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Chuong 1 - Gidi thi¢u

Ttr khi xuat hién dau tién vao nam 1995 [2] d&én nay, bai toan khai thac cac chudi phd bién
(hay mau tuan tu) trén nhiing co s& dit liéu chudi (sequence database, SDB) di thu hut sy quan
tdm cta rat nhiéu nha nghién ctru vi n6 c6 nhiéu tng dung thyc té (do dit liéu thudng duoc thé
hién duéi dang cac chudi ky hiéu) trong nhiéu linh vuc nhu e-learning [22], phan tich hanh vi
con nguoi [12], khai thac qué trinh [73], phan tich 151 phin mém [28], y — tin hoc [9,43], phan
tich van ban [68] va ludng kich chudt trén web [20]. Bai toan nay nhim muc dich kham pha tap
FS (frequent sequence) chira tit ca cac chudi thudng xuyén xuét hién trong SDB, nghia 1 s
lan xuat hién ctia mdi chudi khong nho hon mét ngudng minsupp cho trudc. Cho dén nay,
nhiéu thuat toan da dugc dé xuat dé khai thac tap FS, chang han PrefixSpan [63], GSP [81],
PSP [52], SPADE [97], SPAM [7], CM-SPADE va CM-SPAM [17].

Bai todn khai thac chuéi phé bién véi rang budc. Kho khin 16n nhit cua bai toan khai
thac chudi phd bién 1a lyc luong cua tap két qua FS thudng qua 16n 1am cho cac thuat toan
trude day dé khai thac né thuong kém hiéu qua. Dic biét, nguoi dung thudng cam thdy khong
thuan tién va gip nhiéu kho khin dé hiéu va phan tich tap FS. Do d6, cac nha nghién ctru da
tap trung trén bai toan khac co nhiéu ¥ nghia thyc té hon, d6 14 khai thac chi cac chudi phd bién
thoa nhimg rang budc do ngudi dung dua vao. Cho truée SDB D, ngudng hd tro t6i thiéu
minsupp va rang budc C duoc dinh nghia boi nguoi dung, bai toan khai thac chudi pho bién
v6i rang budc 1a tim tdp FSC€ gom tat ca cac chudi phd bién c6 trong D thoa rang bude C. Cu
thé, FS€ duoge dinh nghia nhu sau:

FSC & {a € FS | a thda C}, v6i FS & {a | supp(a) = minsupp)},
trong d6 ky hiéu supp(a) 1a d6 hd tro ciia chudi a (hay sé chudi dau vao trong D chira ). C
c6 thé 1a loai rang budc bat ky trong sd nhiing loai rang budc dugc dinh nghia trong [65] va c6
thé thudc vao hai 16p rang budc thong dung 13 16p rang bude o tinh don diéu giam (C4) va 16p
rang budc c6 tinh don diéu ting (CM) [58,62,61,7]. Mot chudi a dugc goi 1a thoa rang budc C
bét ky thudc C4 (hodc €M) thi moi chudi con (hodc chudi cha) cia nd ciing thoa C.

Dong co ciia ludn dn. Pa phan cic nghién ciu trude diy dé khai thac tap FSC sir dung
phuong phép tich hop C vao cac thuat toan khai thac chudi pho bién da biét dé c6 thé rat gon
nhanh khong gian tim kiém nham tranh xét moi chudi c6 thé. Tuy nhién, theo nhan xét cuia luin
an, cac thuat toan dua trén phuong phap tiép can nay c6 mot sé nhuoc diém chinh sau. Thir
nhdt, ching phai doc lai SDB (thudng rat 16n) mdi khi rang budc C thay d6i (do chiing khai thac
FSC truc tiép tir SDB). Thit hai, ching thudng phai kiém tra rang budc C trén mot sd lugng 16n
cac chudi tng vién duogc sinh ra, dic biét khi C thudc 16p CM (do 16p rang budc nay kho c6 thé
duoc sir dung hiéu qua dé rat gon nhanh khong gian tim kiém). Thir ba, cac thuat toan nay
thuong duoc thiét ké cho mot loai rang budc cu thé va boi vay chung kho co thé dugc mo rong
cho cac loai rang budc khac. Thi tu, viéc thiét ké céac thuat toan song song dé khai thac tap FSC
trén nhitng dir liéu 16n thudng gip nhiéu thach thirc. Boi vay, viée dé xuat cac phuong phap va
thuat toan méi ma c6 thé khic phuc dugc cac han ché nay 1a that sy can thiét, gop phan ning
cao hiéu qua cua viéc khai thac tap FS€.

Muc tiéu ciia lu@n dn. Trude nhitng kho khin cua cac phuong phép tiép can trude day dé
khai thac tap FSC, ba cau héi nghién ctru dugc dit ra nhu sau:

(Q,) Thay vi kiém tra rang budc C trén mot s luong rat 16n cac chudi duoc sinh ra, ta chi can
kiém tra rang budc trén mot s6 lwong nho cac chudi dac biét (chéng han céac chudi dong
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va chudi sinh phd bién khong thoa rang budc), nhung c6 thé loai nhanh mot sé lwong rat
16n cac chudi khong thoa rang budc ma khong can sinh ra chung?

(Qy) Néu céc chudi dic biét thoa rang budc C, ta cod thé sinh ra nhanh tit ca cac chudi thoa man
C chi tir nhitng chudi dic biét nay ma khong can doc lai SDB?

(Q3) Ta c6 thé phat trién cac phuong phap chung hiéu qua dé c6 thé khai thac cac chudi phd
bién véi nhiéu loai rang budc thude 16p C4 hoic CM, va dong thoi cac phuong phap nay
cho phép thiét ké d& dang cac thuat toan song song?

Muc tiéu cta luan 4n la nghién ctru va dé xuat nhiing két qua 1y thuyét ciing nhu cac thuat
toan nham dua ra nhitng cu tra 101 khiang dinh cho ba cdu hoi nay.

Phwong phdp tiép cin ciia ludn dn. Dé dat dugc muc tiéu, phuong phap tiép can cua luan
an 13 khai thac tap FS€ tir hai tap biéu dién stc tich ctia nd 1a tap FCS (gdm tat ca cac chudi
dong pho bién) va tap FGS (gdm tat ca cac chudi sinh pho bién), thay vi khai thac FS€ truc tiép
tir SDB nhu céc phuong phap trude ddy. Phuong phap ndy gdm cac bude chinh sau: (1) khai
thac chi mot 1an cap (FCS, FGS) tir SDB tng véi mot ngudng minsupp cho trude; (2) phan
hoach tip FS thanh cac 16p twong duong duwa trén mot quan hé twong duong phu hop, mdi 1ép
duoc dai dién bai mot s6 chudi dong trong tap FES va chudi sinh trong tip FGS; (3) kiém tra
rang budc C chi trén cac chubi dai dién (véi sb lugng bé) cua mdi 16p nham loai bo nhanh 16p
d6 (néu cac phan tir dai dién ctia nd khong thoa rang budc) ma khong can sinh ra tit ca cac chudi
phd bién con lai cta 16p nay; (4) sinh ra nhanh tt ca cac chudi pho bién thoa C tir nhitng chudi
dai dién cia mdi 16p ma khong can truy cap SDB. Khi rang budc C thay d6i, phwong phap tiép
can nay chi can truy cdp lai phan hoach cua tap FS da duogc thuc hién trong budc 2 dé tim tap
101 giai FSC, trong khi cac phwong phép tiép can khac phai doc lai SDB.

