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Toém tat - Cac thuat toan khai pha tap muc hiku ich cao thuwéng cé xu
thé khai thac dwoc cac tap muc cé nhiéu muc [L 2 3] Tuy nhién, cac
tap muc c6 nhiéu muc thuong la cac tp muc hiém nén khéng co nhiéu
y nghia di véi nguoi st dung [5]. Thuat toan FHM+ [5] khai pha tap
muc hiku ich cao, nhwng thu gon dwgc do dai clia cac tap muc véi didu
kién gia tri httu ich cla cac myc la dwong, nhung trong thyc té co
nhiéu co s& di liéu giao tac co chira cac muc ¢ gid tri hiku ich ngoai
am. VAn dé dat ra, 1a 1am thé nao dé khai pha tap muc hibu ich cao tr
co s@ div liéu co chtra cac muc co gla tri hibu ich ngoai la am, dwa trén
rang budc vé dé dai ctia tap muc. Dé giai quyét van dé da dat ra, trong
bai bao nay, chung t6i dé xuét mot thuat toan méi dwoc xay dyng tw
sw ci tién clia thuat toan FHM+ va FHN [4] c6 tén [a FHNM.

T khoa - co s& di¥ liéu giao tac; tap muc hivu ich cao; khai pha
tadp muc hiru ich cao; hiru ich ngoai am; rang budc dé dai

1. Giéi thiéu

Céc k¥ thuat tia khong gian tim kiém, dugc phat trién
trong khai pha tap muc ph bién khong ap dung tryc tiép
dugc trong khai phé tap muyc hiru ich cao [3], do tinh chat
clia tap pho bién khong giéng nhu tap hitu ich cao. Vi vy,
nam 2004, Hong Yao, Howard J. Hamilton [6] da dé xuat
mot md hinh nén tang dé giai quyét bai toan khai pha tap
muc hitu ich cao. Trong m6 hinh nay, ho da dinh nghia hai
don vi do luong hitu ich cho mdi muc, d6 1a hiru ich giao
tac (transaction utility) va hiru ich ngoai (external utility).
M@ hinh toan hoc trong [6] duoc dinh nghia dya trén co s&
ctia hai tinh chat, d6 13 rang budc hiru ich va rang budc hd
tro. Tinh chét rang budc hiru ich c6 thé dugc ap dung vao
trong chién lugc tia khong gian tim kiém. Dya trén mo hinh
nay, Hong Yao, Howard J. Hamilton [7] di dé xuit cac
thuat toan Uming va UmingH. Céc k¥ thuét tia khdng gian
tim kiém ma céac thudt toan nay ap dung c6 kha ning thu
gon mot phan tap g vién. Nam 2005, Liu. Y, Liao. W, A.
Choudhary [8] da dé xuat mot thuat toan hai pha TwoPhase
dé khai ph4 tap muc hitu ich cao. Cac tic gia da dua ra khai
niém vé hitu ich cta giao tic va hitu ich cta tdp muc, tinh
theo hitu ich cua giao tdc chra n6 goi 1la TWU
(Transaction-Weighted-Utilization). Cac tac gia da chung
minh dugc TWU c6 tinh chat phan don diéu, 1a yéu té cot
16i dé thuat toan hai pha rat gon nhanh khong gian tim
kiém. Trén co s& nay, mot sb thuat toan sau d6 da dugc dé
xuét hi¢u qua hon [3, 4, 6] vé d¢ phuc tap tinh toan. Tuy
nhién, tinh chit ciia don vi TWU chi con dtng khi tat ca
gia tri hitu ich cta cac muc la duong, tirc khong thé xuét
hién bat ctr muc nao trong co s¢ dir li€u cé gia tri hitu ich
ngoai la am. Trong thuc té, nhidu co s¢ dir li€u cé cac giao
tac chira cac muc c6 gia tri hitu ich ngoai 1a am. Néu céac
muc nay dugc khai thac thi mang lai mot gia tri c6 hiru ich
cao. Chang han nhu trong linh vyc kinh doanh c6 nhiing

Abstract - Algorithms for mining high utility itemset normally aims
at discovering itemsets that contain more items [1, 2, 3]. However,
the itemsets that contain more items are rare in the database and
have little meaning to users [5]. Therefore, the algorithm FHM+ [5]
discovers high utility itemsets and reduces their length while
maintains the condition that the foreign utility of those items is
positive. The problem addressed here is how to discover high utility
itemsets constrained by their length from database containing
items that have negative foreign utility value. In order to solve the
addressed problem, this paper proposes an algorithm named
FHNM by improving FHM+ and FHN [4].

