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Tém tat: Khai thic cic chudi phé bién va cac chudi 1i ich cao c6 mic dd quan trong khic nhau trong céc dng dung
thuc té. Gan day, cdc nghién ctu tap trung giai quyét bai todn tdng quét hon, 1a khai thac tdip FHUS chudi phd bién lgi
ich cao. Tuy nhién, thdi gian va bo nhé dung dé khai thac FHUS van con qud 16n. Bai bdo dé xuit khai niém tap FGHUS
cdc chudi sinh phd bién 1¢i ich cao, 12 mot biéu dién stic tich ctia FHUS, va mot thuat toan méi hiéu qua dé khai thac
né. Dua vao hai chin trén ctia d6 do 1gi ich, hai chién lugc tia theo chiéu rong va siu dudgc thiét ké dé loai bd nhanh cic
chudi it phd bién hoic 1gi ich thip. St dung mot chin dudi méi ctia 1gi ich, mot chién luge tia dia phuong méi dugc dé
xuét dé loai bd sém cac chudi khong 1a chudi sinh phd bién 1gi ich cao. Dua vao cic chién lugc niy, mot thuit todn méi
FGenHUSM dugc thiét ké d€ khai thic FGHUS ma tinh hiéu qua ctia n6 dugc thé hién qua cdc thii nghiém trén cdc
co sé di liéu 16n.

T khéa: Chudi lgi ich cao, khai thdc chudi sinh phd bién lgi ich cao, chin trén va chéin dudi cia dé do loi ich.

Title: FGenHUSM: An Efficient Algorithm For Mining Frequent Generator High Utility Sequences

Abstract: Mining the set of all frequent high utility sequences (FHUS) in quantitative sequential databases (QSDBs) plays an
important role in many real-life applications. However, for huge QSDBs and low minimum support and utility thresholds,
algorithms for discovering FHUS often exhibit poor performance in terms of runtime and memory consumption due
to the enormous cardinality of the FHUS set. To address this issue, this paper introduces a novel set of all frequent
generator high utility sequences (FGHUS). This set is a concise representation of FHUS having a cardinality that is
often much less than that of FHUS. Thus, it is more convenient for users to analyze the information provided by the
FGHUS set. This paper proposes a novel algorithm named FGenHUSM to efficiently mine FGHUS. The algorithm
adopts the depth and width pruning strategies to quickly eliminate infrequent or low utility sequences. In addition, it
also uses a novel local pruning strategy to prune non-frequent generator high utility sequences early, which is based on
a new lower bound on the utility measure. Experimental results on large QSDBs show that the proposed algorithm is
efficient in terms of runtime for mining FGHUS, and that the pruning strategies can greatly reduce the search space.

Keywords:  High utility sequence, frequent generator high utility sequence, upper and lower bounds on utility measure.

I. GIOI THIEU HUSM tdng quéat hon FSM va c6 nhiéu tng dung nhu
phan tich hanh vi duyét web [1], dit liéu thuong mai di

Khi khai thic tap cdc chudi phd bién (FSM: Frequent  dong [2], hiéu chinh gen [3], v.v. Ta xét mot ting dung dién
Sequence Mining) trén cdc co s dif liéu chudi tudn tu  hinh cia HUSM la phan tich dif liéu mua hang. Xét co s&
(SDB: Sequential Datadase), ta c6 thé ddnh mit nhiéu chudi dit liéu chudi biéu dién cic don mua hang ciia khich hang
1gi ich cao (HU: High Utility) quan trong trong nhiéu ting  trong mot ctia hang ban 18. Khi d6 mot chudi chita cac mit
dung thuc té khi chiing it phd bién. Chéng han, 1gi ich cia  hang dugc mua bdi mot khach hang & cac thdi diém khac
cdc mit hang ban dugc 12 thong tin rit hitu ich khi ra cdc nhau. Chi tiét hon, né 1a mot danh sach cé thi tu cla cac
quyét dinh trong kinh doanh. Vi vay, bai todn khai thac cic tdp mat hang, moi tdp mit hang chia cidc mit hang dugc
chudi HU (HUSM: High Utility Sequence Mining) trén cdc mua cung nhau. Ly vi du, ta ¢6 chudi ({kem danh ring,
SDB lugng héa (QSDB: Quantitative SDB) ra doi sau d6  ban chai danh riang}, {banh Kinh d6, ph6 mai}, {nhang}).
nhu mot nhu cu bic thiét. Chudi mit hang c6 thé dudc mua bdi mot phu nit. Ngudi
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nay mua kem danh rang va ban chai danh rang cung nhau,
sau d6 mua banh Kinh d6 véi pho mai, cudi cing mua
nhang. Mbi mit hang ¢6 mot gid ban ra. Khi do, ta c6 thé
xdc dinh dugc gid tri ca mdt tdp cac mdt hang dugc mua
cung nhau ciing nhu gia tri cia mdt danh sach con cac tép
mit hang trong chudi mua hiang clia mot khach hang nao
d6. Khi khai thdc trén mot tap rat 16n cidc don mua hang,
ta c6 thé biét dudc cac thong tin nhu: (i) cdc mit hang nao
thuong dudc mua cung nhau, (ii) 1gi ich dem lai cia mot
chudi cic tdp mit hang nao d6, v.v. Cic thong tin nay rat
¢6 ich cho viéc ra cac quyét dinh kinh doanh ciia ctia hang.

Cho ¥’ 1a mot QSDB chifa cdc chudi dau vao, trong méi
chubi cé céc su kién, trong mdi su kién cé céc thudc tinh,
mdi thude tinh gin véi mot s6 lugng va mot gia tri 1oi ich.
Do mbi chudi @ cé thé xuat hién & cdc vi tri khdc nhau (véi
cac 1gi ich khac nhau) trong ¥, nén Igi ich clia « trong
¥’ ¢6 thé duge tinh dudi dang tdng [4], gia tri 16n nhét
Umax (@) [5, 6] hodc gid tri nhd nhét uy, («) [7, 8] (theo
nghia an toan va it rii ro cho viéc phat trién cac chién lugc
kinh doanh hay ra quyét dinh). Khi d6, 1oi ich cta a la
tong 1oi ich trén tit ci cdc chudi ¥’ chia a. Néu lgi ich
clia @ 16n hon hoidc biang mot ngudng 1i ich tbi thidu mu,
né duge goi 1a chudi HU, ngudc lai a dudc goi 1a chudi 1gi
ich thap (LU: Low Utility). Muc dich ctia HUSM 1a khai
thic tap chudi 1di ich cao (HUS) chia cdc chudi HU trén
modt QSDB.

Thuén 16i chinh khi giai FSM la tinh ‘a priori’, con goi la
tinh don di€u gidm (anti-monotonic) hay DCP (Downward-
Closure Property), ciia do do hd trg: Moi chudi cha clia
mot chudi it phd bién (LF: Low Frequent) ciing LF [5, 9].
Dic tinh nay cho phép rit gon dang k€ khong gian tim
kiém khi tién hanh khai thic cdc chudi 16n dan trén cay
tién t6. Pang tiéc 12 trong HUSM, d6 do Igi ich khong c6
tinh DCP. D€ khic phuc, céc chin trén (UB: Upper Bound)
10i ich dugc thiét ké d€ thu hep pham vi tim kiém.

Chan trén SWU [5] (théa DCP nhung gia tri 16n) va cac
chin trén khéc chit hon (c6 gid tri nhd va gan véi 1¢i ich
hon) 1an lugt dugc thiét ké va sit dung (mic du chi thoa
man cac tinh chit tta DCP). V6i umay (@), ¢6 thé ké ra SPU
va SRU (2013), PEU va RSU (2016), gan day 1a MEU [6]
va SEU [10]. V&i upin (@), cic tac gia trong [7] da dé xuit
hai chin trén, RBU va LRU, thiét k& hai chién lugc tia theo
chiéu sau (DPS: Depth Pruning Strategy) va rong (WPS:
Width Pruning Strategy), va tich hgp ching vao thudt toan
EHUSM @€ khai thac hiéu qua HUS. Mic dd EHUSM c6
thé khai thic nhanh HUS, luc lugng tap két qua thudng rat
16n, viéc quan ly va phan tich chiing giy khé khin dbi véi
ngudi sit dung. Mot tiép can thudng duge dung trong FSM
la khai thic cdc biéu dién sic tich ciia ching, chiang han
nhu cdc chudi tbi dai, dong va sinh [11, 12]. Chu y rﬁng,
béng viéc tich hop FSM va HUSM, ta xét bai todn tong quat
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hon, 124 FHUSM: Khai thac tap FHUS cic chudi phd bién
1oi ich cao (FHU: Frequent High Utility), d6i v6i do do 1gi
ich up;,. Theo cach tiép can trén, nhém tac gia trong [13]
da dé xuét céac thuat toan hiéu qua nham khai thac hai biéu
dién stc tich ctia FHUS, bao gdm céc chudi phd bién tbi
dai 10i ich cao (FMaxHU) va tdp FCHUS céic chudi phd
bién déng lgi ich cao (FCHU). Tuy nhién, chiéu dai céc
chudi FMaxHU va FCHU thudng kh4 16n. Vi vy, bai bdo
dé xuét mot biéu dién sic tich khic FGHUS cta FHUS.

