ta 1am x4o tron dit liéu bang cach thay doi gia tri 1 bang
gid tri 0 va/hodc 0 thanh 1. Ngoai ra, c6 thé thém nhiéu trén dit liéu bang cach thay
gia tri x bdi gia tri (x + r), v6i r 1a mot gia tri ngau nhién léy tor mot phan bd xac
suét nao do. Phuong phép lam viéc trén dir li€u sau khi lam x4o tron tuy thudc vao
thuat toan khai khoang.

1.3.2 Ngian chan (Blocking)

La viéc thay doi gia tri nguyén thity boi mot ky hiéu mang ¥ nghia 1a “khong

biét”. Thuong nguoi ta ding ky hiéu dau “?” dé biéu thi cho gia tri khong biét nay.



Uu diém: Ky thuat blocking c¢6 thé ngin can qua trinh khai khoang cho ra
nhitng tri thirc nhay cam, ma lai khong sinh ra nhiing tri thirc sai gay anh huong dén
nguoi dung dir li¢u.

1.3.3 Gom hodc tron (Aggregation / Merging)

La viéc gidu dir liéu chi tiét bang cach két hop cac thudc tinh hodc cac ddi
tuong (object) lai twong tng thanh 1 thudc tinh hodc 1 ddi twong. Phuong phap nay
thuong dugc dung trong qua trinh tién xu Iy dir liéu phuc vu cho muyc dich khai
thac, nham bé bét dir liéu, hoac giam sy bién dong trén gia tri ctua dit ligu.

1.3.4 Doi cho (Swapping)
La viéc d6i chd cac gia tri gitra cac mau tin véi nhau trong co so dit liéu.

Phuong phap nay duoc gidi thiéu dau tién vao nam 1980

Ta c6 vi du:
# | Tui| Thu # | Tubi| Thu # | Tubi| Thu
nhap nhap nhap
1 |21 | 20000 1 |21 | 15000 1 |24 |15000
2 |24 |30000 2 |24 | 30000 2 |21 |30000
3 |35 [ 30000 3 |35 |30000 3 |36 |30000
4 |36 |25000 4 |36 |55000 4 |35 |55000
5 |45 [55000 5 |45 | 25000 5 |50 |25000
6 |50 |15000 6 |50 |[20000 6 |45 |20000

(a) (b) (c)
Hinh 1.1 Vi du cho phuwong phap dbi ché.

(a) Dt li€u nguyén thuy.

(b) Dit liéu sau khi doi chd ngiu nhién trén trudng Thu nhap, xay ra trén cac
cap mautin 1 va 6,2 va 3,4 vas.

(c¢) Dit liéu sau khi ddi chd ngau nhién trén trudng Tudi, xay ra trén cac cip
mau tin 1 va 2,3 va4, 5vaeé.

Mot s6 nhan xét:

- Xéc suat mot 1an d6i chd giéu duoc thong tin ctia 1 mau tin ti 1& nghich véi

tan suat gia tri do xuat hién trén mau tin. Di€u nay c6 thé chap nhan dugc trén dir



li¢u c6 kich thudce 16n. Mot gia tri thu nhap xuét hién thuong xuyén trén tap tin s€
kho x4c dinh 1a ing véi gia tri cia mau tin ndo so véi mot gia tri thu nhap xuét hién
trén tap tin voi tin suat thép.

- Viéc d6i chd ngau nhién trén cac trudng khic nhau co thé xay ra trén cac
mau tin khac nhau.

- Céc lan ddi chd dién ra mét cach doc 1ap, trén cac truong khac nhau va cé
thé gidu duoc thong tin chinh xac cua timg mau tin.

- Theo khuyén c40, nén thuc hién doi chd trén céc truong nhay cam, vi du nhu
Thu nhap, Tudi,...

1.3.5 Léy mdu:

Khi khao sat mot quan thé, néu cin cir vao tit ca cac ca thé cua quan thé thi
khong kha thi va ton rat nhiéu chi phi. Phuong phap ldy mau duoc ding dé chon ra
cac mau trong quan thé. Su ude lugng vé quan thé dua trén thong tin cua nhiing
mau dugc chon nay. Vi vdy, tdp mau phai du lén dé dai dién tét cho quﬁn thé,
nhung phai da nhé dé c6 thé quan 1y dugce. Phuong phéap lay mau thuong duge dung
trong khai thac dit liéu dé giam chi phi tinh toan va thoi gian xir Iy dit liéu thay vi
phai xir 1y toan bd dir liéu. Co 2 phuong phap 1y mau chinh: 1dy mau ngau nhién va
1dy mau khong ngau nhién. C6 5 cach ldy mau ngiu nhién:

1) Lay ngiu nhién don gian (Simple random sampling): Lay ngiu nhién mot c4
thé tur quﬁn thé va léy cac ca thé duge chon 1am mau dai dién cho ca quﬁn thé. Mdi
cé thé co thé tro thanh miu khao sat voi xac suat bang nhau. C6 2 cach lay:

- Lay méiu khong giir lai gia tri mau (Sampling without replacement): Ctr mdi

c4 thé dugc chon ra lam mau thi c4 thé do6 sé bi loai bod khoi quén thé.

- Lay mau van giit lai gia tri mau (Sampling with replacement): C4 thé lam
mau van duoc giit lai trong quén thé. Cung mot ca thé co thé dugc chon ra
lam gia tri mau nhiéu lan.

Vi du: Can chon ra 2000 nguoi tur cudn danh ba dién thoai dugc danh sé tuin
tu theo tén nguoi ding ky. Phuong phap 14y mau ngiu nhién don gian s& sinh ra
2000 sd ngau nhién (tring nhau hoic khong tring nhau) va sé lay thong tin ing voi
cac sd ngiu nhién vira tao dé cho ra tap mau.

Uu diém: Pon gian va d& ung dung khi thuc hién 1dy mau trén quén thé nho.
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Khuyét diém: Do timg ca thé trong quan thé phai c6 mit trude khi thyc hién
phuong phap nay nén phuong phap nay kho ap dung ddi voi quan thé 16n.

2) Lay mau c6 hé thong (Systematic sampling): Con duoc goi 1a 1dy mau theo
doan vi 1an chon mau nay cach lan chon mau kia mét khoang bﬁng nhau vé sb
lugng ca thé (bi bé qua khong chon 1am mau). Léan chon déu tién 1a ngau nhién. Ctr
sau k 1an bo qua khong chon thi bat ddu chon tiép, k khong doi trong sudt qua trinh
chon miu. Phuong phap nay thudng duoc ap dung trong cong nghiép khi mudn
chon miu dé kiém tra day chuyén san xuét.

Vi du: Nha san xuét quyét dinh chon mdi ca thé xuat hién 1an tha hai muoi
sau ca thé dugc chon trude kia trén ddy chuyén dé kiém tra chit luong.

Uu diém: d& thuc hién, chi chon ngau nhién cho lan chon mau dau tién
nhung kha ning dugc chon ciia timg ca thé trong quan thé giéng nhau.

Khuyét diém: Can biét truée quan thé 1dy mau néu biét kich thudc tap mau
va khoang cach giita 2 1an 1ay mau.

3) Lay mau theo phan doan (Stratified sampling): Chia dit liéu thanh nhiéu
phan doan, va sau d6 van dung phuong phap 1ay mau ngu nhién don gian hoic lay
mau c6 hé thong d6i véi timg phan doan.

Vi du: Ban giam hi¢u cta 1 truong hoc c¢6 1000 sinh vién mudn khao sat vé
mot van dé A trén céac sinh vién & cic nim khac nhau. Pé dam bao tdp miu co tinh
dai dién cho sinh vién & tirng ndm, ban giam hiéu ding phuong phap liy miu theo
phan doan, sinh vién thugc nam thtr k s€ thudc phan doan thur k.

Uu diém: Phuong phap nay phu hop véi nhimg khdo sat dua trén nhiing
thudc tinh ¢ thé phan doan don gian, d& quan sat va c6 lién quan mat thiét v&i chi
trrong ctia cudc khao sat. Phuong phap nay cho phép chon mau trong phian doan
nay nhiéu hon trong phan doan khac, c6 thé vi dit lidu Gmg vdi cc ca thé trong phan
doan nay cé nhiéu bién dong hon so dit li¢u trng véi cac ca thé thudc phan doan
khac, va vi thé can phai khao sat chung.

4) Ly mau theo nhom (Cluster sampling): D6i khi viéc 14y mau khé thyc hién
trén toan bd quan thé. Phuong phép 1dy miu theo nhém chia quan thé ra nhiéu

nhom, chon ngau nhién mot s6 nhém 1am dai dién cho quan thé.
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Vi du: C6 mot cudc khao sat toan quéc tim mon thé thao dugc yéu thich nhat
ctia hoc sinh 16p 12. Néu khao sat toan bd hoc sinh 16p 12 trén toan qudc thi tén
nhiéu thoi gian va chi phi. Thay vi vy, van dung phuong phap 1dy mau theo nhém,
100 truong hoc cép 3 duoc chon ngiu nhién, mdi hoc sinh hoc 16p 12 trong 100
truong nay duoc khao sat vé mon thé thao yéu thich.

Uu diém: giam chi phi, lam don gian héa viéc khao sat va quan ly thuén tién
hon.

Khuyét diém: véi cung kich thude tip mau thi phuong phap nay cho két qua
c6 d6 chinh x4c thdp hon so v6i phuong phap 14y mau ngdu nhién don gian vi c6
kha ning miu lay sai.

5) Liy mau nhiéu giai doan (Multi-stage sampling): Viéc lay méu trai qua tbi
thiéu 14 2 giai doan, mdi giai doan giéng phuong phap ldy mau theo nhom, nhung
khong phai chon tat ca cé thé trong nhom da chon ma tiép tuc chon mau trong ting
nhom.

Vi du: Dé khao sat tinh hinh bau cir trong ca nudc, du tién la phan nhém
theo tinh hoac thanh phé, chon mét s6 tinh hodc thanh phé nao d6 dé khao sat. Ké
tiép 1a chon mot sb phuong/ xa trong tung tinh/ thanh phé duoc chon, sau do la
chon mot s ép/ khu phé va cudi cung la chon mot sb nha dé khao sat.

Uu diém: tién loi, kinh té va hiéu qua.

Khuyét diém: vi co ban dya trén phuong phap ldy mau theo nhém nén do
chinh x4c thap.

6) Phwong phép lay mau thir hai 1a 1dy miu khong ngau nhién. C6 3 cach:

- Lay mAu theo phan (Quota sampling): giéng phuong phap lay mau theo phan

doan nhung khi chon mau trong timg phan doan thi chon khong ngiu nhién.

Vi du: Khéo sat 1 van dé A trong 1000 sinh vién ¢ nhidu nim khac nhau.
PAu tién chia 1000 sinh vién ra lam cac phéan doan theo nam hoc. Sau do, ngudi léy
mau dinh ra trong 100 sinh vién can chon ra dé khao sat thi moi phan doan s€ léy
bao nhiéu sinh vién. Dén day, theo cach lay mau khong ngau nhién, phuong phap
ngau nhién don gian hodc 14y mau c6 hé thdng khong dugc dung. Gia sir dbi voi

sinh vién ndm 4 thi phai chon ra 15 sinh vién (chiém 15%). 15 sinh vién nay duoc
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chon theo céch, c6 thé 1a 15 sinh vién nim 4 dau tién di vao trudng hodc 15 sinh
vién nim 4 ngdi trén cic diy ban dau trong mot 16p hoc nao do.

Phuong phap nay thuong dung dé khao sat thi truong hodc khao sat y kién
cac nha nghién ctru.

Uu diém: chi phi thap, d& thuc hién.

Khuyét diém: dam bao tap mau dai dién duoc quén thé theo mot tiéu chuin
nao d6 (vi du sinh vién nim thr miy) nhung c6 thé khong mang tinh dai dién xét
trén cac tiéu chudn khac. Vi khong dua trén phuong phap chon ngiu nhién nén c
nhimg cé thé khong c6 co hdi dugce chon. Nguoi ta ndi phuong phap 1dy mau nay co
d6 1éch (biased).