Noi dung ciia ludn dn. T phuong phap tiép can cua luan an, nham khai thac FS€ véi hiéu

qua cao, ndi dung ctia luan 4n bao gdm ba bai toan chinh sau:
e Bdi todn 1 (BTy): Nghién ciru va dé xudt cdc thudt todn hiéu qua dé khai théc tuan tw va
song song cdc chudi déng va/hodc chudi sinh phé bién (budc 1).
e Bdi todn 2 (BT,): Nghién ciru va chi ra cau tric hay biéu dién twong minh cia cic chudi
phé bién trong tdp FS duwa trén cdc chudi déng va chudi sinh trong hai tdp FCS va FGS.
Tir cdu triic Iy thuyét ndy, ta cé thé dan xudt nhanh tdp FS tir hai tdp nay (budc 2).
e Bdi todn 3 (BT3): Phat trién cdc phwong phdp hiéu qua dé khai thac FSC tir cdc chudi
déng-sinh trong cap (FCS, FGS) thay vi truee tiép tir SDB sir dung moi quan hé tuong minh
dwoc dwa ra trong BT, (budc 3 va 4).
Cic déng gop chinh (va bé cuc) ciia ludn an. Nhiing dong gop chinh cho B7T; 1a.
(1) Chi ra sw khéng chinh xdc trong truong hop tong qudt ciia mét sé két qud 1y thuyét da
dwoc dwa ra trong bai bao [91] nam 2003 (xem [8], Chuwong 2).

(2) Pé xudt s6 do SE méi, cdc diéu kién di chinh xdc dé tia sém nhiéu chudi khéng la dong
va’hoac khong la sinh dva trén SE va cac chién luoc tia dia phwong hiéu qua hon nham
rit gon nhanh khong gian tim kiém (xem [8,35], Churong 2).

(3) Thiét ké cdc thudt todn FCloSM, FGenSM [8], FGenCloSM [35] va Par-GenCloSM [34]
dé khai théc hiéu qua tdp FCS va/hodc tdp FGS — thong tin cdt 16i phuc vu cho viée giai
BT, va BT; (Chuong 2).

Dong gop chinh cua ludn an cho bai toan BT, 1a:
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(4) Chi ra cdu triic hay biéu dién twong minh ciia tdp cic chudi pho bién FS duwa trén cip
(FCS, FGS) va dong thoi da thiét ké thudt todn FS-Miner dé kiém chimg lai tinh ding
ciia cau triic dwoc dia ra théng qua thwe nghiém (xem [36], Churong 3).

Pong gop chinh cua luan an cho bai toan BT; 1a:

(5) Ludn an da phat trién cdc phirong phédp chung dé khai thdc hiéu qua cdc chudi phé bién
Véi tdt cd cdc loal rang buéc thudc hai l6p rang budc thong dung C4 va CM dyea trén mo
hinh dwoc d@é xudt trong Hinh 1.1 va déng gép (4). Ngodi ra, ludn dn ciing da dé xudt
thém mot ky thudt khw rang budc cho loai rang bugc chudi cha (co nhiéu ung dung thuc
té) thuéc 16p CM (xem [32], Churong 4).

(6) Ludn dn da thiét ké hai thudt todn tong qudat MES-AC va MFS-MC dé khai théc cdc chudi
phé bién véi cdc loai rang buéc khdc nhau thudc 16p C4 va CM (Chuwong 4).

Nhiing két qua chinh cta ba dong gop (1) — (3) da dugc cong bd trong [8,34,35] va cac dong
gop (4) — (6) da duoc cong bd trong [32,36].
Tt ca cac két qua Iy thuyét dugc dé xuét trong luan 4n déu dugc chimg minh chit ché trudc
khi duge chuyén thanh cac thuit toan twong tng va kiém chtng lai bang thue nghiém.

Chuong 2 - Khai thac cac chudi déng va chudi sinh pho bién

Dua trén muc tiéu va phuong phap tiép can cua luan an duoc trinh bay trong Chuwong 1,
chuong ndy quan tdm dén cac phuong phap hiéu qua dé giai quyét bai toan BT;. Dé khai thac
hiéu qua cip (FCS, FGS), van dé quan trong 1 ta can rat gon nhanh khong gian tim kiém voéi
chi phi vé thoi gian tinh toan it nhat c6 thé. Mot ¥ tudng di duoc ra trong [91] 13 sir dung mot
s6 do I (dugc tinh toan nhanh) va nhiing diéu kién tia sém dua trén né dé rat gon nhanh khong
gian tim kiém thong qua viéc loai bo nhiéu Gmg vién thira ma khong can sinh ra chiing. Nhiéu
thuat toan sau d6 da st dung s6 do 7 hodc cac ciu trac dit liéu méi dé khai thac hai tap FCS va
FGS [17,19,25,27,88]. Tuy nhién, hiéu qua ctia chiing khong cao vi van con qua nhiéu tmg vién
thira dugc sinh ra. Hon nita, dang cht ¥ rang cac diéu kién tia som dua trén 7 13 khong ding
trong trudng hop tong quat, din dén nhiéu chudi dong bi thiéu trong tap két qua FCS.

Muc tiéu cua chuong nay 1a dua ra cac két qua 1y thuyét méi va cac thuat toan tuong tng
nham khic phuc céc han ché trén, qua d6 giai quyét hiéu qua hon bai toan BTj;.

2.1. Céac khai niém co s& va bai toan khai thac chudi dong va sinh
2.1.1. Cac khai niém co s&

Pinh nghia 2.1 (Co s¢ di liéu chuéi SDB, 1-SDB, n-SDB).

Dit A = {ay, a,, ..., ay} 1 tap tit ca cac thudc tinh. Mot tap con A4 cua A, A € A, dugc
goi 12 tap thudc tinh. Khong mat tinh tong quat, ta gia st rang cac thudc tinh trong mot tip thudce
tinh dugc sap xép theo mot quan hé thir tu toan phan, chang han nhu thir ty tir dién <. Mot danh
sach co thtr tu cac tap thudc tinh (hay céac sy kién) a = E;—E,—...—E, (hay a = <E1, E,,

., Ep>) duogc goi 1a mot chu01 trong do ) 7& E, € A, Vk =1,..., p va p 1a mot sé nguyén
dlrong Chudi a duoc goi 1a réng (null) néu tat ca cac sy kién E;, = Q) Vk=1,...,p, vakhido
né dugc ky hidu 1a o = <>. Mt co so dit liéu chudi (ky hiéu 1a SDB) D gom m(_)t tap hitu han
cac chudi dau vao: D = {¥;, i = 1, ..., N}. Ta ky hi¢u size(a) = p va length(a) = X5 _, |Ey|
1an luot 1a kich thudc va chiéu dai cua chudi . Mot 1-SDB (hay n-SDB) 1a mot SDB trong d6
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mdi su kién cua cac chudi diu vao chira chi mot thudc tinh (hay it nhat mot thudc tinh tuong
ung). Bé cho dé€ doc, quy udc cac ky hiéu dugce sir dung trong luin an dugc cho trong Bang 2.1.
Cho a = E;—E,—...—E,, f =E'1—E';—...—E', 1 hai chudi tuy y.

Pinh nghia 2.2 (Quan hé thu tw = va toan tir p). Xét quan hé thlr ty = va toan tur p trén tap cac

chudi:

a)aC f(hayf 2 a)e p< qvaténtaip sénguyendu’ong 1<ji<jz<..<jp,<qvaky
CE' ,Vk=1,...,p.Khido,tanoirang a la chudi con cta B, hay £ 1a chu01 cha cua a, hay
Bchtaa,vaiac f o (@E L Aa +p).

b) p(a) & {¥ € D|¥ 2 a} — tap cac chudi dau vao chira a va p(<>) =D.
Pinh nghia 2.3 (Chudi phé bién, chudi sinh va chudi déng).

Do hd tro cua chudi a, ky hiéu 1a supp(a), dugc dinh nghia 13 sé chudi cha (trong D) cua
a, nghia 12 supp(a) = |p(a)|. Chudi a duoc goi 1a chudi pho bién (hay mau tuan tu) néu do
hd trg cia n6 khong nhé hon mot ngudng minsupp duong cho trudc, nghia 1a supp(a) >
minsupp. Chudi a dugc goi 1a chudi sinh néu khong c6 chudi con ndo cua a cd cung do hd trg
v6ind, nghiala AB: B = a va supp(B) = supp(a). Chudi a dugc goi 14 chudi déng néu khong
c¢6 chudi cha ndo clia a ¢ cung d6 hd tro véi no, nghia la A4B: B 2 a va supp(B) = supp(a).
Pinh nghia 2.4 (Hai todn tir mé réng, tién té va co s dir liéu chiéu).