Trudc diy, da xuat hién nhiéu cong trinh nhiam khai thic
céc tap (tip thudc tinh) sinh phd bién c6/khong c6 16i ich
cao [14-16]. Cac chudi (danh sach c6 thi tu cac tap thudc
tinh) dong/t6i dai/sinh phd bién ciing da 1a dbi tuong cla
nhiéu nghién ctiu gan day [12, 17, 18]. Tap chiia cac chudi
sinh phd bién 1gi ich cao (FGHUS) 12 m& rong tu nhién ctia
chudi sinh phd bién truyén thong. Mot chudi FHU dugc goi
1a chudi sinh phd bién lgi ich cao (FGHU) néu khong ton
tai chudi con FHU nao c6 cung dd ho trg.

Vi cic chudi FGHU c6 chiéu dai thuong bé hon nhiéu
so véi cdc chudi FMaxHU va FCHU, nén chung c6 céac uu
diém sau. Thi nhéit, ta c¢6 thé xem né nhu mot biu dién
nén ctia FHUS. Piéu nay ciing rit phi hgp véi nguyén
ly chiéu dai mo ta bé nhat (MDL: Minimum Description
Length) [19]. Thd hai, né cho dd chinh xdc cao trong cac
nhiém vy chon mdé hinh (so véi FHUS hay tip FCHUS).
Ngoai ra, khai thic cdc mau sinh (v6i chiéu dai tbi thiéu)
con 1a mot buSc quan trong trong viéc tim cédc ludt tuan
tu quan trong, chiang han, cdc luat véi it gia thiét (vé trdi)
nhung din ra nhiéu két luan (vé phai), hoic cac luat khong
du thtia [20]. Khi d6, cdc miu sinh chinh 1a vé trai, vé
phéi ¢6 thé 1a cdc miu déng hodc khong. Do d6, cdc miu
sinh trong FGHUS thudng dudc ua thich hon dbi v6i ngudi
duing khi can phan tich tap két qua, vi s6 lugng va chiéu dai
cua chung kha bé so v6i FHUS. Tap FHUS thutng dudc
stt dung khi luc lugng ctia chiing kha bé, chang han khi
ngudng hd trg (ms) va ngudng 1gi ich t6i thi€u (mu) kha
cao. Ngudc lai, khi cdc ngudng nay kha thip va dic biét
trén cdc tap dif liéu 16n, d€ vudt qua khé khin trong viéc sit
dung ciing nhu phén tich tap két qua FHUS véi kich thuée
qua 16n, tdp FGHUS sé 1la mot Iya chon phu hgp hon véi
nguoi dung.

Muc tiéu ctia bai bao nay la khai thac tip FGHUS. D€
khai thac hiéu qua né, do FGHUS C FHUS, nén mot chudi
LU hoic LF sé& khong 1a FGHU. Do d6, tinh chit DCP cda
d6 ho trg va hai chién lugec WPS va DPS dua vao RBU va
LRU [7, 8] c6 thé dugc sit dung dé tia hiéu qui cic chudi
LF hoac LU khong nhiing tt FHUS ma ca FGHUS. Tuy
nhién, vi FGHUS khong 1a tip con ctia tap tit ca cc chudi
sinh phS bién (FGS), nén ta khong thé dp dung tryc tiép
céc diéu kién tia 3E trong [12] d€ loai b cac chudi khong
14 chudi sinh 16i ich cao (GHU).



Bai bdo c6 mot sb dong gép sau diy: (i) dé xuét chin
du6i SF ctia upy; (i) dua vao diéu kién tia sém tdng quat
GEP [13] va SF, chién lugc tia dia phuong (LPG) dudc
thiét k& d€ loai bd sém cdc ting vién (va cdc mé rong cla
chiing) khong 1a GHU; (iii) tich hgp ba chién lugc DPS,
WPS va LPG vao thuat toin FGenHUSM d€ khai théc
cdc chudi sinh phé bién 10i ich cao (FGHU); (iv) cdc thi
nghiém trén hai co s& dit lidu 16n, thuc té va téng hop, da
chi ra tinh hiéu qua cia FGenHUSM (so véi thudt toan co
s6 khong 4p dung cic chién ludc tia) vé mit thdi gian chay
va luc luong cia FGHUS thudng rt bé so v6i FHUS. Pay
1a thudt toan dau tién khai thac biéu dién sic tich FGHUS
ctia FHUS vé6i do do 16i ich ;.

Phan con lai cla bai bao dudc t6 chic nhu sau. Phan II
trinh bay cic khdi niém va két qua co ban. Phan xdy dung
chién lugc tia dia phuong LPG. Phan IV dua ra thuit todn
FGenHUSM va céc két qua thit nghiém. Phan V dua ra
cac két luan cia bai bdo.

Il. CAC KHAI NIEM VA KET QUA CO BAN
1. Dinh nghia bai toan

Muc niy gi6i thiéu vai khdi niém co s lién quan dén
bai toan HUSM V6i upy,, trong [7].

Pinh nghia 1 (7]): Goi A £ {a,as,...,an} 1a tap
cac thudc tinh phan bigt. Mbi thudc tinh a gin lién véi mot
s6 duong P(a) thé hién gid tri 1¢i ich don vi ctia né. Khi do,
ta ¢6 vécto P(A) & (P(ay), P(a), . .., P(ap)). Mot thude
tinh s6 lugng/dinh lugng (g-thude tinh) 1a mot cip (a, q),
v6i a € A va g € R, 1a mot s6 luong duong. Tap con A
ctia A, A C A, dudc goi 1a mdt sy kién. Khong mét tong
quat, gia st rang cac thudc tinh trong mot su kién dudgc
sap tang theo thi tu tir dién <. Mot su kién sb luong (g-su
kién) tdng v6i A dugc dinh nghia la

, def
A" = {(ai,qi) | ai € A, qi € R}

A dudc goi 1a su kién chiéu ctia A’, ky hiéu 1a A = proj(A”).
Danh sich cdc g-su kién (A}, k =1,2,...,p) ky hiéu la
a’'=A} — Al — Aj, dugc goi la mdt g-chudi. Chudi
chiéu @ ctia g-chudi o’ dugc dinh nghia 1a

a = proj(a’) = proj(A}) — proj(A3) — - -+ — proj(A},).
P& thuan tién, ta ky hicu o’ [k] £ A7 va a[k] € proj(A)).
Mot g-chudi 1a réng (<>) néu tit ca cdc su kién clia né 1a
réng. Mot co s6 dit liéu chudi lugng héa (QSDB) D’ chiia
hitu han cdc g-chudi ddu vao, D’ = {¥/,i=1,2,...,N}
va P(A). M&i g-chudi ¥/ gin v6i mot dinh danh (SID) i.
Co s6 dit liu chudi (khong ludng héa SDB) D tng véi
P’ dugc dinh nghia la

D = proj(D’) def {proj(‘Plf),i =1,2,... ,N} .

59

Tap 2019, S6 2, Thing 12

Kich thudc clia g-chudi o', ky hiéu 1a size (o), 1a sb céac
g-su kién (p) cua nd.

Tir day vé sau, ta xét hai g-chudi bit ky o’ = A} —
A, —> -~ > A, vap =B — B, > - — B, cung
hai chudi tuong ting @ = A} — Ay — ---
B=Bi—B—

Pinh nghia 2 ([7]): Xét hai g-su kién A’ va B’ sau:

— Ap va
— By.

A= {ail,qz',), (aiy, gir)s - - - » (aim,CIim)} ,
B ={(aj.4;)),(ap) q))s - (g qj) } s

véim < n. A’ dugc goi la chita trong B’, ky hiéu la A’ E B/,
néu ton tai cac sb tu nhién 1 < k; < --- < k,,, < n sao cho
ap =ajy, va q;, = 9ji,» véimoi [l =1,2,...,m.

Ngoai ra, ta néi a’ chifa trong ', ky hiéu 1a o’ £ ', néu
p < g vaton tai p s6 nguyénduong, 1 < ji <---<j, <q
sao cho A} C B/, véi moi k = 1,2,...,p. Dong thoi,
a’ C B’ tuong duong véi ((@’ C B') A (' # 7).

Tuong tu, ta cling dung ky hiéu C d€ dinh nghia quan
hé chifa trong trén tap tit ca cic chudi. Ta néi a C S hoic
B 2 a (B dudc goi 1a chudi cha clia @) néu ton tai p sb
nguyén duong, 1 < j; <--- < j, < g sao cho Ay C Bj,,
v6i moi k = 1,2,..., p. Pong thoi, @ C B tuong duong véi
((@ EB) A (e # ).

Ta ndi B’ chia @, ky hiéu la « C B’ (hay g/ J «, B’
dugc goi 1a g-chudi cha cta @) néu proj(g’) 2 a.

Goi

p(@) E (W eD |V Ja)
1a tap tit cd cic g-chudi diu vio chia a. PO hd trg cia a
dugc dinh nghia 12 s6 céc g-chudi diu vao chia «,

supp(a) € |p(a)!.

Pinh nghia 3 ([7]): Cac lgi ich cta g-thudc tinh (a, q),
g-su kién A’ = (a;,,qi,), (air.q3), - - (@i, qiy,)» g-chudi
a’ va QSDB D’ lan ludt dugc dinh nghia 1a

u((a,q)) € P(a) * q,

u(A) =Y ul(ay, i),
=1

]p

Z u(Al),
i=1

u(D’) & > ucw).

