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KHAM PHA T~P Ml)C lQ"1 iCH CAO TRONG CO Sa oCr lI~U

NGUYEN THANH TlJNG

Vi?n Gong ngh? thOng tin, Vi?n Khoa h9C va Gong ngh? Viet Nam

Abstract. Recently, to address the. limitations of traditional association rules mining methods, a
utility mining model was proposed. Utility is a measure of how "usefull" (i.e. "profitable") an itemset
is. The goal of utility mining is to identify all high utility itemsets that drive a large portion of the
overall utility.

In this paper, we propose an algorithm to efficiently prune down the number of candidates and
precisely obtain the complete set of high utility itemsets. The experimental results indicate that this
algorithm performs very efficiently in term of speed and memory cost, even on large databases.

1. MO DAU

Tom t:'it. Nharn khac phuc nhirrig han che cua phtrong phap khai pha luat ket hop truyen thong,
gan clay nguoi ta cia cle xuat mo hinh khai pha loi ich. Loi ich la so do lei nhuan ma mot t~p muc
co the dern lai. Muc dich cua khai pha loi ich la phat hien tat d cac tap muc dern lai phan loi ich
cao eho nha kinh doanh.

Trong bai nay, chung toi cle xu at mot thuat toan co kha nang tla mot each hieu qua cac ling
vien, phat hien chinh xac tap tat ca cac t~p muc loi ich eao. Cac ket qua thirc nghiem eho thay
thuat to an heat dong rat hieu qua ca ve thai gian Ian bo nho , ngay ca cloi voi ca so dir lieu Ian.

Bai toan ca ban (hay con goi bai toan nhi phan) khai pha luat Hit hop do R. Agrawal, T.
Imielinski va A. N. Swami oe xuat va nghien ciru ran oau tien vao nam 1993 [1,2]. M\lC tieu
cua no la phat hien cac tap muc thuorig xuyen, tir 00 tao cac luat ket hop. Cho oen nay, bai
toan ca ban khai pha lu~t ket hop co nhieu ling dung, tuy vay do tap muc thirong xuyen chi
mang ngir nghia thong ke nen no chi dap ling diroc phan nao nhu cau img dung thirc tien,
(xem chang han [3,6,15,18,19,20]).

Gan day, nharn khac phuc han che cua bai toan co ban khai pha luat ket hop, ngiroi ta
oa mo rong no theo nhieu huang khac nhau, xem [3,4,5,6,15,18,19,20]. Trong [19,20]' H.
Yao, H. J. Hamilton va cong su oa oe xuat bai toan khai pha tap muc loi Ich cao. Lei ich
cua mot t~p muc la so do loi nhuan ma no co the mang lai trong kinh doanh, diroc tinh toan
dira tren gia tri khach quan va gia tri chu quan cua cac muc thanh vien. Khai pha tap muc
lei ich cao la kham pha tat ca tap muc dern lai lo i ich kh6ng nho han ngirong quy dinh boi
nguoi su dung.

Trong khai pha luat ket hop co ban, cac thuat toan kham pha tap muc thirong xuyen
diroc xay dung theo phuang phap Urn kiern tung biroc. Ca sa cua cac thuat toan nay la tinh
chat Apriori (hay con goi la tinh chat phan don dieu - Anti monotone) cua tap muc tlurong
xuyen. Dang tiec la rang bU9C lo i ich cao kh6ng thoa man tinh chat Apriori. Do do, viec rut
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gon khong gian tim kiern, phat hien t~p muc lo i ich cao khong the thuc hien diroc nhir doi voi
khai pha t~p muc thuong xuyen. Trong [18] Hong Yao va Howard J. Hamilton. da de nghi
hai thuat to an kham pha tap muc loi fch cao. Do la cac thuat toan UMining va UMining-H.
Cac thuat tia ma hai thuat toan nay ap dung co kha nang thu gon phan nao t~p irng vien,
tuy vay co nhirng nhiroc diem nen hieu qua khong cao.