Key words - transaction database; high utility itemsets; high utility
itemsets mining; external negative utility; length constraints

mit hang duoc ban ra chap nhan 16 dé c6 thé ban kém theo
mat hang khac, va két qua cua viée ban kém theo nhu thé
s& dem lai loi nhuan cao. Dé khai thac nhitng gia tri hitu
ich nay, Chu, C.-J., Tseng, V. S., Liang [1] va Philippe
Fournier-Viger [4] da dé xuat cac thudt toan dé khai pha
tap muc hitu ich cao trong co s& dir li€u c6 gia tri hitu ich
ngoai la am.

Céc thuat toan khai pha tdp muyc hitu ich cao trudc day co
xu thé khai pha dugc cac tap muyc co chiéu dai 16n, tuy nhién,
cac myc nay thuong la cac muc hiém, nén it c6 y nghia ddi
v6i ngudi sir dung [6]. Bé khic phuc han ché ndy, cac tac gia
trong [6] d& xuat thuat toan FHM+ dé khai phé cac tap muc
httu ich cao dya theo rang budc veé d6 dai cua tap muc. FHM+
cho théy hiéu qua hon cac thudt toan trudc day. Tuy nhién,
FHM+ ciing chi 4p dung dé khai pha tap muc hiru ich cao tir
co so dir ligu khong chira bét ctr muc nao cé gia tri hitu ich
am. Dé giai quyét han ché nay, trong bai bao ching t6i dé
xuit mot thudt toan c6 tén 1a FHNM (cai tién tir thudt toan
FHN va FHM+) dé khai pha tap muyc hitu ich cao tir co s dir
li€u c6 chira cac muc ¢ gia tri hitu ich ngoai am hi¢u qua hon
thuat toan FHN. FHNM ap dung chién lugc tia khong gian
tim kiém dua vao rang budc vé d06 dai cia tap myc.

Noi dung tiép theo clia bai bao dugc t6 chirc nhu sau:
Phin 2 trinh bay vé khai pha tap myc hiru ich cao dya trén
rang budc vé do dai cua tdp muc, Phan 3 trinh bay thuat
toan FHNM, Phan 4 trinh bay két qua dat duoc va so sanh
v6i thuat toan khac, Phan 5 két luan.

2. Khai pha tap muc hiru ich cao dya trén rang bugc vé
dd dai caa tap muc

Pinh nghia 1 (Co sé dir liéu giao tac va gia tri hiru
ich cia tap muc): Cho 1={iy, iz, .., im} 1a mdt tdp cdc myc.
D={T,,T,,....T.,} la co so dir liéu giao tac, & day, moi
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T, e Dla tap con cua |. Mdi myc i €T, c6 mdt gia tri
duong, ky hiu 1a q(l Tc) dugce goi la gid tri hitu ich ni cua
i (twong img véi so lwong ciia i trong moi Tc). M&i muc
i€l co mot gia tri hiru ich ngoai, ky hiéu 1a p(i) (fwong
wng voi gia tri hitu ich cua muc i).

Htu ich cta muc
u(i,T.) =q(i,T.)x p(i) . Hiru
tdc T, dugc dinh nghia u(X,T;) ZZiEX/\XQTCU(i’TC) )
Hitru ich cua tdp muyc X trong co so dit li¢u D, dugc dinh

nghia U(X) = ZTCGD/\XgTc U(X 1Tc) ’

Pinh nghia 2 (Bai todn Khai pha tap muc hiru ich cao
theo rang budc vé d9 dai caa tap ‘muyc): Cho minutil,
minlength, va maxlength la cac tham s6 do nguoi ding thlet
1ap. Van dé khai pha tap muc hitu ich cao voi rang buge vé
do dai cua tap muc cho trudce la tim ra tat ca cac tap muc co
6 hitu ich khéng nho hon minutil va s lugng cac muc trong
mdi tip muc khong nhé hon minlength va khong 16n hon
maxlength. Trong bai bio nay, gia sir rang bén tham sb trén
mic nhién da duoc thiét lap boi nguoi st dung. Cac dinh
nghia dua ra trong bai bio déu s dung cac tham s
minlength va maxlength dé rang budc vé do dai tap muc.

i eT,, duoc dinh nghia la

ich ctia tdp muc X trong giao

Pinh nghia 3 (Tép hiru ich 16n nhit trong giao tac):
Cho giao tac Tc={i1,i2,..., ik}. Tap hitu ich 16n nhat cta giao
tac T. 1a mot tap cd dung maxlength muc duogc chon tur tap
{u(iy, Te), u(iz, Te), o u(ix, Tc)} sao cho tong gia tri hitu ich
ctia chiing 1a 16n nhat, ky hiéu 1a L(T¢).

