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TOM TAT

Trong khi khai thac tap phd bién chi quan tim dén sy xuét hién cla cac san
pham trong giao dich (Nghia 1a chiing c6 hay khong c6 trong cac giao dich) thi khai
thac tap hiru ich cao (HUI - High utility itemset) lai quan tam dén lo1 nhuan thu duoc
khi ban cac san pham ctiing nhau. Pa c6 nhiéu thuat toan duoc phat trién nham nang
cao hiéu qua khai thac HUI, trong d¢6 EFIM 1a thuat toan méi nhét a4p dung nhiéu k§
thuat dé cai thién téc d6 va khong gian tim kiém. Tuy nhién, EFIM van con tén nhiéu
chi phi dé quét cac dong dir liéu dé xac dinh su lién quan dén tng vién dang xét 1am
gidm hi¢u qua cua thuat toan, dac biét la ddi véi co sé dit liéu thua. Trong luan van
nay, tac gia dé xuat giai phap chiéu nguoc P-set dé giam sé luong giao dich can xét
trong thuat toan iEFIM (thuat toan cai tién ciia EFIM) va vi vy, lam giam thoi gian
khai thac HUI Két qua thuc nghiém cho thay thuat toan iEFIM cai tién giam so luong

giao dich tham gia nhiéu lan va day nhanh téc do thuat toan dbi voi loai dit liéu thua.



ABSTRACT

Mining frequent itemsets is only interested in the sets of items that appear in
transactions but mining High utility itemsets (HUISs) is interested in profits when
selling the sets of items. There have been many developed algorithms for mining
HUIs, where EFIM is the latest algorithm which applies several techniques to
improve the speed and the search space. However, EFIM still spends a lot of
transaction scans to determine relevance candidates, it leads to reduce the efficiency,
especially for the sparse databases. This thesis proposes a reverse projection solution
P-set to reduce the number of transaction scans. An efficient algorithm, named
IEFIM, has been proposed. Experimental results show that iEFIM reduces the number

of transactions involves and speeds up several times in sparse databases.
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CHUONG 1. GIOI THIEU TONG QUAN

Chuong déu tién s& trinh bay so luoc vé khai thac dit liéu, cu thé 1 khai thac
tap hitu ich cao, nhitng van dé gip phai va cic giai phap dang duoc sir dung trong
thuc té. Bén canh d6, muc tiéu va ndi dung cua luan van cling s€ dugc tom tat trong
chuong nay.

1.1. Giéi thiéu

Chung ta dang song trong thoi ky phat trién khoa hoc k¥ thuat ngay cang vuot
bac, dac bi¢t 1a linh vuc cong nghé thong tin va truyén thong. Véi su phé bién cua
Internet va cac cong cu két ndi khac, toc do bung nd nguén dit liéu tir cac cac to chire,

tap doan va tir xa hoi ngay cang tang nhanh.

Thong thuong dir li¢u tho dugce luu trir trong CSDL it khi dugc sir dung truc
tiép. Trong thuc té, dir liéu dugc biéu dién theo khudn dang cta ngudi st dung va
pht hop véi cong viée cta ho. Vi tap dir liéu nho, c6 thé st dung cic phuong phap
thong ké hodc cac cong cu quan tri dé phéan tich. Tuy nhién véi khdi luong dit lidu
khéng 16 va tdc do gia ting nhanh, cac cong cu tim kiém va phan tich truyén thong
khong con kha niang dap tng, can phai c6 cong cu phan tich ty dong méi c6 thé thuc

hién duoc.

Kham pha tri thirc trong co s¢ dit licu (Knowledge Discovery in Databases -
KDD) 1 linh vyc khoa hoc méi dé giai quyét van dé néi trén. Khai thac dit liéu (Data
Mining - DM) 1a mét cong doan chinh trong qua trinh khdm pha tri thirc, nham tim
kiém, phat hién cdac tri thitc mdi, nhitng thong tin hiru ich, tiém an trong ngu@)n dir
lidu 16n. Hé thong KDD/DM khong phai 13 hé thong phan mém téng quat. Chung
dugc phat trién phy thudc vao yéu ciu cua ngudi sit dung dé gitp ho tu dong phan

tich dir liéu da duogc xac dinh, theo cac linh vuc ting dung riéng biét.

Khai thac tap pho bién (FIM - Frequent Itemset Mining) dugc Agrawal gidi

thiéu vao nim 1993 khi phan tich mé hinh dit liéu siéu thi [1] va lam co s& dé mo



rong thanh céc bai toan khac trong linh vuc khai thac dir li¢u.

Khai thac tap hiru ich cao (high-utility itemset - HUI) 1a mét mo rong cua bai
toan khai thac tap phd bién. V&i khai thac tap hitu ich cao, gié tri duoc sir dung 1a loi
ich cia mot tdp muc (itemset, dugc goi tat 1a tap), vi du nhu téng lo1 nhuan ma doanh
nghiép thu dugc néu ban tip d6. Khac véi khai thac tap phd bién, loi ich cua tap

khong thoa tinh chit bao déng giam nén do phire tap cua bai toan cao
1.2. Ly do chon deé tai

Déi vai khai thac tap pho bién, cac thuat toan sinh ing vién ap dung tinh chat
bao dong giam (downward closure property) [2], ting kha nang tia cac tap tng vién
thira. Cu thé, néu c6 mot tap khong pho bién m thi thuat toan khong xét cac tap Gng
vién chtra tap m, gia st bo dir liu chira n phén tor va tap khong phé bién m chira k
phan tir, thuat toan s& khong xét 2K-2 tap c6 chira m.

Su khac biét ctuia khai thac tap phé bién va tap hiru ich cao dugc minh hoa cu
thé qua vi du ¢ bang 1 v6i 7 phan tr (item) va 5 giao dich véi hiru ich thé hién ¢ dong
Utility. Khi tinh d6 hd tro, thuat toan tim tdp phd bién chi sy dung 02 cot dau cua
bang Giao dich (b) va boé qua thong tin hiru ich ¢ bang 1¢i nhuan (a), ... [3]

Bdng 1.1. Dit liéu ban hang

Item dlie|[f|g Tid | Giao dich | S6 lwong
Loi nhuan 50431 T1 | {bcdg} | {1,211}
(a) Bang loi nhuan T2 | {ab,c,de} | {41,311}
T3 {a,c,d} {4,2,1}
T4 | {abde} | {5212}
T5 {a,b,c,f} | {3412}

(b) Bang giao dich

Tuy nhién tap c6 do phd bién cao thi chua chic co gid tri hiru ich cao. Vi du




v6i d6 phd bién cua {bc} 1a 3, hiru ich 1a 18, trong khi {de} c6 gia tri lan luot 14 2 va
22. Trong chién luoc kinh doanh, ngudi ta quan tAm nhiéu dén van dé gia ca/loi
nhuan. Nhung, thuit toan khai thac tap pho bién truyén théng cho cac tap khong chira
thong tin do.

Gidng nhu tp pho bién, mot tip duoc goi 1a tap hitu ich cao khi gia tri hitu
ich cua tdp d6 vuot qua mot ngudng tdi thiéu nhat dinh do nguoi dung dua ra. Khi
thuc hién theo tinh chat bao dong gidm, do hd tro cia tdp tng vién maoi khong 16n
hon tap phd bién sinh ra n6. Nhung véi tap hitu ich cao khong tuan theo quy luat do,
cu thé: cac tap {a}, {ab}, {abc} c6 d6 hd tro 1an luot 14 4,2,1 nhung gia tri hitu ich thi
16, 26, 21. Néu lay ngudng 1a 20 thi ta chon {ab}, {abc} va loai {a}. Vi thé khong thé
ap dung thuat toan tim tap pho bién trong trudng hop nay.

Chinh vi vay t6i chon dé tai “Nghién ciru phwong phap tia ving vién trong
khai thac tdp muc hiru ich cao” nham gop phan rit ngan thoi gian ciing nhu bd nhd

str dung trong qué trinh khai thac.
1.3. Muc tiéu cia dé tai

Ttr khi bai toan duge Yao va cac dong su phat biéu vao nim 2004 [4] dén nay,
d4 c6 nhiéu thuat toan khai thac tap hiru ich cao dugc phat trién nham nang cao hi¢u
qua khai thac: UMining (2004) [4], UMining-H (2006) [5], Two-Phase (2005) [6],
IHUP (2009) [7], TWU-Mining (2009) [8], UP-Growth (2010) [9], DTWU-Mining
(2011) [10], EFIM (2015) [11], ... va mdt s6 hudng phat trién khac cia tap hitu ich
cao, dién hinh nhu khai thic tdp déng c6 CHUD (2011) [12], AprioriCH,
AprioriHC-D (2015) [13]; khai thac Top-k HUI c6 TKU (2012) [14], TKO (2016)
[15]; khai thac HUI trén ludng dir liéu c6 THUI-Mine (2008) [16], GUIDE (2012)
[17], hay khai thac HUI trén dit liéu khong chic chan [18].