M6 rong tap thudc tinh (hay ngin gon 1a mé rong i-ext) cia a voi 8, sao cho Va € E, Vb€
E 1 a < b, 1a mot chudi dugc ky hiéu va dmh nghia nhu sau: a ¢; f = E;—E,—.. —>(E U

E'\)—E';— ..—E';. M6 rong chudi (hay ngan gon 13 mé rong s-ext) ciia a v6i B (dugc ky
hiéu la a o B) la chu01 aos B =E—E—..—E— E’1—>E’2—> ..—E ;. M6 1ong a voi B,
kyhitulay =a o B, co thé 1a a o; B hodc a o4 . Neu chu01 y=aop, th1 a duoc goi 14 tién
t6 ciia y va B duoc goi 1a hau té ctia y ddi v6i a. Hon nita, néu & 1a tién 6 nhé nhdt (cua y theo
quan hé £) chtra a, khi d6 ta ky hiéu 8§ = prefix(y,a), va hduto f cuay d6ivéis (y = 6 o B)
dugc ky hi¢u 1a suf (y, a). Co so dit liéu chiéu (goi tit 13 PDB) theo a dugc ky higu va dinh
nghia la Dy = {suf(¥,a) | ¥ € DAY 2 a}. Ta ndi rang, Dg chua trong Da, ky hi¢u D =
D,, néu (p(B) S p(oc) va V¥ € p(B), suf (¥,p) E suf (¥, a)), vaDg = D néu (Dg E D, va
Dy E Dg). Chl y rang supp(a) = |D,|. Bang 2.2 trinh bay mot SDB mau véi minsupp = 1,
trong d6 ta ky hiéu céc itemset {a, ¢, e} hodc {b} mot cach ngin gon nhu ace, b.

Béng 2.2. Mot SDB mdu.

SID Chubi diu vao
¥, | acemab—ad—abc—acdf
¥, | b—ace—ad—acdf—abc
¥, | c—ace—af
¥, | d—ace—ag—af

2.1.2. Bai toan khai thac chudi déng va chubdi sinh

Cho trude mét SDB D va gia tri cua minsupp duoc dinh nghia boi nguoi dung, bai toan khai
thac chudi sinh pho bién hodc chudi dong phd bién 1a kham pha tit ca cac chudi trong Gmg trong
tap FGS hoac FCS, trong d6 FGS = {a | supp(a) > minsupp A (AB: B = a A supp(B) =
supp(a))} va FCS = {a | supp(a) > minsupp A (AF: L 2 a A supp(B) = supp(a))}. Cha
v réng, luc lugng ctia FS thuong 16n hon nhiéu so véi luc lugng cua FGS va FCS, dac biét trén
nhiing n-SDB hay [-SDB voi cac gia tri minsupp bé. Vi du, xét SDB D trong Bang 2.2, trong
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d6 ¢6 20,054 chudi phd bién (bao gdm ca chudi rong <>), nhung chi ¢ 20 (0.09%) chudi dong
va 154 (0.77%) chudi sinh.
2.2. Cac nghién ciru lién quan

Nhiéu thuat toan da dugc dé xuat dé khai thac tap FCS [17,24,27,54,82,88,91] va tip FGS
[19,25,49,67]. Tuy nhién, hi€u qua cua cac thuat toan nay van chua cao [17,19]. Theo lu4n 4n,
1y do 1a cac thuat toan van sinh ra nhiéu tng vién thira, l3p lai phép chiéu co s¢ dir liéu nhiéu
lan, va chua phat hién that som va tia kip thoi cac Gmg vién ngay khi ching vira dugce sinh ra
cung cac hau du¢ cua ching trén cay tién td. Mic du thuat toan CloSpan va cac thuat toan sau
d6 sir dung sb do dic trung 7 [91] cho PDB dé nhan biét nhanh sy twong duong cua cac PDB va
tia som cac chudi khong 1a dong hodc khong 1a sinh, nhung khong may 1a nhiing két qua 1y
thuyét duoc dung trong CloSpan 1a khong hoan toan chinh xac (diéu nay da duoc ludn an chi ra
trong Vi du 2.2). Ngoai ra, trong cac thuat toan ta van phai kiém tra quan hé chudi con (thudng
mat nhiéu thoi gian) khi ap dung cac diéu kién tia cac Gmg vién. Do d6, hau hét ching van mat
nhiéu thoi gian xir Iy dé kiém tra quan hé chudi con va loai bé nhiéu ng vién thira ciing nhu
tiéu thu nhiéu bd nhé dé luu trix nhirng Gng vién nay. Vi vay, viéc dua ra mot s6 do méi dic
trung cho cac PDB, cac diéu kién chinh xac trong truong hop tong quat dé rit gon nhanh khong
gian tim kiém dya trén sé do ndy, va cac chién lugc tia sém nhiéu Gng vién khong hta hen,
cling nhu 1 viéc thiét ké nhimg thuat toan hiéu qua hon dé khai thac cac chudi dong va/hoic
chudi sinh van 12 nhiig cong viéc that su can thiét va c6 nhiéu ¥ nghia.
2.3. Ciac két qua 1y thuyét
2.3.1. S6 do SE va cic tinh chat

Pé chinh stra mot s két qua 1y thuyét khong dang trong [91], dau tién, sé do /(D) trong
[91] duoc thay thé bai mot sé do SI(D, ) khac (a 12 mot chudi tuy ) dé kiém tra sy twong duong
cta hai PDB. Sau d6, luan an dé xuit mot sd do SE méi dé biéu dién cac PDB don gian hon va
dua ra cac diéu kién chinh xac va tong quat hon dé tia som cac chudi khong 1a dong va/hoic
khong 1a sinh.
Pinh nghia 2.5 (S6 do SE va SI lién quan dén PDB).
a) Cho trude chudi a, voi mdi suf = suf (¥, a) trong D,, ta ky hiéu remSize(suf) 1a sb su
kién con lai cua suf trong D, (sau khi c6 & = prefix(¥, a)) véi dinh nghia nhu sau:
remSize(suf) = size(¥) — size(9).
b) Tong sb su kién va sb thudc tinh con lai trong D, duoc ky hiéu twong tng 1a SE(D,) va
SI(D,), va dugc dinh nghia nhu sau:

SE(Dg) = Ysuf e, (remSize(suf) + 1) vaSI(Dy) = Ysuf e, (length(suf) + 1).
Vi du 2.3 (S6 do SE va SI). Chti  rang, s6 1 duoc thém trong dinh nghia ciia SE and SI dé phan
bi¢t hai PDB khac nhau Dﬁ vaDy =D U {<>, ..., <>}, mdc du hai co s¢ dir liéu chiéu c6 cung
gia tri I, nhung s6 chudi cua chung khac nhau nén supp (@) # supp(B). Vi du, xét hai chudi
—g—>afva,8 g—afgvaa = . TacoD, ={<>},Dg =0 va I(Da) I(Dﬁ) 0. Mac du I(Da)
= I(Dg) va tong su kién cta cac chudi trong hai PDB nay déu bang 0, ta van khong thé phan

biét D, va Dg. Tuy nhién, vGi nhitng s6 do SI va SE ta co6 thé phan biét hai PDB nay. Thit vy,
ViSI(Dy) =1#0=S1(Dg) va SE(D,) =1+#0=SE(Dg), nén D, # Dg.
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M&bi quan hé giita remSize va chiéu dai cia cic hau té duoc chi ra trong Bé dé 2.2. Ngoai
ra, dé€ ching minh Pinh ly 2.2, tinh don diéu gidm cua toan tu p, do hd trg, PDB va s6 do SE
da dugc trinh bay trong Meénh dé 2.1.

2.3.2. Cac diéu kién tia s6m

Dua trén nhitng sé do SE, SI va Ménh dé 2.1, Pinh 1y 2.2 dudi day chi ra nhiig diéu kién
dé hai PDB tuong duong va dé loai sém cac ung vién khong hira hen.

Pinh ly 2.2 (Su twong dwong cua cac PDB va sy logi bo som mo rong (Extended Early
Elimination — 3E)).