Pinh nghia 4 (Gia tri hiru ich 16n nhit cia giao tac):
Cho giao tac Tﬁc:{il,iz,..., i}. Gia tri hitu ich 16n nhat cta
giao tac T 1a tong gia tri hitu ich cta cac muc trong L(T¢),
duoc dinh nghia nhu sau: RTU (T,) = ZU(LTC)EL(TC) u(i,T,)

Pinh nghia 5 (Trong s6 hiru ich 16n nhflt’ cua giao tac
trong co' s& dir liéu): Trong sO hitu ich 16n nhat cua mot tp
muc X trong co s¢ dir liéu D 14 tong gid tri hiru ich 16n nhat cua
cac giao tac chira tap X theo rang budc vé do dai tap muc, dugc
dinh nghia nhu sau: RTWU (X) = ZTCGDAngC RTU(T,) .

Tinh chét 1: Trong s6 hitu ich ctia mot tap muyc X ludn
ludn 16n hon hodc bang gia tri hitu ich cua chinh n6 theo
rang buoc vé d6 dai cua tdp muc, tuc la:

RTWU (X) = u(X) [6].

Tinh chit 2 (Tia khong gian tim kiém dua vao
RTWU): Cho X 1a m6t tdp muc, néu RTWU(X)<minutil thi
tap muc X va tat ca tap cha cia X khong phai 1a tap muc
hitu ich cao [6].

Pinh nghia 6 (Hiru ich 16n nhit trong giao tic ciia tip
muc ding aé mé rong tip muc): Cho > la mot quan hé
sap thir ty toan phan trén tdp cac muc tir |; giao tc T va tap
muc X. Goi V(Te,X)={va,V2,...,w} 1a tdp cac muc xuat hién
trong Tc ma c6 the¢ bo sung vao X, ky higu:
VT, X)={veT |v=x,¥xeX}. S muc t5i da co thé bd
sung vao trong X sao cho tp muc két qua dam béao vé rang
budc 46 dai t6i da cua tap muc dugc dinh nghia:
maxExtend(X)=maxlength - |X|, & day |X] la luc lugng cta X.

Hitu ich 16n nhét trong giao tac T ciia tip muc c6 thé bd
sung vao trong X 1a mot tap gom maxExtend(X) phan tir 1on
nhat tir tap {u(v1, Te), U(V2,To),..., U(Vk, To)}, ky higu: L(Te,X).

Pinh nghia 7 (Gia tri hiru ich con lai): Cho giao tac
Tc vatap muc X. Gid tri hitu ich con lai cta tap muc X trong
giao tac T, duogc dinh nghia nhu  sau:

rru (Tca X ) = zu(\,j T.)el (T, X) U(Vj ’TC) . Gia tri hiru ich con
lai cua tap muc X trong co s& dir liéu D dugc dinh nghia
nhu sau: Ireu(X) = ZT coaxer, MU (Tc’ X).

Tinh chit 2 (Tia khong gian tim kiém dua vao gia
tri hiru ich con lai): Cho tip muc X. Néu tong
u(X)+rreu(X) < minutil thi tdp muc X cling nhu tdp mé rong
ctia X khong phai 14 tap hiru ich cao dya theo rang budc vé
d6 dai cua tdp muc [6].

Pinh nghia 8 (Ciu triic danh sich hiru ich): Danh
sach hitu ich ciia mot tap muc X (ky hié¢u rul(X)) trén co s&
dir liéu D 1a mot tap cua cac bo tuple(tid, iutil, llist) cho
mdi giao tac Tig chita X. Trong d6: iutil = u(X,Tid);
Ilist=L(Ttd,X).

Tinh chit 3 (Tia khong gian tim kiém sir dung ciu
trac rul): Cho tap muc X. Néu Ziutn +Z||ist cua rul(X)

nho hon minutil thi tdp X cling nhu tdp méd rong cua X
khong phai 1a tap muc hitu ich cao [6].