YeD’

def
u(a’) =

D& tranh tinh todn Lip lai 16i ich u ctia mdi g-thudc tinh
(a, q) trong céc g-chudi ¥’ ctia O’, ta tinh chiing mot 1an
va thay ¢ bdi u((a, q)) = P(a) * q trong co sé dif liéu. Biéu
dién tuong duong nay ctia QSDB D’ dudc goi la QSDB
tich hgp ctia D’, ciing dugc ky hidu van tit 1a D’. Tir day
vé sau ta chi xét cac QSDB tich hop.
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Bang I
D’ — MOT QSDB MINH HOA

SID  Chuéi
1 ¥ =(a,9) = (c,2)(e,20) — (c, 1)(g,50)
— (¢, 8)(d, 16) — (¢, 8)(d, 16) (e, 35)(g, 60)
— (a,3)(c,5)(e,2)
2 W) = (c,9)(f,28) — (a,15)(c, 10)
— (d, 16)(g,40)(a, 15)(e,20) — (c,6)(d, 24) (e, 25)
W, = (g,20) — (e,40)(f, 12) — (b,45)(c, 1) — (d, 56)
4 W, = (e,40) — (¢, 2)(f,20) — (c,3)

Xét QSDB minh hoa trong Bang I, s€ dugc dung cho céac
vi du trong sudt bai béo. Chudi @ = e — ce chia trong ¥/,
a C ¥/, vi n6 xudt hién trong W/. Lan xuit hién dau tién
clia @ trong ¥ 1a g-chudi con o’ = (e,20) — (c, 8)(e, 35)
cua ¥]. Vay proj(a’) = a vau(a’) = 20+8+35 = 63. Ngoai
ra, do @ C W), nén p(a) = {¥{,¥}} va supp(a) = 2. SDB
P tng v6i D’ la

D={¥ =a—> ce > cg — cdeg — ace,

Y, =cf — ac — dg — ae — cde,
Y;=g > ef - bc—d,
Yy=e—>cf > c}.

Dinh nghia 4 ([7]): Gia st @ C S8’. Goi

def

O(a.B') = {a’ | (¢’ C B') A (proj(a”) = a}

12 tap tat ca cdc 1an xuét hién o’ clia @ trong B’. Ldi ich bé
nhit (goi tat 1a 1¢i ich) clia « trong B’ dugc dinh nghia la

, def ’ ’ ’
min(@, ) = min{u(a’) | @’ € O(a, B)}.
Lgi ich ctia @ trong D’ dugc dinh nghia la

Z Umin (@, \P/))

Y ep(a)

def
Umin ((l) =

Lic d6, a dugc goi la chudi 1¢i ich cao (HU) néu
Umin (@) = mu.

Tir nay, ta viét gon ¥ d€ dién ta ring umi (@) = u va
supp(@) = s. Ly do cia viéc sd dung upi, cé thé tham
khéo thém trong [7, 8, 13]. Ly vi du, xét @ = ¢ — ce V6i
p(a) = {¥], ¥} va supp(a) = 2. D& thiy ring,

O(a,¥)) = {(e,20) — (c,8)(e,35), (e,20) —
(¢,5)(e,20), (e,35) — (c,5)(e,20)}.

Do do6, umin(a, ‘Pi) = min{63, 45,60} = 45 va tuong tu,
Umin (@, ¥]) = 51. Vi viy, ta c6 a§6.

DPinh nghia 5: Mot chudi HU y dugc goi 1a chudi sinh
1¢i ich cao, GHU, néu khong tdn tai chudi con HU c6 cung
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dd hé trg v6i nd. Tap tit ci cac chudi GHU dudc dinh nghia
va ky hiéu la

def

GHUS = {y € HUS | #y* € HUS :

(¥* £ ) A (supp(y) = supp(y*))}.

Tap céc chudi sinh phd bién Igi ich cao, FGHU, dugc dinh
nghia va ky hiéu la

def

FGHUS = {y € FHUS | 3y* € FHUS :

(y* € y) A (supp(y) = supp(y*))}.

Khai thac tdp FGHUS la muc tiéu ctua bai bao nay. Vi
du, xét mu = 226 va ms = 2. Véi chudi y = a — g — cde,
ta ¢6 y3°* € FHUS. Hon nita, y la mot chudi FGHU, vi
khong ton tai y* € FHUS sao cho y* C y va supp(y*) =
supp(y). Pay ciing 1a chudi FGHU duy nhét, tic 12 FGHUS
= {y}. B¢ y ring, luc lugng ciia FGHUS thudng bé hon
rit nhiéu so v6i FHUS, dic biét khi mu va ms bé. Chang
han, v6i mu = 1 va ms = 1, |FHUS| = 5235, trong khi d6
|[FGHUS| = 105 (khoang 2% cta |FHUS]).

Dinh nghia 6 ([7]): Ta dinh nghia s-mé rong va i-mé
rong clia @ va B lan luct 1a

a'osﬁdzefAl—>A2—>--~—>AI,—>B1—>BZ—>---—>B,1,

0/<>,»,Bd§fA1—>A2—>---—>(ApUB])—>Bz—>---—>Bq,

trong d6 a < b v6i moi a € A, va b € B;. Mot md rong
tién (hay md rong) cla a v6i B, ky hiéu la y = a o 8, 1a
mot i-md rong hodc la s-md rong, tic 1a @ ¢; B hay a o 5.
Khi d6, & dugc goi 1a mot tién t6 ctia y va B 1a mot hau td
(ddi v6i @) clia y. Ngoai ra, néu § 1a tién t6 bé nhét (cda
v V6i ) chifa «, ta ky hiéu 6 13 pref(y, o). Hau t6 8 cia
v (d6i vé6i 6, tic 1a y = § o B) dudc ky hiéu 1a suf(y, a).
Co s6 dit liéu chiéu (PDB) clia a dudc dinh nghia 14
Dy E (suf (¥, 0)|(¥ € D) A (¥ T a)).

Ta néi Dg chia trong Dy, ky hidu 1a Dg © D,, néu
p(B) € p(a) va véi moi ¥ € p(B) ta c¢6 suf(P,B) C
suf(¥,@). Khi Dg C D, va D, E Dg, ta néi ring
Dp bing D, va ky hieu Dy = D,. D& thdy ring
supp(@) = |Daql.

Vidy v6ia = e - e C B = e — ce, ta co
pla) = p(B) = {¥1,¥2}, suf(¥1,0) = _g — ace va
suf (¥,, @) =<>. Do d6, PDB cua a 1a D, = {_g —
ace, <>}. Tuong ty, ta c6 Dg = D,

Khoéng gian tim kiém chudi 10i gidi dudc biéu dién béi
mot ciy tién t6 v6i goc 1a chudi réng, mdbi nit biéu dién
mot chudi tng vién, mbi nit con biéu dién mot chudi mé
rong. Ta ky hiéu branch(e) 1a nhanh c6 gbc tai niit biéu
dién a, né chiia @ va cic mé rong ciia néd. Véi mot tién td
khic rdng @, B=a oy, chubiy = aoeoy ma y 3 B dudc
goi la mot md rong 1ui (BE) cia B bdi €, véi y la thudc



tinh cudi ctia B, ky hiéu la lastltem(B). Chang han, véi
@ = cd thi branch(a) chia cic chudi: cd — &, cde — &
va cdeg — &, v6i moi &, k€ cad <>. Cho 8 = ce, céc
chudi cde va ¢ — cg — cde 1a cac BE ctia 8. Tuy nhién,
ce — cg — e la BE clia ¢ — e, nhung khong 1a BE cua 8.

Thach thic chinh cia HUSM 13 up;, khong don diéu
tang cling khong don diéu giam, tdc la

AB,a,y,6: (B2 a) A (yCd)
(Umin (IB) > Umin(@)) A (Umin (7) > Umin (6))

N6i cach khic, upmi, khong théa man DCP (tinh chét cla
supp dugc st dung trong FSM). That vy, v6i @ = cd,
B=cdg, vad=c — c— cd, dé thiy ring 6 1 a C S
Va Umin(B) = 84 > umin(@) = 54 > umin(6) = 27. bé
khic phuc, cic chin trén up;, thdoa man cic tinh chét tua
don diéu gidm (c6 thé yéu hon DCP) dugc dé xuit trong
muc tiép theo.

2. Hai chién lugc tia cic chudi LU va LF theo chiéu
sau va chiéu rong

Gia st o’ C ¥, @ = proj(e’) E ¥, v6i ¥’ = B| —
Bé — s> B; € D', tic 1a ton tai p sb nguyén, 1 <ij <
ip <:-- <ip <qsaocho A} T B} va Ax =proj(4;) €
proj(Blfk), v6imoi k=1,2,...,p. Chi sb cubi ip dudc goi
1 diém cubi ctia o (hay ') trong ¥’, ky hiéu 1a end(a, V)
(hay end(a’, ¥")). Thudc tinh cubi ctia @ trong Blfp dudc goi
1a thudc tinh cubi tng véi i, ky hiéu la ei,. Khi d6, g-chudi
con lai clia @ trong P’ (ddi véi ip) la phan con lai cia P’
sau e;,, ky hiéu 1a rem(a, ¥',i,). Goi i%, € FEnd(a, W)
la di€ém cubi diu tién ctia @ trong ¥’. Co s6 dit lidu chiéu
lugng héa (PQDB) D/, clia a chia tit ca cdc chudi con lai
rem(a, W', 73), v6i ¥ € D’. Néu a =<>, ta quy udc i}, <
FEnd(<>,%) € 0, DL, € D’ va rem(<>, ¥, i) = V',
V6i mdi diém cudi i, = end(e, V), ta dinh nghia

u(e, ¥, ip) E min{u(a’) | o’ € O(a, W) Aend(a’, W) = ip}.