Hién nay thuat toan EFIM dugc xem la thuét toan nhanh nhét. Vi vay nghién
ctru cac vu, khuyét diém ctia EFIM va cai tién thuat toan 12 mot thach thirc cua khai

thac tap hiru ich cao.



1.4. Ndi dung chinh can nghién citu

Luan van tap trung nghién ctru vé bai toan khai thac tap hiru ich cao va nghién
curu cac thuat toan da néu trén. Tur do, rat ra nhitng diém manh cua cac thuat toan dé

cai tién thuat toan EFIM.
1.5. Két luan

Dua vao nhitng tim hiéu da trinh bay, luan van nghién ctru giai phap P-set va
g dung P-set dé cai tién thuat todan EFIM trong khai thac tap hitu ich cao. Giai phap
nay, giam dang ké sd luong giao dich can xir 1y vi thé giam duoc khong gian tim tap
hitu ich cao. Thuc nghiém cho thiy giai phap hiéu qua nhiéu lan v6i nhitng CSDL

dugc danh gia thua.
Luan vin t6 chtrc thanh 5 chuong c¢6 ndi dung nhu sau:

Chuong 1: Giéi thiéu tong quan vé bdi canh thyc tién va dinh hinh hudng
nghién ctru cua luan van.

Chuong 2: Trinh bay tong quan vé bai toan khai thac tap hitu ich cao. Chuong
nay ciing dé cap dén cac hudng tiép can bai toan va cac thuat toan lién quan. Phan
cudi chuwong nay trinh bay cac nghién ctru va co s& 1y thuyét lién quan dén két qua
luan van.

Chuong 3: Tap trung vao bai toan “nghién ctru phuong an tia itmg vién trong
bai toan khai thac tap hiru ich cao” véi dé xuat thuat toan iEFIM duogc cai tién tir thuat
toan EFIM.

Chuong 4: Gidi thi€u moi truong thyc nghiém, CSDL dung dé thuc nghi¢m.

Chuong 5: Két luan va hudng phat trién.



CHUONG 2.CO SO LY THUYET VA MOQT SO THUAT TOAN

KHAI THAC TAP HUU ICH CAO

Chuong nay trinh bay bai toan khai thac tap hitu ich cao, cac khai nién co s&

va céc thuat toan khai thac tap hitu ich cao tiéu biéu
2.1. Gidi thiéu bai toan khai thac tap muc hiru ich cao
2.1.1. Pinh nghia bai toan

Cho tap | gom n phan tir i, i, ...in 12 tap cac phan tir va co sé dit liéu D gom
bang hiru ich (Utility table) va bang giao dich (Transaction table) (nhu Bang 1.1).
MJi phan tir trong | ¢6 gid tri hitu ich nhat dinh chtra trong bang hiru ich dwoc dung
chung cho toan bo CSDL. Mot giao dich T trong bang giao dich duoc xac dinh duy
nhat bang Tid va chua tap con cua | ¢6 lién két véi sé luong twong ung. Tap con d6
chaa k phan tir dugc goi 12 tap k phan tir (k-itemsets) [3].

Pinh nghia 2.1. Gia tri hitu ich mé rong ctia phan tir i, ky hiéu eu(i), 1a gia tri
hitu ich cua i trong bang hitu ich ctua D. [3]

Pinh nghia 2.2. Gia trj hiru ich ndi bd ctia phan tir i trong giao dich T, ky hiéu
iu(i,T), 1a sé dém gia tri két hop ctia phan tir i thudc T trong bang giao dich cua D. [3]

Pinh nghia 2.3. Gia tri hitu ich ctia phan tir i trong giao dich T, ky hiéu u(i,T),
la phép nhan gitra iu(i,T) va eu(i) hay u(i,T) = iu(i,T) x eu(i). [3]

Vi du: theo dit liéu tai Bang 1 taco eu(e) =4, iu(e,T4) =2 vau(e,T4) = iu(e,T4)
xeule)=2x4=8

Dinh nghia 2.4. Gia tri hitu ich cta tap X trong giao dich T, ky hiéu u(X,T), la
téng gi4 tri hitu ich cua cac phan tir thuoc X cd trong giao dich T hay u(X,T) =
Diexaxcr w(i, T) [3]

Pinh nghia 2.5. Gia tri hiru ich cua tap X, ky hiéu u(X), 14 tong gid tri hiru ich
ctia X trong tat ca giao dich T ¢6 chtra X trén D hay u(X) = Yreppaxer u(T) [3]



Vidu: u{ae}, T2)=u(a, T2)+u (e, T2)=4x1+1x4=8,vau({ae}) =u
({ae}, T2) +u ({ae}, T4) =8 + 13 = 21.

Pinh nghia 2.6. Mot tap duoc goi 1a tdp hizu ich cao néu d6 hiru ich caa nd
khéng nhoé hon mot ngudng hitu ich téi thiéu minutil do nguoi ding dat ra. Nguoc

lai, n6 duoc goi 1a tap hiu ich thap. [3]

Vi du: tap {ae} & vi du trén c6 do hitu ich 1a 21, néu minutil = 20 thi {ae} 1

tap hiru ich cao va nguoc lai néu minutil = 22 thi {ae} la tap hitu ich thap.
2.1.2. Phat biéu bai toan

Cho CSDL D c6 mé ta giéng nhu bang 1.1 trong d6 bang giao dich Ia chi tiét
hoa don ctia mot hoa don ban hang va mot ngudng hiru ich téi thiéu minutil do ngudi
ding dat ra theo muc dich, yéu cau ma nguoi ding sé dua ra ngudng minutil phi hop,
khai thac tap hitu ich cao tir D twong dwong vai viéc tim trong D tat ca cac tap (tdp

san phdam) ¢6 do hitu ich khong nhé hon ngudng minutil.

Sau khi dinh nghia va phat biéu bai toan khai thac tap hiru ich cao, ta dé cap
dén cac cong trinh nghién ctu lién quan va cac thuat toan c6 anh hudong dén két qua

nghién cuiu cua luan van nay.
2.2. Céac nghién ciru lién quan

Bai toan khai thac tap hitu ich cao do Yao va Hamilton dé xuat vao nim 2004
[4]. Cac tac gia dé xudt thuat toan UMining dya vao chin trén (upper bound) cta do
hitu ich dé khai thac HUL Sau d6 UMining-H, mot dang heuristic cia UMining do
thay d6i cach tinh chin trén d6 hitu ich dé tia img vién. Ca UMining va UMining-H
déu co kha nang tia nham cac tap HUIL. Nam 2005, Liu va céac déng su dé xuat mot
chin trén méi c6 tén 1a trong sd giao dich hiru ich - TWU (Transaction Weighted
Utilization) (duoc trinh bay tai dinh nghia 8 muc 2.3.1) dung cho khai thac HUI [6].
TWU cua cac tap thoa tinh chat bao dong giam nén c6 thé dya vao d6 dé tia ing vién.
Vi vy, céac tac gia dé xuét thuit toan Two-Phase dua trén TWU dé tia tng vién. Two-

Phase duogc chia lam hai giai doan duoc trinh bay tai muc 2.3.1.



Sau Two-Phase, hau hét cac thuit toan déu van dung phuong phap tia dya trén
TWU va 4p dung nhitng chién lugc riéng dé nang cao hiéu qua tia ing vién. TWU-
Mining vd DTWU-Mining cia Le va cic dong su van dung, phat trién céu trac IT-
Tree ctia Zaki [19] thanh cau trac WIT-Tree [8] dé giam sd 1an duyét co so dit lidu.
Cung van dung FP-Growth [20], IHUP cia Ahmed va cac dong su dé xuit tao tng
vién trén IHUP-Tree [7], con UP-Growth va UP-Growth+ [21] ctia Tseng va cac dong
su thi thuc hién viéc tao tng vién trén UP-Tree [9] bén canh cac chién lugc bd tro:
giam do hitu ich cua tap khong trién vong trén UP-Tree toan cuc (DGU - Discarding
Global Unpromising item), gidm dg hiru ich cua nuat trén UP—Tree toan cuc (DGN -
Discarding Global Node utilities), loai bo tap khong trién vong cuc bo (DLU -
Discarding Local Unpromising item), giam d¢ hiru ich ctia ntt trén UP—Tree cuc bo
(DLN - Decreasing Local Node utilities), giam do hiru ich cua tap khong trién vong
cuc bo trén UP-Tree cuc bd (DNU - Discarding local unpromising items and their
estimated Node Utilities) va giam do hiru ich ciia nat khong trién vong cuc bo trong
UP-Tree cuc bo (DNN - Decreasing local Node utilities for the nodes of local UP-
Tree). Sau khi tao danh sach tmg vién IHUP, UP-Growth va UP-Growth+ déu quét
lai CSDL dé tinh gia tri hiru ich va xem xé&t viéc ung vién c6 phai la tap hiru ich cao

hay khong.