3. Thuat toan FHNM

Thuat toan FHM+ hay cac thuat toan khai pha tap muc
hiru ich cao truéc ddy sir dung tinh chét phan don diéu cua
Trong s6 hitu ich giao tdc (TWU) dé tia khong gian tim
kiém [2, 3, 4, 7, 8]. Tuy nhién, tinh chat nay chi dung ddi
véi co 86 dit liéu chira cac muyc ¢6 gia tri hitu ich ngoai la
duong. Trong truong hop ap dung cac thuit toan nay dé
khai pha tdp muc hitu ich cao tir co s¢ dit li€u c6 chura cac
muc c6 don vi lgi tirc ngoai am s€ cho ra Kkét qua sai, diéu
nay dugc minh chiing qua vi du 1.

Bdng 1. Co so dir liéu giao tdac co don vi hitu ich ndi

TID a b c d e f g
T1 1 0 1 1 0 0 |0
T2 2 0 6 0 2 0 |5
T3 1 2 1 6 1 5 |0
T4 0 4 3 3 1 0 |0
T5 0 2 2 0 1 0 2
Bdng 2. Bang hiru ich ngoai
Item a b c d e f g
Profit -5 2 1 2 3 1 1

Vi du 1: Xét co so dit lieu cho 6 Bang 1 va 2 véi
minutil=15 thi: u({c,e,g})=24; RTWU({c,e,g})=14.

Suy ra, RTWU({c,e,g})<minutil, nhung
u({c,e,g})>minutil, nhu vay khong thoa man tinh chat 2.

pé giai quyét han ché nay trong Muc 3.1 tac gia dua ra
cac dinh nghia va tinh chat dé ¢6 thé ap dung tinh chat phan
don di¢u cua RTWU vao trong chién lugc tia khong gian tim
kiém dé c6 thé khai pha duoc tdp muc hitu ich cao trong co
¢ dir liéu giao tac co chira cac muc co gia tri hiru ich am.
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3.1. Cac dinh nghia va tinh chit sir dung trong thudt toan
FHNM

Pinh nghia 9 (Pinh nghia hitu ich 16n nhit trong
giao tac ciia CSDL c¢6 chira muc ¢6 hiru ich ngoai 4m)

Cho giao tac Tc={i1,i,..., i}. Hitu ich 16n nhét ctia giao
tac Tc 1a mot tap co6 t0i da maxlength phan tir c6 gid tri 16n
nhat khdng am trong tap {u(is,Tc),u(iz, Tc),..., U(i, Te)}, Ky
hiéu la RL(T)

Vidu 2: Xét co sc’r’dfr lidu & vi du 1, néu maxlength = 3
thi hitu ich 16n nhat cia Ti, Ty, T3, T4, Ts s€ la:
RL(Ty)={1,2}; RL(T2)={6,6,5}; RL(T3)={12,5,4};
RL(T4)={8,6,3}; RL(Ts)={4,3,2}.

Dua vao dinh nghia ndy s& dam bao céc tinh chat 1 va
2 la ding d¢€ ap dung vao trong chién lugc tia khong gian
tim kiém. Piéu nay dugc chirng minh nhu sau:

Chirng minh tinh chit 1 1 ding véi co so dir lidu co
chira muc c6 gia tri hiru ich Am:

Taco - Suxm- Y SuaT
T.eDAXCT, T.eDAX T ieX

RTWU(X) = ZRTU(TC)= ZZRL(TC)
T.eDAXCT, T.eDAXCT,

Theo dinh nghfa 8 thi ) u(.T)< » RL(T)
ieX
Suy ra RTWU(X) =u(X)

Chirng minh tinh chit 2 1a diing véi co sé dir liéu cé
chira muc gia tri hitu ich Am:

Cho 1% 1a tdp muc ¢6 k muc va | K1 1a tdp muc co
k-1 muc, nhu vay 1% < 1 (1)

Cho le la tap cac giao tac chira | K va lefl la tap cac
gia tac chita 17, Tur (1) suy ra, le c TIH 2)

D RTUM) = D D RU(T)

T,eDAl* T, T,eDAI* T,

RTWU(IK) = Y RTUM)= > Y RL(,)

T,eDAl¥CT, T,eDAlCT,

RTWU(1*Y) =

Vi T €T = RTWUK ) > RTWU(1F)

Theo tinh chdt 1, néu RTWU(I"")<minutil thi

u(1*) < minutil .