- LAy mAu tién loi (Convenience Sampling): khong tao ra mot tip mau dai dién
cho quan thé vi dya trén nguyén tic 1a ca thé s& dugc chon 1am mau néu
chung dugc biét dén mot cach d& dang va thuan ti¢n.

Vi du: Mau dugc léy 12 10 xe hoi dau tién vao bai dau xe, hodc 10 nguoi nir
& hang ghé dau tién trong mot budi hoa nhac.

Uu diém: D& thuc hién.

Khuyét diém: La phuong phap 1dy mau c6 do léch.

- Lay mau ty nguyén (Volunteer sampling): thuong dugc ding boi cac dai
truyén thanh hodc truyén hinh dé khao sat y kién cong chiing vé van dé gi do.
Nhiéu ngudi s& goi dién hodc nhin tin dé biéu quyét cho van dé dit ra trong
mot khoang thoi gian dinh trude, khong gidi han vé s6 luot nguoi tham gia.
Uu diém: chi phi it va d& quén 1y.

Khuyét diém: khong gidi han duge sb 1an biéu quyét ctia ciing mot ngudi nén
khong chic chin rang tip mau cé dugc mang tinh dai dién. Phuong phap nay c6 do
léch, thién vé nhimg nguoi xem truyén hinh hodc nghe dai trong thoi gian biéu
quyét va co thé dung dién thoai dé biéu quyét.

1.4  Luat két hop
1.4.1 Dinh nghia:

Cho I={ly, I, ...., 1, } 1a tap hop cua m tinh chat riéng biét. Gia sir D 1a

CSDL, véi cac ban ghi chira mét tap con T cac tinh chét (co thé coi nhu T < I), cac

ban ghi déu co chi sb riéng. Mot luat két hop 1a mot ménh dé kéo theo c6 dang
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X—-Y, trong d6 X, Y € I, thoa man diéu kién XNY=@. Cac tap hop X va Y duogc
goi la cac tap hop tinh chat (itemset). Tap X goi la nguyén nhén, tap Y goi 1a hé
qua.

C6 hai do do quan trong ddi vai luat két hop: Do hd trg (support), va do tin
cay (confidence), dugc dinh nghia sau day.
1.4.2 Dinh nghia “Pé hé tro”:
Pinh nghia 1.1: Do hd trg ciia mot tap hop X trong CSDL D 1a ty ) gilta cac ban
ghi T € D ¢6 chira tap X va tong sd ban ghi trong D (hay 1a phan trim cia cac ban
ghi trong D c6 chtra tap hop X), ky hi¢u 1a support(X) hay Supp(X) (Support s& tu
sinh ra khi cai dat thuat toan)

T €D: X c T}
|D|

Supp(X) =

Ta c6: 0 < Supp(X) < 1 v&1 moi tap hop X.
Dinh nghia 1.2: DO hd trg ctia mot luat két hop X—Y 1a ty 1é giira s6 lugng cac ban
ghi chira tp hop X U Y, so véi tong s6 cac ban ghi trong D. Ky hiéu Supp(X—Y)
{T eD:XUY ST}

D

Supp(X = Y) =

- Khi chung ta noéi rﬁng dd hd tro cia mot luat 13 50%, c6 nghia 1a c6 50%
téng sd ban ghi chira XUY. Nhur vdy, d6 hd trg mang y nghia thong ké cia luat.

- Trong mét sb truong hop, ching ta chi quan tim dén nhitng luat c6 do hd trg
cao (Vi du nhu luat két hop xét trong cira hang tap pham). Nhung ciing c6 truong
hop, mic du do hd tro cia luat thép, ta van can quan tam (vi du luat két hop lién
quan dén nguyén nhan gay ra sy dut lién lac ¢ cac tong da dién thoai).

1.4.3 Dinh nghia “D¢ tin cdy”:
Dinh nghia 1.3: DJ tin cay ciia mot luat két hop X—Y la ty I¢ gitra $6 lugng cac
ban ghi trong D chira XUY véi s6 ban ghi trong D ¢6 chira tap hop X. Ky hiéu do
tin cdy cua mdt ludt la Conf{(r). Ta c6 0 < Conf(r) < 1
Nhan xét: Do hd trg va do tin cdy c6 xac suit sau

Supp(X—Y)=P(XUY)

Conf (X—Y) = P(Y/X)=Supp(XUY)/Supp(X)
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C6 thé dinh nghia d tin cdy nhu sau:
Dinh nghia 1.4: D) tin cay cua mot luat két hop X—Y la ty I¢ gitta ) luong cac
béan ghi ctia tp hop chira XUY, so vdi tong s6 cac ban ghi chira X.

- Néi rang do tin cay ciia mot luat 1a 90%, c6 nghia 1a c6 t6i 90% s6 ban ghi
chtra X chtra ludn ca Y. Hay néi theo ngdn ngir xac sudt 1a: “ Xac suat co diéu kién
dé sdy ra su ki¢n Y dat 85%”. Piéu kién & day chinh la: “Xay ra sy kién X”.

- Nhu vdy, do tin cdy cua luat thé hién sy tuong quan (correlation) gita X va
Y. DJ tin cay do stic nang cua luat, va nguoi ta hau nhu chi quan tam dén nhitng
ludt c6 do tin ciy cao. Mot luat két hop di im cac nguyén nhan dan t&i hong hoc
cta hé thong tong dai, hay dé cap dén nhitng mat hang thuong hay duoc khach
hang mua kém véi mat hang chinh ma do tin cay thap s& khong c6 ich cho cong tac
quan ly.

- Viéc khai thac cac luat két hop tir CSDL chinh 13 viéc tim tat ca cac luat co
do ho trg va do tin cay do ngudi st dung xéac dinh trude. Cac ngudng cua do hd tro
va dg tin cay dugc ky hiéu 1la Minsup va Minconf.

Vi du: Khi phan tich gi6 hang cia ngud1 mua hang trong mot si€u thi ta duogc
luat kiéu nhu: 85% khach hang mua stta thi cling mua banh mi, 30% thi mua ca hai
thtr. Trong d6: “mua sira” la tién dé con “mua banh mi ” 13 két luan cua luét. Con sd
30% la @6 hd trg cua luat con 80% la do tin cay cua luat.

- Chiing ta nhan thiy rang tri thirc dem lai boi luat két hop dang trén co sy
khéc biét rat nhiéu so véi nhitng thong tin thu dugc tir cac cau 1énh truy van dit liéu
thong thuong nhu SQL. D6 13 nhiing tri thie, nhitng mdi lién hé chua biét trude va
mang tinh du bao dang tiém an trong dit liéu. Nhiing tri thirc nay khong don gian 1a
két qua ctia phép nhom, tinh tong hay sip xép ma la cia mot qua trinh tinh toan kha
phtc tap.

1.4.4 Dinh nghia “Tdp hop”:

Dinh nghia 1.5: Tap hop X duogc goi la tap hop thuong xuyén (Frequent itemset)
néu c6 Supp(X) > Minsup, v6i Minsup 1a ngudng d6 hd trg cho trude. Ki hiéu cac
tap nay 1a FI

Tinh chdt 1.1: Gia st AJB € I 1a hai tap hop voi A S B thi Supp(A) >
Supp(B). Nhu vay, nhitng ban ghi nao chura tap hop B thi cling chira tdp hop A.
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Tinh chat 1.2: Gia st A, B 1a hai tap hop, A B C 1, néu B 1a tap hop thuong
xuyén va A € B thi A cling 1a tap hop thuong xuyén.

That vy, néu B 1a tap hop thuong xuyén thi Supp(B) > Minsup, moi tap hop
A 1a con cua tip hop B déu 1a tap hop thudng xuyén trong co s& dir liéu D vi
Supp(A) > Supp(B) (Tinh chat 1.1).

Tinh chat 1.3: Gia sit A, B 13 hai tap hop, A € B va A 1a tap hop khong
thuong xuyén thi B cling 1a tdp hop khong thuong xuyén.

Dinh nghia 1.6: Mot tip muc X duoc goi 1a dong (closed) néu khong co tip cha
nao ctia X c6 cung do hd tro véi no, tirc 1a khong ton tai mot tap muc X’ nao ma X’
D X vat(X)=tX") (voi t(X) va t(X’) tuong ng la tap cac giao chura tdp muc X va
X). Ky hiéu tap phd bién déng 1a FCI.

Pinh nghia 1.7: Néu X 1a pho bién va khong tap cha nio ciia X 1a phd bién, ta néi
rang X 1a mot tap phd bién tdi dai (maximally frequent itemset). Ky hiéu tap tat ca
cac tap phd bién 16m nht 1a MFL D& thay MFI € FCI CFI.

- Khai thac luat két hop 1a cong viéc phat hién ra (tim ra, kham pha, phat hién)
cac luat két hop thoa man cac ngudng do hd tro(c) va ngudng do tin cdy(a) cho
true. Bai toan khai thac luat két hop dugc chia thanh hai bai toan nho, hay nhu
nguoi ta thudong noi, viée giai bai toan trai qua hai pha:

+ Pha 1: Tim tit ca cc tap phd bién (tim FI) trong CSDL T.

+ Pha 2: St dung tdp FI tim dugc & pha 1 dé sinh ra cac luat tin cay
(interesting rules). Y tudng chung 1a néu goi ABCD va AB 1a cic tap muc pho bién,
thi chiing ta c6 thé xac dinh luat AB—CD vdi ty 1& do tin cay:

Conf — Supp(ABCD)
Supp(AB)

- Néu Conf > Minconf thi luat duoc giir lai (va thoa man do hd tro tbi thiéu vi
ABCD 13 phd bién).

- Trong thuc té, hau hét thoi gian ctia qué trinh khai thac luat két hop 1a thuc
hién & pha 1. Nhung khi c6 nhitng mau rat dai (mau chira nhiéu muc)xuét hién trong
dir liéu, viéc sinh ra toan bd cac tap phd bién (FI) hay cac tap dong (FCI) 1a khong
thuc té. Hon nita, c6 nhiéu ung dung ma chi can sinh tap phé bién tbi dai (MFI) 1a

da, nhu kham pha mau t6 hop trong cac tmg dung sinh hoc.
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- C6 rat nhidu nghién ciru vé cac phwong phap sinh tit ca cac tap phd bién va
tap phd bién 16n nhat mot cach c6 hidu qua. Khi cac miu phd bién (frequent
patterm) dai c6 tur 15 dén 20 items thi tap FI, tham chi ca tap FCI trdé nén rat 16n va
hau hét cac phuong phap truyén théng phai dém qua nhiéu tap muc méi cé thé thuc
hién dugc. Cac thuat todn dya trén thuat toan Apriori, dém tat ca 2k tap con ctia moi
k-itemsets ma chung quét qua, va do d6 khong thich hop véi cac itemsets dai dugc.
Céc phuong phép khéc sir dung “look aheads” dé giam ) lugng tap muc dugc
dém. Tuy nhién, hau hét cac thuat toan nay déu sur dung tim kiém theo chiéu rong,
vi du: tim tat ca cac k — itemsets trude khi tinh dén cac (k+1) — itemsets.

- Cach 1am nay han ché hiéu qua ctia lookaheads, vi cac mau phd bién dai hon
ma hitu ich van chua duoc tim ra.

1.5 Thuat toan Apriori
1.5.1 Nguyén ly Apriori

V&i moi tap khong phd bién thi moi tap chir n6 khong 1a tap phd bién. Dua
vao nguyén 1y ndy, nguoi ta thiét ké thuét toan Apriori nhu sau:

- Sinh cac tap tng vién dai (k + 1) tir cc tdp muc phd bién c6 d6 dai k (D6 dai
tap muc 13 sd phan tir cia no).

- Kiém tra cic tap tng vién theo CSDL dé loai bo cac tap khong phd bién (co
dd ho trg < min_support).