Cho a va f8 1a hai chudi tuy ¥ sao cho a £ S.

a) (S tuwong dwong ciia cde PDB diea trén s6 do SI va SE)

Do =Dp © SI(Dy) = SI(Dg) © SE(D,) = SE(Dg) va lastitemOf (a) = lastitemOf (B).
b) (Sur logi b6 sém mo rong — 3E). Néu SE(D,) = SE (Dp), thi:

(0). p(a) = p(B) va do dé supp(a) = supp(B).

(if). Tét ca cac chubi mo rong s-ext ¥ (cua a) va § (cua B) véi cung tap thudc tinh s& co

cung PDB va d) ho trg, nghia 1a D, = D va supp(y) = supp(6).

(iii). Ngoai ra, néu lastEventOf (a) = lastEventOf (B), thi tit ca cac chudi md rong i-ext

¥’ (cia @) va 8’ (ctia B) véi cung tap thudc tinh s& c6 cung PDB va do ho tro, nghia 1a
Dy, =Dg, va supp(y") = supp(8’).

Véi mdi chudi a twong (mg voi mot nut trong cdy tién td, ta mé rong a véi cac thude tinh
pho bién fi dé c6 duoc cac chudi mo rong a o fi (ca hai loai md rong a o; fi va a o fi) sao
cho chudi a ¢ fi ciing phd bién. Ta ky hiéu iEB(a) (hay sEB()) 1a tap tit ca cic nhanh mo
rong tap thudc tinh (hay mad rong chudi) clia a véi tat ca cac thudc tinh pho bién fi trong cay
tién t, nghia 13, iEB(a) (hay sEB(a)) gdm a, tat ca cac nut a o; fi (hay a o4 fi) va tat ca cac
nat hau dué cua chung. Khi do, tap gém ca hai iEB(a) va sEB(a) dugc ky hiéu 1a EB(a).

Dua trén Pinh Iy 2.2, Hé qua 2.3 trong luan an da chi ra phuong phéap ap dung cac diéu kién
tia s6m ma rong 3E dé tia cac chudi khong 14 dong hoic khong 14 sinh trong cdy tién t6. Twong
tu, trong Hé qua 2.4 duéi dy luan an ciing chi ra cach st dung cac diéu kién nay dé tia som
cac chudi khong 1a dong va ciing khong 1a sinh.

Heé qua 2.4 (Tia sém cdac chudi khéng la dong va ciing khdng la sinh — EPGenClo).
Cho truéc mot SDB D va ba chudi @, B, ¥ sao cho a E B E y, khi do:
a) Néu SE(Dy) = SE(Dg) = SE(D,), (2.3)
thi cac chudi &, € va A c6 cung PDB va d hd trg, trong d6 &, € va A 1a tt ca cac chudi mé rong
s-ext twong ung cua a, B va y voi cing mot tap thudce tinh. Ngoai ra, tat ca cac chudi mé rong
s-ext va i-ext ctia 8, € va A (v6i cung tap thudc tinh) ciing c6 cung PDB va do hd tro. Khi do,
tat ca cac chudi trong tdp sEB(B) chic chin khong 1a chudi dong va sinh, do d6 chiing c6 thé
duoc tia. Tap tat ca cac chudi khong 1a dong va sinh nhu vy duogc ky hiéu 1a nonCG_sEB(B).
b) Néu SE(D,,) = SE(Dg) = SE(D,) va

lastEventOf(a) = lastEventOf(B) = lastEventOf(y), (2.4)
thi cac chudi 6, € va A c6 cung PDB va do ho tro, trong d6 8, e va 1 1a tat ca cac chudi mé rong
(s-ext va i-ext) tuong Ung cua «, § va y voi cung mdt tap thudc tinh. Khi do, hai tap sEB(f) va
iEB(B) khong thé chira bat ky chudi dong va chudi sinh nao va boi vay chung ¢ thé dugce loai



7

bo khéi cay tién td. Tap tat ca cac chudi khong 1a dong va sinh trong hai tp nay dugc ky hiéu
la nonCG_EB(f).

Chu ¥ rang, cac diéu kién trong Hé quda 2.3 va Hé qud 2.4 cho phép tia sém mot chudi va tat
ca cac nhanh mé rong s-ext va i-ext ctia né trén cay tién t6 ma khong chira bat ky chudi dong
va/hodc chudi sinh nao, va sb luong cac chudi duoc tia co thé 1a ¢& mil. Piéu nay da dugc minh
hoa trong Vi dy 2.5 va Vidu 2.6.

2.4. Cic thuit toan khai thac chudi déng va chudi sinh phé bién
2.4.1. Cu triic dir liéu IDList

Cac vthuélz todn trong chuong nay duogc cai dit dua tl:él’l dinh Elang S~DB theo chiéu doc (VDF)
dugc biéu dien qua mot cau trac got la IDList [7,97] gan voi moi chuoi.

2.4.2. Cac chién lwoge tia dia phwong

Dé tranh viéc kiém tra chudi con trén nhiéu chudi di duoc sinh ra, lun 4n dua ra cac Hé qua
2.5— 2.7 (4p dung cac k¥ thuat tia EPClo, EPGen va EPGenClo trong cac Hé qua 2.3 — 2.4) d¢
tia cac chudi khong 1a dong va/hodc khong 14 sinh tai hai hodc ba muc lién tiép trén cdy tién t6.
Cach 1am nhu vay duoc goi 1a kj thudt hay chién lwoc tia dia phwong. Chl ¥ rang, Hé qud 2.5
(hodc Hé qua 2.6) s& duoc ap dung vao thuat toan FCloSM (hoic FGenSM) dé khai thac cac
chudi dong phd bién (hodc cac chudi sinh phd bién). Trong khi d6, Hé qud 2.7 dudi day s& dugc
ap dung vao thuat toan FGenCloSM dé khai thac dong thoi ca hai tap nay.

Hé qua 2. 7 (Tia dia phu’ong cdc chudi khong la dong va khong la sinh (LPGenClo) trong ba

mukc lién tiép ciia cdy tién t6 ma khéng can kiém tra quan hé chudi con)

Cho hai chudi bat ky c6 cung cha (hay cung tién t6) trong cay tiéntd, e = L obvaf = Ao v.

a) Voi mdi chudi md rong i-ext méi clia e v6i v, y = i_new = € o; v, néu
(i). SE(D,) = SE(D,) = SE(D,) hodc (mr = 6 ¢ b, parent(A) = § va SE(D,) = SE(D,) =

SE(D,)), thi cac nhanh nonCG_sEB (&) c6 thé duoc tia.
(ii). SE(Dy) = SE(Dg) = SE(Dy) hodc (a = & o v va SE(D,) = SE(Dg) = SE(Dy)), thi cac
nhanh nonCG_sEB(B) c6 thé dugc tia.

b) Vi moi chudi mé rong s-ext méi cia & véi thude tinh v, y = s_new = € o, v sao cho f =
Aosv,a =6 o, parent(/l) =6 vaSE(D,) = SE(D[;) SE(D,), khi do cac chudi trong
tap nonC G_EB (,8) chéc chan khong 1a chudi dong va ciing khong 1a chudi sinh pho bién,
do @6 chung co6 thé duoc tia.

Céc Hé qua 2.5 — 2.7 duge minh hoa chi tiét thong qua Vi du 2.7.

2.4.3. Cac thuat toan

T Hé qua 2.7, luan an thiét ké thi tuc HybridSearch (Hinh 2.5) d&é kham pha khong gian
tim kiém tng voi chudi B, trong d6 cac diu kién trong hé qua nay dugc ap dung dé tia som
nhiéu chudi khéng 1a dong va khong 1a sinh. Sau d6, dya trén thu tuc nay, luin an thiét ké thuat
toan FGenCloSM trong Hinh 2.4 dé khai thac ddng thoi hai tap FCS va FGS. Dua trén cac Hé
quad 2.5 — 2.6, luan an ciing thiét ké thuat toan FCloSM trong Hinh 2.9 dé khai thac FCS va
thuat toan FGenSM trong Hinh 2.10 dé khai thac FGS. Ngoai ra, ludn an ciing da phat trién
thuat toan song song Par-GenCloSM dé khai thac hiéu qua hon nita ca hai tap FCS va FGS dua
trén Hé quad 2.7, FGenCloSM va kién tric bd xt 1y da nhan (Hinh 2.12). Tinh ding cta cac
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thuat toan FGenCloSM, Par-GenCloSM, FCloSM va FGenSM dugc dam bao boi Dinh [y 2.2
va cac Hé qua 2.3 — 2.7 (da duoc chung minh mdt cach chat chg).