V61 HUI-Miner cua Liu va Qu di theo hudng mai, chi duyét CSDL mot lan va
Iru vao ciu trac Utility-list do nhom dé xuat [3], khai thac va tia (mg vién trén ciu
tric d6. Tuy nhién, s lvong Utility-list do HUI-Miner tao ra kha nhiéu nén Fournier-
Viger va cac dong sy dé xuat thuat toan FHM (2014) [22] va céu tric EUCS
(Estimated Utility Co-occurrence Structure) [22] véi phuong an tia EUCP (Estimated
Utility Co-occurrence Pruning) [22] dé han ché viéc tao Utility-list nham tang toc do
thuat toan. Cung myc dich véi FHM, HUP-Miner [23] cta Krishnamoorthy ap dung
thém 2 chién lugc tia theo phan ving (PA - PArtitioned utility) [23] va tia trude (LA
- LookAhead utility) [23] bén canh chién luoc tia theo Utility-list.

MG&i thuat toan déu phat huy hiéu qua chién lugc tia img vién cia minh va day

nhanh t¢ d¢ tim kiém tap hiru ich cao. Tuy nhién, trong qua trinh khai thac, cac thuat



toan van quét cac giao dich rong va chua c6 phuong an xir Iy cac dong dir liéu tuong
d6ng v6i nhau (gidng cac phan tir xuat hién trong giao dich va chi khac sd luong). Vi
vay, EFIM da dé xuét 3 chién lugc: chiéu trén co so dir liéu (HDP — High utility
Database Projection) [11]dé tim kiém céac phan trung nhau; chién lugc tron céc giao
dich (HTM - High utility Transaction Merging) [11] dé giam khéng gian tim kiém
va cac phuong phép tia bang cac chin trén theo gia trj hitu ich cuc bd (Local utility)
[11] va gia tri hitu ich trén nhanh phu (Sub-tree utility) [11] dé loai cac tip Ung vién
khong mong doi.

2.3. Cac thuat toan khai thac tap hiru ich cao

Trong tiéu muc nay dé cap 03 thuat toan c6 anh hudng 16n dén két qua nghién
ctru cta luan van la Two-Phase, TWU-Mining va EFIM.

2.3.1. Thuat toan Two-Phase

Pinh nghia 2.7. Gié tri hitu ich cua giao dich T, ky hiéu tu(T), 1a tong gia tri
hitu ich cua cac phan co trong T hay tu(T) = X;erui(i, T) va gié tri hiru ich cua D

la tong gia tri hiru ich cac giao dich trong D. [6]

Vi du: d6 hitu ich cho ting giao dich nhu tu(T1) = u(b,T1) + u(c,T1) + u(d,T1)
+u(g,T1)=2+2+5+1=10, twong tw d hiru ich cac giao dich trong D dugc minh
hoa tai Bang 2.1 va do hitu ich ctua D la 79.

Bdng 2.1. Gid tri hitu ich trong tirng giao dich

Tid | T1 | T2 | T3 | T4 | TS

tu 10 | 18 | 11 | 22 | 18

Pinh nghia 2.8. Trong sb giao dich hitu ich caa tap X, ky hiéu twu(X), Ia tong gia tri
hitu ich cua tat ca cac giao dich c6 chira X trén D hay twu(X) = Yrepprxer tu(T) [6]

Vi du: Trong sb giao dich hitu ich cua {a} 1a twu({a}) = tu(T2) + tu(T3) +
tu(T4) + tu(T5)= 18 + 11 + 22 + 18 = 69, twong tu trong sb giao dich hitu ich cac



phan tr minh hoa tai Bang 2.2.

Bing 2.2 Trong sé giao dich hitu ich cdc phan tir trén D

Itemset | {a} | {b} | {c} | {d} | {e} | {f} | {0}
twu | 69 | 68 | 57 | 61 | 40 | 18 | 10

Tinh chat 2.1. Tinh chat bao dong giam theo Trong sé giao dich
(Transaction — Weighted Downward Closure - TWDC). V&i moi tap X, néu X
khong phai tap hitu ich c6 trong sd giao dich hiru ich cao (High Transaction —
Weighted Utilization Itemset, viét tat 1a HTWUI) thi bat ky tap nao chira X ciing
1a tap hiru ich thap.

That vay, Néu X € X' thi u(X") < twu(X') < twu(X) < mintil

Theo tinh chat nay, tinh chat bao dong giam c6 thé duoc duy tri bang cach

str dung trong sd giao dich hitu ich.

T Bang 2.2 m6 ta Trong sd giao dich tat ca cac tap co 1 phan ta. Ap dung
tinh chat 2.1, xét véi ngudng mintil = 30, ta c6 thé tia bét khong gian tim kiém.

Trong truong hop nay, {f} va {g} bi tia va khong xét thém cac tap chura {f} va {g}.

Trén co sé dinh nghia 2.7, 2.8 va tinh chat 2.1, thuat todn Two-Phase duoc
dé xuat boi Liu cung cac dong su, thuat toan nay dugc chia ra hai giai doan chinh
va goi la phase 1 va phase 2. Two-Phase sinh ra cac tap tng vién do dai k phan tur
tir c4c tng vién c6 do dai (k - 1) phan tir va tia b6t tap (ng vién bing tinh chat
TWDC. Mai lan lap, cé4c tap ¢ng vién va gia tri TWU dugc tinh bang céch duyét
CSDL. Sau giai doan 1, ta thu dugc toan b tap tng vién. Va ¢ giai doan 2, o hitu
ich cua céc tap ung vién dwoc tinh bang cach duyét CSDL gbc thém lan nira va tur

d6 xac dinh tap htru ich cao.

Phase 1: Thuat todn Two-Phase trién khai chién lwoc tim kiém theo chiéu

rong dé liét ké tat ca cac ¢ng vién. Gia tri hitu ich theo ting giao dich TU duoc
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tinh theo dinh nghia 2.7 (bang 2.1), sau d6 tién hanh tinh Trong sb giao dich hitu
ich TWU theo dinh nghia 2.8 (bang 2.2). Tir két qua so sanh TWU véi ngudng
minutil dé sinh ra cac (ng vién c6 thé 1a tap hiru ich cao theo tinh chit 2.1, trong
qué trinh nay CSDL duoc duyét m lan ang véi mdi lan 1a k phan tir (tdp 1 phan

tir, tdp 2 phan tiz,....).

Dwa vao TWU duoc trinh bay trong bang 2.2, ta tién hanh lap cdng viéc
duyét CSDL tuong ¢ng Véi viéc tim tap ¢ng vién chta k phan tir véi k = 1...m.

V61 ngudng minutil = 35 ta ¢ cac buadc thuc hién nhu sau:
- Buée 1: Véik =1 (tdp c6 1 phan tir hay 1-itemset)

Bing 2.3. TWo-Phase véi tip chira 1 phin ti

I-itemset | TWU | minutil=35 | 1-HTWUI

{a} 69 y — {a}
{b} 68 v {b}
{c} 57 v {c/
{d} 61 v {d}
{e 40 v fe
i 10

(g} 18

- Buée 2: k =2 (2-itemset): Dung céc tap tr 1 HTWUI dugc sinh ra tir budc
1 dé tao thanh 2-itemset.

Bing 2.4. TWo-Phase véi tip chira 2 phin tiv

2- itemset TWU minutil = 35 2-HTWUI

fab} 40 |v =—> fab}

{ac} 29 {ad}
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Bing 2.4. TWo-Phase véi tip chira 2 phin tiv

2-itemset | TWU | minutil=35 | 2-HTWUI

fad) 51 |v {ae)
{ae) 40 |V {bc)
{bc) 46 |V {bd}
{bd; 50 |v the}
{be} 40 |V fcd)
fed) 39 |v {de}
{ce} 18

{de} 40 |V

- Buéc 3: k = 3 (3-itemset): Dung cac tap dugc sinh ra tir bude 2 dé tao thanh

3-itemset.

Bing 2.5. Two-Phase vdi tip cé 3 phin tir

3-itemset TWU minutil = 35 3-HTWUI
{abd} 40 Y — {abd]}
{abe} 40 v {abe}
{ade} 40 v {ade}
thed) 28 tbde)
Ibee) 18
Ibde) 40 | v

- Bwéc 4: k = 4 (4-itemset): Dung céc tap duoc sinh ra tir budce 3 dé tao thanh

4-jtemset.
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Bing 2.6. Two-Phase vdi tdp cé 4 phan ti

4-itemset TWU minutil = 35 4-HTWUI

{abde} 40 Y — {abde}

- Buéc 5: k=5 (5-itemset). Dung cac tap muc duoc sinh ra tir bude 4 dé tao
thanh 5-itemset. Budc nay duyét CSDL khong tao ra duoc tap muc thudc 5-itemset

nén thuat toan dung giai doan 1.

Sau khi thyc hién giai doan 1, ta tim dugc 18 tap @ng vién la {a}, {b},

{c}, {d}, {e}, {ab}, {ad}, {ae}, {bc}, {bd}, {be}, {cd}, {de}, {abd}, {abe}, {ade},
{bde}, {abde}.