1.5.2 Thudat toan Apriori

Budc dau tién, thuc hién duyét CSDL dé tim cac muc riéng biét trong CSDL
va do hd trg twong tng cia no. Tap thu duoc 1a C;. Duyét tap C,, loai bd cic tap co
d6 hd trg < min_support, cac tdp muc con lai cia C; 1a cac tap 1-Itemset(L;) phd
bién. Sau d6 két ndi L, voi L, dé duogc cac tap cac tap 2-Itemset C,. Duyét CSDL dé
xac dinh d6 ho tro clia cac tip muc trong C,. Duyét C,, loai bo cac tap muc c6 do hd
trg < min_support, cac tap muc con lai cua C, 1a céac tap 2-Itemset(L,) phé bién. L,
duoc su dung dé sinh ra L3, va cu tiép tuc cac budc nhu vay cho dén khi tim dugc
tap muc k-Itemset(Ly) ma L, = @ (nghia 1a khong con tap phd bién niao dugc tim
thdy nira) thi ding lai.

Tap céc tap muc pho bién ciia CSDL 1a: UX ;= L.
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Pé ting hiéu qua ciia thuat toan, trong qua trinh sinh cac tp ung vién, ta sir
dung tinh chat cua tap muc phd bién dé lam gia sd luong tap cic tmg vién, khong
phai 13 tap phd bién duoc sinh ra. Ta ¢ tinh chat: Tap cac tap con khac rong cua tap
muc phd bién déu 1a tap muc pho bién.

Mo ta thuat toan:

(1) Duyét (scan) toan b CSDL giao dich dé c6 dugc support S cua 1-Itemset, so
sanh S véi min_support, dé co duoc 1-Itemset(L, ).

(2) Str dung Ly_; ndi (join) Ly_, dé sinh ra tap tng vién k-Itemset. Loai bo cac
Itemsets khong phai 14 tap phd bién thu dugc k-Itemsets.

(3) Duyét (scan) toan bd CSDL giao dich dé c6 dugc support S ctia mdi tap tng
vién k-Itemset, so sanh S v6i min_support, dé thu dugc tap phd bién k-Itemset(Ly).

(4) Lap lai tir bude thi (2) cho dén khi cac tap ung vién C trong (khong tim thiy
tap pho bién).

(5) Véi mdi tap phd bién 1, sinh tat ca cac tap con s khong rong cua 1.

(6) Vi mbi tap con s khong rong cia I, sinh ra cac luat s => (I — s) néu do tin
cay (Confidence) cua n6 > min_conf.

Ma gia thuat toan Apriori:

INPUT :
- Co s& dit 1liéu giao dich D = {t | t giao dich}
- P6 hd trg minsup > 0

OUTPUT:
- Tap hop tét ca cac tap phd bién.

mincount = minsup * |D];

F, = {C4c tap phd bién c6 d6 dai bang 1}
for (k = 1; Fy #0; k++ ) do begin{
Cx+1 = apriori gen(Fy) //sinh moi tGng vién cé d6 dai la k+1
for t € D do begin{
C = {c € Cyq | ¢ €t} //moi Gng vién chta trong t
for c € C; do

c.count++

Hinh 1.2 Ma gia thuit toan Apriori [3]
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Nhdt xét:

- Trong mdi budc k, thuat toan Apriori déu phai duyét co so dit lidu D.

- Khoi dong, duyét D dé co F;.

- Cac budc k sau do, duyét D dé tinh s luong giao dich t thoa tmg vién ¢ cua
Ci1: Mdi giao dich t chi xem xét mot 1an cho moi ing vién ¢ thudc Cy, ;. Mdi budc
k thuc hién hai thu tuc sau:

Buée noi: Sinh cac tdp muc Ry_; 1a ing vién tap phd bién co6 do dai k+1
bang cach két hop hai tap phd bién Ry va Qi c6 d6 dai k va tring nhau ¢ k-1 muc
dau tién:

Ri_q =P U Qg = {iy,iz, .., ig_q, 1k } VOI
P = {i1, iz, o, ig 1, i} VAQ = {iy, 1z, o, ig 1, i}
Trongdo i; <i, < ... S ipq < ip < iy

Buée tia: Trong budc nay ta giit lai cac Ry, thoa tinh chat Apriori (VX S
Ris1 Va |X| =k = X € Fy), nghia la da loai (tia) bot di cac g vién Ry, ; khong
dap ung tinh chat nay.

Ta c6 ma gia:

for moi tdp phd bién I; € Ly
for moi tdp phd bién I, € Ly
£ 1] =L[D A (L2l = L2D A . A (4[k=1] =L,k =1 A([k] = L[k])

then{

c =1 ©I,; //joln step:generate candidates
}
Procedura has infrequent subset(c:tdp Ung vién dé dai k+1; Lg: tép céac
muc phd bién &6 dai k); // tri thtc da cé

for mdi tdp con s d6 dai k cua c

if s € Lk

then Return TRUE
Return FALSE

Hinh 1.3 Ma gia cho thuit toan Apriori_gen [3]
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1.5.3 Vidu minh hoa thudt toan Apriori:

Vi du 1: Cho co s¢ dir li€u giao dich D, I = {A, B, C, D, E}. Ap dung thuat toan

Apriori dé tim cac tap phd bién thoa Minsup = 2.

CSDL-D C L,
Tid Items itemsets sup itemsets sup
1 A,C,D | QuétD {A} 2 QuétD {A} 2
2 | B,C,E [ 3 (B} 3
3 |A,B,CE {C} 3 {C} 3
4 B,E {D} 1 {E} 3
{E} 3
L, G, G,
Itemsets | sup itemsets | sup itemsets
{A, C} 2 {A, B} 1 QuétD | {A, B}
(B,C} | 2 [\ C) | 2 [,
{B, E} 3 {A, E} 1 {A, E}
{C, E} 2 {B, C} 2 {B, C}
{B, E} 3 {B, E}
{C, E} 2 {C, E}
G G
Itemsets itemsets sup L;
{A,B,C} | QuétD | {A, B, C} 1 itemsets sup
{A,B,E; M= (A BE}| 1 == [BCE | <2
{A, C,E} {A,C, E} 1
{B,C, E} {B,C, E} 2

Hinh 1.4 Vi du 1 cho thuat toan Apriori

Sau khi 4p dung thuat toan Apriori cac tap pho bién thu duoc trong Hinh 1-4
laL=L,UL,UL;={{A}; {B}; {C}; {E}; {A,C}; {B,C}; {B,E},{C,E},{B,C E}}
Vi du 2: Cho co sé dir li€u giao dich D, I = {banh mi, bo, trirng, sita, dong suong,

kem}. Ap dung thuat toan Apriori dé tim cac tap phd bién thoa Minsup = 60%.



Co s¢ dir liu D C,
TID Giao dich 1-itemset | P9 hé trg
100 | {kem, banh mi, sita, bo } — {banh mi} 100%
200 | {sira, banh mi, tring, dudng, bo} Quét D {bo} 100%
300 | {trung, banh mi, bo, duong} {trimg} 50%
400 | {bo, banh mi, sita} {stra} 75%
{duong} 50%
{kem} 25%
Tia X6a bé cac muc co L,
C, C, Support < Minsup
2-itemset 2-itemset 1-itemset 0 ho tro
{banh mi, bo} {banh mi, bo} {banh mi} 100%
{banh mi, slra} {banh mi, sira} {bo} 100%
{bo, sira} {bo, sira} {stra} 75%
Kétndi L, va L,
2-itemset
{banh mi, bo}
{banh mi, stra}
{bo, sira} Tia
Quét D L, C; C;
1-itemset Do hé tr_M?
{banh mi} 100% {banh mi, bo, sita} {banh mi, bo, stra}
{bo} 100%
{stra} 75% Quét D L;
1-itemset Do hd trg
{banh mi, bo, sira} 75%

Hinh 1.5 Vi du 2 cho thuit toan Apriori
Sau khi 4p dung thuét toan Apriori cac tap phd bién thu dugc trong Hinh 1-3 1a
L == L1 U LZ U L3 ==

{{banh mi}; {bo}; {stta}; {banh mi, bo}; {banh mi, stta}; {bo, stta}; {banh mi, bo, stra}}



21

CHUONG 2 KHAI THAC LUAT KET HQP BAO TOAN

TINH RIENG TU
2.1 Baitoan

Goi I={ly, I,,...., I, } 1a tdp m thudc tinh riéng biét, mdi thude tinh goi 1a
item. Goi D 1a mot tap hop cac giao tac. Mdi giao tac T 1a mot itemset, T S I. Mot
luat két hop 1a mot quan hé c6 dang X = Y, trong d6 X c I, Y c I 1a cac itemset, va
XNY =. Co luat két hop X = Y trén D véi d6 hd trg (support) s va do tin cay c
néu:

s=[XuUY||D|l=Minsup vac=|X0UY |/|X| = Minconf
Trong d6 Minsup va Minconf 13 hai gia tri ngudng hd trg va ngudng tin
cay.
2.2 Cac k¥ thuét khai thac luat két hop bao toan tinh riéng tw
2.2.1 Ky thudt chinh svra dii liéu nhi phan

Pay 1a bai toan dung k¥ thuat xao tron dé thay doi gia tri nguyén thity ctia
mot co s¢ dir liu nhi phan nham giéu mot s6 luat két hop cho trude [9]. Tac gia dua
trén mot sb heuristic dé thay doi gia tri cua dir li¢u. Bai toan dugc phat biéu nhu
sau:

Cho mot co s& dit lidu D va hai gia tri ngudng hd trg va ngudng tin ciy
Minsup va Minconf, cing voi tap luat nhay cam Rh. Hay thay d6i D thanh D’ sao
cho trén D’ khong thé khai thac dugc tap luat Rh nhung van c6 thé khai thac dugc
cac luat trong tap R-Rh, v6i R 1a tap hop cac lut két hop khai thac dugc tir D.

Viéc giai quyét bai toan trén bang cach thay ddi cac giao tac dé giam do hd
tro ciia nhiing large itemset la mot bai todn NP- kho. Vi vay, giai phap 1a dua trén
mdt sd heuristic dé chuyén d6i D thanh D’ va giit & mirc tdi da c6 thé duoc sé lugng
luat khai thac dugc trong tap luat R — Rh.

C6 hai giai phap duoc dé ra. Thir nhat 1a gidu nhiing frequent itemset sinh ra
cac luat trong tap luat Rh (tic 1a giam do ho tro ctia chiing). Thir hai 1a giam do tin
cay cua nhitng luat nhay cam.

Co 4 chién luge duge dé ra dé hién thuc hai giai phap trén. Goi X = Y la

mot luat mudn gifiu, X - Y €Rh:
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— Tiang d06 hd trg trén X cho dén khi do tin cay cua luat bé hon Minsup.

— Giam do hd trg trén Y cho dén khi dd tin cay hodc do ho tro cua luat bé hon
gia tri ngudng tuong Ung.

— Giam d0 hd trg trén X U 'Y cho dén khi do tin cay hodc do hd tro cua luat bé
hon gia tri ngudng tuong tng.

— Giam d6 hd tro cua nhiing itemset sinh ra luat cho dén khi chung bé hon
Minsup.

Thuc té, hau hét cac thuat toan khi thuc hién giéu luat déu sinh ra hiéu ung
18, d6 1a hién tuong mat lut (lost rule) hoac sinh ra luat maéi (ghost rule). Cac luat
bi mét di 1a do anh hudng cua viée thay d6i co s¢ dit liéu D ban dau. Céc luat nay 18
ra phai van con tdn tai trong co so dir liéu D’. Cac luat mdi sinh ra that sy khong
hién di¢n trong co s¢ dit li¢u D, nhung do thuat toan thay ddi co so dit lidu lam xuat
hién nhirng luat khong c6 that ndy. Cac heuristic duoc dung dé gidu Rh s& can nhic
trong qua trinh thay doi dir liéu dé giam thiéu hiéu Gng 1& nay.