= RTWU(1") < minutil Au(1") < min util

Pinh nghia 10 (T4p muc cé gia tri hiru ich ngoai am,
dwong): Cho tp myc X ¢6 chira cac myc ¢6 gié tri hitu ich
ngoai &m hodc duong hodc ca hai, up(X) < X latap tatca

cac muc dwong trong tip X VA un(X) < X 4 tap tat ca cac
muc am trong X.

Tinh chit 3: Véi tap muc X, thi u(X)<u(up(X)) va
u(X)=>u(un(x)).

Ching minh: Theo dinh nghia 9, ta co

u(X) = u(up(X)) +uun(x))
Vi u(un(X))<0Au(up(X))=>0
= u(X) <u(up(X))va u(X) =u(un(X))

Tinh chét 4: Cho tap muc X va muc z c6 gia tri hitu ich
ngoai dm, Z ¢ X , ta cOu(up(X)uw{z}) <u(up(X)) -

Chirng minh: Vi z 1a muc c6 gia tri hitu ich &m nén
u({z)) <0=uup(X) U {z}) <u(up(X)).

Tinh chit 5: Cho X 1a mot tap muc, Y 1a tdp muc md
rong cua tdp muc X tir cdc muc cd gia tri hitu ich ngoai am,
taco: u(y) <u(x)-.

Chang minh: Dya véo tinh chit 4 suy ra dugc tinh chat 5.

Tinh chit 6 (Diéu kién cit tia khong gian tim kiém):
Cho X 1a mot tap muc, néu u(upKX))<minutiI va chi c6 cac
muc am cé thé duqc st dung dé mo rcf)ng X thi tat ca cac
tap mo rong nay dicu cd gia tri hitu ich thap.

Chirng minh: Dya véo tinh cht 5 suy ra dugc tinh chét 6.

V@éc st Eiung dﬂiéu kién cit tia nay trong thuét toan V‘O”i
yéu cau la d€ c6 thé tinh u(up(X)) mot cach hiéu qua, ta can
dinh nghia lai ciu trac danh sach hiru ich bang cach tach
gia tri iutil thanh hai gia tri iputil va inutil tuong Gng véi
u(up(X),Tc) va u(un(X),Te).

Pinh nghia 11 (Pinh nghia lai ciu tric Danh sach
hiru ich): Cho > 1a mot quan hé tha ty toan phén trén
cac muc tr |, ma cac muc iel ¢d thé co gia tri hitu ich
ngoai am. Danh sach hitu ich cua mét tdp muc X (ky hi¢u
rrul(X)) trén co s& dir liéu D la mot tdp cua cac bd
tuple(tid, {iputil,inutil}, Ilist) cho moi giao tac Teg chira
X. Trong do: iputil = u(up(X), Tia); inutil = u(un(X),Ttd);
Iist=L(Tg,X).

Vi du 5: Xét co s¢ dit liéu ¢ vi du 1, maxlength=3:

rrul({a})={(71,{0,-5},{2,1}),(T2,{0,-10},{6,6),

(T31{0|_5}1{1215})}
rrul({b})={(Ts{4,0}.{12,5}),(T+,{8,0} {6.3}),

(T5!{410}!{312})}
rrul({a,b})={(Ts{4,-5},{12})}

Tinh chét 7 (Tia khong gian tim kiém sir dung ciu
trac rrul): Cho tdp muc X. Tap mo réng cua X 1a tdp sau
khi b6 sung vao tap X mot muc y, sao cho y =i, Vie X .
Néu S iputit+ > st cua rrul(X) nho hon minutil thi tp
X cting nhu tap mo rong cua X khong phai 1a tdp myc hiru
ich cao dwa trén rang budc vé do dai cua tap muc.

Chirng minh: Cho Y 1a tdp mé rong cua tdp muc X
(XY) théa mén rang budc vé d6 dai cta tdp muc, ta co:

XcYcT, =Y/IX)cT /X

u(Y,T,) =u(X,T,)+u((Y / X),T,)

=u(X,T)+ DU T) <u(X, T+ Y u(i,To)

ie(Y/X) ie(T,/X)

<u(up(X),T.) + zu(irTc) =u(up(X), Te) + L(T¢, X)
ie(T,/X)

Cho T, la tap cac giao tac chira X va T, 1a tdp cac giao
tac chira Y |, ta co:
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XcY :>TY gTX
u(r) = D uY,. T < D u(X,T)+ D L(X,T,)

T.eTy T.eTy T.eTy

< Zu(up(X),Tc) + Z L(X,T.)