Phase 2: O giai doan nay, thuat toan duyét CSDL géc thém lan nira, xac dinh
d6 hitu ich cua tirng tap tmg vién dugc tao ra tir phase 1 va so sanh vai minutil dé két
luan tap hitu ich cao. Két qua co{abde} co do hitu ich 1a 37 > minutil =35 nén la tap

httu ich cao.

Tuy nhién, Two-Phase sinh ra sb luong wng vién 16n va duyét CSDL nhiéu
lan. Dé giai quyét van dé sinh ra nhiéu ang vién va duyét CSDL nhiéu lan, sau day 1a
thuat toan TWU-Mining véi nén tang 1a cau tric cdy WIT-Tree sé& 1am giam s6 lan
duyét CSDL nhung van hiéu qua.

2.3.2. Thuét todn khai thac tap muc hiru ich cao TWU-Mining

Thuat toan TWU-Mining cta Le va cac dong su dua ra nim 2009 ciing thyuc
hién viéc khai thac tap hitu ich cao qua 2 giai doan gidng nhu Two-Phase. Khéac véi
Two-Phase, TWU-Mining xay dung cau tric WIT-Tree duoc phét trién tir cau trdc
IT-Tree va thuc hién viéc tim kiém va sinh cé4c tap tng vién trén ciu trac do, ciu trdc
WIT-Tree chi tiét nhu sau:

Cau trac WIT-Tree

Cau tric WIT-Tree gom nhiéu nut 1&n két vai nhau thanh cay, trong d6 mdi

nit N bao gdm N.name, N.tidset, N.twu, véi N.name 12 tén tap muc cua nit
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trong cay, N. tidset 1a tap sb thi tu cua cac giao dich chira ndt N, N. twu 12 trong s6
giao dich hitu ich cua tap phan tir luu trén N. Gia tri cia TWU da duoc tinh chi tiét
theo dinh nghia 2.8.

Nguyén tic phat sinh WIT-Tree

Xay dung cac k-itemset véi k ¢ gia tri tir 1 dén m, voi m 1a s6 phan ta trong
CSDL giao dich. Tai mdi budc l3p 12 tao ra cac tap phan tir ¢6 cac phan tir chung phai
cling xuat hién trong giao dich caa CSDL. D4 hitu ich cia mdi nit trén WIT-Tree s&

la trong s giao dich hitu ich TWU cua tap d6. Cu thé nhu sau:

- Budc 1: Voi k=1 (I-itemset)

Bing 2.7. WIT-Tree vdi tip cé 1 phin ti

I-itemset | TWU | Cac giao dich tham gia

{af 69 2,3,4,5

{b} 68 1,2,4,5

{c} 57 1,2,3,5

{d} 61 1,2,3,4

{e/ 40 2,4

i} 10 5

{g} 18 1

- Buéce 2: Voi k =2 (2-itemset)

Bing 2.8. WIT-Tree vdi tdp cé 2 phan tiv

2-itemset TWU | Cac giao tac tham gia

fab} 40 24,5

fac) 29 23,5

{ad} 51 2,3,4
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2-itemset TWU | Cac giao tac tham gia

lae} 40 2,4

{bc} 46 1,2,5

{bd} 50 1,2,4

{be} 40 2.4

{cd} 39 1,2,3

{ce} 18 1

{de} 40 2.4

- Lap tuong tu tao ing vién cho dén khi khong thé phat sinh thém tap ang

vién. Va tao dugc cdy WIT hoan chinh nhu hinh 2.1

{R}

%\)

(N5  {a)2345 {b}124 {c}1235 {g}1  {d}1234  {e}24
18 69 57 10

5 61 40
68
{ac}235 \
29
{ab}245 {ad}234 {ae}24 {bc}125 {bd}124 {be}24 {cd}123 {ce}1 {de}24

}\ 51 \40 & 50\k 40 39 18 40

{abd}24 {abe}24 {ade}24 {bcd}12 {bce}2 {bde}24
40 40 40 28 18 40

{abde}24
40

Hinh 2.1. Céu triic WIT-Tree hoan chinh

Thudt toan TWU-Mining

Thuat toan TWU-Mining duoc phat trién trén nén tang WIT-Tree duoc phat
biéu nhu tai hinh 2.2 [8].
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Trong Phase 1, thuat toan duyét CSDL tao dugc WIT-Tree, sau do trong phase
2, duyét WIT-Tree dé phat sinh tap ¢ng vién va tim ra cac tap HUI thoa ngudng
minutil. Cling nhu Two-Phase, TWU-Mining phat sinh duoc 18 tap (rng vién va tim

dugc tap hitu ich cao la {abde} nhung véi s6 1an duyét CSDL it hon.

TWU-Mining()
HUIs = &
[D] = {i x t(i) | ielA twu(i) > min_util}
TWU-Mining-Extend([<] , min_util)
TWU-Mining-Extend ([P], min_util)

// Phase 1
1. forall li e [P] do
2. [P]=Y
3 forall lj e [P], withj>ido
4 X=lul
5. Y = Tidset(li) n Tidset(l;)
6 If twu(X) > min_util then
7 [Pl =[PV {uc}

twu(X)
8.  TWU-Mining-Extend([P;], min_util)
// Phase 2
9. foreach itemset s in [P] do
10.  If u(s) = min_util then
11. HUIs = HUIs U s

Hinh 2.2. Thudt toan TWU-Mining
2.3.3. Thuat toan EFIM
Nhu da trinh bay ¢ ph(:in cudi muc 2.2, Zida va cac déng su dé xuét thuat toan
EFIM nam 2015 dé khic phuc mat s6 khiém khuyét cua cac thuat toan trudc do.

EFIM di dé xuat 3 chién luoc: chiéu trén co s& dit liéu dé tim kiém cac phan tring
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nhau; chién luoc tron cac giao dich dé giam khong gian tim kiém va dé xuat cac giai
phap tia bang cac phép tinh chan trén mdi. CAc chién lugc va giai phap cia EFIM
duoc khai quat qua cac dinh nghia sau:

Pinh nghia 2.9. Cho tap cac phan tir | duoc xép thir tu theo trong sé giao dich
hitu ich TWU >, va tap X, tip cac phan tir mo rong ctia X dugc dinh nghia nhu sau
EX)={z|zelIAnz>xVxeX]}[11].

Pinh nghia 2.10. Cho giao dich T va tip X, phép chiéu cua tap X trén giao
dichT dugcxacdinh1aTy = {i|i€ TAi € E(X)}[11].

Vi du: cho X = {b}, xét phép thc tu a>b >c >d >e thi Tly = @ ,

Pinh nghia 2.11. Cho CSDL D va tap X, phép chiéu cua tap X trén D duoc
dinh nghianhuwsau Dy = { Tyx| T € D ATy # 0} [11].

Vi du: cho X ={c}, xét phép thed ty a>b >c >d >e, Dy={
TlX; TZX ) T3X; TSX} = { {b}, {ay b}l {a}, {a) b}}

Pinh nghia 2.12. Cho hai giao dich Ta, Tp chita cic phan tir tuong tng
{in,iz, ...,im} Va {j1j2, ... jn}. Ta V& Tp duoc goi 1a ddng nhat hay Ta = Tp néu thoa céac
didu kien: n=mvav k € [1,n], ik=jk [11].

Vi du: Xét tiép vi du & dinh nghia 2.11, thi T2, va T5y duoc xem 13 dong nhat
vi ¢6 cung két qua 1a {a, b}.

Pinh nghia 2.13. cho cic giao dich ddng nhat Tri=Tr, =... = Trmtrén D, c4c
giao dich trén duoc tron lai boi giao dich Tw trong do Vi € Ty, iu(i, Ty =
Yk=1.mu(l, Ty [11].

Vidu: Gia sit T2y va T5y5 ¢ dinh nghia 2.12 1a 2 giao dich ddc lap, thi hai giao
dich nay duogc thay bang T2'ycd gia tri hitu ich noi bo iu({a},T2'y) =
iu({a}, T2y ) + iu({fa}, T5x) =4+3=7 va u({b},T2'y) =iu({b},T2x) +
iu({b}, T5x)=1+4=5
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Pinh nghia 2.14. Phép chiéu két hop tron cac giao dich dong nhat: khi chiéu
tap X 1én D, céc giao dich dong nhéat duoc tréon bang mot giao dich moi, ky hiéu

cDx. [11].

Vi du: phép chiéu két hop phép tron tiép theo vi du dinh nghia 2.11.