2.2.2 Ky thudt thay gid tri dii liéu bang gid tri unknown

Viéc che dau dir liéu, thong tin nhay cam rat quan trong trong khai thac di
lidu, c6 rat nhiéu k¥ thuat, nhu thay cac gia tri that cua dir liéu bang cac dir liéu sai
(false value), hodc k¥ thuat tao nhidu dir liéu trong mot sb truong hop s& cho ra két
quéa xau. Gia sir mot t6 chirc nganh y cho cong khai mét s dir liéu ma trude d6 da
thuc hi¢n qua k¥ thuat thay thé gia tri that boi gid tri sai nham giéu mot sd thong tin
riéng tu. Cac nha nghién ctru c6 thé dung dit lidu nay cho muc dich khai thac dit liéu
tim tri thue. Tri thue khong ding tim tur dit li¢u khong chinh xac giy ra hau qua
nghiém trong, dan dén viéc chan doan bénh va giy nguy hiém dén tinh mang bénh
nhan.

Nhu vay, trong nhiéu trudng hop, gidu dit liéu bang cach thay thé gia tri that
boi gia tri “khong biét” s& an toan hon 1a thay boi gia tri sai. Bai toan dugc xac
dinh nhu sau:

Cho mdt co so dir liéu D, hay 1am cho tdp hop céac luat nhay cam cho truéc

“md” di (bang cach 1am cho d6 tin cay hodc do hd tro giam) ding k¥ thuat thay thé
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gia tri da biét cua dir lidu boi gia tri “khong biét” voi rang budce 1 giam thiéu hiéu
g 1& anh huong dén tap luat khong nhay cam. K¥ thuat nay goi 1a blocking.

Ta hay xét vi du sau, cho co so dit liéu D va D’ ung voi thoi diém trude va
sau khi 4p dung k¥ thuat gidu dir liéu nhu dd mé ta ¢ trén nhu sau:

Béang 2.1 Bang dir liéu minh hoa k¥ thuét Blocking

A B C D A B C D
1 1 1 0 1 1 1 0
1 0 1 1 Thuat toan blocking i 0 ? 1
0 |0 |o |1 |t — (2 [0 |0 |1
1 1 1 0 | 1 1 0
Trén D, sup( ) = 80%, conf( ) =80%
Tuy nhién trén D’, 60% 80%, 60%

100%

Nhu vy, khi trén co so dir liéu xuat hién loai gia tri méi 1a “khong biét ”
(dung ky hiéu “?”) thi @6 hd tro va do tin cy s& trd thanh mot khoang (interval) char
khong con 1a mot gia tri cu thé [14]:
Do hd tro cua luat 1a khoang: [min_sup ( ), max_sup( )]
Do tin cay cua luat khoang: [min_conf ( ), max_conf{( )].

Trong do:
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max_sup(4A U B) * 100
min_sup(4)

max _conf(A - B) =

_[A=DArB=D[+[A=D)rB=)[+[(A=2)rB=1|+[(A=?) B =)

D]

Khi d6, do ho tro thuc sy cua luat A — B s& 1a mot gia tri nao dé thudc
khoang [min_sup (A — B), max_sup(A — B)]. Tuong tu ddi v6i do tin cdy cia
luat.

Khi khong cé gia tri “khong biét” trong co so dir li¢u thi gid tri cuc tiéu va
cuc dai ctia 6 hd tro chi 1a 1 gid trj 1a Minsup. Trong qua trinh thay thé gia tri that
cua dir licu thanh “?” thi gia tri cuc tiéu va cuc dai bat dau tach ra, va bﬁng cach
nay, do khong tin chic vé mot lut sé tang, vi thé ma luat duogc giéu di. bay la
nguyén 1y ctia thuat toan gidu lut theo ky thuat nay.

Nhén xét rang mot itemset A van con nhay cam khi min_sup(A) >
Minsup. Ttemset A s& khong con nhay cam khi max_sup(A) < Minsup. A van con
kha ning 1a nhay cam, nhung khong chic mdy, khi min_sup(A) < Minsup <
max _sup(A) . Ta quan tim dén kha nang thir 3 nay. Mot cach tuong tu khi xét dén
d6 tin cdy cua luat. Nhu vay, ta gidu lut biang cach thay doi dir liéu (boi gia trj “?”")
dé giam do hd tro tdi thiéu hodc giam do tin cdy tbi thiéu cho dén khi bé hon gia tri
ngudng tuong tng. Tuy nhién, van dé dit ra 1 giam bao nhiéu thi an toan? Téac gia
ctia [14] d& nghi khoang an toan SM (safety margin) va dung SM nhu 1 mot tham
s6 diéu khién qua trinh thay d6i co s dit liéu dé giau luat.

Tir cac diéu trén, ta c6 giai phap nhu sau:

1. Gidu luat A - Bbang cach giam min sup (AU B) cho dén khi min_sup
(A U B) bé hon Minsup mét khodng an toan SM (turc 1a min_sup (A U B) < Minsup -
SM). Pé dat dugc diéu nay, ta thay 1 boi “?” & cac item thudc (A U B), cho dén khi
min_sup (A U B) < Minsup — SM. Khi d6 maxsup (A U B) s& khong d6i. Pay 1a y
tudng cua thuat toan GIH.

2. Gibu luat A - B bang cach giam min_conf (A - B) cho dén khi min conf
(A U B) < Minconf mot khoang an toan SM (tirc 1a min_conf (A U B) < Minconf -
SM), nghia 1a ta s& thay 1 va 0 boi “?” ¢ giam min_conf (A — B) cho dén khi
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min_conf (A U B) < Minconf — SM. Dé dat duoc diéu nay, ta giam min_sup (A U B)

va/hodc tang max_sup (A).

— Pé giam min_sup (A U B), ta thay 1 boi “?” & cac item thudc A hodc B. Tuy

nhién, néu thay tai A thi min_sup (A) ciing giam nén kéo theo s& lam ting
max_conf (A - B) (vi max_conf (A — B) = max_sup (A U B)*100/min(A)).
Nhung khi gidu luat, max_conf ctia luat cang nho cang tot nén tot hon hét ta
s€ thuc hién thay 1 bdi “?” trén cac thudc tinh tai B. Pay 1a y tudng cua thuat
toan CR.

Pé ting max_sup (A), ta thay 0 boi “?” tai cac item thudc A. Pay 13 y tuong
cua thuat toan CR2.

Thuat toan GIH:

INPUT: Co sé dir lidu D, Minsup, SM, tap hop L cac large itemset, Lh 1a tap hop cac large itemset can gidu.
OUTPUT: D’ thoa diéu kién khong thé tim thay Lh.

Begin

End

1.Sép xép Lh giam dan theo kich thudc va giam dan theo d6 hd trg tdi thiéu.
Foreach Z in Lh

{

2.Sap xép cac giao tac hd trg Z ting dan theo kich thudc giao tac.

3.S6 lan_ lap =|TZ| - (Minsup-SM)* |D|

For k=1 to s6_lan_lap do

{

4.Thay 1 béi ddu “?” tai cac item hd tro Z it nhét trong giao tac ké tiép.
5.Cap nhat d6 hd trg clia nhimg itemset lién quan.

6.Capnhat D .

¥

}

Hinh 2.1 Ma gia thuit toan GIH [1]
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Thuat toan CR:

INPUT: CSDL nguf)n D, Minconf, Minsup, SM, tap luit Rh cn giéu.
OUTPUT: CSDL D’ do thay déi D thoa didu kién khong tim thdy tap luat Rh.

Begin

End

Foreach rule r in Rh do
{
1.Tr = {giao tac t thudc D, t ho tro toan phan r}
2.For each tin Tr
Dém s item trong t
3.Sép xép Tr theo thir ty ting dan vé s item.
Repeat until (min_conf(r) < Minconf - SM)
{
4.Chon giao tac dau tién t € T,.
5.Chon item j thudc vé phai cua r 14 item hd trg vé phai ciia r nhidu nhét.
6.Thay 1 boi déu “?” tai j cua t.
7.Tinh lai minsup (1).
8.Tinh lai minconf (1).
9.Tinh lai minconf cua nhitng luat khac bi anh hudng.
10.X6a t khoi Tr.
¥
11.Xéarkhéi RA .

}

Hinh 2.2 Ma gia cho thuat toan CR [1]
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Thuat toan CR2:

INPUT: CSDL nguén D, Minconf, Minsup, SM, tap luit Rh cin gifiu.
OUTPUT: CSDL D’ do thay dbi D thoa diéu kién khong tim thy tap luat Rh.

Begin

Foreach rule r in Rh do

{

End

1.T’Ir = {giao tac t thuoc D, t hd tro mot phén vé trair va t khong hd trg toan phan vé phai r}
2.For each tin T’Ir

Dém s item thudc vé trai clia r trong t

3.Sép xép T’Ir theo thr tir gidm din vé sb item dém duoc & budc 2.
Repeat until (min_conf(r) <Minconf — SM or min_sup (r) < Minsup — SM)
{

4.Chon giao tac dau tién t € T'Ir.

5.Trong t, thay 0 bai dau “?” tai cac item thudc vé trai ctia r.

6.Tinh lai max_sup cho vé trai ctia lut r.

7.Tinh lai min_conf (r).

8.Tinh lai min_conf cua nhitng luét khac bi anh hudng.

9.X6a t khoi T’Ir.

}

10.X6a rkhoi RA .

nhay cam, ma lai khong sinh ra nhiing tri thirc sai gay anh huong dén nguoi ding

Hinh 2.3 Ma gia cho thuat toan CR2 [1]

K thuat blocking c6 thé ngan can qua trinh khai thac  cho ra nhiing tri thirc

dir ligu.

tai tao lai co s& dit liéu D tr D’ mot cach dé dang béng cach thay “?” bdi “1” ¢ 2
thuat toan dau hodc thay “?” bdi “0” boi thuat toan sau cung. Vi vay, tac gia da deé
nghi van dung phéi hop 3 thuat toan trén theo cach chon thuat toan khac nhau khi

gidu cac luat khac nhau. Bang cach nay, tic gia da phan tich kha nang d6i phuong

Vé d6 an toan: Néu véan dung riéng 1é timg thuat toan, thi d6i phuong cé thé

phuc hdi lai D tir D’ 1 khong thé [14].

2.2.3 Phwong phap tdi tao

Tung bo dir liéu duoc xem nhu 1d mot vector ngau nhién:

X = {Xl} le Xi =0 hOé.C Xi =1
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Theo phuong phép ma Shariq J. Rizvi [10] d& nghi, X bi lam nhiéu theo cach

sau:

Y = distort(X)

Trong do:

Y, = X; XORT;
7, la phan bu cia 7; & mot bién ngdu nhién c6 ham mat do
f(r) = bernoulli(p)(0 < p < 1). Nhu vy r; c¢6 gia tri 13 mot voi xc sudt p va co
gia tri 1a 0 voi xac sudt (1-p), va item thir i cua X giit nguyén gia tri véi xac sudt p
va bi thay doi gia tri voi xac suat (1-p).

Xac suét tai tao lai gia tri 1 cta co so dit liéu D ban dau:

Goi s; 1a do ho tro that su cta item I, tirc 1a xac sudt mot khach hang ngau
nhién mua mot item thir i 1a s;. Tac gia tinh x4c sudt tai tao lai gid tri 1 ddi voi item
thir i 1a:

si X p? 4 si X (1—p)?
siXxp+A=s)xA=p) s;xA-p)+Q—=s)xp

Bi€u thirc trén tinh x4c suat tai tao lai gié tr1 “1”” do61 véi mot item ngau nhién

Rl(pr Si) =

1. Mot cach téng quat, xac sudt tai tao lai gia tri 1 1a:

2isiRi(p,sp)
%iSi

Bicu thuc trén dat gia tri cuc tiéu khi tat ca céac item trong co so dir li€u co

Ri(p) =

cung do hd trg, va ting khi do hd tro cla cac item khac biét nhiéu. Thay s; bdi s,
véi sy 1a @6 ho tro trung binh ctia mot item trong co s& dit liéu. Khi d6, xac suét tai
tao lai gia tri 1 la:
So X p° o X (1—p)?