Bai nay trinh bay mot thuat toan hieu qua kham pha tap muc loi ich cao trong C(J sa dir
lieu krn: thuat toan HUMining. Viec tia cac tap muc irng vien, thu gon khong gian tim kiern
diroc thirc hien thong qua gia tri lo i ich keo theo cua chung. N9i dung tiep theo cua bai bao
gorn: Muc 2 neu dinh nghia cua mot so thuat ngir va phat bieu bai toan khai pha t~p muc
loi ich cao. Muc 3 tom tat noi dung va neu nhirng nlnroc diem cua hai thuat toan UMining
va UMining-H . Muc 4 trinh bay thuat toan moi HUMining. M\lC 5 la phan danh gia thuat
toan va ket luan dira tren viec phan tich diu true thuat toan va cac tmh toan thir nghiern.

2. BAI ToAN KHAI PHA TAP MlJC LQ'IfCH CAO

Tnroc het ta neu dinh nghia cua mot so thuat ngir (theo [18]).
Cho C(J sa dir lieu giao tac T. Ky hieu I = {iI, ... , ip, iq, ... , im} la tap tat ca cac muc

(thuoc tfnh) cua T. Moi giao tac (ban ghi) tq trong T la mot tap con cua I, ducc gan mot
dinh danh (T I D). M9t tap con cua I, gem k muc phan biet diroc goi la mot k-t~p muc,
ky hieu la s». Be don gian, doi khi thay VI {iI, ... , ik} ta viet iI, ... , ik; ching han tap muc
{A, B, C, D} diroc viet ngan gon la ABCD.

Dinh nghia 2.1. Ta goi so don vi muc ip co trong giao tac tq (gia tri co s~n trong C9t ip
hang tq cua C(J so dir lieu) la gia tri khach quan (objective value) cua muc ip tai giao tac tq,
ky hieu bang Xpq.

Dirih nghia 2.2. Ta goi gia tri YP do nha kinh doanh gan cho muc ip trong C(J sO-dir lieu,
dira tren danh gia lo i nhuan ma moi don vi rnuc co the dem 10i, la gia tri chu quan (subjective
value) cua muc ip' Di nhien, neu ip diroc danh gia cao hon iq thi ip > iq.

Thong tlnrong, gia tri chu quan cua cac muc diroc cho trong mot bang kern theo C(J so dir
lieu, Diroi day la mot vi du ve C(J sO-dir lieu giao tac T (Bang 1 va 2).

~
A B C D E

TID

/ 0 0 16 0 1
t , 0 12 0 2 1
f 2 0 1 0 1
/ 1 0 0 2 1
t • 0 0 4 0 2
f 1 2 0 0 0
t ; 0 20 0 2 1
f, 3 0 25 6 1
I, 1 2 0 0 0
/ 0 12 2 0 2

Bang I. Co sa dir li~u giao lac

Muc lei nhuan (Szdon vi)

A 3
B 5
C 1
D 3
E 5

Bang 2. Gia tri Ic;riich chu quan cua
cac rnuc trong Bang 1.

Trong C(J sO-dir lieu nay, ta co gia tri khach quan cua muc D tai giao tac t4 la X44 = 2,
gia tri chu quan cua D bKng 3.

365
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Khi da c6 cac gia tri khach quan va chu quan, 'lQ'i ich cua mot muc trong mot giao tac
diroc danh gia thong qua mot ham hai bien, goi la ham lqi ich f(x, y).

Dinh nghia 2.3. Ky hieu x la gia tri khach quan, y: la gia tri chu quan cua mot muc. M9t
ham hai bien f(x, y) : R 0 R ---+ R, don dieu tang the? x va theo y, duoc goi la ham loi ich.

Khong mat tinh tong quat, c6 the gia thiet ham iqi ich la ham khong am. Thong thuong
f(x, y) diroc dinh nghia nhir sau: f(x, y) = x x u: .

Dinh nghia 2.4. Cho ham lQ'i ich f(x, y). LQ'i ich cua muc ip tai giao tac tq la gia tri cua
f(x, y) tai Xpq va yp, tire f(xpq, yp).