Tid | Giao dich | So lwong Tid | Giao dich | SO lwong
Tix {b} {1} Tlx {b} {1}

T2x {a,b} {41} 72’x | {ab} {75}
T3x {a} {4} T3x {a} {4}

T5x {a,b} {34} (b) Dit liéu ciia cDx voi X={c}

(a) Dit liéu day dii ciia Dx véi X={c}

Hinh 2.3. Minh hoa phép chiéu X={c} trén CSDL va phép tron két hop

Pinh nghia 2.15. Goi > 1a phép xép thu tu cac phan tu cua tap | theo TWU.
Gia tri hiru ich con lai cia X trong giao dich T, ky hiéu ru(X,T) & tong gia tri hitu
ich cac phan tir sau X trong T, hay 13 ru(X, T) = Yicrnisxv xe x U@, T). [3]

Vi du: gia sir cac phan tir ¢ giao dich T3 di duoc sap xép, ru({a}, 73) = u({c},
T3) +u({d},T3)=2+5=7

Pinh nghia 2.16. Cho tap X, phan tr z € E(X) va gia tri hitu ich cuc bo cua
(X,z) dugce tinh nhu sau lu(X,2)=Y.r5x uzp[u(X, T) + ru(X, T)] [11]

Vi du. Gia sir cac giao dich da sip xép, voi X ={a}, lu(X,c) = (u(X,T2) +
ru(X,72)) + (u(X,T3) + ru(X,73)) + (U(X,T5) + ru(X,T5)) =18 + 11 + 18 =47

Tinh chat 2.2. Cho tap X, z € E(X), néu lu(X, z) < minutil thi tit ca cac tap

M rong cua tap X voi z déu khong thé 1a tap hiru ich cao. [11]
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Thuat toan EFIM

input : D: CSDL can khai thac, minutil: ngudng tdi thiéu
output: cac tap hiru ich cao

1.X=g

2. Duyét D, tinh lu(X, i) cho tit ca i €1;

3. Secondary(X) = {i|i €1 Alu(X, i) > minutil};

4. Sap xép tang dan Secondary(X) theo gia tri lu;

5. Duyét D dé xo0a cac phan tir i € Secondary(X) ra khoi cac giao dich va x6a
cac giao dich rong;

6. Sap xép cac giao dich T tang dan;

7. Duyét D tinh su(X,i) cho tirng phan tir i € Secondary(X);
8. Primary(X) = {i]i € Secondary(X) Asu(X, i) > minutil};
9. Search (X, D, Primary(X), Secondary(X), minutil);

Hinh 2.4. Thudt toan EFIM

Pinh nghia 2.17. Cho tap X va phan tr z € E (X)), gi tri hitu ich trén nhanh phy z
vatap Xlasu(X, z) = Xrox uiylu(a, T) + u(z, T) + Xierpierauizy (i T)] [11]

Vi du. Cho X ={a}, su(X,c) = (u{a},T2) + u{c},72)+ u({d},72) + u({e},72))
+ (u({a},T3) + u({c},T3)+ u({d},13)) + (u({a},T5) + u({c},T5) + u({f},T5)) = 16 +
11+10=37

Tinh chat 2.3. Cho tap X va z € E(X), néu su(X,z) < minutil thi tit ca cac
tap Mo rong cua tap X voi z déu khong thé 1a tap hitu ich cao. [11]

Pinh nghia 2.18. Cho tap X, phan tir chinh va phan tir phy (Primary, Secondary
item) duoc dinh nghia nhu sau Primary (X) ={z|z€ E(X) Asu(X,z) =
minutil} va Secondary (X) ={z |z € E(X) Alu(X,z) = minutil}.[11]

Vi du. Tiép tuc vi du tai dinh nghia 2.16 va 2.17, néu xét minutil = 40 thi
X={a} 14 1 phan tr phu nhung khong phai 1 phan tir chinh, nhung véi minutil = 30
thi X={a} vira 1a phan tir chinh vira 13 phan tir phu.
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Thuat toan EFIM thu tuc Search dugc mé ta ¢ hinh 2.4 va tai hinh 2.5: [11]

Thi tuc Search
input : X: tdp phan tir dang xét, cDy: Cac giao dich duoc chiéu va tron boi X,
Primary(X): cac phan tir chinh X, Secondary(X): cac phan tir md rong cia X,
ngudng minutil
output: cac tap hiru ich cao mé rong tir X
1 foreach item i €P rimary (X) do
2 p =X uU{i};
Duyét Dy dé tinh u(f) and xay dung Dg; // dung phép tron giao dich
if u(B) > minutil then xuét f;

Duyét Dy tinh su(B, z), lu(B, z) cho tat ca z € Secondary(X) sau i ;

Secondary(p) = {z € Secondary(X)|lu(B, z) > minutil},

3

4

5

6 Primary(p) = {z € Secondary(X)|su(B, z) > minutil},
y

8 Search (B, Dg, Primary(f), Secondary(f), minutil);
9

end.

Hinh 2.5. Thii tuc Search ciia thudt toian EFIM
Sau ddy 1a két qua chay ting budc thuat toan EFIM véi minutil = 35
Buwéc 1. Khoitao X = @

Buwéc 2. Tinh lu(X,i)) voii € lvaX =0

Itemset | {a} | {b} | {c} | {d} | {e} | {f} | {0}
lu 69 | 68 | 57 | 61 | 40 | 18 | 10

Hinh 2.6. Két qua tinh lu(X,i) véi i€ | va X=g
Buwdc 3. T lu(X, i) ta coé Secondary(X) = {a,b,c,d, e}

Buéc 4. Sap xép Secondary(X) ting dan theo lu(X,i) Secondary(X) =
{e,c,d,b,a}
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Buwéc 5. Quét lai dit liéu va x6a cac phan tir khdng thudc tap Secondary (X)

Buéc 6. Sap xép cac giao dich ctia D (xem két qua tai hinh 2.7)

Tid Giao dich S6 lwong
T1 {c,d,b} {2,1,1}
T5 {c,b,a} {1,4,3}
T3 {c,d,a} {2,1,4}
T4 {e,d,b,a} {2,2,1,5}
T2 {e,c,d,b,a} {1,3,1,1,4}

Hinh 2.7. Két qua ciia EFIM sau khi sip xép CSDL

Buoc 7. Tinh su(X,i) véii € Secondary(X) vaX = @ (xem hinh 2.8)

Itemset | {e} | {c} | {d} | {b} | {a}
su 40 53 37 28 16

Hinh 2.8. Két qud tinh su(X,i) véi i€ | va X=0
Buwdrc 8. Xét Primary(X) = {e,c,d}

Buwoc 9. Goi dé quy ham Search (X =@, D,Primary(X) = {e,c,d},
Secondary(X) = {e,c,d, b, a}, minutil = 35)

-B= X Ule}={e}

- Lan luot duyét qua cac giao dich T1, T5, T3, T4, T2 détinhu(B) =8 + 4 =
12 va tao phép chiéu trén CSDL Dp. Két qua thé hién tai hinh 2.9.

- Tinh lu(B, i) vasu(B,i) véi i € Secondary(X)
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Tid | Giao dich | S lwgng Iltem| ¢ d b a
T4 | {db,a} {2,1,5} lu | 18 40 40 40
T2 | {c,d,b,a} {3,1,1,4} su | 18 37 27 21

(a) CSDL khi chiéu g = {e} (b) Két qua tinh lu(B, i), su(B, i)

Hinh 2.9. Két qua thudt toin EFIM khi = {e}

- Xét ngudng minutil=35, suy ra Primary(B) = {d} va Secondary(B) =
{d,b,a}

+ Tuong tu goi dé quy ham Search (X = {e}, Dy, Primary(X) = {d},
Secondary(X) = {d, b, a}, minutil = 35) taco u(B) =22 véi B = {ed} thé hién ¢
hinh 2.10.

(a) CSDL khi chiéu g = {ed}

Tid

Giao dich

S6 lwong

TI

{ba}

12,9}

Tid | Giao dich S6 lwong Item| b a
T4 {b,a} {1,5} lu | 37 37
T2 {b,a} {1,4} su | 37 31

(c) Két qud tinh (B, i), su(B, i)

Primary(B)

{b}

Secondary(pB)

{b. a}

(b) Két qua sau khi tron giao dich (d) Cac tap mo rgng cua

Hinh 2.10. Két qud thudt toan EFIM khi f= {ed}
+ Thuc hién tuong tu dé quy ham Search dé tiép tuc mé rong tap {ed} ta c6
duoc 1 tap hitu ich cao {edba} vdi u({edba}) = 37.
- Tuong tu duyét lan lugt 5 giao dich cho ting truong hop mé rong véi =

{c} cou{c} =7, B ={d} co u({d})=20 va ta khong tim thém duoc tap hitu ich cao
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véi 2 truong hop nay. Xem hinh 2.11 va 2.12

Tid | Giao dich S6 lwong
T1| {db} {1,1}
T5 | {ba} {4,3}
T3 | {da} {1.4}
T2 | {dba} {1,1,4}

(a) CSDL khi chiéu véi B = {c}

Hinh 2.11. Két qud thudt todan EFIM khi = {c}

o~

Item | d b a
lu [ 34 39 41
su |34 25 17
(b) Két qud tinh lu(B, i), su(B,
Primary(B) | @
Secondary(p) | {b,a}

(c) Céac tgp mo rong cua

)

3 thuat toan Two-Phase, TWU-Mining va EFIM. MObi thuat toan co nhitng chién luoc

Tid | Giao dich S6 lwong Tid | Giao dich S6 lwong
T1 {b} {1} T1 {b} {1}
T3 {a} {4} T3 {a} {4}
T4 {b,a} {1,5} T4 {b,a} {2, 9}
T2 {b,a} {1,4} (b) Két quad sau khi trén giao dich
(a) CSDL khi chiéu véi X = {d}
Item| b a
Primary(B) | @
lu | 32 34
Secondary(p) | {a}
su | 32 28
(d) Céac tdp mo rong cua B

() Két qua lu(B, i), su(B, i)

Hinh 2.12. Két qud thudt todn EFIM khi p= {d}

2.4. Két luan

Qua khao sat va nghién ciru cac thuat toan khai thac tap hiru ich cao va chi tiét
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phat huy hiéu qua tia tng vién cua minh dé dat hiéu qua cao nhat. Mot s6 nhin xét

Sau:

- V&i Two-Phase, wu diém 16n nhét 1a khoi xuong chan trén TWU dé van dung
tinh chat bao dong giam dé dua ra cac tng vién c6 kha ning 1a tap hiru ich cao. Khuyét

diém chinh 13 duyét CSDL qué nhiéu lan nén hiéu qua chua cao véi CSDL 16n.