SoX P+ (L—5) X (L—p) ' Sox (L—p) + (1 —50) X P
Tuong tu xac sudt tai tao gia tri 0 la:

(1 —s) X p? N (1—s0) X (1—p?)
(I—=se)Xp+sgX(1—p) soXp+(1—-s9)XxX(1—-p)

Ri(p) =

Ro(p) =

Cho a 1a trong s6 cho biét gia tri 1 quan trong hon gia tri 0 (mot khach hang

mubn bao vé ca gia tri 1 1dn 0 trong giao tic ciia ho, nhung ho thudng cho ring
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nhitng gia tri 1 thi nhay cam va can duoc bao dam riéng tu hon 1a gia tri 0), mot
cach téng quat, xac sudt tai tao dugc tinh nhu sau:
Ry = aRy(p) + (1 — &)Ry(p)
Quia trinh khai thac trén co s dir liéu duoc 1am nhiéu duoc thuc hién nhu sau:
- Tinh d6 hd tro cho 1-itemset:

+ Goi T 13 ma tran dit liéu that ban dau.

+ D 1a ma tran sau khi dugc 1am nhidu véi xac sut p.

+ Xét 1 item ngau nhién i.

+Goi cf 1a gia tri 1 tai coticua T, ¢} co gi tri O tai cot i trong T. Tuong tu,
goi cD 12 gid tri 1 tai coti ciia D, ¢ ¢6 gi tri 0 tai cot i trong D. Cong thire sau dugc
dung dé udc luong @6 ho tro clia item i trong T:

CT =M~1cP

Trong do:

w2,
1-p p

e[ e[}
co

co
Ma tran M ¢ duoc 14 do phuong phap 1am nhiéu theo nguyén tic, néu mot
cOt co n gid tri 1 trong T thi twong tng s€ dugc doan chung la pn gia tri 1 va (1-p)n
gia tri 0 cho cing ¢t d6 trong D. Mot cach twong ty d6i voi cot 0 trong T. Nhu vay
cho trude cPva P, hoan toan c6 thé tinh dwogc gia tri cua cl, 1a 6 hd tro cua item i.
- Uéc luong d6 ho trg cua n-itemset:

Tong quat hoa cho trudng hop l-itemset, cac ma tran tuong tng dugce dinh nghia

nhu sau:
_an—1_ _CzT”—1_
CD — CT —
P T
| P |l ]
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Trong d6 ¢l 1a s bo trong T c6 dang nhi phan cta k (tinh trén n ky s) cua 1
itemset, vi du c3 cho biét s6 bo “11” trong T. Tuong tu d6i véi cp.

Ma tran M dugc dinh nghia nhu sau:

m;; =xac suit 1 bd ¢o dang c]-T trong T, twong ung thanh mdt bo c6 dang clD trong
D. Vidy,tacom,, = ddi voi 2-itemset 13 xac suit bd co dang “10” duoc 1am nhiéu
thanh by “01”. m;, = (1 —p)(1 —p). Diéu nay c6 dugc 1a do phuong phap lam
nhiéu da mé ta da gy nhiéu ting cot trong n-itemset mot cach doc 1ap.

2.3  Thuit toan MASK.

2.3.1 Tinh hinh nghién ciru

Viéc khai thac luat két hop trong khai thac dit liéu bao toan tinh riéng tu da
dat duoc nhiéu tién bo dang ké.

Viéc x40 tron dit liéu va han ché truy van 13 hai phuong phap co ban trong
qué trinh khai thic cac dir liéu can bao mat. V4i su hd tro ciia phuong phap giy
nhiéu dir lidu, dir liéu tho trude hét bi xdo tron boi viée chuyén doi dir liu, roi rac
hoé va tdng thém diéu kién nhiéu trong dir li¢u, sau d6 dat dugc mo hinh dir li¢u
mong mudn, kién thirc va cac quy tac tim duoc [12].

Thuat toan MASK ( lién két khai thac bao mat Konstraints) dugc dua ra lan
dau boi Rizvi va cong sy nam 2002 [10]. St dung cac phuwong phéap x4o tron ngiu
nhién va tai phan phdi dam bao tinh riéng tu trong khai thac luat két hop.

2.3.2 Thudt toan MASK

Bing cach sir dung phuong phap ngau nhién, dit liéu gbc bi bop méo trong
thuat toan MASK. Véi sy gitip d& ctia cic phurong phép hd trg tai tao, cac tap hang
muc phé bién c6 thé thu duoc tir cac dit liéu bi bop méo.

Gia st rﬁng bd co so¢ dir liu dugc tao ra bo cac gia tri 0 va gia tri 1(gia tri 1
chi sy tOn tai cua thudc tinh, thudc tinh khong tdn tai khi gia tri 1a 0), xéc sudt ma
mdi myc dit liéu luu trir voi gid tri ban dau 1a p, va nguoc lai thi xac suét 1a 1-p. Tat
ca cac co so dir lidu s& duge bién dbi theo cach tuong ty dé tao thanh mot co so dir
liéu m&i, va viée khai thac s& duogc tién hanh trén co s dir liéu do.

Tap hop dit liéu c6 thé duoc xem nhu 13 mot ma tran Boolean. V6i T 1a ma

tran dir liéu ban dau, va D 1a ma tran sau khi dugc lam nhidu voi xac suat p. Cac so



31

‘1’ va ‘0’ bao gdm trong i™M(cot thir i) cia T dugc dinh nghia twong tmg 1a c, c3.
Va ma tran dit liéu D ciing duoc dinh nghia twong tu c?, cf.

Qua trinh bién doi:

cfxp+efx@=p)=ct;cfxp+ef xA=p)=cf
Cong thuc sau dugc dung dé uéc luong do hd tro cua item i trong T:
CT — M—l CD
Trong do:

12, ] el el
M = = =
[1—p p C=lel C g

Khi mdi muc bi x4o tron theo cach thirc twong ty, dé dang ta c6 cong thire tinh do

ho trg cua n-itemset:

CT — M—ch
Trong do:
Mo,0 Mo,1 e Mpang
My, miq e My g
M= . . :
Mon_10 Man_q1,1 = Mpn_qonq
— D - — T -
Con_q Canq
CD — ' CT —
D T
C1 €1
D T
L ¢y L ¢y

S6 lugng cac bo trong T duoc thé hién 1a ct, trong d6 T c6 dang nhi phan
ctia k ddi vai cac tap phd bién nhét dinh. Vi dy, ddi véi 2-itemset, ¢! c¢6 nghi 1a sb
‘01°, cJ c6 nghia la s6 “10,... Trong ma tran dugc bién ddi D, dinh nghia cho cf
twong tu nhu ¢ .

Trong ma trén M, m;; =xac suat 1 bo c6 dang ch trong T, tuong Gmg thanh
mot bo ¢o dang cP trong D . Xét dbi voi 2-itemset, M 14 ma tran thu tu, my 3 la xac

suat ma bo 11° thay d6i sang b ‘01°. Pugc xéac dinh bang p x (1 — p).
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2.3.3 M5t s6 bién thé ciia thudt toin MASK va han ché

EMASK (Efficient MASK), nang cao hiéu qua vé thoi gian so v6i thuét toan
MASK, dugc dé xuit boi Agrawal va ca dong tic gia nim 2004 [7]. Nhung
EMASK khong pha v& duge sy phirc tap him mil trong viéc tai xay dung hd trg ban
dau.

MMASK (Modified MASK), dugc dugc ra boi Andruszkiewcz vao nam
2007 [4], giam thoi gian va do phuc tap hon EMASK.
2.4 Ly thuyét gian va ing dung trong thuit toan in tip muc nhay cam [2]
2.4.1 Phat biéu bai todn

Cho mot bang tri T 0/1 g6m N dong va M ¢ot. Cac cot duge gan tén lan luot
A, B, C,... léy tor mdt tap hitu han cac phén tir U. Moi phﬁn tu trong U goi 1a mot
muc, moi tap con X ciia U goi 1a mot tap muc. Mdi dong t cuia bang T duoc goi la
mdt giao tac. Theo truyén thong ciia 1y thuyét khai thac tri thirc ta ky hiéu tap muc
nhu mét day cac ki tu viét lién nhau, hop cta hai tip muc X va Y duoc ki hiéu 1a
XY. V&i mdi giao tac ¢ € T va mdi muc 4 € U ta ki hiéu t.A 13 tri twong tng xuét
hién trén giao ctia dong ¢ va cgt 4 trong bang 7. Nhu vay t.A € {0,1}. Ta dinh nghia
Set(t) 1a tap muc tai d6 t nhan tri 1, Set(r)= {4 € U|t.A=1}. Néu X c Set(¢) thi ta
néi giao tac t chira tap muc X. Véi mdi tap muc X < U ta xac dinh a(X) 1a sb luong
giao tac chira X, a(X) = ||{t € T | X < Set(f)}|, trong d6 ki hiéu ||M|| cho biét luc
lugng (sé phé‘ln tr) cua tap M. Ty ) a(X)/N dugc goi 1a dd hod trg ciia tap muc X.
V&i N cho truée va ¢b dinh, ta c6 thé coi a(X) 1a d6 ho tro cua tap muc X. Cho trude
gia tri o va goi 14 ngudng ho tro. Cac tip muc X thoa tinh chat a(X) > o duoc goi 1a
CAC tap muc thuong xuyén.

Vi dy 2.1: Cho Bang 2.2 tap giao tac T gdm 22 giao tac va ngudng hd trg o
= 4. Khi d6 ho cac tdp muc thuong xuyén trong Bang 2.3 s& bao gdm P = {4/10,
B/11, C/8, D/12, E/18, AB/4, AD/4, AE/10, BE/8, CE/7, DE/9, ABE/A, ADE/4},

trong d6 so viét kem tap muc 1a dd ho trg cua myc do.
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Béang 2.2 Tap giao tac T

ABCDE ABCDE
1. 10101 12. 01011
2. 10101 13. 00110
3. 11001 14. 10011
4. 11001 15. 01101
5. 01010 16. 11001
6. 00111 17. 11001
7. 10011 18. 01010
8. 01101 19. 00111
9. 00011 20. 10011
10. 01000 21. 01101
11. 10011 22. 00011
Bang 2.3 Bang dir li¢u P

a

A 10

B 11

C 8

D 12

E 18

AB 4

AD 4

AE 10

BE 8

CE 7

DE 9

ABE 4

ADE 4

Bai toan 4n tdp muc nhay cam Cho bang T gdm N giao tac trén M muc. Cho

ngudng hd trg ¢ va danh sach P cac tip muc thuong xuyén theo ngudng c. Cho tap
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muc nhay cam H € P. Yéu cau: An tap muc nhay cam H theo nghia sau: Can chi ra
cac vi tri can stra dir liéu trén bang T sao cho a(X) < ¢ va cac tdp muc thuong
xuyén khac bi anh hudng it nhat.

bé an mot tdp muc nhay cam H ta can tim cach giam dd hd tro cua H xuéng
dudi ngudng o, ching han ta s& stra bang T dé a(H) = o-1. Dé stra mét tri trong
bang T ta can chi ra giao tac ¢ (dong) va muc C (cot) va sira gid tri tai d6 tir 1 thanh
0. biéu d6 ¢6 nghia 1a giam do ho tro (sé lan xuét hién) cua muc C 1 don vi. Viéc
lam nay kéo theo hé qua 1a giam do hd tro cua tap muc H 1 don vi. Téng quat, néu
AeX, ta ki hiéu Update(A,X,d) 1 thao tac sira d 1an (tir 1 thanh 0) tai muc (cot) 4
trén cac giao tac (dong) chtra tip muc X . Viéc chon muc can sira 1a diéu quan trong.
Gia sir voi ngudng hd tro 6 = 4 va can an tap muc ADE. Ta thdy a(4DE) = 4 nén
ADE s bi 4n néu ta giam do hd tro cua ADE xuéng dudi ngudng o, cu thé 1a ta s&
stra bang T dé a(ADE) = -1 = 3. Ta chon giao tic 7 va sira vi tri A trén dong nay
tur 1 thanh 0 Ta c6 ngay a(ADE) = 3. Tuy nhién, khi d6 a(4D) = 3, tic 1a AD dang
1a tap muc thuong xuyén tré thanh tadp muc khong thuong xuyén.