Dinh nghia 2.5. Cho giao tac tq chira t~p rnuc 8, Cia tri lo i ich cua 8 tai tq, ky hieu bang
l (8, tq), la tong gia tri loi ich tai giao tac tq cua tat ca cac muc ip thuoc 8, tire la

its, tq) = L f(xpq, yp). (2.1)
ipESc;.tq

Ky hieu Ts la tap cua tat ca cac giao tac chira tap m\1C8, tucTs = {tql8 ~ tq, tq E T}.

Dinh nghia 2.6. Cho tap m\1C 8 ~ I. Cia tri' loi ich cua 8 trong T, ky hieu bang u(8), la
tong cac gia tri loi ich cua 8 tai tat ca cac giao tac thuoc Ts, nghia la

u(8) = L us, tq). (2.2)
tqETs

Thay (2.1) vao (2.2), thu diroc

u(8) = L L f(xpq, yp) = L L f(xpq, yp).
tqETs ipES I ipES tqETs

(2.3)

Dinh nghia 2.7. Cho ngirong lo i ich minutil (> 0) va xet tap m\1C 8. 8 diroc goi la t~p
m\1C lei ich cao neu u(8) > minutil . Truong hop ngiroc lai, 8 diroc goi la t~p muc loi ich
thap.

Dinh nghia 2.8. Vo i rang buoc lo i ich minutil, bai toan khai pha tap muc lo i ich cao la
viec tim t~p H cua tat ca cac tap muc lo i ich cao, tire la tim t~p

H = {818 ~ I, u(8) 2::minutil}.

C6 the coi bai toan CO' ban khai pha tap muc thirong xuyen la trirong hop d~c biet cua
bai toan khai pha tap muc lo i ich cao, trong do tat ca cac muc deu c6 gia tri khach quan
bang 0 hoac 1 va gia tri chu quan bang 1.

Dinh nghia 2.8. cho thay ngiro i srr dung d6ng vai tro quan trong trong qua trinh khai pha
t~p muc c6 tinh den lo i ich. Nguoi str dung chinh la nguo: quyet dinh cac tap muc can khai
pha thong qua viec an dinh ngirong minutil va ham f(x, y).

Tinh chat CO' ban diroc khai thac de xay cac thuat toan khai pha tap m\1C tlnro ng xuyen
va luat manh la tinh chat Apriori elm dQ ha tro , xem [2,7,11]. Tinh chat nay ducc phat
bieu nhir sau: Neu mot tap muc la thucrig xuyen thi moi tap con khac rang cua n6 cling la
thirong xuyen. Dieu nay co nghia cac (k + l)-t~p muc thircng xuyen chi c6 the sinh ra tir cac
k-t~p muc thirong xuyen. De thay, tinh chat Apriori nay khong can thoa man doi voi rang
buoc loi ich. (Vi du, trong CO' sa dir lieu Bang 1, ta c6 u(BC) = 62 < 72 = u(BCE)) trong
khi do u(BC) = 62 > 0 = u(BCE). Do do khong the ap dung cac thu phap hien co phat
hien tap muc thuong xuyen cho viec kham pha t~p muc lo i ich cao.
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Trong [18], H. Yao va H. J. Hamilton dii de xuat hai thuat toan khai pha t~p muc lo i
ich cao, do 180 cac thuat to an UMining va UMining-H . Muc tiep theo diroi day trinh bay noi
dung CCY ban cua hai thuat toan nay cling voi mot so nhan xet.

3. THUAT ToAN UMINING vA. UMINING-H

3.1. Thu~t toan UMining

Ca sCrly thuyet cua thuat toan UMining 180 cac Dinh ly 3.1. va 3.2 sau day (xem [18]).

Dinh ly 3.1. (Can tren cua loi ich - Utility upper bound) V6i k > 1, aif,t
Lk-1 = {Sk-1 jSk-1 C Sk}.