- V6i TWU-Mining, céc tic gia da cai tién Two-Phase bang cach van dung wu
diém cua IT-Tree va xay dung ciu trac WIT-Tree chtra Tid céc giao dich lién quan
dén tap ung vién nén giam dugc s6 1an duyét CSDL trong qua trinh khai thac tap hiru

ich cao so v4i Two-Phase.

- V6i EFIM, du d3 khac phuc duoc nhiéu khiém khuyét vo1 cac thuat toan
trudc d6 va cai tién cac chan trén dé day nhanh hiéu qua khai thac. Nhung qua trinh
thuc hién phép chiéu, thuat toan quét qua cac giao dich khong lién quan dén tng vién

nén it nhidu anh hudng dén téc do khai thac tap hitu ich cao.
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CHUONG 3: THUAT TOAN EFIM CAI TIEN

Nhu nhén xét & trén, EFIM ton qué nhiéu chi phi cho viéc tao phép chiéu trén
tap X trén ving giao dich dang xét dé du toan sy trién vong clia cac tip mé rong.

Xét tap X vd z € Secondary (X), va ving dit liéu cDx 14 cac giao dich can
xét khi mé rong phan tir. Xét phép chiéu z 18n ving cDx, EFIM budc phai quét lai
toan bd cDx mat 1an nita, trong khi c6 thé xac dinh duoc viing chiéu nay khi tim tap
phan tir phu Secondary (X).

Nham han ché s luong giao dich can duyét khi thuc hién phép chiéu cua X
v6o1 mot phén tor phy, van dung hiéu qua cai tién cua TWU-Mining v4i Two-Phase,
luan van cai tién thuat toan EFIM thanh thuat toan iEFIM.

3.1. Thuat toan iEFIM

Véi TWU-Mining, WIT-Tree da luu Tid cac giao dich c6 lién quan dén nat
dang xét, van dung va ké thira hiéu qua cta viéc luu trit cac Tid vao EFIM, duogc goi
la P-set v4i cac khai niém nhu sau:

Dinh nghia 3.1. Phép chiéu ngwoc ciia tip X trén D

Cho co s& dir liéu D va tap X, P-set 1a phép chiéu nguoc cua tap X trén D
duoc xac dinh nhu sau P — set(X) ={T.id|TEDAX ST}

Vidu: Xét X={e}, P-set(X) ={T2,T4}.

Dinh nghia 3.2. Phép chiéu ngwoc mé rpng ciia tip X véi i trén D

Cho CSDL D va tap X, P-set-ex(X,i) 1a phép chiéu nguoc mo rong cua tap X
v6i phan ta i trén D dugc xac dinh nhu sau Pex — set (X,i) = {T'.id| T' € cDx A
i €T}

M¢énh dé 3.1. gia tri hiru ich cua tap X khong d6i khi 4p dung P-set va Pex-
set(X,i) trén D.

Gia su chia CSDL D, theo dinh nghia 2.4 ta ¢6 u(X) = Yrepiaxer X, T)
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hay u(X) = Yrepar.iaep-sercry (X, T) (theo dinh nghia 3.1). Vi vay, khi 4p dung P-
set, gia tri hiru ich céc tip khong thay d6i. Ap dung thém dinh nghia 2.14 va 3.2,

chirng minh tuong tu vai Pex-set(X,i), ta co:

u(X) = Yrepar.idepex—setxiy WX, T) (1)
Ngoai ta, theo dinh nghia 2.11 va 2.14, ta c6: | cDx| < |Dx| < |D] (2)
Ap dung dinh nghia 3.2, ta ¢6 | Pex-set(X,i)| < | cDx (3)
Két hop (2) va (3) suy ra |Pex-set(X,i)| < |Dx| 4)

Tir (1) va (4) cho thay hiéu qua Pex-set ti 1& nghich véi d6 phd bién cua céac

tap X va phan tir mo rong i trén vung dit liéu twong tng cDx.

Thuit toan IEFIM

input: D: CSDL can khai thac, minutil: ngudng tbi thiéu

output: céc tap hitru ich cao

1.X=¢

2. Duyét D tinh lu(X, i) cho tatca i €1;

3. Secondary(X) = {i|li €l Alu(X, i) > minutil};

4. Sip xép ting dan Secondary(X) theo gia tri lu;

5. Duyét D dé xo6a cac phan tir i € Secondary(X) ra khéi cac giao dich va xéa céc
giao dich rong;

6. Sap xép cac giao dich T tiang dan;

7. Duyét D tinh su(X,i) va Pex-set(X,i) cho tirng phan tir i €Secondary(X);
8. Primary(X) ={il|i € Secondary(X) A su(X, i) > minutil};

9. Search (X, D, Primary(X), Secondary(X), minutil,Pex-set(X,i));

Hinh 3.1. Thudt todn iEFIM
Vi du: xét X={e}, P-set(X) ={T2,T4}, khi can tinh d6 hitu ich cia X, ta truc
tiép dén T2 va T4 d¢é tinh thay vi duyét ca 5 giao dich Va hién nhién hiéu qua khi
str dung P-set({a}) thap hon cua P-set({e}) do {a} xuit hién trong nhiéu giao dich
hon {e}.
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Vi viéc sur dung Pex-set, thuat toan iEFIM thay ddi tai dong 7 tinh Pex-
set(X,i) song song vai su(X, i), 1a tong gia tri hitu ich cta X, i va gia tri hitu ich con
lai cua i trong cac giao dich chira X va i va tip cac phan tir i ¢6 su(X, i) 16n hon
ngudng duoc goi 1 phan tir chinh Primary(X) va tai dong 3, 5 cua thu tuc Search
(hinh 3.1 va 3.2).

Do Pex-set(X,i) 1a tap chtra T.id ctia phép chiéu Dx-ex nén thyc hién dong thoi
véi viée tinh gia tri hitu ich trén nhanh phu su(X,i) khong lam ting do phurc tap cta
thuat toan. Twong ty nhu thé véi dong 5 tai thu tuc Search. Hiéu qua ciia Pex-set(X,i)
duogc thé hién 13 tai dong 3 cta thi tuc Search, n6 chi xét cac giao dich c6 tid thudc

Pex-set(X,i) thay vi quét toan bo Dy.

Thi tuc Search
input : X: tap phén tor dang xét, cDy: Cac giao dich dugc chiéu va tron bai X,
Primary(X): cac phan tir chinh X, Secondary(X): cac phan tir mo rong cua X,

ngudng minutil,Pex-set(X,i): tid cac giao dich dung mo rong X véi {i}

output: céc tap hiru ich cao mé rong tir X

1 foreach item i € P rimary (X) do

2 B =X u{i};

3 Dling Pex-set(X;i) @é duyét Dy dé tinh u(g) and xay dung Dy; // diing
phép tron giao dich

4 if u(B) > minutil then xuét f;

5 Duyét D tinh su(p, z), lu(g, z) va P-set-ex(f,z) cho titcaz €
Secondary(X) sau i ;

6 Primary(B) = {z € Secondary(X)|su(B, z) > minutil};

7 Secondary(B) = {z € Secondary(X)|lu(B, z) > minutil},

8 Search (B, Dg, Primary(f), Secondary(f), minutil,Pex-set(p,z));
9 end.

Hinh 3.2. Thii tuc Search cia iEFIM
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3.2. Vi du minh hoa thuét toan iEFIM

Sau day 1a két qua chay timg budc thuat toan iMEFIM véi minutil = 35

Buéc 1. Khoitao X = @

Budc 2. Tinh lu(X, i) véii€elvaX =9

Bwoc 3. T lu(X, i) ta c6 Secondary(X) = {a,b,c,d, e}

Buéc 4. Sap xép Secondary(X) tang dan theo lu(X,i) Secondary(X) =
{e,c,d,b,a}

Buéc 5. Quét lai dit lidu va x6a cac phan tir khdng thudc tap Secondary (X)