T.eTy T.eTy

< Zu(up(X),Tc) + ZL(X ,T.) < min util

Te.eTy Te.eTyx

3.2. Thudt toan FHNM

Thuét toan FHNM bao gdm mét thu tuc chinh c6 tén 13
FHNM va 2 tha tuc pl}u ¢6 tén la Search va Construct. Sau
day 1a mo ta chi tiét vé thuat toan.
3.2.1. Thugt todn FHNM

M6 ta thuét toan

Dau tién duyét qua co s¢ dir liéu D dé tinh gia tri RTWU
cua tirng muyc i (4p dung dinh nghia 9 vao trong cong thirc
tinh RTWU). Tiép dén, xay dung tap | cua tat ca cac muc i
c6 gia tri RTWU(i) = minutil, ture 1a loai bo di cac muc co gia
tri hitu ich thap (sir dung tinh chat 2). Sau khi c6 I”, thiét lap
~ 12 bg sap thir tw toan phén cac gia tri RTWU ting dan trén
I”. Duyét qua co s¢ dit liéu lan thir 2 d€ x4y dung danh sach
hitu ich (4p dung dinh nghia 10) ctia timg muc i e 1~ va xay
dyng cau trac EUCS (EUCS dugc dé xuat trong FHNM [3]
nham muc dich chira cac RTWU cua céc cap myc dé hd trg
cho viéc tinh RTWU dugc nhanh chéng). Kiém tra néu
minlength < 1, xuét cdc muc i € |~ sao cho téng gia tri hitu
ich ctia myc {i} khéng nhé hon minutil, nguoc lai goi thu tuc
dé qui Seafch gié tham dc‘)i tim lgiém theo chiéu sau cua mot
tap muc, bat dau vai tap rong dé tim tap hiru ich cao.

Thuat toan

Vao: Co s¢ dir liéu D, minutil, minlength, maxlength;

Ra: Téap cac myc hiru ich cao;

1. Duyét co sé dit licu D dé tinh RTWU cua cac muc don;

2. Xay dyng I" tir cac myc i sao cho RTWU(i) = minutil;

3. Sur dung quan h¢ > dé sép thir tw toan phan cac gia
tri RTWU ting dan trén I7;

4. Duyét D dé xay dung rrul cia mdi muc i e | “va xay
dung cau truc EUCS;

5. if (minlength<1);

6. Xuét cac muc i e | "sao cho

SUM({i}.rruliputil) = minutil;
7. if (maxlength>1);
8. Search( ¢ , I", minutil, minlegth, maxlength, EUCS);

3.2.2. Thu tuc Search

M0 ta thi tuc

V6i mbi phan mé rong Px ciia P, néu iputil + llist trong
danh sach hitu ich cta tdp Px khong nho hon minutil thi Px
va ,phén m@ rong cua Px can dugc ‘khai thac (su dung tinh
chat 9). biéu nay duoc thue hién bang cach két hop Px voi
tat ca cac phan mé rong Py cua P, sao choy>X dé hinh
thanh Pxy c6 |Px| + 1 muc. Danh sach hitu ich cta cua Pxy
dugc xdy dung bang cach goi thu tuc Construct(P,Px,Py)
de lién ket danh sach hitu ich cua P, Px, Py, sau do6 kiém

tra néu tong gia tri hitu ich ciia Pxy khong nhé hon minutil
va Pxy van thoa man rang budc vé do dai cua tap muc thi
xuat Pxy (st dung tinh chat 7). Tiép dén, néu d6 dai cua tap
muc Pxy van con nho hon maxlength thi tiép tuc mé rong
tap muc Pxy bang cach goi thu tyc Search.