Cui tri lai ich u(Sk) cua k-tiJ,p my,c Sk thod man bat riling tluic sau

u(Sk) ::; k ~ 1 L u(Sk-1).
Sk-lELk-l

Dinh ly 3.2. Cho k-tiip my,c S", G9i Ck-1 la iiip cac (k - 1)-tiJ,p my,c mo. Sk co the auqc
t9-0 ra bang cticli ket noi hai tiip my,c thiuic Ck-1, (nhu viJ,vCk-1 ~ Lk-1). Dif,t

k 1 ~ k-1
b(S ) = card(Ck-1 _ 1) ~ u(S ).

Sk-1ECk-l

(3.1)

Neu moi (k-l)-t~p muc Sk-1 E (Lk-1_Ck-1) 180 tap muc loi ich thap va b(sk) < minutil
thl Sk cling 180 tap muc lo i ich thap, tire 180 u(Sk) < minutil, b(Sk) diroc goi 180 gia tri lo i ich
iroc hrorig cua Sk.

Dtra vao Dinh ly 3.1. va 3.2., thuat to an UMining thirc hien viec phat hien cac tap muc
lo i ich cao theo each tiep can tung biroc.
Bu oc 1. Tinh loi ich cua tat c8. cac muc (l-t~p muc) theo cong thirc (2.3), hru cac muc nay
cung voi loi ich cua no vao t~p C1. Tuyen chon cac muc loi ich cao nap vao t~p H.
Bu oc 2. Ket noi cac cap muc trong C1 tao thanh cac 2-t~p muc, hru vao C2. Rut gon C2

thanh C2 bang each loai bo cac 2-t~p muc co gia tri tinh theo (3.1) nho han nguong minutil.
Tap C2 se bao gom cac {rug vien cho 2-t~p muc loi ich cao va oUQ'Cslf dung oe tao cac 3-t~p
muc Crbiroc thir 3. 'I'inh gia tri loi Ich thirc cua cac muc trong C2 theo (2.3), tuyen chon cac
tap muc lei ich cao hru vao H.

Cac biroc k = 3,4, ... tiep theo tuang tir nhir Biroc 2.
Thuat toan dung khi khong con tap ling vien nao nira, (tire khi Ci; = ¢), hoac khi dii dat

den biroc K dinh truce boi ngtroi Slr dung. Viec dinh triroc so biroc K cho phep dieu chinh
thai gian thirc hien chuang trinh.

Vi du, xet CCY so dir lieu Bang 1. Cia slr minutil = 130. Thuat toan UMining cho:
C1 = {A,B,C,D,E}, C2 = {AB,AC,AD,AE,BC,BD,BE,CD,CE,DE},
C2 = {AB, BC, BD, BE}, C3 = {ABC, ABD, ABE, BCD, BCE, BDE},
C3 = {ABD, ABE, BCD, BCE, BDE},
C4 = {ABCD, ABCE, ABDE, BCDE}, C4'= ¢, C5 = ¢.

Kh6ng gian tlm kiern gorn 25 tap muc C1 U C2 U C3 U C4 va H = {B, BD, BE, BDE}.
Co the thay, neu T chira nhieu muc loi ich thap, khi do se co nhieu tap muc bi loai khoi

khong gian Urn kiern, thuat toan UMining hoat o9ng hieu qua. NguQ'C lai, khi tat ca cac tap
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muc cua T deu la t1\1pmuc lei ich cao, thuat toan phai kiern tra moi to hop muc co the,
UMining hoat dong kh6ng hieu qua.

3.2. Thuat t.oan UMining-H

Thuat toan UMining-H cling la thuat toan tung biroc [18]. Cac biroc cua thuat toan
UMining-H cling nhtr trong thuat toan UMining. Diem khac & day la, tu biroc k :::::2 tr& di,
thay VI SU- dung iroc hrong b(Sk) tinh theo (3.1) ae tia cac muc ling vien trong Ck, UMining-H
su- dung gia tri du doan b*(Sk) diroi day cho lo'i ich cua Sk:

b*(Sk) = SUPPmin ""' u(Sk-1) (3.2)
card(Ck-1) -1 L...- supp(Sk-1)

Sk-1ECk-l

trong do supp(Sk) 1a d9 ho tro cua sk va SUPPmin= min {supp(Sk-l)}. b*(Sk) la gia
Sk-l ECk-l

tr] lei ich dir doan Heuristic dira vao Dinh 1y 3.1, 3.2. va tinh chat Apriori cua d9 ho tro
s'upp(Sk) ::::: min {supp(Sk-1)}.