Buéc 6. Sap xép cac giao dich ctia D

Bwéc 7. Tinh su(X, i) v6i i € Secondary(X) va X = @, ddng thoi xay dung

P-set (xem két qua thé hién & hinh 3.3)

(b) CDSL sau khi xéa phan tir va sdp xép

Itemset | {a} | {b} | {c} | {d} | {e} | {f} | {o} | Itemset | {e} | {c} | {d} | {b} | {a}
lu | 69|68 |57|61|40 18] 10 su | 40 | 53| 37 | 28 | 16
(a) Két qua lu(X, i) (c) Két qua su(X, i)
Tid | Giao dich S6 lwgng Item P-set
T1 {c,d,b} {2,1,1} e {74, T2}
TS5 {c.ba} {1,4,3} c {T1, T5, T3, T2}
T3 {c.d,a} {2,1,4} d {T1, T3, T4, T2}
T4 {e.d,b,a} {2,2,1,5} b {T1, T5, T4, T2}
T2 | {ecdba} {1.3.1,14} a {75, T3, T4, T2}

(d) P-set dung mo rong vng vién

Hinh 3.3. Két qua thudt todn iEFIM khi X=0
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Buoc 8. Xét Primary(X) = {e,c,d}

Tid | Giao dich | S6 lwong Item Pex-set
T4 | {db,a} {2,1,5} c {72}
T2 | {cdb,a} | {3,1,1,4} d {T4, T2}
(a) CSDL khi chiéu g = {e} b {T4, T2}
a {T4, T2}
Item| ¢ d b a (c) Pex-set dung mo réng 1ng vién

lu 18 40 40 40

su 18 37 27 21

(b) Két qua tinh lu(B, i), su(B, i)

Hinh 3.4. Két qud phép chiéu, tinh Iu, su va Pex-set ciia iEFIM khi f={e}

Budc 9. Goi dé quy ham Search (X = @, D, Primary(X) = {e,c, d},
Secondary(X) = {e, c,d, b, a}, mintil = 35, P — set)

-B =X ule}={e}

- Dung P-set({e}) duyét 02 giao dich T4, T2 tinh u(B) = 12 va tao phép
chiéu trén CSDL Dg. K&t qua thé hién tai hinh 3.4

- Tinh lu(B, i), su(B, i) va xay dung Pex-set(B,i)véi i € Secondary(X)
- V6i minutil=35, suy ra Primary(B) = {d} va Secondary(B) = {d, b, a}

+ Tuong tu goi dé quy ham Search (X = {e}, Dy, Primary(X) = {d},
Secondary(X) = {d, b, a}, minutil = 35, Pex — set) ta c6 u(B) = 22 véi g =
{ed} thé hién ¢ hinh 3.5.
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Tid | Giao dich S6 lwong Iltem| b a Item | Pex-set

T4 | {ba} {15} lu | 37 37 b (T1}

T2 {b,a} {1,4} su 37 31 a {T1’}
(a) CSDL khi chiéu g = {ed} (c) Két qua lu, su (d) Pex-set

Tid | Giao dich | S6 lwgng Primary(B) | {0}

Tl {b,a} {2,9} Secondary(p) | {b,a}

(b) Két qua sau khi tron giao dich (e) Cac tdp mo réng cua B

Hinh 3.5. Két qua ciia iEFIM khi f={ed}
+ Thyc hién tuong ty dé quy ham Seach dé tiép tuc mé rong tap {ed} ta co

duoc 1 tap hitu ich cao {edba} vdi u({edba}) = 37.

Tid | Giao dich S6 lwong Item d b a
T1| {db} {11} lwu | 3 39 4
T5 {b,a} {4,3} su 34 25 17
T3 {d,a} {14} (b) Két qua tinh lu(p, i), su(p, i)
T2 d,b,a 114
{ } { } Item Pex-set
(a) CSDL khi chiéu véi g = {c} q (1, 73,72}
Primary(B) |90 b {11,775 T2}
Secondary(B) | {b,a} a {15, T3, T2}

(c) CAc tdp mé réng cua 8 (d) Pex-set dung mo rong vrng vién

Hinh 3.6. Két qud ciia iEFIM khi p={c}
- Tuwong ty duyét cac giao dich theo P-set cho ting truong hop mé rong véi
B ={c}coéu{c} =7, B = {d} cd u({d})=20 va ta khong tim thém dugc tap hiru ich

cao voi 2 truong hop nay. Xem hinh 3.6 va 3.7



Tid | Giao S6 lwong
dich

T | {b} {1}

T3 | {a} {4}

T4 {b,a} {1,5}

T2 {b,a} {1,4}

(a) CSDL khi chiéu véi X = {d}
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Tid | Giao S6 lwong
dich

1| {b} {1}

T3 | {a} {4}

T4 | {b,a} {2, 9}

(b) Két qua sau khi trén giao dich

Primary(B) | @

Secondary(pB) | {a}

(e) Cac tgp mo rong cua 8

ltem | b a Item Pex-set
| 32 U b | {TLT4%
su | 32 28 a {13, T4%3
(©) Két qud (d) Pex-set dun:g mo rong ung
vién

u(B,i),su(pB,i)

Hinh 3.7. Két qud thudt todn iEFIM khi = {d}

3.3. Hiéu qua P-set cia iEFIM

DPé minh hoa hiéu qua cua P-set, Pex-set cua IEFIM so voi EFIM, ta tiép

tuc x€t va so sanh 2 vi du minh hoa cua 2 thuat toan dugc trinh bay ¢ phén 2.3.3

va 3.2.

V&i muc tiéu han ché sb giao dich quét thura cua EFIM, voi céu truc P-set

va Pex-set dung mé rong tap X v6i phan tir i khac, ta thy sé giao dich 2 thuat

toan phai quét qua dé tao phép chiéu ¢ dong 3 cua thu tuc Search (cu thé xem

bang 3.1). Qua dd, ta thdy s6 giao dich thuat toan can duyét dé tao phép chiéu

ctia iEFIM giam hon 26% so v4i EFIM, néu khong xét phép chiéu mé rong,

iEFIM giam 33% s giao dich (cu thé chi xét phép chiéu cua {e}, {c}, {d} 1a 10
voi IEFIM va 15 véi EFIM).
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3.4. Két luan

Qua chtng minh ctia ménh dé 3.1, trén co s& 1y thuyét ta thiy duoc hiéu
qua cua P-set va Pex-set. Thong qua vi du minh hoa va bang so sanh (Bang 10),
thé hién dugc kha niang giam sb lugng giao dich phai duyét trong qua trinh khai
thac tap hiru ich cao. Tuy nhién, hiéu qua thuc nghiém cua P-set va Pex-set duoc

cu thé & chuong 4.

Bing 3.1. So sdnh s giao dich phdi duyét khi tao phép chiéu

ciia iEFIM vi EFIM

Thao tac EFIM | iEFIM
- Tao phép chiéu voi X={e} 5 2
- Tao phép chiéu khi mé rong X={e} vai d 2 2
- Tao phép chiéu khi mé rong X={ed} véi b 1 1
- Tao phép chiéu khi m¢ rong X={edb} vdi a 1 1
- Tao phép chiéu voi X={c} 5 4
- Tao phép chiéu voi X={d} 5 4
Tong cong 19 14
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CHUONG 4: KET QUA THUC NGHIEM

4.1. Moi trwong va dir liéu thue nghiém

Thuét toan iIEFIM dugc cai dat va tién hanh chay thyc nghi€ém so sadnh voi
thuat toan EFIM trén cac CSDL duoc lay tir thu vién md SPMF: An Java Open-
Source Data Mining Library tai dia chi http://www.philippe-fournier-

viger.com/spmf/ [24]. Cac thudt toan dugc thuc hién trén moi truong Java sir dung hé

diéu hanh Windows 8.1, 64 bit, RAM 4GB, CPU Core i3 M350.

Ngoai ra, cac CSDL Retail, T10I4D100K, T40110D100K duoc phét sinh ngau
nhién tir 1 dén 10 cac gia tri: d6 hitu ich ciia tng phan tir va sb lugng trong timg giao

dich, céac bo dir li¢u thyc nghi¢m chuén duoc mé ta tai bang 4.1.