(FCS, FGS) FGenCloSM (D, minsupp)

1. Quét D dé tao V(D) va xac dinh danh sach cac thudc
tinh phd bién F*.

2. FCS =FGS:=F1;

3. for each chudi § € F! do

4.  HybridSearch (f , minsupp, (FCS, FGS));

5. return (FCS, FGS);

Hinh 2.4. Thuit toan FGenCloSM khai thac dong thoi FCS va GS .
2.5. Panh gia thuc nghiém

Cac thuc nghiém duoc thuc hién trén nhiéu SDB thuc va téng hop voi dac trung dugc mo
ta trong Bdng 2.3. Hiéu qua cta cac thuit toan dugc dé xuat trong chuong nay duoc so sanh
vé6i cac thudt toan tiéu biéu trude ddy, chang han nhu CloSpan [91], BIDE [88], ClaSP [27] va
CM-ClaSP [17] dung dé khai thac cac chudi dong phd bién, va VGEN [19], FEAT [25] va
FSGP [92] dung dé khai thac cac chudi sinh phd bién. Cac két qua thuc nghiém da cho thiy
rang cac thuat toan dugc dé xut hiéu qua hon nhiéu (vé thoi gian chay va bo nhd st dung) so
v6i cac thuat toan da biét trude dy. Trén cac SDB 16n va/hodc cac gia tri minsupp bé, cac
thuét toan duogc dé xuit co thé chay nhanh hon Ién dén hang tram 14n so v&i cac thuat toan
trudc day.

Chu ¥ rang cac két qua ly thuyét va thuat toan duogc dé xuat trong chuong nay co vai tro

quan trong trong cac phuong phap tiép can duoc dua ra trong cac Chuong 3-4.

Chwong 3 - Cau tric ciia tip cac chudi pho bién dwa trén chudi déng va
chubi sinh

Nhu duge trinh bay trong Churong 2, hai tap FCS va FGS 1a nhimg biéu dién khong mét
thong tin va suc tich cta tap cac chudi phd bién FS. Sau khi c¢6 duge cip (FCS, FGS) bang
cach st dung céac thuat toan hiéu qua dugc dé xuat trong Chuong 2, vé mat ly thuyét, mot cau
hoéi tu nhién duogc dit ra 13, cac chudi trong FS co mbi quan hé mat thiét nhu thé nao véi cac
chudi dong va chudi sinh twong ting trong FCS va FGS? Noéi cach khéc, trong chuong nay, luan
an mudn chi rd ciu trac hay biéu dién twong minh cua FS dua vao cip (FCS, FGS) (bai toan
BT,). Nhu mot hé qua, ludn 4n mudn sinh ra nhanh FS tir FCS va FGS (thay vi tir SDB) sir
dung ciu tric da chi ra. Cau tric nay sau d6 s& duoc ap dung dé phat trién cac phuong phap
hiéu qua giai quyét bai toan BT; trong Chuong 4. Trudce tién, lun 4n trinh bay cic khai niém
co s¢& dudi day.
3.1. Cac khai niém co sé&
Pinh nghia 3.1 (Quan hé twong dwong ~). Cho trudc hai chudi bat ky a = E,—E;—...—E,
va B = E{—E;—...—E;, xét quan hé tuong duong ~ trén cac chudi nhu sau:

a~pf < pla)=pp),

trong do toan tir p dugce trinh bay trong Pinh nghia 2.2b. Lép tuong duong (hay goi tit 1a 16p)
chtra a duogc ky hi¢u 1a [a] va dugc dinh nghia nhu sau: [a] £ {f | p(B) = p()}. Quan h¢ tuwong
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duong nay s& dugc st dung dé phan hoach tip cac chudi phd bién FS thanh cac 16p tuong duong
nhu dugc trinh bay trong Muc 3.2.

Pinh nghia 3.2 (Nhitng khdi niém va dinh nghia lién quan dén chudi déng va sinh). Cho ba
chudi a, y vao.

a) Goi CS va GS tuong tng 1a tap tat ca cac chudi dong va chudi sinh, ta ky hiéu: FCS & €S n
FSvaFGs € GS NFS. RO rang, khi minsupp =1, ta c6 FCS =CS va FGS =GS.

b) o dugc goi 1a chudi dong cua a néu o 13 mot chudi déng chira a va chung ¢ cuing d6 hd trg,
nghia la: 0 € CS, 0 2 a va supp(a) = supp(o).

¢) y dugc goi la chudi sinh ctia @ néu y 1a mot chudi sinh chira trong a va ching c¢6 ciing do hd
tro, nghia la: y € GS, a 2 y va supp(«) = supp(y).

d) Vi mot chudi a c6 thé c6 nhiéu chudi dong (chira &) va nhiéu chudi sinh (ndm trong a), nén
luan an dinh nghia CloSet(a) £ {0 € FCS | 0 2 a va supp(o) = supp(«)} 1a tap cac
chudi dong cua a va GenSet(a) & {y € FGS |y E a va supp(y) = supp(a)} 1a tap cac
chudi sinh cua a.

Hién nhién, CloSet(a) = {0 € FCS | ¢ 2 a va p(0) = p(a)} va GenSet(a) = {y € FGS
lyEavap(y)=p(a)},vivB 2 a, p(B) € p(a) va (supp(B) = supp(a) = p(B) =p(a)).
Tu Dinh nghia 3.2, ta c6 Ménh dé 3.1 dudi day.

Ménh dé 3.1 (Tinh chat cia nhitng chuoi déng va chudi sinh ciia mét chudi).
Cho cac chudi a, v, o, 4, 8, ta co:

a) CloSet(a) + @ va GenSet(a) + Q.

b) o € CloSet(a) © o 1a chudi déng, 0 2 a va p(c) = p(a). o € CloSet(a),Vi: a EACE o,
thi p(@) = p(1) = p(0), nén supp(a) = supp(1) = supp (o).

)y € GenSet(a) © ¥ 1a chudi sinh, ¥y E a va p(y) = p(@). y € GenSet(a),V6:y E S5 &
a, thi p(y) = p(6) = p(a), nén supp(y ) = supp(8) = supp(a).

d)Vy € GenSet(a), Vo € CloSet(a), thi yEaCa,p(y) =p(a)=p(o), do do
supp(y) = supp(a) = supp(0).

e) o 1a chudi déng & CloSet(c) = {o}, vi viy, néu o & CloSet (o) hoic |CloSet(c)| > 1, thi
o khong 1a chudi dong. y 1a mot chudi sinh & GenSet(y) = {y}, do d6o néuy & GenSet(y)
hoic |GenSet(y)| > 1, thi y khong 1a chudi sinh.

Chu y rang, v6i bai toan khai thac cac tap (itemset) phd bién trén co so dit liéu giao dich
(transaction database), tmg v6i mdi tap thudc tinh A, chi ton tai duy nhat mot tp dong chia A
va c¢6 cung d6 hd tro voi A (con goi 1a bao dong cua A) (xem [5]). Vi vay, viée chi ra cu tric
ciia FS dua vao FCS va FGS gip nhiéu thach thirc hon han. Thach thirc nay dén tir thuc té rang
mdi chudi c6 thé co nhiéu chudi dong chtra n6, va n6 céd thé xuét hién nhiéu lan & nhirng vi tri
khac nhau trong mot chudi déng ciing nhu mét chudi dir lidu dau vao.