Chan trén dua vao 16i ich con lai cia umyi, (a, ¥’) dudgc dinh
nghia va ky hiéu:

ubrem(a,¥’) =
em ) (W),

def Ju(a, V', 7,) +u(rem(a, ¥, i},)), a #<>,
a=<>.

Vi du, xét 8 = ¢ — d. Do lan xuét hién dau tién ctia 8
trong ¥} 1a g-chudi con B’ = (¢,2) — (d, 16) C ¥}, nén

', € FEnd(B, ¥}) = 4,

rem(B, ¥, 1;,) = (e,35)(g,60) — (a,3)(c,5) (e, 20),
u(rem(B,¥],i,)) = 123,
u(p, ‘P’,i;) =min{u(B),u((c,1) — (d,16))} = 17.
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Vi vay
ubrem(ﬁ, IP’I) = 17 + 123 = 140

Mot do do ub dugc goi 1a mot chin trén clia upyi, néu
Umin(@) < ub(a), véi moi a. Ngoai chin trén truyén théng
SWU(a) & Y
chdt hon sau day.

DPinh nghia 7 ([7]): Xét y € A va a khéc rdng. Ta dinh
nghia cac chan trén sau day:

Z ubrem (@, \P,),

Yep(a)
LRU(@0y) S > ubrm(a,¥),

W ep(aoy)

LRU(y) & swu(y).

ep(a) U(P) [5], ta cOn cb céc chin trén

RBU(a) &'

V6i hai chdn trén ub; va ub,, uby dugc goi la chidt hon
uby, ky hiéu la ub; < ub,, néu ub (@) < uby(@) véi
moi a. Theo [7, Pinh 1y 1], ta ¢6

Umin < RBU <« LRU « SWU .

Vi dy, xét chudi B = ¢ — cd, p(B) = {¥},¥,}. Khi d6
Umin(B, ¥]) =25, umin(B, V) = 39,
FEnd(8,¥)) =4, u(B.'¥],4) =25,

u(rem(B, P, 4)) = 123.
Vi vay
Umin(B) = min (B, P) + tmin (B, '¥5) = 64,
brem (B, W) = 150, ubsem (B, ¥}) = 64,

RBU(B) = ubrem (B, ¥}) + ubrem (B, '¥5) = 212.
Ngoai ra, v6i @ = ¢ — ¢, ta dé thiy ring B =a o; d va

LRU(B) = UBrem (@, ¥]) + ubrem (a, ¥))

=200+ 165 = 365,

SWU(B) = u(W)) +u(W}) = 229 +208 = 437.

Vi vay ta c6

umin(B) < RBU(B) < LRU(B) < SWU(B).

D€ loai nhanh céc chudi c6 1¢i ich thip hoic it phd bién,
dua vao [7, Pinh ly 2], ta thiét ké hai chién lugc DPS va
WPS nhiam thu hep hiéu qua khong gian tim kiém. Trudc
hét, ta c6 chién lugc tia theo chiéu sau dya vao RBU, viét
12 DPS(RBU), nhu sau: “Néu RBU(a) < mu thi branch(«)
co thé duoc tia”.

Goi hai tép thudc tinh tng vién cho céc i— va s-md rong
lan lugt la:

Iiru(@) € {z | (LRU(a o; 2) > mu) A (supp(a o; 2) > ms)},

Stru(@) € {2 | (LRU(a oy 2) > mu) A (supp(a o5 2) > ms)}.
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Néu umin (@ o; z) > mu va supp(a o; z) > ms, thi
LRU(Q' i Z) > umin(a' O Z) > mu,
tic 1a z € I ru(@). Vi LRU(@ o; y ¢; ) < LRU(a ¢; 2),

max{LRU(y) |y € {ao; yos z,@ o5y o Z,@ 05y o5 2}}
< LRU(a ¢4 2),

supp(a@oyoz) <supp(aoz), Vviiaoyozdaoz.

Cho nén ta c6

Iiru(@ ©; y) € Itru(@),
(SLru(@ ©; ¥) U Spru(a@ ©; y)) € Stru(@).

Tt d6, ta c6 chién lugc tia theo chiéu rong dua vao LRU,
viét 12 WPS(LRU), nhu sau: “Néu LRU(a ¢ y) < mu, ta
khong can xét tdt cd cdc md réng tién cia a <y, tiic la
branch(a ¢ y), va cdc md rong lii ctia no.

Ly vi du, v6i mu = 230 va ms = 2, ta c6 supp(b) < ms
va LRU(b) = 174 < mu. Céc gia tri LRU cua cac thudc
tinh con lai, trong tap chia cac thudc tinh dng vién cho
cac md I'@l'lg, ILRU(<>) = SLRU(<>) = {a,c,d,e, fs g}a
déu 16n hon hay biang mu (chiang han LRU(a) = 447). Khi
do, do WPS(LRU), ta c6 thé loai thudc tinh b khdi D’.

D& minh hoa tic dung tia theo chiéu siu cia RBU, xét
hai gid tri RBU(ac) = 199 va RBU(a — c) = 229 déu bé
hon mu. St dung DPS(RBU), toan bd nhanh branch(ac)
va branch(a — c¢) bi tia. D& thdy ring, sit dung supp,
Iiru(a) = {c,e} va Siru(a) = {a,c,d, e, g} (S Siru(<>
)) Vi S]_Ru(a — C) Cc SLRu(a) va v6i bit ky x € SLRu(a),
RBU(a — ¢ — x) < LRU(a¢ — ¢ — x) =229 < mu hay
supp(a — ¢ = x) =1 < ms, Stru(a — ¢) = @. Do d6, béi
DPS(RBU), ta chi c6 thé tia nhidnh branch(a — ¢ — x),
v6i moi x € {a,c,d, e, g}.

Tuy nhién, st dung WPS(LRU), ta vin c6 thé loai bo tit
ca cac nhanh mé rong lui cua branch(a — ¢ — x), vi du
nhu branch(a — ¢ — g — d), branch(a — ce — cg —
cd) (cta branch(a — ¢ — d)), v.v. That vay, 1y do la
Iiru(a — ce > cg — ¢) € Stru(a — ce) C Siru(a —
¢) = @. Ngoai ra, méc du chat hon LRU, nhung RBU khong
¢6 tac dung tia theo chiéu rong. Néu dung RBU dé€ tia theo
chiéu rong, ta c6 thé tia nhAm mot sb 10i gidi. That vy,
v6i mu = 225 va ms = 2, vi Iggy(a —> g — ¢ — ¢)(C
Srpu(a@ — g — €) = {c}), nén Irpu(a > g > e > c) =
@. Tuy nhién, a — g — e — ce2*> € FHUS. C6 thé két
luan ring, mic du LRU 16ng hon RBU, tic dung tia clia
WPS that su manh hon DPS.

Vi vay, DPS va WPS dugc dung d€ tia cac nhanh LU
(va LF) trén cdy tim kiém tién td, c6 hiéu qua vdi cic gia
tri mu cao [7]. Tuy nhién, nhiéu chudi HU c6 thé khong
12 cic chudi sinh HU (non-GHU). Do d6, trong phan tiép
theo, chién lugc LPG tia cic ting vién non-GHU sé dugc dé
xuit. D€ y ring, LPG sé& hiéu qua véi cdc gid tri mu thip.
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IIL. CHIEN LUGC LPG TiA SGM CAC CHUOI
KHONG LA SINH LOI ICH CAO

1. Piéu kién tia sém tong quat

Trudc hét, chiing t6i nhéc lai hai d6 do SE, SLIP va diéu
kién tia sém tong quat da dudc dung d€ tia cac chudi phd
bién déng va cic chudi phd bién déng c6 10i ich cao [13],
hoic cic chudi sinh phd bién [12].

Dinh nghia 8 ([12]): Téng cic su kién con lai trong mot
PDB D, dudc dinh nghia va ky hiéu la:

2

YeD:
suf (P,a) €Dy

def

SE(a) = (size(W) — size(pref (¥, @)) + 1).

Véi chudi a, goi ¢ 1a tién tb bé nhit ciia ¥ chifa «,
¥ ¢ p(e). it fi(a,¥P) 1a chi sb (trong ¥) cia su kién
cubi ciia ¢ va lastEvent(e) 1a sy kién cubi cia a. Goi
LP(«@,¥) la danh sach cac vi tri thit i khac nhau trong W
ma lastEvent(a) C W[i] va fi(a,¥) <i < size(¥). Khong
mét tong quat, gia st ring céc chi s6 trong LP(a, ¥) dudgc
sap ting. Khi do6,

slip(e, ¥) < | LP(a, )]

1a s céc vi tri xuét hién ctia sy kién cubi cta § trong .
Pinh nghia 9 ([13]): S6 do SLIP cia PDB D, dudc
dinh nghia va ky hiéu la

SLIP(a) & > slip(a,¥).
Yep(a)

Vidy, xét @ = e — e. Vi D, = {_g — ace, <>}, nén
SE(e) = 3. Ta ¢6 p(a) = {¥,¥>}. Vi su kién cudi e
xuét hién hai 1an trong ¥ tai vi tri thd 4 va thi 5, nén
LP(a,¥,) = {4,5}. Tuong tu, LP(@,¥,) = {5}. Vi vay,
SLIP(a) = 3. Tix SE va SLIP, ta c6 diéu kién tia sém tong
quat (GEP) trong Dinh ly 1 sau day.