Sk-lECk-l

Do do UMining-H la thuat toan Heuristic.
Vi du, xet C(J so dir lieu Bang 1. Gia su- minutil = 130. Thuat toan Umining-H cho:
C1 = {A,B,C,D,E}, C2 = {AB,AC,AD,AE,BC,BD,BE,CD,CE,DE},
C2 = {AB, BC, BD, BE}, C3 = {ABC, ABD, ABE, BCD, BCE, BDE},
C3 = {BCD, BCE, BDE}, 04 = {BCDE}, C4 = cp, C5 = cp.

Kh6ng gian tun kiern gom 22 muc C1 U C2U C3 U C4 va H = {B, BD, BE, BDE}.
Nhtroc diem cua UMining-H 1a no co the bo sot mot so muc loi ich cao. Viec nay xay ra

khi mot muc kri ich cao S laichira mot muc con lei ich thap va d9 ho tro cua muc con nay
nho hcm rat nhieu so vo i d9 hotrq cua nhimg muc con khac cua S (xem [18]).

Nham khac phuc nhirng han che cua UMining va UMining-H, cluing toi de nghi mot thuat
toan moi khai pha muc lei ich cao, goi la thuat .toan HUMining.

4. THUAT ToAN HUMINING

4.1. CO' sO- ly thuydt

Dirih nghia 4.1. Ta goi tong loi Ich cua tat ca cac muc co mat trong tq la lo i ich cua giao
tac tq. Ky hieu loi ich cua giao tac tq bang tu(tq), ta co:

tu(tq) = L f(xpq, Yp) (4.1)
ipEtq

Vi du, cho C(J so dir lieu Bang 1 va Bang 2, ta co tU(t3) = 2 x 3 + 1 x 1 + 1 x 5 = 12.

Djnh nghia 4.2. Cho rnuc S va Ts 1a tap tat ca cac giao tac chira S. Ta goi tong loi ich
cua Uit ca cac giao tac trong Ts la loi ich keo theo cua S. Ky hieu loi ich keo theo cua S 1a
wu(S), ta co:

wu(S) = tu(Ts) = L tu(tq) = L L f(xpq, yp).
tqETs tqETs ipEtq

(4.2)

Vi du, xet dir lieu cho trong Bang 1 va 2. Vrri S = A, ta co TA = {t3, t4, t6, ts, tg},
wu( {A}) = tU(t3) + tU(t4) + tU(t6) + tu(ts) + tu(tg) = 12 + 14 + 13 + 57 + 13 = 109.

Vo i S = AD thi TAD = {t4' ts}, wu( {A, D}) = tU(t4) + tu(ts) = 14 + 57 = 71.
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Dinh nghia 4.4. Cho nguong E > O. Tap muc S diroc goi la tap muc co IQ'i ich keo theo
cao theo nguorig E neu wu( S) 2: E.

Dinh ly 4.1. (Tinh chat Apriori cua loi ich keo theo) Cho Sk la miit k-tiip my,c, Sk-l la m{5t
(k -1)-t¢p my,c con cua Sk (Sk-l C Sk). Neu Sk co lo i ich keo theo cao thi sk-l cung co
loi ich keo theo cao.

Chung minh. VI Sk (Sk-l c Sk), nen TSk ~ TSk-l. Theo (4.2)

wu(Sk-l) = L tu(tq) 2: .L tu(tq) = wu(Sk).
tqETSk-l tqETSk

~
11
3
g
h

Suy ra, neu wu(sk) 2: E thl wu(Sk-l) 2: E.