3.2. Cac két qua ly thuyét

Véi bat ky tap con A ctia mét tp Q cho trude, ddy n cac tap con ciia A (A4, Ao, ..., A,,) duoc
goi la mot phan hoach cia A (ky hiéula A =),;—1 ., A;, hay A lahgp roi ciia ching) néu ching
la roi nhau, nghiala A; N A; = @, Vi,j =1,2,...,n: 0 # j. Vi vay, tir ddy tr¢ di, khi n6i phan
hoach A thanh cac 16p twong duong A4, A4,, ..., A, c6 nghia la ching rdi nhau.
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3.2.1. Phan hoach cia tap FS

bat RO ¥ {p(a) |a € FS} vaVro € RO, CS(ro) € {oc € FCS | p(c) =ro},khiddo RO =
{p(c) | 0 € FCS}. Do ~ la quan hé twong duong nén tap FS cb thé dugc phan hoach thanh cac
16p tuong duong (roi nhau) FS(ro) nhu sau:

FS = Yroero FS(r0), (3.1
trong d6, FS(ro) & {a€FS |p(a) = ro}. Dé dang théy rang FS(ro) =
Us e csro) Uy e genset (o) FS(0,7), hay FS(ro) 1a hop (khong nhat thiét roi nhau) cua nhing
tapcon FS(o,y) E {a|yEaCo},vbio € CS(ro) vay € GenSet(a) Vi vdy, dé sinh nhanh
va khong tring lip cac chudi pho bién trong FS, ta can chi ra biéu dién tuong minh hay phuong
phép sinh khong trung 1ip cac chudi trong cac tap FS(o,y) khac nhau.
3.2.2. Din xuit tit ci cac chudi pho bién trong tip FS(a,y)

Tu cong thirc (3.1), do cac lop FS(ro) la roi nhau, dé dan xuét khong trung lap tat ca cac
chudi pho bién trong tap FS, ta can chi ra c4u tric cua cac chudi pho bién a trong mdi tAp con
FS(o,v). Cau tric ¢ day co nghia 13 mbi quan hé tudng minh gitta e va cac chudi dai dién o
va y. Noi cach khac, ta can chi ra cach biéu dién hay phuwong phép sinhra a tir o va y.

Cho hai chudi batky y = E;—E,—.. —E,vao= E1—>E2—> .—Eg4 sao choy E 0. Goi lp
1s J2s -5 ]p] la danh sach céc vi tri ma tai do ¥ xuét hién trong o, trong do1<j;<j, <
<Jjp, < qvakc E , Vk = 1..p. Vi du, v61 SDB trong Bang 2.2, xét tap dong g =
ace—ad—ac—ac € CS ({llfl, W,}) va tap sinh ycua 0, y = a—c € GenSet (o). Ta thiy ring,
hai tap thudc tinh {a} va {c} trong y co thé 1a nhu’ng tap con twong Ung cua ace va ac trong o
tai nhu’ng vitri 1 va 3. Khi d6, ta néi rang y xuét hién trong o theo Ip; =[1, 3]. Ngoai ra, y ciing
xuét hién trong o tai nhitng danh sach vi tri khac, d6 1a Ip, =[1, 4], Ip; = [2, 3], Ip, = [2, 4] va
Ips = [3, 4]. Phuong phap sinh turdng minh tat ca cac chudi phd bién trong mdi tap FS(o,7)
gb6m nhitng budc chinh sau:

def

(1) Xac dinh tap LP(0,y) & {Ip,,lp,, ..., Ip,} gdm nhimg danh sach vi tri ma y xuét hién
trong o. Vi du, voi 0 = ace—ad—ac—ac vay = a—c € GenSet(o), taco LP(a,y) = {lp;,
i=1,...,5}.

(2) M6 rong y theo kich thudc g cia o theo mdi Ip € LP(o,y) dé dat duoc chudi mé rong
(extension) cuay trong o theo lp: Ex(y, lp) £ E{ —E; —...—E; v6i

~_ (9, néui & lp
E; {Ek, néwi = j, € lp’ Vi=1,...,q.
Vi du, xét lp, =1, 4] € LP(o,v), khi 6 Ex(y, lp,) = a—0—0—-c.

(3) V&i mdi Ip = {ji, jo, . ..s Jp} € LP(0,y), tim chudi khac biét A(lp) cia o va Ex(y, Ip),
trong d6 A(lp) € 0 © Ex(y, lp) = Dy—D,—...—DyvaD; € E\E{,Vi=1,...,q.
Vidu,voilp, =[1, 4], tacod A(lp,) = ce—>ad—>ac—>a, viD, =ace\a=ce,D,=ad\ Q=
ad,D;=ac\®=acvaD,=ac\c=a.

(4) Vi mdi Ip € LP(0,7), tit ca cac chudi a = F;,—F,—.. .—F; trong F§(o,y) dugc sinh ra
dudi dang a = Ex(y, lp) @ 6 (lp) voi moi §(lp) = d1—>d2—> .—dg E A(lp), trong d6
phép toan @ 1a tong tryc tiép cua hai chudi trén nhiing tap thudc tinh xuat hién tai nhitng
vi tri giéng nhau trong Ex(y, Ip) va 8(Ip), nghia 1a, F; =E7 +d; vad; € D;,Vi=1,...,q.
Sau d6, ta rat gon @, reduce(a), bang cach bo di cac tip thuéc tinh rong. Khi do, ta cé
thé xem a va reduce () la nhu nhau.



11

Vi du, véi A(lp,) = ce—ad—ac—a, xét mot chudi con 8(Ip,) = e—a—0—0 cua A(lp,),
khi 46 a = Ex(y, Ip,) @ 8(Ip,) = a—0—0—c @ e—a—P—0 = ae—a—P—c. Bing
cach bo di nhiing tap thudc tinh rong, ta ¢ dugc chudi rat gon a = reduce(a) = ae—a—-c.
Chu y rang, s6 chudi con 8(Ip,) ctia A(lp,) 1a 2tength(Ap2)) = 27 = 128 Vi vay, ta c6 128
chudi con a dugc sinh ra theo Ip, = [1, 4].

(5) Cudi cung, ta c6 dugce tap FS'(0,y) & {a = Ex(y, Ip) ® §(Ip) | lp € LP(0,y), 8(Ip) E
A(lp)} chira cac chudi duoc sinh ra mot cach twong minh tir cip (o, ).

Dua trén phuong phap sinh tuong minh cac chudi phd bién nay, ta c6 ménh dé sau.

Ménh dé 3.2 (FS'(0,v) — biéu dién tuong minh ciia FS(0,y)). Vro € RO, Vo € CS(ro), Vy
€ GenSet(0), ta co:
FS(o,y) = FS'(0,y). (3.2)

Trude tién, cht y rang, mic du phan hoach trong (3.1) dugc dua ra dé tranh sy tring lap cac
chudi giita cac 16p FS(ro) (Vro € RO) khac nhau, phuong phap sinh cic chudi phd bién nay
van c6 thé dan dén nhiéu chudi trung lip giita cac tap con FS'(o;, ¥;) khéac nhau cua FS(ro),
trong do g; € CS (ro) vay; € GenSet(o;), nhu dugce chi ra ‘trong Vidu 3.3. Béi vay, trong muc
tiép theo, luan an dé xut ba chién lugc tia dé khic phuc van dé nay.

3.2.3. Din xuit khong trung lip tit ca cic chudi phd bién trong tap FS

Véi mdiro € RO, CS(ro) = {0y, 0,,...,0,} va GenSet(c;) = {¥1, Vz.-.., Vm}» X6t batky
hai chudi dong gy, o; trong CS(ro), k < i, va hai chudi sinh y;, y; € GenSet(a;), | < j.

Chién lwoc tia 1 (Loai b6 cdc chudi con trung lap dwoc sinh ra dwa trén hai chudi déng
khdc nhau oy, va o; trong CS(ro)). Bat ky chudi a nao dugc sinh ra trong tap FS'(o;, ¥;) thoa
diéu kién trang lip DCondC(a, o;, CS(ro)) & (303, € CS(ro): k < i,a C g) (a chira trong
mot chudi dong gy, trude do, k < i) déu bi loai bé.