Pinh Iy 1 (Piéu kién tia sém tong quat [13]): Xét hai
chudi @ va B théa man « C 8. Khi do:

a) Néu SE(e) = SE(p), thi supp(a@) = supp(B) va D, =
D, v6i moi s-md rong y cla @ va A cua B véi cung mot
chudi khdc réng;

b) Néu SE(e) = SE(B8) va SLIP(«) SLIP(B), thi
supp(a) = supp(B) va D, = D, vdi tat cd md rong y
clla @ va A clia 8 v6i cing mot chudi khic rdng.

2. Chién lwge LPG

Dua vao GEP va chidn duéi SF sau diy cia up;y, chién
luge LPG tia sém céac chudi non-GHU dudc dé xuit.

Pinh nghia 10: Cho chudi phd bién «, tic 12 supp(a) >
k, v6i k " ms. Sau khi sdp xép ting din day

U(@) € {tmin(@, W) | ¥’ € p(a)},



ta thu dugc day {u;, 1 <i < n} v6in > k. Chan dudi SF cla
Umin dugc dinh nghia 1a tdng k gid tri bé nhit ctia U(«a),

S

1<i<k

SE(a) &

Dinh ly 2: Ta c6:

(a) SF 1a mot chan dudi cta upyy,, tic 1a SF(a) < upin (@),
véi moi a;

(b) SF la don diéu tang dbéi véi cic md rong, tic la
SF(B) > SF(a), v6i moi B=a o6 J a.

Chitng minh: (a) V&i moi a, ta ¢6 SF(a) = XX | u,
er'lzl Ui = Umin(@).

(b) V6i mS rong bat ky 8 = aod I a, tacd p(B) C p(a)
Va tmin (B, ') > umin (@, ¥’), v6i moi ¥ € p(B). That vay
tmin(B,') € min{u(8) | B € O(B,¥)} = u(Brin)s
Ja; € O(a,¥'), &, T B, sao cho @ T B/ = a; ¢
£l € OBW) va u(Bly) = u(@)) +u(s) 2 u(al) =
min{u(a’) | @’ € O(a,¥)} € upin(e, ¥). Sau khi sip
taing U(a) va U(B), ta c6 dugc hai day {u;, 1 <i < n},
{u,1 < j <m}véin>m2 k. Khido, ton tai cic sb

<

nguyén 1 < ij < i < --+ < iy sao cho u;; < u}, voi
1 <j <m,néntacod
k k k
SF(@) = > ui < Y ui; < ) ufy = SF(B).
i=1 j=1 j=1 m

Vi du, khi xét hai nguéng mu = 85, ms = 2 va mg rdng
B=e—eclaa=e, tacép(p)={¥,¥,} Cpla)=2
Umin (@) = 120, umin (B) = 85, va U(a) = {20;20;40;40},
U(B) = {40;45}, nén SF(a) = 20 +20 = 40 va SF(B) =
40 + 45 = 85. Khi d6, SF(a) < umin(@), SF(B) < umin(8),
va SF(a) < SF(B).

Trén cay tién t6 v6i gbc Root =<>, v6i mbi nit g (1-
thudc tinh), ta ¢6 chudi tuong ing « = path(g), trong d6
path(g) 1a chudi diy di thu dudc bing cich duyét tit Root
dén ¢g. Nit g c6 i-md rong va s-mé rong bdi hai thudc
tinh 4 va v tuong ung, ky hiéu 13, a o; u va a o5 v. Khi
do, ta gan u.type = i-ext va v.type = s-ext. Ky hiéu tap
chita @ va tit ca cic mé rong (hay céc s-mé rong, cac i-md
rong) ciing nhu tit c cdc hiu dué clia cic md rong nay
(hay cac s-md rong va cac i-md rong) la branch(a) (hay
tuong ung la s-child branches(a) va i-child branches(a)).
Néu tit ca cdc chudi trong cdc nhanh nay khong 1a chudi
sinh HU, ta ky hiéu ching 12 non-GHU branch(a) (hay
tuong vung la non-GHU s-child branches(a) va non-GHU
i-child branches(a@)).

Pinh 1y 3 (Chién lwge LPG): Xét g, u, v 1a cic niit ¢6
cling tién t6 va a = path(q) 1a chudi ting véi g.

(a) V6i mdi i-mb 10ng, inew = @ ; u:

(i) Néu SE(a) SE(ipew) va SF(a) > mu, thi
non-GHU s-child branches(ipew) c6 thé dudc tia. Hon nifa,
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néu SLIP(@) = SLIP(inew), thi toan bd nhdnh non-GHU
branch(inew) cling dudc tia;

(i) Néu SE(path(u)) = SE(inew) va SF(path(u)) > mu,
thi non-GHU s-child branches (iyey) dudc tia. Ngoai ra, néu
SLIP(path(u)) SLIP(ipew), thi non-GHU branch(ipey)
dugc tia;

(iii) Néu gq.type
(ton tai r € q.Parent.iChildren sao cho r.ltem
u.ltem), q.Parent.type = s-ext, SE(path(r)) = SE(ijew) Vva
SF(path(r)) > mu, thi ta c6 thé tia non-GHU branch(iney).

(b) V6i mbi s-md 1dng, Spew = & ©5 v sao cho v.type =
s-ext, néu SE(path(v)) = SE(spew) vd SF(path(v)) > mu,
thi non-GHU branch(spew) c6 thé dudc tia.

Chitng minh: Ta sé ching minh a(i). C4c khing dinh
con lai c6 thé dugc chiing minh tuong tu. Gid st ring
SE(a@) = SE(inew) va SF(@) = mu. Vi @ C ipew, V61 moi
s-md rong y va A cla @ va ipey tuong tng véi cung mot
chudi & (k€ ca chudi rdng), y = a o5 & vad A = ipey %5 &,
thi ¥ = A va supp(y) = supp(d), vi do phan (a) ctia dinh
ly 1, v6i & khdc rong, D, = Dy, nén |D,| = |D,|. Hon
nita, néu SLIP(a) = SLIP(ipey), do phan (b) ctia dinh 1y 1,
ta cling c6 y © A va supp(y) = supp(ld), véi bét ky i-
mG rong A = ipew ©; € CUA ipey Va i-mG rong tucng ung
Yy = ao; & clia a v6i cing &. Vi viy, v6i bit ky mé rong
A = lpew © € ClUA ey VA& ¥y = @ ¢ £ cla a, ta ludn co
v C A va supp(y) = supp(4). Ngoai ra, do tinh don diéu
ting ctia SF dbi véi phép todn md rong (phan (b) cla dinh
ly 2), nén umin(y) > SF(y) = SF(a) > mu, nghia 1a 3y €
HUS: y C A va supp(y) = supp(1). Vi vdy, 1 ¢ GHUS. 1

Chién ludc LPG cho phép tia sém cic chudi non-GHU
ngay khi chiing vira dugc tao ra trong hai miic lién ké nhau
trén cdy tién td. Ngoai ra, ta khong can kiém tra quan hé
cha con trén cic chudi st dung trong dinh ly 3, chang han,
@ C ipew = @ ¢; u trong a(i). Do d6, né gitp rit ngin
ddng k€ thoi gian thuc thi cling nhu gidm Iugng bo nhé luu
trif trong qua trinh khai thac. Sau day, ta s€ minh hoa cac
truong hgp ap dung cla dinh ly 3.

s-ext, q.Parent.Item q.ltem

3. Minh hoa chién lwge LPG

Tru6c hét, ta minh hoa trudng hop a(i) cta dinh ly 3.
Xét hai ngudng mu
— a C ipew = @0 e = a — dg — ae. Ta c6
SE (inew) SE(a) 3, SF(a) 174 > mu, va
SLIP(inew) = SLIP(@) = 2. Theo phan a(i) ctia dinh 1y 3,
toan bo nhanh non-GHU branch(iyey) dudc tia.