Phan tiép theo s& néu co so 1y thuyét va giai trinh thuat todn nham chi ra ring
néu stra muc E trén giao tac 7 thi ADE s€ bi an va cac tap muc thuog xuyén con lai
s€ duoc bao Iuu.

2.4.2 Ly thuyét gian giao
Trong phan nay s& nhic dén mot sb khai niém va két qua lien quan dén gian giao.

Cho tap hiru han U goi 1a tip nén, ta ki hiéu Poset(U) 1a ho toan thé cac tap
con cua U véi thir tu by phén 1a phép bao ham <, Poset'(U) = Poset(U) - {U}. Mot
gian giao G 1a mot ho céc tdp con cua U doéng voi phép giao, cu thé 1a, néu G =
{Vi, Va,...,Vi | Vi € Poset(U), 1= 1,2,....k} thi V V;, V; € G: Vi V; € G. Khi do
G chura duy nhat mét ho con S sao cho moi phﬁn ttr cia G déu duogc biéu dién qua
giao ciia cac phan tir trong S, cu thé 13, S 13 tdp con nhé nhat ctia G thoa tinh chit G
={Y|Y=Xin...n X, k>20,X,, ..., Xy € S}. S dugc goi 1a tap sinh cua gian
G va duge ky hiéu 1a Gen(G). Theo quy uéc, giao clia mot ho rong cac tap con

chinh 14 U, do d6 moi Gen déu khong chira U.
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Algroithm Gen

Input - Gian giao G
Output - Tdp sinh Gen (G)
Method
1. Xay dung dé thi c6é hudng trong dé G la tap dinh.
cung khi va chi khi u 14 cha truc tiép cua v.
2. Return \\ d(g) la bac cua dinh g, tuc 1la

sé cung dén dinh g.
End Gen

Hinh 2.4 Thuét toan tim tiap sinh ciia gian giao [3]
Ta c6 vi du tir Hinh 2.5, d6 thi cta gian cac tap muc thuong xuyén P =
{A/10, B/11, C/8, D/12, E/18, AB/4, AD/4, AE/10, BE/§, CE/7, DE/9, ABE/4,
DE/4}. Cac phan tir Gen c6 dau *: Gen = {ABE, ADE, AB, BE, AD, DE, CE, C} .

*ABE/4 *ADE/4
*AB/4 *BE/8 AE/10 *AD/4 *DE/9 *CEN
A/10 B/11 E/18 D/12 *C/8

Hinh 2.5 D6 thi gian cia cac tip muc thuong xuyén P

Ta c6 Bang 2.4 1a bang dir li€u cua tdp muc thuong xuyén P.
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Béang 2.4 Bang dir li€u cia tip muc thuwong xuyén P

o d

A 10 | 5
B 11| 3
*C 8 1

*D 12 | 3

E 18 | 6
*AB 4 1

*AD 4 1

AE 10 | 2
*BE 8 1

*CE 7 0

*DE 9 1

*ABE | 4 0
*ADE | 4 0

Cho (M, <) 1a moét tap hitu han c6 thir tu bo phan. Phan t&r m trong M dugc goi
1a cyc dai néu tir m < x va xeM ta ludn c6 m=x. Ta ky hiéu MAX(M) 4 tap cac phan
ttr cuc dai cia M. Dé théy réng, voi moi phﬁn to x trong M, luon ton tai mot phé‘ln to
m trong MAX(M) théa x <m. V&i mdi ho cac tap con cia mot tap hiru han U cho
trudce ta xét thir tw bd phan <. Cho G 1a mot gian giao trén tap hiru han U. Ta ky
hiéu Coatom(G) = MAX(G - {U}) va goi cac phan tur trong Coatom(G) 1a dbi
nguyén tir cua gian giao G.Trong [2] phat biéu va chimg minh céc két qua sau.
Ménh dé 1. Véi moi gian giao G trén tap hiru han U, ta co:

MAX(Gen(G)) = MAX(G—- {U}) = Coatom(G)
2.4.3 Cic tinh chit ciia tip muc thwong xuyén

Cho bang T gém N giao tac trén tap muc nén U, P 1a ho cac tap muc thuong
xuyén theo ngudng o cho trude. Trude hét ta nhan xét rang, néu X < ¥ < U thi a(X)
> oi(Y). Hé thirc nay thé hién tinh nghich bién cia ham do d6 hd trg a.

M¢nh dé 2: P la mét gian giao.
Chitng minh
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GiasuX, YeP,Z=XNnY. TacoZc X,dodo o(Z2)>a(X)>c.VayZ e P

Ménh d& 2 cho phép chung ta van dung cac tinh chit ctia gian giao trong xir
1y céc tap muc thuong xuyén. Cu thé 1a khi can an tdp muc nhay cam H ta sé sua
céc tap muc 16n nhét chira H trong gian giao P, ttc 14 cac Coatom chira H.
M¢nh d@é 3: Vi mdi tap thudng xuyén X trong P, Poset(X) S P va la mot gian
giao day du v6i tap Gen gdbm cac phan tir trén hang thir 2.

Ta c6 thuat toan thudt toan xac dinh tap sinh trong gian giao day du Gen(X):

Algorithm Gen

Input: Tap muc X € U
Output: Ho cac tdp sinh G clla gian giao day du X
Method

G=0

For each item A in X do
Add X - {A} to G;
End for
Return G;
End Gen

Hinh 2.6 Thuit toin xéc dinh tip sinh trong gian giao diy di Gen(X)
Chting minh:

Gidst X e PvaYc X Tacongay a(Y) 2 o(X) >2c. Toddy suyra ¥ € P,
nghia 12 moi tap con ctia X déu 1a tdp muc thuong xuyén. Do Poset(X) chira moi tap
con ciia X nén Poset(X) 1a diy du va dwong nhién dong véi phép giao. Theo ménh
dé 1 ta thiy voi moi muc A€X, X—{4} chi khuyét duy nhit mot phan tir, do do
chung c6 duy nhat mot cha. Moi tip con con lai trong Poser(X) déu khuyét tir hai
phan tir tré 1én do d6 ching c6 it nhit 12 hai cha. Vay Gen(X) bao gém céac phan tir
dung trén hang thi hai trén d6 thi biéu dién gian di cho.

Do Gen(X) chi gdm cac tap con khuyét 1 phan tir ciia X nén thuit toan xac

dinh Gen(X) khéa don gian. Ta ¢6 vi du trong Hinh 2.7
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Hinh 2.7 Gian giao diy di Poset(ABE)

Ménh dé 3 va tinh chit nghich bién cta ham o cho ta thiy rang cac phan tir
trong Gen(X) c6 do hd trg nho nhit trong Poset(X)-{X}. Néu X € P, véi mbi muc A4
trong X ta xét ham L(4,X) cho gid tri 1a cap Y/A trong d6 A 1a gié tri nho nhét trong
s6 cac d0 hd tro cta cac tdp con ding Ychira A cia X (tic 1a Y X, Y#£ X va A €
Y),

LAX)=YA, A=min{a(Y) |4 €Y, YCX}

Dua vao nhan xét trén ta thdy co thé tinh L(4,X) thong qua cac tap chira 4
trong Gen(X).

Ménh dé 4: Néu tap muc thuong xuyén X bi an thi moi tap muc thuong
xuyén Y chua X ciing bi an theo.

Chirng minh:

Néu X bi 4n thi a(X) < . Néu X c ¥, thi a(¥) < a(X) < o, nghia 13 Y ciing bi
an theo.

Ménh dé 5: Néu X e P thi moi Update(A,X,d), A € X déu kéo theo
Update(A,Y,d), Y € X, 4 €Y. tirc 1a d6 hd tro cia moi tip con chira A ciia X déu bi
giam d don vi.

Chtng minh:

Chung ta thdy rang thao tic Update(4,X,1) s& x6a mot xuat hién ctia muc 4
trong tdp muc X, nghia 1a thay X bang X-{4}. Tir d6 suy ra ring moi tip muc con
chtra A ctia X cling s& giam s6 1an xuét hién 1 don vi

Céc tap muc Y nhu mo ta trong ménh dé 5 duoc goi la céac tap muc chiu hiéu
ung phu khi cap nhat (x6a) muc 4 tdp muc X. Ménh dé nay cho théy néu cap nhat

muc A trong tdp muyc X thi can chu y d&én cac tdp muc con dang va chira 4 cua X.
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Néu d6 hd tro ctia ching 16n hon ngudng o khong nhiéu thi ching s& co nguy co bi
an theo.
2.4.4 Thudt todn én tip muc nhay cim

Tu cac ménh dé tir 1 dén 5, trong phén nay trinh bay thuat toan 4n mot tap
muc nhay cam H.

Cho bang T gém N giao tac trén M muc, cho ngudng hd trg ¢ va gia thiét rang ta
da xay dung dugc ho cac tdp muc thuong xuyén P. Cho tap muc nhay cam H € P. Khi d6
thuat toan an tap muc H dugc thuc hién qua cac budc sau day.
Budc 1: Xac dinh ho V cac tap muc chira H trong Coatom(P) ,

V={X e Coatom(P) |HC X}

Buwéc 2: Vi mdi muc A € H va véi mdi tap muc X trong V' lugng gia xem c6 nén stra muc
A trong X khong? Tiéu chuan dit ra 1a viéc sira muc A trong X khong gay hiéu tng phu
dén cac tap con ding chira 4 cua X. Goi M(H) 12 ham cho gié tri 1a bo t (4, X, Z, p) trong
d6 pl1a gia tri 16n nhat trong s6 cac do hd trg A tim duoc qua cac ham L(4,X), cu thé 1a,
MH)=A, X, Z, n), u=max {A| L(4,X)=2Z/A, A € H, X € V}. Ta goi thu tuc Update(A4,
X, d), voi d = min {a(H) - (1), (Z)-c}

Budc 2 s& duoc ldp dén khi a(H) =o - 1.

Algorithm ltemhide
Input:
- Bang tri 0/1 thé& hién céc giao téac trén tap muc U.
- 0: ngudng hd tro.
-  P: Ho céac tédp muc thudong xuyén theo ngudng o.
- H: Tap muc nhay cam cédn an, HEP.
Output: Bang két qua T.
s=a(H);
while (s >0 —1) do
compute V ={X € Coatom(P)|H < X};
let (A,X,n) = M(H);
update (A,X,d);
s = s-d;
End While
End Itemhide.

Hinh 2.8 Thuit toin 4n tip muc nhay cam.
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Vi du 2.2: Véi dit liéu trong vi du 2.1, ta chon ngudng hd trg ¢ = 4, ho cac
tap muyc thuong xuyén véi do hd trg twong tng tao thanh gian P = {ABE/4, ADE/4,
AB/4, BE/8, AE/10, AD/4, DE/9, CE/7, A/10, B/11, C/8, D12, E/18} trén tdp nén U
= ABCDE.

Gia sir ta can an tap muc nhay cam H = AE/10.

Qua Hinh 2.5 bén trén , ta thiy rang sau khi 4n AE thi hai tdp muc ABE va
ADE s& bi 4n theo la dung theo mong muén cuia thuat toan..

Nhu vay két qua du kién sé& phai 1a P = {AB, BE, AD, DE, CE, A, B, C, D,
E}. Ta c6, Gen(P)={ABE, ADE, AB, BE, AD, DE, CE, AB, C}, Coatom(P) =
MAX(Gen(P)) = {ABE, ADE, CE}, V = {ABE, ADE}, s = a(H) = 10. Ta lan luot
x€t cac tap muc trong V.