Chién lwoe tia 2 (Loai b6 cdc chudi con trung ldap dwoc sinh ra dia trén hai chudi sinh
khac nhau y, va yj trong GenSet(a;)). Bit ky chudi & nao dugc sinh ra trong tap con FS'(o;,
Y), ¥; € GenSet(o;), thoa diéu kién trang lap DCondG(a, i Yj) £ Ay, € GenSet(o;): L <},
a 2 y;) (a chita mot chudi sinh y; trude d6 cia o, | < j) déu bi loai bo.

Ta dinh nghia F§*(0;, v;) £ {a € FS'(o;, Yi) | not(PCondC(a, oi, CS(p(o;)))) and
not(DCondG(a, o;, ]/]))} khi d6 khong cé sy trung 1ap chudi gitta nhitng tdp con khéac nhau
FS*(oi, y]) trong moi l6p FS(ro), v6i o; € CS(ro), y; € GenSet(o;). Dua trén (3.1), (3.2) va
cac Chién luoc tia 1-2, ta ¢6 phan hoach min hon sau day.

Pinh ly 3.1 (Cdc phan hoach cua FS).

a. FS =Y. rocro FS(ro) (phan hoach tho).

b. FS(ro) = Yo, e cs(ro) Xy e Genset(c) TS (01,¥;), Vro € RO.

Do 46, FS =¥roc ro Zo—i € CS(ro) Zyj e GenSet(a;) Fs*(oy, Vj) (phan hoach min).

Pé viéc trinh bay nhimg ndi dung con lai ctia chuong nay dugce ngin gon, véi SDB cho
trong Bang 2.2, ta luén xét ro; = {¥;, ¥,} € RO, 0 = 0, = ace—ad—ac—ac € CS(ro,), y
=y, =a—c € GenSet(a,), nén LP(0,y) = {lp, =[1, 3], lp, = [1, 4], Ilp3; =[2, 3], Ip, = [2,
4], lps = [3, 4]}. Khi d6, Ex(y, lp;) = a—>0—c—0, A(lp,) = ce—ad—a—ac, Ex(y,lp,) =
a—P—0—c va A(lp,) = ce—ad—ac—a.
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Luu y rang, cic chién lugc tia 1-2 chi nham dam bao sy khéng tring lap giira cac tap con
FS*(a;, y]) khac nhau. Tuy nhién, thach thirc 16n nhét 1am cho bai toan khai thac chudi pho
bién tir cac chudi dong- smh kho khan hon nhiéu so véi bai toan khai thac tap (1temset) phd bién
tir cac tap dong-sinh 1a: mdi chudi phd bién c6 thé xuat hién trong mdi chudi dong & nhiéu vi
tri khac nhau. Vi du, chudi sinh ¥ = a—c¢ xuit hién trong chudi doéng o = ace—ad—ac—ac
tuong tng v6i ndm tap vi tri Ip;_s. Khi d6, mot sb lu:ong rat 1on cac chudi tring lap trong mdi
tap con FS' (o, ]/) c6 thé dugc sinh ra. Vi vay, Chlen luge tia 3 dudi day duoc dé xuat dé phat
hién va tia sém tit ca cac chudi tring 1ip trong mdi tip FS' (o, y) ma khong can sinh ra chiing.

Gia sir rang X 1a mot tap (hay mot chudi) bat ky véi nhiéu phan tir (hay nhiéu tap thudc
tinh), ta ky hiéu X[k] 13 phan tir thir k cua X, vi du, Ip;[2] =3 hay A(Ip;)[3] = a. Tap Ip,, duoc
goi la dung trude tap lpy,, ky hidu la Ipy, <pre Ipn, néu (Ipm[1] < lpa[1]) hay (Ipm[1] = lpn[1]
Vi Ipm[2] < 1py[2]), hay (P11 = Ipa[1] V2 Ippa[2] = Ipn[2] Vi Ip[3] < Ipa[31), v.v. Cha §
réng, nhiing phan tr trong LP (o, y) dugc sap x&p theo thu ty ting dan doi voi quan hé thu tu

<pre ndy. Cho truécro € RO, 0 € CS(ro),y € GenSet(a) q =size(o), lp,, valp, € LP(0,7)
sao cho Ipy, <pre lpn, g0i ko = FI(m,n) la chi so dau tién tai do lpm khac lpn, vi du, ko =
FI(1,2)=2vilp,[1] = Ip,[1] =1 va Ip;[2] = 3 # Ip,[2] = 4. Xét bat ky chudi a = Ex(y, Ip)
@ 5(lp) trong FS'(0,y).
Chién lwge tia 3 (Logi bé cdc chudi trimg ldp trong méi tdp con FS'(0,y)). Voi mbi lp €
LP(o,y) va §(Ip) E A(lp), bat ky chudi a = Ex(y, Ip) @ §(Ilp) trong FS'(0,y) ma thoéa mot
trong ba diéu kién tring lap dudi day, DCond, _s(a, Ip) & {DCond;(a,Ip), i = 1.3}, thi a va
nhitng chudi cha twong tmg ciia né sé& bi loai bo. Chi tiét vé ba diéu kién trung lip nay duogc
trinh bay nhu sau.
(i) Piéu kién trung 1ap 1 (DCond, — diing cho méi danh sdch vi tri lp trong LP(0,7)). Véi
mdi §(Ip) = d1—>d2—> —dy EA(lp) = D1—>D2—> —Dg vaa=Ex(y, lp) &) 6(lp) F,—
F,—...—F,, xétbatkyi ¢ lp sao cho 1 < i<q. Néu t6n tal mot day lién tiép 16n nhdt cdc sw
kién rong trong a tu i tri (l — 1) giam xudng vi tri n; > 1 (nghia 13, F, = @, Vk = n, ...,
i — 1), va ton tai mot chi s6 k nhu vay sao cho tap thudc tinh d; (# @) chira trong tap D; N Dy,
thi & chic chin trung lap v6i mot chudi dugc sinh trude d6 theo chi sé k. Ngoai ra, viéc sinh
tat ca cac chudi phd bién khac tir @ bang cach md rong cac tap thudc tinh d; trong & (lp) sao
choj &{n,,...,i — 1} vad; € D; N D, ciing s& din dén sy trung lap. Boi vay, ta co thé tia sém
nhitng chu51 nay ma khong can sinh ra chung.

(ii). Piéu Kién trung lap 2 (DCond, — dung cho hai danh sach vi tri khdac nhau lp,, va lpm
trong LP(0,y)). Véi bat ky Ip, € LP(o, y) 6(lpn) = dy—dy—...—dg E A(lpy) va a =
Ex(y,lpn) @ o(lp,) = Fi—F,—...—F;, néu t6n tai mot danh sach vi tr1 lp;m € LP(0,y) va
mot chi s6 i = Ip,[ko] sao cho Ip,, < pre Ip, va d; chia y[ko], thi @ tring véi mot chudi a’
duoc sinh ra trude d6 tir Ip,,,. Ngoai ra, viéc sinh tat ca nhitng chudi khac ma duoc tao nén tir
a bang cach mé rong nhitng tap thudc tinh trong §(Ip,,) ciing s& dan dén sy tring 13p. Do do,
ta co thé két thiic viéc sinh ra ching.
(iii). Piéu Kkién trung 13p 3 (DConds — Ding cho hai danh séch vi tri khdc nhau, lp, va lp,, €
LP(a,y)). Vi bat ky Ip,, € LP(O‘ y) o(lpp) = dy—dy—...—>d, E A(lpy) va a = Ex(y, lp,)
@ 6(lpy) = Fi—F,—...—f, néu ton tai mot danh sach vi tr1 Ipm € LP(0,y) sao cho lpy,
<pre lpn va mot chi s6 i = lpn[ko] sao cho tat ca cac sy kién cta a tir vi tri j = Ip,,[ko] dén
i — 1bang @ (nghia la, F, =@, Vk = j, ..., i — 1) va sy kién d; cua 8 (Ip,,) chta trong A(Ip,,)[i]
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N A(lp,,)[/], thi a trung véi mot chudi a’ duoc sinh ra tir Ip,,. Ngoai ra, su trung lip ciing xay
ra khi sinh tat ca cac chudi khac ma dugce tao nén tr « béng cach mé rong nhiing tap thudc tinh
d, trong 8(Ip,) sao cho k & {j, ..., i — 1} va d; S A(lp,)[i] N A(lp,y)[j]. Vi vay, ta c6 thé tia
som nhitng chudi ndy ma khong can sinh ra chung.