Nhiui xei 4.1. Tinh chat Apriori cua loi ich keo theo co nghia la neu mot k-t~p muc Sk co
chira t~p muc con Sk-l ma Sk-l la t~p muc co loi ich keo then thap thl Sk ciing se la t~p
muc co loi ich keo then thap. Tir do suy ra, de phat hien tap rnuc co loi ich keo then cao ta co
the tien hanh tung biroc then dQ dai tir nho den Ian cua cac tap muc, T0i biroc k = 2, 3, ...
cac irng vien chi co the la cac ket noi cua cac (k - l)-t~p muc co IQ'i ich keo then cao.

Dinh ly 4.2. Ky hi~u WH la lop Hit cd ctic t¢p my,c X co lo i ich keo theo cao, H la 16p tat
cd cac t¢p my,c lo i ich cao. Neu chon E = minutil thi H ~ W H.

Chung minh. Vo i moi t~p muc S va tq E Ts, deu co S ~ tq. Do do

u(S) = L L f(xpq, Yp) ~ L L f(xpq, yp) = wu(S).
tqETs ipES tq~Ts ipEtq

V~y neu u(S) 2: minutil = E thl u(S) 2: E = mitiuiil , tire la neu S E H thi SEW H.

Nhiiti xet 4.2. TLr Dinh ly 4.2 suy ra, neu E = minutil thi de tim cac tap muc lo i ich cao ta
chi can tim trong so cac tap muc co IQ'iich keo then cao.

4.2. T'hu at to an HUMining

Ket hop Nhan xet 4.1 va 4.2 tren day, ta co thuat toan sau day phat hien tap muc lo i ich
cao trong CCJ sa dir lieu co Ian. Thuat toan gorn hai cong doan:
Cong tlocn. 1. TIm tat ca cac tap muc co loi ich keo then cao vo i ngirong E = minutil.
Cong doom. 2. Phat hien tat ca cac t~p muc lo i ich cao trong so cac t~p muc co IQ'i ich keo
then cao.

Co the thay, cong doan 1 la cong doan chinh, tieu ton phan Ian thai gian trong tien trinh
khai pha tap rnuc loi ich cao. VI rang buoc loi ich keo then thoa man tinh chat Apriori, de
phathien tap muc co lo i ich keo then cao, ta co the SIT dung bat ky thuat toan nao trong so
cac thuat. toan khai pha tap muc thircng xuyen xay dung dira tren tinh chat Apriori, chi can
thay viec dem dQ ho tro cua cac t~p muc bang viec tinh Io'i ich keo theo cua chung. (Hi~n
nay da co rat nhieu thuat toan hieu qua khai pha t~p muc thuo ng xuyen diroc xay dung dua
tren tinh chat Apriori, xem [2,7, ll, 21]).

VI tat ca cac biro'c phat hien cac k-t~p muc co Io i ich keo then coo deu can SIT dung lo i
ich cua cac giao tac, viec lam dau tien ma HUMining thirc hien la duyet toan bQ co sa dir
lieu, tinh lo i ich cua moi giao taco Ta gia thiet, moi giao tac trong CCJ sa dir lieu T diroc gan
them mot trirong, ky hieu la tu( t), de hru gia tri kri ich cua no.
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Khi aii kham pha diroc tap tat ca cac tap muc co loi ich keo theo cao thi viec phat hien
cac t~p muc loi ich cao trong so cac t~p muc nay la rat don gian, chi can quet ca sa dir lieu
mot Ian duy nhat.

Diroi day la thuat toan khai pha tap muc loi ich cao diroc xay dung veri phan tim t~p cac
t~p muc co kri ich keo theo cao dira theo thuat toan Apriori trong khai pha t~p muc thuong
xuyen (xem [2,7]).