Bay gio, ta minh hoa trudng hgp a(ii). Pat mu = 75
va ms = 2. Cho truéc ha{1 rfu’lt q = a vau = e véi cung
(&3

=85 ms =2vaa =a — dg

tien t6 a — d, ta c6 @ = path(q) =a — d — a va
ydéfpath(u)za—ui—uz. Khi dé, inew =a > d — ae 2

79p(inew) = p()’) ={lpl’lP2}_ Ta c6 Mmin(inew) =96 > mu
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Thuat toan 1: Thuit toin FGenHUSM

Thuat toan 2: Thu tuc DfSFGHUS

Dur liéu vao: D’, ms, mu
Du liéu ra: FGHUS
1 FGHUS « @;
2 S 1 {ieA|(LRU(i) = mu) Asupp(i) > ms)};
3 Loai cdc thudc tinh khong thudce S khoi D’
4 forie S do
s | DfSFGHUS(,S, I, ms, mu);
6 end

va Supp(inew) = 2 = ms, NéN iyey 12 chudi FHU. Tuy nhién,
fnew VA C4c s-md rong clia né khong la cac chudi FGHU.
That vay, ta ¢c6 SF(y) = 78 > mu va SE(iyew) = SE(y) = 3.
Tuy nhién, mac du LP(ipew, ¥1) = LP(y, ¥;) = 5, nhung
do LP(inew, ¥2) 5 # LP(y,¥,) = {4,5}, cho nén
SLIP(inew) = 2 # SLIP(y) = 3. Theo phan a(ii) ctia dinh
ly 3, cac nhanh non-GHU s-child branches(iney) dudc tia.

D& minh hoa trudng hgp (b), xét hai nit g =g vav =e
def

vii qflng tién td a — d, ta c6 a
y kef path(v) = a — d — e va vitype = s-ext. Khi do,
Spew = @0oge =a — dg — e 3y, SE(spew) = SE(y) =3 va
SF(y) = 78 > mu. Vi lastEvent(y) = lastEvent(syey) = e,
nén SLIP(spew) = SLIP(y) = 3. Theo phan (b) ctia dinh
ly 3, ta c6 thé tia ngay nhanh non-GHU branch(syew).

path(q) = a — dg,

Bay gio, dat mu = 65, ms = 2 va xét hai nit ¢ = ¢ va
7, 2,0 2 X def N
(u =) r = e ing véi cac chudi @ = path(g) =c — ¢ — cva
def PRI X
6 = path(r) = ¢ — ce cd cung chuoi cha parent = ¢ — ¢
va parent.type = q.type = s-ext. Khi do, ta cO ipew = @ ¢;
u=c— c — ce 3, SE(inew) = SE(6) = 3, SF(6) =
66 > mu va SLIP(ipew) = SLIP(8) = 3. Vi vdy, theo phan
a(iii) cda dinh 1y 3, toan bo nhanh non-GHU branch(iqew)
c6 thé dugc tia.
D€ y ring, didu kién “SF(a) > mu” 1a can thiét cho viéc
tia. That vay, v6i mu = 99 va ms = 3, hai nit g = ¢ va
R N 2 . def def
v =d cb cung tién t6 <>, ta ¢c6 @ = path(q) = ¢, vy =
path(v) =d va v.type = s-ext, Spew =@ o5d=c —>d Iy
v6i SE(Spew) = SE(y) = 6 va SLIP(syew) = SLIP(y) = 3.
Do d6, néu dung phan (b) cda dinh Iy 3 ma bd qua phép
kiém tra “SF(y) = 88 > mu = 997, nhanh branch(spey) s&
bi tia nhAm. That viy, Spew 12 chudi FGHU, Vi tyin (Spew) =
99 > mu, supp(snew) = 3 > ms va khong ton tai y* € HUS
ma y* C Spew Va supp(y*) = supp(Spew). Thit viy, v6i moi
¢,d C Spew, Unmin(c) = 10 < upin(d) = 88 < mu.

IV. THUAT TOAN VA THU NGHIEM
1. Thuat toan FGenHUSM

Thuat toan FGenHUSM khai thac tdp FGHUS dugc cho
trong thuat toan 1. Pau vao ctia né 1a QSDB D, hai ngudng
ms va mu; dau ra 1a FGHUS (d€ tién trinh bay, ta xem nd
nhu bién toan cuc déi v6i céc thi tuc va ham con). O céc
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Dur liéu vao: y, S, I, ms, mu
Du liéu ra: FGHUS
update «— UpdateFGHUS (y, mu);
if update is true then
| return;
end
Snew < Inew < 9;
for i € I ma i > lastltem(y) do
if LRU(y o; i) = mu va supp(y ¢; i) > ms then
‘ Tnew < Inew Y {i};
end

[N N7 OO I

end

for i € I,10, ma RBU(y ¢; i) > mu do

Inew <~ Y 0i l;

LocalPruningGHU (ipew, v, mu);

B < anh em clia y dng véi i, c6 cliing ki€u mé rong
véi y;

LocalPruningGHU (ipew, B, mu);

if y.type = s-ext, y.typeOfParent = s-ext,
y.lastltemOfParent = 7y.lastltem va
36 € i- anh em ciia 'y ma 6.lastltem = i then
| LocalPruningGHU (inew, 6, mu);

end

e
s W= o

end

if y.do-s-ext hodc y.do-ext then

for i € S do

if LRU(y o5 i) = mu va supp(y o5 i) > ms then

23 ‘ Snew < Snew U {i};

end

end

for i € Spey ma RBU(y o5 i) > mu do

Snew < Y 9s i}

a « anh em cla y dng vdi i va c¢6 kiu md
rong s-ext;

LocalPruningGHU (spew, @, mu);

end
for i € Sy do
| DfsFGHUS(y o5 i, Snew, Snew, 1S, mit);
end
se
‘ Snew < S;
end
for i € Iy, do
| DfsFGHUS(y 9; i, Snew, Inew, ms, mu);
39 end

€

dong 2 va 3, WPS dua vao LRU va supp dudc st dung. O
dong 5, n6 goi thi tuc DfSFGHUS (Thuit toan 2) tim kiém
céc chudi FGHU. Thii tuc nay nhan vao chudi vy, hai tip
thudc tinh S va I chita cac thudc tinh cho cac s- va i-md
rong tuong ung cua y. Trong thd tuc, tai cic dong 1-3,
ham UpdateFGHUS (Thuit todn 3) kiém tra xem y c6 la
GHU khong va cap nhat FGHUS khi can. Tai cac dong 13,
15, 17, 20 va 29 trong DfsFGHUS va cac dong 4, 7 va 15
trong UpdateFGHUS, chién ludc LPG dudc st dung thong
qua thu tuc LocalPruningGHU (Thuét toan 4).

Tinh ding cda thuit toan dugc bao dam bdi dinh 1y 3
trong bai bdo ndy va dinh 1y 2 trong [7]. Cu thé, viéc ap
dung hai chién lugc tia WPS va DPS nhidm loai nhanh cic



Thuat toan 3: Him UpdateFGHUS
Dur liéu vao: y, mu
Dit liéu ra: true néu y 1a GHU va false trong trudng
hop ngudc lai va cap nhat FGHUS khi cin
if RBU(y) < mu then
| return true;
end
if y.do-ext is false then
| return true;
end
if y.do-s-ext is false then
| return false;
end
if 1,5, (y) < mu then
| return false;
end
for « € FGHUS do
if supp(a) = supp(y) va y 3 « then
LocalPruningGHU(y, a);
if y.do-ext is false then
| return true;
end
return false;
end

- I R 7 S

%) _ e e e e
S5 5H R wbbRS

end

for « € FGHUS do

if supp(a@) = supp(y) va @ 2 y then
| Loai « ra khéi FGHUS;

end

[ ] NN
UI'K@N;—A

end
FGHUS «— FGHUS U {y};
return false;

NN
e 2

Thuit toan 4: Thi tyc LocalPruningGHU

Du liéu vao: cha, con, mu

Dir liéu ra: cha
1 if SF(con) > mu va SE(cha) =
2 cha.do-s-ext «— false;
3 if SLIP(cha) = SLIP(con) then
4 | cha.do-ext — false;
5
6

SE (con) then

end
end

nhéanh chi chida cic chudi c6 1i ich thip hoic it phd bién,
va muc dich ctia chién lude LPG la tia s6m cac nhdnh chi
chifa céc chudi khong 12 chudi sinh 16i ich cao. Vi vay, viéc
diing ba chién ludc trén vao thuat toan FGenHUSM khong
lam mét di bt ky chudi sinh phd bién Igi ich cao nao. Chi
y rang, khac véi chién lugc LPC trong [13] nham tia s6m
cdc chubi khong 1a chudi déng phd bién 1gi ich cao, chién
lugc LPG can st dung thém chin duéi SF ctia d6 do upmy.
Viéc dp dung LPG ma khong diing SF c6 thé din dén viéc
tia nhAm mot sé nhanh nhu duge minh hoa trong muc II1.3.