Bing 4.1. Bing mé td dit liéu thwe nghiém chuin

, o Pé dai
Loai dir liéu | So giao dich | S0 phan t& trung Panh gia
binh
Accident 340.183 468 33.8 bac
BMS 59.601 497 4.8 Thua
Chess 3.196 75 37| Ratdic
Foodmart 67.557 129 43 Thua
Kosarak 990.002 41.270 8.1 Thua
Retail 87.943 16.465 10.3 Thua
T1014D100K 100.000 870 10.1 Thua
T40110D100K 100.000 942 39.6 Thua

Chung t61 chay thyc nghiém trén cac CSDL trén va ghi lai thoi gian thyc hién

va sb giao dich duoc quét dé thuc hién phép chiéu dé xay dung ving dir liéu méi


http://www.philippe-fournier-viger.com/spmf/
http://www.philippe-fournier-viger.com/spmf/
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dung mé rong ing vién va tinh gia tri hiru ich. (Xem bang 4.2)

Bing 4.2. Két qud thwe nghiém trén dit ligu chudn

CSDL -~ S6 giao dich tham gia thuit toan | Thoi gian (ms)
EFIM IEFIM EFIM | iEFIM
6.000.000 481.384.237 452.623.534 | 143.258 | 139.288
7.000.000 344.980.709 317.552.753 | 113.927 | 99.511
Accident 8.000.000 257.400.687 231.598.795 | 82.386 | 78.771
9.000.000 200.530.132 175.370.521 | 68.358 | 65.875
10.000.000 160.275.480 135.444.966 | 59.285 | 56.513
2.090.000 11.092.787 303.528 2.456 559
2.100.000 10.912.762 179.219 2.399 431
BMS 2.110.000 10.873.767 176.316 2.264 320
2.130.000 10.763.324 169.615 2.230 277
2.200.000 10.468.482 154.690 2.159 246
300.000 45.049.177 44.980.586 | 14.745| 14.861
320.000 29.693.811 29.628.087 8.755 8.800
Chess 340.000 19.832.587 19.767.928 5.479 5.512
360.000 13.452.590 13.390.942 3.580 3.574
380.000 9.304.332 9.242.366 2.376 2.364
1.000 7.105.014 667.514 1.011 666
1.500 7.031.947 594.447 675 328
Foodmart 2.000 6.939.388 501.885 619 251
2.500 6.845.807 408.304 598 205
3.000 6.756.448 318.937 504 168
1.000.000 1.846.625.089 11.900.258 | 421.788 | 26.888
1.100.000 1.354.952.101 3.037.229 | 318.566 | 22.336
Kosarak 1.200.000 1.030.389.514 8.899.348 | 249.182 | 18.103
1.300.000 804.028.839 8.039.582 | 192.828 | 16.316
1.400.000 656.851.432 7.354.244 1 161.204 | 15.411
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CSDL -~ S6 giao dich tham gia thuit toan | Thoi gian (ms)
EFIM IEFIM EFIM | iEFIM
1.000 799.966.359 6.813.471 | 231.765 3.508
1.500 686.936.586 4.273.098 | 160.980 3.140
Retail 2.000 609.734.486 3.297.957 | 156.972 2.791
2.500 549.790.860 2.807.803 | 147.225 2.566
5.000 493.437.224 2.492.283 | 133.817 2.580
80.000 80.308.480 4.609.892 | 19.805 2.133
100.000 77.587.696 3.387.511 | 19.327 2.007
T1014D100K 120.000 74.921.610 2.718.140 | 19.180 1.919
140.000 72.623.626 2.316.566 | 18.244 1.897
160.000 70.364.888 2.051.549 | 17.990 1.892
1.500.000 84.287.140 9.089.804 | 36.704 | 11.096
1.600.000 82.542.339 8.535.513 | 35.991 | 11.042
T40110D100K | 1.700.000 81.134.406 8.218.225 | 35.433| 10.613
1.800.000 80.208.963 6.958.839 | 33.763 | 10.308
1.900.000 79.550.309 7.822.690 | 33.637 | 10.051

4.2. So sanh vé so lwong giao dich

Tur két qua thuc nghiém duoc thé hién qua bang 4.2 va cac dd thi so sanh s

luong giao dich tham gia phép chiéu tao ving dit liéu dé mé rong Gng vién va tinh

gi tri hiru ich ctia tap Gng vién (tir hinh 4.1 dén hinh 4.8) ta c6 nhan xét, khi 4p dung

phuong phap chiéu nguoc, thuat toan iIEFIM giam sb giao dich giam tir 9 (nhu
T40110D100K, hinh 4.8) dén 400 lan (nhu Kosarak, hinh 4.5) d6i v6i loai CSDL

dugc danh gia thua, va ti 1€ nay giam dan doi voi cac loai dir liéu dugc danh gia dac

va rat dic, cu thé véi Accident va Chess (hinh 4.1 va 4.3), sb luong giao dich dugc

quét giam khong déng ké.

Nguyén nhan: Nhu muyc tiéu dé ra & muc 3.1, hiéu qua cua P-set va Pex-set

phu thudc vao su xuat hién it hay nhi€u cua tap ung vién dang xét nén loai dir li¢u

cang thua thi hiéu qua cang cao va nguoc lai.




Sé lwong giao dich (triéu)

S6 liwong giao dich (nghin)
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Hinh 4.1. Pé thi so sinh sé lwgng giao dich CSDL Accident

12000 -~ == &= EFIM === iEFIM
10000 -
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minutil (nghin)

Hinh 4.2. Dé thi so sanh sé lwong giao dich CSDL BMS
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S6 luong giao dich (triéu)
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Hinh 4.4. Dé thi so sanh sé lwong giao dich CSDL Foodmart
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4.3. So sanh vé thoi gian
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Hinh 4.9. Dé thi so sdnh thoi gian thuwe nghi¢gm CSDL Accident
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== &= EFIM === iEFIM
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Hinh 4.16. Pé thi so sdnh thoi gian thwe nghigm CSDL T40110D100K
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Vé thoi gian thyc hién duoc thé hién tai Bang 4.2 va cac dd thi so sanh tir 4.9
dén 4.16 twong ng v&i 8 CSDL chuin duoc mo ta tai bang 4.1, thuét toan iEFIM
nhanh hon han EFIM trén CSDL thwa, giam thoi gian thue hién tir 2 (Foodmart, hinh
4.12) dén 60 1an (Retail, hinh 4.14). B6i v6i CSDL dic/rat dic nhu Accident, Chess
thi thoi gian cai thién khong dang ké (hinh 4.9 va 4.11).

Nguyén nhan: hiéu qua cua thuat toan iEFIM so véi EFIM ¢ chd giam duoc
s6 giao dich can tham gia xur 1y dé giam thoi gian thyc hién. Tuy nhién, iEFIM lai
phat sinh chi phi khac d6 1a thoi gian xay dung P-set va Pex-set. Tom lai, hiéu qua
cua IEFIM phai hai hoa gitra viéc giam thoi gian xtr 1y giao dich thira va thoi gian tao
P-set va Pex-set. Vi thé, khi dir liéu thua, chi phi tao P-set n6i chung thap trong khi
s6 lwong giao dich giam rat 16n nén thoi gian thuc nghiém giam va nguoc lai, s6
lugng giao dich giam it, thoi gian tao P-set taing nhu Accident, Chess , thi it nhiéu
IEFIM cham hon EFIM.



44

CHUONG 5. KET LUAN VA HUONG PHAT TRIEN

5.1. Két luan

Luan vin d3 trinh bay chi tiét cac bai toan khai thac tap hitu ich cao, khai
quat cac cong trinh nghién ciu lién quan va céac thuat toan khai thac tap hiru ich cao
nhu Two-Phase, TWU-Mining, EFIM.

Trén co sé hiéu qua thuat toan TWU-Mining véi Two-Phase va EFIM, luan
vin da dé xuat giai phap chiéu nguoc P-set va thuat toan cai tién goi 1a iEFIM
(improved EFIM) thdng qua giai phap P-set di giam dugc dang ké s6 luong giao dich
tham gia qua trinh khai thac tap hitu ich cao nho do giam bét duoc thoi gian thuc hién

thuat toan khai thac, dac biét la trén cac CSDL thua.

Thuat toan cai tién da duoc cai dat va thtr nghiém thanh cong trén mot sé
CSDL chuan 16n dugc cong dong nghién ciru vé HUI sir dung, nhu CSDL Accidents,
BMS-POS, Chess, Foodmart, Kosarak, Retail, T1014D100K, T40110D100K. Tuong
ing voi mdi CSDL 1a sy so sanh sé giao dich tham gia thuat toan va thoi gian thuc
hién cua thuat toan goc EFIM va iEFIM.

Vé6i dé xuat giai phap P-set va thuat toan cai tién trén, luan van da c6 dong
g6p nhat dinh vé mat khoa hoc trong linh vuc khai thac tap hitu ich cao, gép phan

giam thiéu thoi gian vi CSDL thua.

5.2. Hwéng phat trién

Trong luan van ndy, voi giai phap chiéu nguoc P-set dé tang toc do khai thac
tap hitu ich cao bang cach han ché quét cac s giao dich thira. Bang thuc nghiém d3
chung minh dugc hi¢u qua ctua P-set vdi dir liéu thua va cting phu hgp véi cdc moi
treong dit liéu kinh doanh trong thyc té duoc thé hién nhu CSDL Foodmart.

Véi hi€u qua nay, gidi phap trén s€ mé hudng nghién ctru, van dung vao cac

hudng khai thac khac tap hiru ich cao nhu khai pha HUI dong, khai pha Top-k HUI,
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khai thac tdp HUI v6i dang dit liéu khong chic chén. ... hay lai ghép nhiéu k¥ thuat

khac nhau dé tang toc do, giam khong gian tim kiém va khong gian bd nho.
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