Thi tuc

- Vao: Tap muc P, tdp mé rong tir P ExtendsionsOfP,
minutil, minlength, maxlength, EUCS;

- Ra: Tap muc hiru ich cao;

1. foreach (Px ExtendsionsOfP) do

2. if (SUM(Px.rruliputil) + SUM(Px.rrul.llist) >
minutil) then

3. ExtensionsOfPx « @;

4. foreach (tap muc Pye ExtensionsOfPx sao cho
y>X)do

5. if (3(x,y,c) e EUCS) sao cho C2
minutil) then

6. Pxy <— Px U Py;

7. Pxy.utilitylist <~ Construct(P,Px,Py);

8. ExtensionsOfPx <~ ExtensionsOfPx \U Pxy;

9. if(SUM(Pxy.rruliputils+ Pxy.rrul.inutils)
> minutil va minlength <|Pxy| < maxlength) then xuét Pxy;

10. end

11. end

12, if(|Pxy| <maxlength) then

13. Search(Px,ExtensionsOfPx, minutil)
14.end
15.end

3.2.3. Thu tuc Construct

Thu tuc nay nhdm muc dich tinh danh sach hiru ich cua
tdp muc Pxy.

Vao: Tap muc P, Px: Tap mé rong ctia P véi muc X, Py:
Tap mo rong cua P véi muyc y;

Ra: Danh sach hitu ich cta Pxy;

1. UtilityListOfPxy <— ¢ ;

2. foreach (tuple exePx.rrul) do

3. if (dex e Py.rrul and ex.tid=exy.tid) then
4, if (P.rrul = ¢) then

5. Tim phéan tir e e P.rrul sao cho e.tid=ex.tid;

6. exy < (ex.tid, ex.iputil + ey.iputil-e.iputil-
e.iputil, ey.llist);

7. end

8. else

9. exy < (ex.tid,ex.iputil+ey.iputil,ey.llist);

10. end

11.  UtilityListOfPxy < UtilityListOfPxy L {exy};
12.  end
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13. end
14. return UtilityListPxy;

4. Panh gia thuat toan
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Hinh 1. Thoi gian thuc hién cia thudt toin FHNM va FHN
voi cac nguong hitu ich va maxlength khac nhau

Trong phan nay chung toi so sanh két qua thyc nghiém
cua thuat toan FHNM so v6i thuét toan FHN trén cung co
s dir litu Retail miu duwoc ldy tir ngudn
“http://www.philippe-fournier-viger.com/spmf/datasets/
ndatasets/retail_negative.txt, 12/2016” gom hon 121 nghin
giao tac co6 chira cac muc c6 gia tri hitu ich ngoai am, day
la bo dir liéu dugc st dung trong thuat toan FHN. Két qua
thuc nghiém khi chay trén cting mot hé thong may tinh cho
thdy thudt toan FHNM co thoi gian thyc thi nhanh hon
thuat toan FHN do FHNM khéng vét sach tat ca tip muc
hiru ich cao thoa mén ngudng hiru ich i thiéu, ma chi khai
pha cac tdp muc hitu ich cao théa man do dai cia tap muc
cho trude. Vi maxlength cang nho thi FHNM thyc thi
cang nhanh hon FHN. Truong hop maxlength 16n hon hoac
bang v6i do dai 1on nhét cua tap muc khai pha duoc thi thoi
gian x1r ly cia FHNM tuong duong véi FHN.

5. Két luan

Khai pha tap muc hitu ich cao la mgt hudng nghién ctru
rit dugc quan tm hién nay va dugc ing dung rong rai
trong bai toan ho tro ra quyet dinh. Tuy nhién, cac ket qua
nghién ctru da duoc cong bd chu yéu tap trung vao vén dé
khai pha tap muc hitu ich cao dya vao tinh chat ciia don vi

TWU dé tia khong gian tim kiém, nén chi c6 thé ap dung
duoc trén co s¢ dit liéu giao tac khong chira gia tri hitu ich
ngoai am. Hién nay c6 rat it cong trinh nghién ctru vé khai
pha tdp muc hitu ich cao cho trén co so dit liu giao tac co
chira gia tri hitu ich ngoai am, trong khi d6, trong thyc té
¢6 rat nhidu co so dir liéu giao tic ma trong d6 c6 chira don
vi hitu ich ngoai am can duoc khai thac. Trong bai bao nay,
nhom téc gia da dé xuat thuat toan FHNM duoc cai tién tir
thuat toan FHM+ [6] va FHN [4] d¢é khai pha cac tap muc
hitu ich cao trong CSDL c6 chura hoédc khong chira hiru ich
ngoai 4m. Thuat toan nay uu diém hon thuét toan FHN la
toe do xur 1y nhanh va it tén bo nhd hon, boi vi thuét toan
FHNM dugc xay dung dya trén rang budc do dai cia tap
muc can khai thac.
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