2. Minh hoa thuéat toan
Trong vi du nay, ching t6i minh hoa qua trinh khai thac

cdc chudi sinh phd bién 1¢i ich cao trén QSDB cho trong
Bang II bang thuit toan FGenHUSM v6i mu = 200 va
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Bang II
QSDB D'’ MINH HQA THUAT TOAN FGenHUSM
SID  Chuéi
1 lIJ’1 =(a,2)(c,5)(e,6) = (a,3)(b,6) — (a,5)(d,50)
— (a,5)(b,9)(c,40) - (a,4)(c,10)(d, 10)(f, 36)
2 ‘P'2 =(b,12) — (a,2)(c,20)(e,6) — (a,3)(d,20)

- (a, 1)(c,20)(d,10)(f,9) = (a,4)(b,9)(c, 15)
= (c,20) — (a,4)(c,10)(e,4) - (a, 1)(f,18)
=(d,80) — (a,7)(c,50)(e,6) = (a,2)(g,2)

- (a,9)(f,72)

ms = 1. D€ tién trinh bay, véi chudi a, ching tbi viét thém
cdc gia tri umin, RBU, LRU, supp, SE, SLIP va SF(up;i,)

Unmin,RBU,LRU PP - .
Supp:SE, SLIP:SF" Ky hiéu (_) cliing dugc dung
dé€ diu di mot hoac mot day cac gia tri ké nhau.

ctia nd & dang «

Tai dong 2, ta cé

S=7]= {a6,495,607 b15’306’322, 30 ,504, 607
leO 480,550 22 395,607 fl35,163,607 2,83,228}
3;10,3;_ ’ 4 >4, ’S1;_ :

Trudc hét, d& thdy ring, cic lan goi DfsFGHUS trén
cdc nhdnh c6 gbc tai f va g sé diing ngay tai dong 3 (vi
RBU(f) = 163 va RBU(g) = 83 < mu nén UpdateFGHUS
tra vé true). N6i cach khéc, hai nhanh tai f va g dudc tia
bﬁng DPS. Cac chubdi ung vdi cac nut a, b, ¢, d va e bi
bd qua Vi cdc gid tri uy;, cla ching déu bé hon mu, tuy
nhién, tim kiém trén chiing van dudc tiép tuc. Sau khi két
thic tim kiém trén a, b va ¢, ta ¢6

FGHUS = {c—>f220 ac — a — 32” 218,

ac — ad — ¢ —>ac§00

202

ce —a— f;

ac — ad — cdfzoz,

,c— ad — ac — acgoz,

ce > ad — ¢c— c%oo,

ec > d—c—ac3®, 200},

ace > d — ac — c;

c— ad — acdfzm

ce = d — cdf;

ta chi lvu lai cac gia tri upi, (6 trén) va supp (6 dudi).

Bay gio, ta xét qua trinh Khai thac trén nhéanh d, 100,480,550
Sau khi ham UpdateFGHUS tra vé gia tri false, thlIC hién
cac dong 6-10, ta c6 ey (d) = {f}. Cac i-md rOng da, db,
dc va dd bi tia vi a, b, ¢ va d khong 16n hon d. Hai i-mé
rong de va dg bi tia vi de, dg khong xuét hién trong QSDB
PD”. Tuong tu, ta cO Spew(d) = {a,b,c,d, e, f,g}. Khong
c6 gi xay ra khi thyc hién cac dong 6-12. Lic nay, ta goi
DfsFGHUS cho cdc s—md rong clia d v6i mdi thudc tinh
trong Spew(d) trudc va sau d6 cho i-md rong df cla nd.
Nim nhanh d — b— ,193,252 d N d* 163,252 d 5 e 171, 228
d — g=19228 vy dff’g3 25 bi tia vi cdc gid tri RBU cia

ching bé hon mu. Ta chi con lai ba nhanh d — }30:480.480

37,314
215,458,480 267,295,480
d—c €37 325 vad— f3 4320 can xét V6i Spew(d).

Xeét viéc thyc thi DfsFGHUS v6i d — a-. Trudc hét, sau
cac dong 3-7, ta cO: Ipew(d — a) = {b,c,d,e, f,g}. Sau
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d6, & cudi dong 23, ta ¢6 Spew(d — a) = {a,c, f, g}. That
vdy, hai nhanh d —» a —» b va d — a — d bi tia béi WPS
vi LRU cda chiing 1an lugt 1a 83 va 164 déu bé hon mu;
con chudi d — a — e khong xuit hién trong D”. Thi
tuc goi dé quy trén cic nhainh d - a - a,d - a — ¢,
d—a— fvad—a— g vli Spew(d — a) tai dong 32;
va cho cac nhanh d — ab, d — ac, d — ad, d — ae,
d > af vad — ag v6i Spew(d — a) va Lew(d — a)
tai dong 38.

Trén nhanh d — a — a, ta dua chudi d — a — af*}
vao FGHUS (6 dong 28 trong UpdateFGHUS). Cac nhanh
d > a— cvad— a— g bitia bdi DPS. Trén nhanh
d—a— f,tathaythb d - a - af bdid — a — f
trong FGHUS (cac dong 22-27 trong UpdateFGHUS) vi
ching c6 cing dd hd tro ma d »a — fCd — a — af.

Vi céc gia tri RBU cia d — ad, d — ae va d — ag
bé hon mu, ta xét d — ab, d — af va d — ac. V6i
d — ab, khdng c¢6 thay d6i nao trén FGHUS. V6i d — af
vad — ac, ta défy d— af281 vad — ac?o vao FGHUS.
Khi d6, ta c6 lyew(d — ac) ={d, e, f} va Spew(d — ac) =
{a’ C’ f’ g}'

Khong c6 thay déi nao trén FGHUS khi xét d — ac — ¢
vid — ac — f. V6i d — ac — a, ta tim thiy trong
FGHUS chudi con d — ac3*® ¢6 cing do hd trg tai dong 14
trong UpdateFGHUS. Tai dong tiép theo, ta thuc hién thi
tuc LocalPruningGHU véi d — ac — a va d — ac. Mac
du SE(D” SE(D”_ ) =1, chién lugc tia LPG

d—ac —>a) d—ac

khong thé dudc ap dung vi
SF(tmin(d — ac)) =29 < mu.
Tiép tuc, ta co

{e. f. 8}
Snew(d — ac — a) ={a, f}.

Lhew(d = ac — a) =

Vé6i s-md rong d — ac — a — a, ta ¢6 Iy (d — ac —
a — a) = {f}. Vi RBU(d — ac — a — af) > mu,
tai dong 13, ta goi LocalPruningGHU (trudng hdp (i)) véi
inew=d = ac > a —> af vad — ac — a — a. Trong
tha tuc ta khong ap dung dugc LPG, vi

SF(umin(d = ac = a — a)) = 148 < mu.
Tiép tuc cc dong 14-15, trudng hop (i) dudc xét gitta inew
véi f=d > ac —a— f. Vi
SE(DdHacﬂaaf) SLIP(DdHacHaHaf)
- SE(Dd—)ac—m—y‘) - SLIP(@d—mc—m—U‘) = 1’
SF(umin(d = ac — a — f)) =211 > mu,

ta tia toan bd nhanh non-GHU branch(d — ac — a —
af) bsi LPG, cu thé 13 dit gia tri false cho trudng do-ext
cla ipew-
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Sau do, ta xét s-md rong d — ac — a — f va chen
né vao FGHUS. Véi céc i-mé rong d — ac — ac ciing
nht d — ac — af, khong c6 thay d6i ndo dién ra
vi d — ac — af la chudi cha ctia chudi d — a — f
trong FGHUS vé6i cing dd hd tr¢ 2. Cudi cung, v6i i-md
rong d — ac — ag. Ta cb, Ihyew(d — ac — ag) = @
Vi Spew(d — ac — ag) = {a, f}. O cac dong 26-30
trong DfsFGHUS, truong hgp (b) xday ra véi 16i goi
LocalPruningGHU(d — ac — ag — f,d —» ac - a — f).
Khi d6, ta tia toan b nhanh d — ac — ag — f khong
chita chudi sinh phd bién 1¢i ich cao.

Quay trd lai nit d — ac va xét cac i-md rong cua
noé, ta khong tim thiy 10i gidi ndo, dong thoi cling khong
¢6 nhanh nao bi tia. Tuy nhién, v6i d — ace, ta tia
dugc 7 nhanh khéng chida chudi sinh va dua thém tng
vién d — ace — f215 vao FGHUS.

Khi xét hai nhanh bit du tai d — (3 va d —
3, ta chén thém ching vao FGHUS dong thoi loai bd
d — ace — f°. Tim kiém trén d — f- két thic va ta
tip tuc trén d — c-. Trong qud trinh ndy, ta phat hién
ra 12 lan st dung chién lugc tia LPG, va 64 lan st dung
WPS va DPS. Nam tng vién sau dugc thém vao FGHUS:
d—>ce—>f108 d—)c—)a—>f104 d—>c—>f328
vad - ¢ —> g — f204 Céc tng vién d — ac?o
d — af3231 d = ac —» a— f211 vad — ace — f215
biloai vid - 3%, d - (3, d - ¢ - a — [ va
d—ce— ]"1208 da c6 trong FGHUS tuong dng.

Sau d6, qua trinh tim kiém trén e, f, va g dién ra. Pang
tiéc 13, ta khong thu dugc gi. Cubi cung, ta c6

220 211

Lac—a — f 218

,ce = a— 3

b}

FGHUS = {c —
200

d—>f3267d—>c§15 ac — ad — ¢ —acy -,

202 ,ace > d — ac — C%oz’

02,0 —ad — acdf203,

ce—>ad—>c—>c%00,ce—>d—>c—>ac§00,
ce > d— cdff®,d —a— f},
d—>c—>f28d—>ce—>f208,
204}
b

d—)c—>a—>f104,d—>c—>g—>fl

ac — ad — cdf,
¢ —ad — ac — ac,

v6i 18 16i gidi, chiém ti 1& 22% so v6i 83 chudi phd bién
1gi ich cao.