Thuat toan HUmining TIm tat ca cac tap muc lei ich cao veri ngirong minutil.
Input: Co sa dir lieu giao tac T, ham loi ich l, nguong lei ich minutil.
Output: Tap H bao gom cac tap muc loi ich cao.
Method:
1. for moi giao tac t E T
2. Tinh loi ich tu( t) theo cong thirc (4.1);
3. end for;
/ / Cong dean 1: Phat hien cac t~p muc co lo'i ich keo theo cao.
4. k = 1;
5. W Hk = {i/i E I} va wU(i) 2: minutil};/ / Phat hien 1-t~p muc co lo i ich keo theo cao.
6. repeat
7. k=k+1;
8. Ci; = apriori_gen(W Hk-d;/ /T~o cac tap muc irng vien.
9. for moi giao tac t E T do
10. Ct = subset(Ck' t); / /Nh~n dien cac irng vien tl1UQCt.
11. for moi irng vien c E C, do
12. wu(c) = wu(c) + tu(t); / /C9ng them loi ich cua giao tac t VaG loi ich keo theo

,
cua c.

13. end for;
14. end for;
15. W He = {c/c E Ck 1\ wu(c) 2: minutil}; / /Tuyen chon cac k-t~p muc co lo i ich keo

theo cao.
16. until Ck -I- 4;;
17. WH = UWHk;
/ / Cong doan 2: Phat hien tap muc lo i ich cao.
18. for moi giao tac t E T do
19. Ct = s1~bset(W H, t);/ /Nh~n dien cac t~p muc co lei ich keo theo cao thuoc t.
20. For moi u-ng vien SECt do
21. u(s) = 1~(S)+ u(s, t); / /CQng them lo i ich cua c tai giao tac t VaG lo i ich cua c.
22. end for;
23. end for;
24. H = {s/s E WH I\u(s) 2: minutil};//L9C cac t~\.pmuc loi ich cao.

Thuat to an HUMining sLr dung ham apriori_gen(W Hk-d tai biroc 8. Ham nay hoan
toan giong nlur ham Aprior i.qeni Fk-l) trong thuat toan Apriori khai pha tap muc thuo ng
xuyen. No tao ra cac k-t~p muc irng vien tai buoc k bang each ket ndi cac (k - l)-t~p muc
co lei ich keo theo cao da tim diroc a buoc k - 1, veri gia thiet cac t~p muc da diroc sap thir
tv tir dien, (xem [2]).
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Vi du, eho ca sa dir lieu giao tac Bang 1. Cia Slr gia tri chu quan cua cac muc cho trong
Bang 2, ham lo i ich f(x, y) = x x y va minutil = 130. Thuat toan H'Ulvlirung thirc hien viec
phat hien cac tap muc loi ich cao trong ca sa dir lieu nay nhtr sau:

C6,c dong lenh 1-3 eho tU(tl) = 21, tU(t2) = 71, tU(t3) = ,12, tU(t4) = 14, t'U(t5) = 14,
tU(t6) = 13, tU(t7) = 111, tu(ts) = 57, tu(tg) = 13, tU(tlO) = 72.

Gong door: 1. Cac dong lenh 4-16 cho:

Buoc k = I,C1 = {A,B,C,D,E},wu(A) = 109,wu(B) = 280,wu(C) = 176,wu(D) =
253, wu(E) = 372, WHI = {B, C, D, E}.

Buoc k = 2, C2 = {BC, BD, BE, CD, CE, DE}, wu(BC) = 72, wu(BD) = 182, wu(BE) =
254, wu(CD) = 57, wu(CE) = 176, wu(DE) = 253, WH2 = {BD, BE, CE, DE}.

Biroc k = 3, C3 = {BDE}, wu(BDE) = 182, W H3 = {BDE},

Cong doan 1 ket thuc chi sau 3 biroc, (C4 = ¢). Ta co
WH = {B, C, D, E, BD, BE, CE, DE, BDE}.