Ta xét tap muc ABE:

V6iAe Htacd L(A, ABE) = min{AB/4, AE/10} = AB/4,

V6i E e Htaco L(E, ABE) = min{AE/10, BE/8} = BE/S.

Tuong tu, xét tap muc ADE:

L(A, ADE) = min{AE/10, AD/4} = AD/4,

L(E, ADE) = min{AE/10, DE/9} = DE/9.

Téng hop 4 truong hop ta thu dugc max {AB/4, BE/S, AD/4, DE/9} = DE/9.
Nhu vay M(H) =M(AE) = (E, ADE,DE,9) .

Két luan: can cap nhat muc E trong tdp muc ADE. Ta c6 d = min {7,4,5} =

Thi tuc Update(E,ADE,4) s& cho ta két qua ADE/O (bi an), AE/6, DE/5.

Tiép tuc, do a(ADE) = 0 < 6 =4 nén tap muc nay bi an, ta loai ra khoi P. Ta
tinh lai Coatom(P) = {ABE/4, AD/4, DE/5, CE/7},do d6 V = {4BE}. Taco

L(A, ABE) = min{AB/4, AE/6} = AB/4: L(E, ABE) = min{AE/6, BE/S} =
AE/6.

max {AB/4, AE/6} = AE/6, do d6 M(H) = M(AE) = (E, ABE, AE, 6). Ta cap
nhat E trong ABE. Thu tuc Update(E,ABE,3) cho ta thém hai tdp muc bi 4n va do d6
chung bi loai khéi danh muc cac tap muc thuong xuyén la ABE/1, AE/3. Ta nhan
dugc P = {AB/4, BE/5, AD/4, DE/5, CE/7, A/10, B/11, C/8, D/12, E/11}.
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Qua thuat toan an tap muc nhay cam, chiung ta théy phat sinh mot van dé, khi
4n mot tdp muc nhay cam, trong qua trinh khai thac s& dan dén 4n cac tap muc co
lién quan dén tdp muc can an, nhu trong Hinh 2.5 khi chtng ta tién hanh 4n tap muc
AE sé& dan dén an tap muc ADE va ABE. Nhung trong mot s6 truong hop, viéc an
kéo theo s& dan dén lam mat di cac tap muc c6 ich khong can an di, va s& dan dén
mat cac ludt quan trong trong qua trinh khai théc.

Do @6, trong phﬁn tiép theo s€ gidi thi€u mot thuat toan, chi tién hanh giéu
(fm di) céc tap luat nhay cam, han ché viée an cac tap muyc khong can thiét phai an

di.



42

CHUONG 3 THUAT TOAN BAO TOAN TiNH RIENG TU

TRONG KHAI THAC LUAT KET HQP
3.1 Gioi thi¢u

X4o tron dir liéu va han ché truy vén, giéu cac tap luat nhay cam,... la cac
phuong phap co ban trong qua trinh khai thac dir liéu bao toan tinh riéng tu. Véi su
hd tro cuia phuong phap gy nhidu dit liéu, di liéu tho trude hét bi xao tron thong
qua viéc chuyén doi dir liéu, roi rac hoa dir liéu, va ting thém sy nhiéu trong dir
li¢u, thong tin nhay cam dugc bao v¢; sau do s€ c6 mo hinh mong mudn, cac kién
thtrc, cac quy tac tim ra duoc tir nhirng dir liéu bi nhiéu loan [12]

Vi du nhu thuat toan MASK va céac thuat toan tdi wu hoa khac chi st dung
phuong phap gdy nhiéu dit liéu. Tuy nhién, dir liéu bj nhiéu loan van con ton tai
phan lién quan dén dir liéu thd ban dau. Che diu dit liéu, phan ving dit liéu va lay
mau dir liéu dugc ap dung trong phuong phap han ché truy van dé tranh viée cac di
liéu tho bi 16. Sau d6, két qua khai thac cac dir liéu mong mudn co thé thu duoc
bang phuong phap xac suét thong ké hodc phuong phap tinh toan phan tan.

Tuy nhién, néu chi 4p dung don 1é cic phuong phéap trén s& roi vio tinh
hudng x4u ring mirc 46 bao mat s& thip. Trong phin nay s& gidi thiéu mot thuat
toan moi, trong do la sy két hop hai phuong phap xdo tron va giéu tap luat nhay
cam dé cai thién hiéu suit bao méat trong khai thac dir liéu c6 tinh riéng tu.

3.2 Thuét toan
3.2.1 Mo td bai todn

Trong thuc té khai thac dit liéu, c6 cac thong tin va tap luat can phai dau di
trong qua trinh khai thac ciing nhu trong qua trinh cong bd két qua, trong thuat toan
nay, dit liéu gbc ban dau s& duoc ma hoa lam nhidu, va trong qua trinh khai thac s&
tién hanh phuong phap 1am an céc tap ludt nhay cam can ddu, dé dam bao cac két
qué khai thac duoc khong 1am tiét 16 cac thong tin nhay cam.

- Dit liéu dau vao:

+ Tap dit lidu gdc.

+ Khod K x4c thuc dang nhap.
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+ D06 hd tro toi thiéu (Minsup), do phd bién tdi thiéu (Minconf), tap luat

nhay cam can dau (Rh).
- Két qua:

Tap pho bién va d6 hd tro ctia cac phan tir phd bién. Trong tap phd bién nay,

khi khai thac luat két hop s& khong xudt hién cac tap luat nhay cam can dau.
3.2.2 Thudt toan
Bude 1: Kiém tra xac thuc truy cap.

- Nhap khoa K xac thuyc dang nhap.

- Néu dung, dugc quyén truy cap tap dir lidu.

- Néu khod sai, thoat khong duoc truy cap dir li¢u.
Budc 2: M2 hoa lam nhiéu dit lidu.

- Tu tap dit liéu gbc D ban ddu, ma hoa lam nhidu thanh tap dit liéu D’.

- Tién hanh khai thac trén tap D’.
Budc 3: Xac dinh tap pho bién L (khong xuét hién tap luat nhay cam can gidu ). Bé
diu céc luat nhay cam trong tap phé bién khai thac dugc, ta tién hanh giam dg ho
tro cua cac phﬁn tor phé bién néu thudc luat nhdy cam can giéu

- Ap dung thuat toan Apriori tim tdp ph6 bién 1 phan tir tir tap dit liéu D’.
L, = {Apriori[D']}

- Tim cac tap pho bién co tir 2 phan tir tro 1én L, = {Apriori[D']}

(a) Xét phan tir Cy, néu 1a C,, phd bién, ta tién hanh kiém tra C, c6 thudc cic
phan tir ciia luat nhay cam H(H € Rh) can dau hay khong. Néu Cj, khong thudc cac
phan tir cta luat nhay cam H thi C), 14 phan tir phd bién cua tap L,, sang budc (d).
Nguoc lai ta sang budc (b).

(b) Néu C,, thuoc H, ta xét néu Cy.conf = Minconf thi tién hanh giam do
hd trg ciia Cj, (Cy.sup —1). Lap lai bude (b) cho dén khi Cy,.. conf < Minconf ( dé
Cy khong hinh thanh ludt thudce tap luat nhay cam Rh).

(¢) Sau khi xac dinh Cy.conf < Minconf, néu d6 hd trg cua C, 16n hon
hodc bang Minsup thi C;, 13 phan ttr phd bién cta tip L, . Nguoc lai €, khong 1a tp
phd bién. Sang budc (d)

(d) Lap lai budc (a) cho dén hét tap D’.
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-Tap phd bién can timlaL = L, UL,

3.2.3 Ma gia thudt todn.
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}
(3)
{

String a=object.nextLine () ;

STK1, STK2, .., STKn

Generate Frequent Itemsets //x4c dinh tap phd bién L

C; = find_candidate_itemset (D' )

L, = {c € C;| c.sup = Minsup} //tép phd bién 1 phén tu
For (k=1; Ly, #0;k+ +)

{

Cy = apriori(Ly_,); //sinh tap phd bién cé tu 2 phdn tu trd

If (c €Rh) //néu thudc cac ludt trong tap Rh
{

while (c.conf = Minconf)

{ c.sup-- } //giam d& hd tro

if (c.sup = Minsup)

{ CE Ly }
}
Else c€ Ly
}
Return LZULK //tap phd bién khdédng bao gdm cac tdp Rh

Hinh 3.1 Ma gia thuit toan an tip luit nhay cam.

3.2.4 Vidu

Cho CSDL mau D nhu trong Bang 3.1
Gia st ta c6 : + Minsup=3,Minconf=75%.
+ Tap luat can gidu Rh={b->a; b->d; c->d}.
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Bang 3.1 Co sé dit liéu goc D

TID Item
abcde

[S—

acd
abdfg
bcde
abd
cdefh

abcg

acde

acdh

O| oo Q| O] | K| W] N

- Ap dung thuat toan cai tién, sau budc 2 ta c6 Bang 3.2 1a co so dit lidu D’
dugc ma hoa 1am nhiéu, va cac lut can diu Rh’={2->1, 2->4, 3->4}

Bang 3.2 Co sé dir li€éu duwgc ma hoa D’

TID Encrypted Item
1 12345

2 134

3 12467

4 2345

5 124

6 34568

7 1237

8 1345

9 1348

- Ap dung thudt toan Apriori trén CSDL D, ta c6 Bang 3.3 thé hién tap phé
bién L(D) va d6 hd trg cho cac phan tir phd bién
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Bang 3.3 Bang dir liéu cho tip phé bién L(D)

Item Supp
a 7
b

C

d

(&

ab

ac
ad
bc
bd
cd

ce
de
abd

acd

B W R R N R W N N BB O ] W

cde

- Sau khi c6 CSDL D’, ta ap dung budc 3 cta thuat toan:
+ Ap dung thuat toan Apriori ta c6 Bang 3.4 13 bang dit liéu cta tip phd
bién 1 phan ttr L, = {1,2,3, 4,5} va d6 hd tro cua chung. (1)
Bang 3.4 Bang dir liéu tap phé bién 1 phan tir

Item Supp
1 7

5
7
8
4

| B W N
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+ Tim tap pho bién tir 2 phan tir trd 1én, tap L,:
e Xét phan tir (12)
Ta c6 supp(12)=4 > Minsup=3,vay (12) pho bién.
(12) 14 phd bién, ta kiém tra (12) va tap luat Rh, ta c¢6 (12) thudc luat (2->1), ta xét:

supp(12 4
conf(12) = & =—= 0.8 > Minconf = 0.75
supp(2) 5
Theo thuét toan ta giam d6 hd trg ctia (12), supp(12)=4-1=3, tiép tuc xét
supp(12 3
conf(12) = & =—=0.6 < Minconf = 0.75
supp(2) 5

Luc nay conf(12) < Minconf , dimg budc xét (12) va Rh, kiém tra:
supp(12) =3 = Minsup = 3
Vay (12) 1a phd bién, ta c6 L, = {12}

e Xét phan tir (24):
Ta c6 supp(24)=4 > Minsup=3, vy (24) pho bién.
(24) 13 pho bién, ta kiém tra (24) va tap luat Rh, ta c6 (24) thudc luat (2->4), ta xét:

supp(24) 4 ]
conf(24) = ———— === 0.8 > Minconf = 0.75
supp(2) 5
Theo thuat toan ta giam d6 hd trg cua (24), supp(12)=4-1=3, tiép tuc xét
supp(24) 3 .
conf(24) = ———— === 0.6 < Minconf = 0.75
supp(2) 5