3. Th& nghiém

Cac thi nghiém nhim minh hoa tinh hiéu qua ciia
FGenHUSM dudc tién hanh trén céc co sé dif liéu dugc
mo ta trong Bang III. Kosarak va Snake 1a hai QSDB thuc
té, trong khi D4C7T5N5S614 va D0.5C10T15N2S614 1a hai
QSDB téng hop, véi cic gia tri vé& s6 lugng va 1gi ich don
vi clia cac thudc tinh trong cac QSDB tuong ting dudc tao
ngiu nhién bdi chuong trinh sinh di liéu ctia IBM (IBM
Quest data generator) ti thu vién SPMF [21].



Béng III )
QSDB D’ MINH HQA THUAT TOAN FGenHUSM

S5 Do dai

ten o e om0
Kosarak 10000 10094 8,14  Duyét web
D4CT7T5N5S614 4000 5000 28,7 Tong hop
DO0.5C10T15N2S614 500 2000 127,7  Tong hgp
Snake 163 20 60,6  Chudi protein

Véi mdi QSDB Q c6 dinh, chiing toi xdc dinh mot
ngudng ms tuong ddi (tan suét tinh theo % di dudc dung
phd bién trong cic thuc nghiém cho céc thuit todn vé linh
vic nay, ms% = ms + 100/|Q|(%), trong dé |Q| 1a sb cic
g-chudi dau vao ctia Q). Néu khong giy hiéu nhim ta ciing
ky hiéu ms tuong dbi 1a ms.

Chiing toi da tién hanh khai thic cdc chudi sinh phd
bién 1¢i ich cao biang FGenHUSM trong ba trudng hop:
(i) Non: khong dung chién lugc tia no (tim céc chudi phd
bién 1¢i ich cao trudc va sau dé loc ra cac chudi sinh);
(i) WDPS: st dung WPS va DPS; (iii) All: dung ca ba
chién lugc WPS, DPS va LPG.

Trudc hét, ching toi nhan thiy ring hai tap két qua cia
FGenHUSM luon trung nhau tuong tGng véi hai trudng
hop: khi dung ca ba chién lugc tia (All) va khi khong ding
bét cii chién lugc nao (Non) ma chi don thuin dung dinh
nghia ctia chudi sinh 1¢i ich cao phd bién (Pinh nghia 5).
Do dé, tinh ding cia FGenHUSM da dugc kiém ching
thém thong qua thuc nghiém.

Thoi gian chay cia FGenHUSM dugc cho trong hinh 1.
Khi ngudng mu cao, cic diéu kién tia LRU(@) < mu va
RBU(a) < mu (trong hai chién lugc WPS va DPS, hay
WDPS) dé c6 co hoi xay ra hon, nén sb ng vién (sinh ra
va chua bi tia) khi ding WDPS 1a bé hon déng ké so véi
Non (khong dung chién lugc nao). Khi mu giam dan, tic
dung cia WDPS ciing giam theo. Ngudc lai, véi cac ngudng
mu thip, vi diéu kién SF(a) > mu (trong chién lugc LPG
khi dung All) dé xay ra hon, nén sb dng vién sinh ra khi
dung All (4p dung cé ba chién lugc tia néu trén) 1a bé hon
ddng k€ so vé6i chi dung WDPS. Vi vy, so v6i Non, viéc
dp dung dong thdi ci ba chién ludc tia sé tia nhiéu hon cc
chudi ting vién, do d6 thdi gian thi hanh cda thuat todn sé
nhanh hon dang ké.

Ghi nhan sb lugng cdc ting vién dudc sinh ra tuong ting
trong hinh 2 cda ba truong hop ly giai thém vé su khac
nhau vé thoi gian chay cda chiing.

Hinh 3 chi ra sb luong cic chudi FGHU khai thac dudgc
bdi FGenHUSM (#fGenHU) va s luong cic chudi FHU
(#HU). C6 thé thdy rang, #/GenHU bé hon #fHU tit 5 dén
100 1an theo trung binh (dic biét khi mu bé). Vi vay, theo
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D4C7T5N55614 (ms = 0.25%)

1E+4 /\
a — —
~ A

1E+3

1E+2

Thoi gian chay (gidy)

1E+1

1E+0 - - - - - . . |
024 015 003 0018 0.005 0.002 0.001 0.0003
mu (%)

03

Kosarak (ms = 0.15%)

————

1E+3

;1642

Thei gian chay (gidy)

1E+1

1E+0

3 2 1 06 01 001 0006 0.004 0.002 0.001

mu (%)

DO0.5C10T15N2S614 (ms = 2.2%)
3E+3

3E+2

Thoi gian chay (gidy)

3E+1
0.75 03 0.05

mu (%)

0.005  0.001  0.0001

Snake (ms = 60%)

2E+4

2E+3

Thoi gian chay (gidy)

Hinh 1. Thoi gian chay cia FGenHUSM. Ghi chi: All (mau dé,
hinh tam gidc), WDPS (mau xanh dam, hinh tron), Non (mau xanh
14 cay, hinh vuong).

lyc lugng, c6 thé xem FGHUS 1a mot bi€u dién sic tich
cua FHUS.

V. KET LUAN

Bai bdo nay di dé xuit khdi niém tdp FGHUS céc
chudi sinh phd bién 1gi ich cao va thuit todn hiéu qua
FGenHUSM khai thic ching, thong qua cac ky thuit tia
cdc nhanh ting vién trén cdy tim kiém tién t6. Trudc hét,
hai chién lugc tia theo chiéu rong WPS va chiéu sau DPS
(da dung trong cic két qua truée day cho viéc tia cac chudi
li ich thip) dugc diéu chinh phu hop d€ tia cac chudi it
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D4C7T5N55614 (ms = 0.25%)
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DO0.5C10T15N2S614 (ms = 2.2%)
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Hinh 2. Sb ting vién sinh bdi FGenHUSM. Ghi chii: All (mau
dd, hinh tam giac), WDPS (mau xanh dém, hinh tron), Non (mau
xanh 14 cdy, hinh vudng).

phd bién hodc cdc chudi lgi ich thip. Sau dé, ching toi
da chi ra mot chin dudi SF cta d6 do lgi ich tdi thiéu
Umin. Dua vao SF va diéu kién tia sém tdng quat [13],
chién lugc tia LPG dugc dé& xuét va dung dé€ tia cdc dng
vién khong 1a chudi sinh phd bién lgi ich cao. D€ y ring,
WPS va DPS c6 tic dung tia manh véi cac ngudng 1gi ich
t6i thi€u mu cao, trong khi LPG c6 hiéu qua cao vdi cac
mu thip. Do d6, chiing toi da tich hop tit ca ching vao
thuat toan FGenHUSM. Thuc nghiém trén bdn co s6 dit
liéu 16n (thuc té 1An tdng hgp) da chi ra ring FGenHUSM
khai thac nhanh FGHUS — mot bi€u dién suc tich cla tap
céc chudi phé bién Igi ich cao.
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D4C7T5N55614 (ms = 0.25%)
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Hinh 3. Sb 15i giai va s6 chudi FHU. Ghi chi: #/GenHU (mau
xanh dim, hinh thoi), #HU (mau db, hinh diu nhan).
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Truong Chi Tin la giang vién tai Khoa
Toan — Tin hoc, Trudng Pai hoc Pa Lat.
Tic gia t6t nghiép Cit nhan Toén tai Truong
Pai hoc Pa Lat nim 1983 va nhin bing
Tién si vé Diéu khién t6i wu ngiu nhién
nim 1990 tai Pai hoc Qubc gia Ha Noi.
Hudng nghién ctiu hién nay cla tic gia la
> ¥, i tri tué nhén tao va khai thac dit liéu.

Tran Ngoc Anh dang giang day va nghién
ctu tai Khoa Toan — Tin hoc, Truong Dai
hoc Pa Lat. Tic gia tot nghiép Pai hoc
nganh Todn — Tin hoc vao ndm 1999 tai
Pai hoc ba Lat, nhan bi“mg Thac si va Tién
s v& Khoa hoc mdy tinh vao cdc nim 2004
va 2016 tai Truong Pai hoc Khoa hoc Tu
nhién, Pai hoc Quéc gia Tp. Ho Chi Minh.
Tic gid dang nghién ctu vé& khai thic dit
liéu va tri tué nhén tao.

Duong Van Hai t6t nghiép Trudng Pai hoc
Pa Lat nganh Tin hoc nam 2004. Tac gia
tot nghiép Cao hoc nganh Cong nghé thong
tin ndm 2009 va dang la Nghién ciu sinh
tai Truong Pai hoc Khoa hoc Tu nhién,
Pai hoc Qudc gia Tp. HS Chi Minh. Tic
gid hién dang gidng day va nghién ciiu vé
khai thac du liéu tai Khoa Toan — Tin hoc,
Truong Pai hoc Pa Lat.

Lé Hoai Bic nhan bing C& nhan Todn
nam 1984, Cao hoc Khoa hoc mdy tinh
nam 1990 va hoan thanh Lu4n 4n Tién si vé
Pam bao Toan hoc cho mdy tinh ndm 2000
tai Truong Pai hoc Khoa hoc Ty nhién,
Pai hoc Quéc gia Tp. HS Chi Minh. Tic
gia hién 1a giang vién tai Khoa Cong nghé
Thong tin, Truong Pai hoc Khoa hoc Tu

nhién, Pai hoc Quéc gia Tp. H6 Chi Minh va dang nghién ciiu
vé tri tué nhén tao, tinh toan mém, khai thac di liéu va khoa hoc
du liéu.