Hinh 1

Hinh 1 minh hoa khong gian tirn kiern t~p muc Ioi ich cao theo thuat toan HUMining
(gam 12 tap muc to den) trong dan tap muc cua ca sa dir lieu Bang 1, vo'i minutil = 130.
S6 ghi trong a la loi ich cua tap rnuc hoac lo i ich keo theo / lo i ich cua tap muc. 'I'ap muc
danh dau mot hoac hai sao la t~p muc c6 loi ich keo theo cao, trong do t~p muc hai sao la
tap muc 1Q'iich cao tim diroc,

Gong doom 2. Cac dong lenh 18-23 cho u(B) = 240, u(C) = 48,u(D)
u(BD) = 172,'u(BE) = 240, u(CE) = 83, u(DE) = 56, u(BDE) = 182.

Dong lenh 24 cho H = {B, BD, BE, BDE}.

36, u(E) 50,
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5. DANH GIA THU~T TOAN VA KET LU~N

Chung toi da tien hanh thir nghiem thuat toan HUMining tren mot so C(J so dir lieu giao
tac tao diroc bang plnrong phap tao ma tran so ngau nhien. Can ctr VaG cac ket qua tM
nghiern va viec phan tich cau true thuat toan, cluing toi nhan thay HUMining co nhirng iru
diem sau day so vrri UMining va UMining-H.
1. Thu gon mot each dang ke kh6ng gian tim kiern. Hmh ve tren day minh hoa kh6ng gian
tun kiern t~p muc lo-i Ich cao trong C(J so dir lieu bang 1 theo thuat toan HUMining. Co the
thay, 6 day kh6ng gian tlrn kiern chi gom 12/31 tap muc con cua I.
2. Khi minutil Ion, kh6ng gian tirn kiern duoc thu gon ngay tir btroc 2 . Vi du, doi voi CO"

s6 dir lieu bang 1, tai biro'c 2 da co 4 tap muc chira A bi loai khoi kh6ng gian tim kiern do
A kh6ng phai la muc co lei ich keo theo cao, trong khi cac t~p muc nay hoan toan khong bi
loai boi thuat tia trong UMining va UMining-H. Voi nhirng C(J so dir li~u ca Ion hon, co the
hy vong HUMining se thu gon kh6ng gian tim kiern nhieu hon.
3. Can cir vao Dinh ly 4.2, neu chon c = triitiuiil thi t~p tat ca cac tap muc loi ich cao la
t~p con cua tap cac tap muc co lei ich keo theo cao. Do do, se khong co tap muc loi ich cao
nao bi bo sot khi thuat toan ket thuc.
4. Trong qua trinh thuc hien thuat toan, tuy phai tinh to an nhieu Din loi ich keo theo cua
cac tap muc theo cong tlnrc (4.2), nlnrng de xac dinh cac gia tri nay, phep toan chu yeu phai
thirc hien la phep cong. Do do, tong thai gian tinh nho ho n nhieu so voi tong thai gian can
thiet de tinh cac gia tri loi ich iroc hrong khi ap dung thuat to an UMining hoac UMining-H .
5. Be thuc hien c6ng doan 2 (phat hien cac t~p muc loi ich cao trong so cac t~p muc co
loi ich keo theo cao), ta chi can quet tap dir lieu dung mot Ian. Ho n nira, neu chon nguong
minutill&n , so tap muc co lo i Ich keo theo cao se it, thai gian danh cho viec thirc hien cong
doan 2 se rat nho.
6. Cudi cung, nlmng lai la mot iru diem noi bat cua HUMining la, voi chi mot vai thay doi
nho, cluing ta co the str dung bat ky thuat to an khai pha tap muc thirorig xuyen nao VaGviec
khai pha tap muc co lei ich keo theo cao, neu thuat toan do diroc xay dung dira tren tinh
chat Apriori cua tap muc thiro ng xuyen. Nhir da biet, hien nay co rat nhieu thuat toan hieu
qua khai pha tap muc thirong xuyen, (xem [2,7,11,21,22]). Hon nira, VI cac thuat to an khai
pha tap muc thirong xuyen rat de song song hoa, nen HUMining cling la thuat toan nhir the.

Voi nhirng tru diem tren day, cluing toi cho rang thuat to an HUMining hieu qua hen so
vo i hai thuat toan UMining va UMining-H trong [18].
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