Luc nay conf(24) < Minconf , dimg budc xét (24) va Rh, kiém tra:
supp(24) =3 = Minsup = 3
Vay (24) 1a pho bién, ta co L, = {12,24}.
e Xét phan tir (34):
Ta c6 supp(34)=6 > Minsup=3, viy (34) phd bién.
(34) 12 pho bién, ta kiém tra (34) va tap luat Rh, ta c6 (34) thudc luat (3->4), ta xét:

supp(34) 6
conf(34) = % =z= 0.85 > Minconf = 0.75
Theo thuat toan ta giam d6 hd trg cua (24), supp(34)=6-1=5, tiép tuc xét
supp(34 5
conf(3a) = SWPPCD 5 621 < Minconf = 0.75

supp(3) 7
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Luc nay conf(34) < Minconf , dimg budc xét (34) va Rh, kiém tra:
supp(34) =5 = Minsup = 3
Vay (34) 1a phd bién, ta co L, = {12, 24, 34}.
o Xét phan tir (124):
Ta c6 supp(124)=3 > Minsup=3, vy (124) phd bién.
(124) 14 phd bién, ta kiém tra (124) va tap ludt Rh, ta c6 (124) thudc luat (2->1), ta
xét:
conf(124) = % = g = 0.6 < Minconf = 0.75
Theo thuat toan ta khong giam do hd tro clia (124),kiém tra:
supp(124) = 3 = Minsup = 3
Vay (124) 1a pho bién, ta c6 L, = {12, 24, 34,124},
e Xét phan tir (134):
Ta c6 supp(134)=4 > Minsup=3, viy (124) phd bién.
(134) 1a phd bién, ta kiém tra (134) va tap ludt Rh, ta c6 (134) thudc luat (3->4), ta
xet:
—SI;EES(;D = ; = 0.57 < Minconf = 0.75
Theo thuét toan ta khong giam do hd tro cua (134),kiém tra:
supp(134) = 4 = Minsup = 3
Vay (134) 1a phé bién, ta co L, = {12,24, 34,124,134},
e Xét phan tir (345):
Ta c6 supp(345)=4 > Minsup=3, vy (345) phd bién.
(345) 1a phd bién, ta kiém tra (345) va tap luat Rh, ta co (345) thudc ludt (3->4), ta

conf(134) =

xét:

supp(345 4

L = —=0.57 < Minconf = 0.75

supp(3) 7

Theo thuét toan ta khong giam do hd tro cta (345),kiém tra:
supp(345) =4 > Minsup = 3

Vay (345) 1a pho bién, ta c6 L, = {12, 24, 34,124,134,345}.

conf(345) =
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Ngoai ra, trong CSDL D’ ta con ¢ cac phan tir thoa man diéu kién supp >
Minsup, va khong thudc luat cua tap luat Rh, nén ta c6 tap phé bién 2 phén tré 1én
s€la L, ={12,13,14,23,24,34,45,124,134,345} . (2)

Tir (1) va (2) ta c6 tap phd bién L(D") = L, U L,, va Bang 3.5 d6 hd tro cia
cac phan tir phd bién

L=1{1,2,3,4,512,13,14,23,24,34,45,124, 134, 345}
Bang 3.5 Bang dir liéu tap pho bién L(D’)

Item Supp
1 7

2
3
4
5

12
13
14
23
24
34
35
45
124
134
345

A B W R B | W W N | W R O | W

Tur dir liéu cua Bang 3.5 ta c6 thé kiém tra tinh ding dén cua thuat toan, xem
c6 thé khai thac dugc cac luat nhay cam yéu cau dé bai dua ra 13 can gidu.

Kiém tra tir Bang 3.5 co thé khai thac duoc ludt 2->4) hay khong tuong
duong b->d?

+ Tu Bang 3.5 ta co: supp(24)=3, supp(2)=5;
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+ Minconf=0.75(dix liéu ban dau).

+Xét conf(24) = % =2 = 0.6 < Minconf = 0.75 *)

= T (*) ta c6 thé két luan, khong thé khai thac duoc luat(2->4) tuong duong
kho thé suy ra (b->d), dam bao yéu ciu thuit toan dé ra.
3.3 Chuong trinh minh hoa cho thuit toan
3.3.1 Gioi thi¢u
Chuong trinh minh hoa dugc thuc hién trén mdy tinh xach tay Vaio Z(VGN-
SZ640) c6 cau hinh nhu sau:
- Phéan cung : CPU Intel Core 2 Duo T7200, 2.2GHz ; RAM : 4GB ; 0 cung :
120GB.
- Phan mém : Hé diéu hanh Windows 7(SP 1) ; DotNet FrameWork 4.5,
Microsoft Visual Studio 2015.
Chuong trinh minh hoa dugc xay dung dua trén vi du tr muc 3.2.4, véi cac
dit liéu dau vao la:
- Co so dir liéu goe D.
- Do ho trg tbi thiéu Minsup.
- Do phd bién tbi tdi thiéu Minconf
- Tap luat can gidu Rh.
Dit liéu dau ra bao gdm tép cac phan tir phd bién va do hd tro cta chung, tir

cac tap phé bién nay khon thé khai thac duoc cac lut can giéu thudc tap luat Rh.
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3.3.2 Mot s6 giao dién chinh ciia chwong trinh

T e ——————— ———

File Path C:\Users\NHANNQ\Google Drive\14SCT11_LuanVanThS_HUTECH\Demo'\Lesson3\Lesson3\bin\Debt [ .. | [ Process |
%“MnSUP 35 MnSUP | MnCorf 75
Processed Time: N/A Rh b->a; b->d; c->d|

Orgin | Matrix | LD Lixl2

Hinh 3.2 Giao di¢n chinh

Hinh 3.2 14 giao dién chinh ctia chuong trinh minh hoa, chon duong dan luu
CSDL gbéc D Hinh 3.3, nhap d6 hd trg tdi thiéu Minsup, ¢ phd bién tdi thiéu
Minconf, tap luat can dau Rh.

(7] data_lesson3 - Notepad .= | (=)
File Edit Format View Help

m
»

BEMNUTE AT

NNTATNONOT

aganmacaan
@

ToQ-h m=h QO
-2

Hinh 3.3 CSDL gbc D

Sau khi nhap déy du cac dit liéu dau vao, ta chon Process, chuong trinh s&
tién hanh budc dau tién 1a ma hoa lam nhiu dit liéu gbc ban du theo thuat toan

trong muc 3.1
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ol Giau Tap Luat ‘iﬂ_ . - 3 i - - F - E=HREy X
Fie Path C:\Users\Administrator\Google Drive\14SCT11_LuanVanThS_HUTECH\Dero\DATA\dxta lesson3td [ .. | [ Process |
%“MnSUP 35 MnSUP |3 MnCof 75
Procemed Tine: 13 'ma Rh boab-xdic>d
R 251254354
|| Oon | Matite [LD [ L1xL2 | Resut|
a b c d e f '] h Total
_1 1 1 1 0 0 0 5
1 0 1 1 0 0 0 0 kl
1 1 0 1 0 1 1 0 5
0 1 1 1 1 (] 0 0 4
1 1 0 1 0 0 0 0 3
0 0 ¥ 1 1 1 0 1 5
1 1 1 0 0 0 1 0 4
1 0 1 1 1 0 0 0 4
1 0 1 1 0 0 0 1 4
7 5 7 g 4 2 2 2

Hinh 3.4 Co sé dif liéu D'

Sau budc dau tién ta sé c6 Hinh 3.3, trong tab Orgin 1a CSDL dugc ma hoa

lam nhiéu D’.

Chuong trinh minh hoa s& cho ra hai két qua 1a tp phd bién cia CSDL gbc

D va tap pho bién cua CSDL dugc ma hoa lam nhiéu D’ dé c6 dugc su so sanh co

tim duoc ludt can dau hay khong.

C:\Users\Administrator\Google Drive\14SCT11_LuanVanThS_HUTECH\Demo\DATA\data_lesson3 td
EC Masup 2| MnCorf 75

-

b-sab->dic>d

Rh" 251:2>4:3>4

&Lwlhﬁb@ﬂmbl@ﬂu‘\lf

Hinh 3.5 Tap phd bién cho CSDL D’
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Tab LD’ trong Hinh 3.5 cho ta tip phd bién cuia CSDL gbc D’ khi khong c6

giau luat, va d6 ho trg cta cac phan tir pho bien.

s Gisu Tap Luat -
File Path Ci\Users \ Administrator\Google Drive’145CT11_LuanVanThS_HUTECH \Demc\DATA\data_lesson3ta [ ] [ Process. |
% Min SUP 35 M SUP (3 ] MinConf 75
Processed Tme: 13 ms By ] -
R’ 2:37:2->4:3->4

BOb W R AW WO W R @

Hinh 3.6 Tap phé bién cho CSDL D'
Tab L1xL2 trong Hinh 3.6 cho ta tip phd bién caa CSDL D’ khi c¢6 ap dung
gidu luat, va do hd trg ciia cac phan tir phd bién.
Ttur Hinh 3.5 va Hinh 3.6 ta tha?iy duge su khac nhau cua do hd trg cua cac

tap pho bién va cac luat can gidu di khong thé khai thac duoc trong két qua cudi

AY . N
cung tai Hinh 3.6.
B o Top Lot . ) 3 oY)
e ek e T e e T . :
%MnSUP 35 MnSUP |3 MnConf 75
bosab-sdic-ad

Processed Time: 13 L e S ) . . Bpot

ms ] Stk [ Ewen ]

Hinh 3.7 Két qua cin tim
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Hinh 3.7 hién thi cho két qua cubi cung 13 tap phd bién cia CSDL D ban
dau, va do ho tro cua cac phé‘ln tu phé bién. T Hinh 3.7 ta khong thé tim duoc céac

ludt can gidu trong tap Rh.

3.3.3 Nhin xét

Chuong trinh da thyc hién dugc viéc minh hoa cho thuat toan tién hanh ma
hoa 1am nhidu dir liéu, tién hanh 4n cac tap ludt nhay cam theo yéu cau. Pam bao
cac yéu cau cia thuat toan dé ra.

Nhung chuong trinh chi méi dung lai & budc minh hoa cho thudt toan trong
luan van, dap tng cac tiéu chi dua ra ding két qua theo céac vi dy, day 1a mat han
ché cua chuong trinh. Trong thoi gian t6i, tac gia s& tiép tuc cai tién chuong trinh dé

6 thé ap dung cho cac dir liéu thuc té.
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KET LUAN
Sau thoi gian nghién ctru va tién hanh thyuc hién, Luan van dat duoc:
1. Két qua:

Gidi thiéu tong quan vé Khai thac dit liéu, qua d6 gitp hiéu rd hon vé cic
khai niém ciing, tim quan trong ctia Khai thac dit liéu trong thoi dai bung nd thong
tin hi¢n nay.

Céc phuong phép Khai thac dir li¢u, Khai thac dit li¢u bao toan tinh riéng tu,
tr d6 nam duoc cac ky thuat khai thac dir li€u, ciing nhu sy can thiét dam béo tinh
riéng tu trong qua trinh khai thac dir li¢u.

Khéi niém vé luat két hop, cac thuat toan khai thac luat két hop. Nam duge
vai tro ctia khai thac luat két hop trong khai thac dit liéu, va tAm quan trong cua khai
thac luat két hop bao toan tinh riéng tu.

Nghién ctru gidi thi€u thuat toan nang cao hi¢u qua thuc thi trong khai thac
luat két hop bao toan tin riéng tu. Cu thé théng qua viéc ma hoa nhiéu loan dit liéu
va gidu cac luat nhay cam, ting hiéu qué thuc thi trong khai thac luat két hop bao
toan tinh riéng tu.

Xay dung chuong demo minh hoa cho viéc nang hi¢u qua thuc thi trong khai
thac luat két hop bao toan tin riéng tu.

2. Han ché:

Thuat toan chi st dung thut toAn ma hoa nhiéu loan don gian dé 1am nhiéu
CSDL gbc

Chuong trinh chi dung & budc minh hoa cho thuét toan, chua dugc ap dung
duoc cho thyc té.

3. Kién nghi:

V6i cac muc han ché nhu trén, d6 chinh 14 hudng phat trién trong tuong lai,

c¢6 thé ap dung cac k¥ thuat 1am nhiéu ma hoa phirc tap hon cho CSDL gbc nhur

SHA, va ap dung thuat toan vao mdi truong thuc té.
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