Chu ¥ rang, s6 chudi trung lip duoc tia boi Chién luoc tia 3 dwa trén ba diéu kién tring lap,
DCond,_s, 1a ¢& mii (xem Vi du 3.5 — 3.7). Boi vay, dé tranh sy trang 1ap khi sinh cac chudi
trong 16p FS'(0,y), ta dinh nghia mot biéu dién khong tring ldp cua FS'(0,y) dua trén Chién
lwoc tia 3 nhu sau:

FS"(0,y) € {a=Ex(y,lp) @ 6(lp) € FS'(0,y) | not(DCond,_3(a,lp))}.
Véibiéu dién FS"' (0,y) cua FS'(0,y), cac chudi trong tap FS" (0, ) s& dugc sinh ra khong

trung 1ap (xem Dinh ly 3.2). Tuy nhién, mdt cau hoi khd dugce phat sinh mot cach ty nhién 14,
ngoai trir ba tinh hudng dan dén tring 1ap nhu duogc trinh bay trong chién lugc tia 3, con c6 bat
ky tinh hudng tring lap nao khac xay ra trong qua trinh sinh cac chudi trong 16p FS"' (c,¥) hay
khong? Dua trén Pinh Iy 3.1 va ba diéu kién trung lip DCond,_s, ta ¢6 Dinh 1y 3.2 cho cau tra
101 pha dinh véi cau héi ndy. Khang dinh b) cia dinh 1y nay chi ra ciu trac ciia FS dua vao
FCS vaFGS thong qua cac tap CS(ro) chira cac chudi dong pho bién o trong tung 16p ro va
cac chudi sinh phd bién GenSet (o) ciia 0. D6 1a co s6 1y thuyét dé thiét ké mot thuat toan hiéu
qua khai thac FS tur hai tap FCS va FGS.
Pinh 1y 3.2 (Biéu dién twong minh va khéng tring ldp cdc chudi phé bién trong moi tip
FS'(o,v) va trong tip FS).

a) FS'(a,y) =FS"(a,y).

b) Tét ca chudi phd bién trong 16p FS''(o,y) duoc sinh khong trung lip. Do do, tat ca chudi

pho bién trong tap FS = Xro e ro Zo-i € CS(r0) Zyj e Genset(a) FS (01, ¥;) dugc sinh day du va

khong trung 1ap, trong d6 FS*(0;, ¥;) £ {a € FS§"(a;, ;) | not(DCondC(a, o;, CS(p(07))))

va not(DCondG(a, a;, ¥}))}.
3.3. Thuit toan FS-Miner va két qua thwe nghiém

Tir nhitng két qua 1y thuyét trén, luan an thiét ké thuat toan FS-Miner dé sinh ra nhanh tap
FStuFCS vaFGs.

3.3.1. Thuéat toan FS-Miner

Tucactap FCS™ & {(o, p(0), supp(0))| o €FCS} vaFGS™ & {(y, supp(y)) |y € FGS},
véimdiro € RO X {p(0) | 0 € FCS}, cac danh sach tuong img FCGS(ro) & {(o, GenSet (o),
supp(0))| o € FCS, p(0) =10} va FCGS & {FCGS(ro) | ro € RO} duoc tao ra va lam dau
vao cho F'S-Miner (Hinh 3.4).

FS FS-Miner(FCGS)

1.FS = 0;

2.for each FCGS(ro) € FCGS do

3. for each (g, GenSet(o;), supp(o;)) € FCGS(ro) do
4 for each y,, € GenSet(o;) do {

5. FS*(a;, Vi) = FSMiner-OneSubClass(o;, Vy);
6. FS=FS + FS*(0i, Vx);

7. }

8.return FS;
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Hinh 3.4. Thuat toan FS-Miner.

Trong thuat toan ndy, véi mdi ciip chudi dong o; va chudi sinh y,, ctia né, thi tuc
FSMiner-OneSubClass (Hinh 3.5) duoc goi dé khai thac cac chudi phd bién trong mdi tap
FS*(0;, Vi) (dong 5) va sau d6 tap FS*(o;, ;) duoc thém vao FS (dong 6). Cudi cung, FS-
Miner cho ra tap két qua FS (dong 8).

3.3.2. Két qua thir nghiém

Trong thuc nghiém, tinh ding cua thuat toan F'S-Miner da dugc kiém tra lai béng cach so
sanh két qua khai thac dugc ctia n6 véi cac thuat toan tiéu biéu trude ddy nhu CM-SPADE, CM-
SPAM [17] va PrefixSpan [63] dé khai thac cac chudi pho bién truc tiép tir SDB. Ngoai ra, luin
an cling danh gia hiéu qua vé thoi gian chay ctia FS-Miner so v6i ba thuat toan nay. Cac két qua
thir nghiém cho thay rang, tap két qua dugc sinh ra boi FS-Miner ludn tring khép voi tap két
qua duoc khai thac bodi CM-SPAM, CM-SPADE va PrefixSpan, va thoi gian chay cua F'S-Miner
thuong bé hon nhiéu so véi cac thuét toan con lai. Trén tat ca bédn SDB, FS-Miner nhanh hon
khoang 3-27 1an so voi CM-SPAM, 4-50 1an so voi CM-SPADE va 4-117 lan so v&i PrefixSpan.
Diéu nay khang dinh rang cac két qua 1y thuyét duoc dé xuét trong chuong nay khéng chi c¢6 ¥
nghia vé mat 1y thuyét trong viéc chi ra cau tric va biéu dién khong trung lap cta cac chudi phd
bién dua trén cac chudi dong va chudi sinh phd bién ma ching con 14 co s¢ dé thiét ké thuat
toan FS-Miner sinh ra (hay phuc hdi) nhanh tap FS tir cac tap FCS va FGS. Pidu nay mot lan
nita khang dinh lai cac tap FCS va FGS 1a bicu dién khong mat thong tin cho FS.

Trong chuong tiép theo, lun an s& ap dung cau tric duoc dua ra trong chuong nay dé phat
trién cac phuong phap méi nhim khai thac hiéu qua tap FSC.

Chwong 4 - Khai thac cic chudi pho bién véi rang budc

Hau hét cac thuat toan trudc day khai thac FSC (tap tat ca cac chudi pho bién thoa man rang
budc C) truc tiép tir cac SDB nén hiéu qua ctia chiing khong cao khi € thudc 16p rang budc phirc
tap CM hoic C duoc thay doi thudng xuyén boi ngudi dung. DE nang cao hiéu qué khai thac tap
FSC va dua ra cau tra 1oi khang dinh cho cac cdu hoi Q; - Q5 duoc néu ra trong phan muc tiéu
cta luan 4n, chuong ndy dua ra mot hudng tiép can méi dé khai thac tap FS€ tir hai tap FCS
va FGS duya trén nhimg két qua 1y thuyét dugc dé xuit trong Chirong 3. Phuong phap dugc dé
xuat khic phuc duoc nhimg nhuoc diém quan trong ctia cac phuwong phép tiéu biéu trude day.
4.1.Cac bai toan

Trong chuong nay, luan an quan tdm dén hai bai toan tong quat lién quan dén hai 16p rang
bude C# va CM thudng gip rat nhidu trong thuc té.

Cho truéc SDB D, ngudng hd tro toi thibu minsupp va tap FS & {a | supp(a) > minsupp}
chura tit ca cac chudi phd bién, bai toan dau tién dugc phat biéu nhu sau.

BT; ,: Tim tap FS4 gdm tat ca cac chudi phd bién a (trong D) thoa min mét rang bude C,

bat ky thudc 16p C4, nghia 1a ta can tim tip FS4 & {a | supp(a) > minsupp A
Ca@)} = {a € FS | Cu(a)}.

Rang budc C, thude 16p C4 o thé 1a mot trong nhing loai rang budc nhu rang budc chudi
con, rang buoc thuoc tinh, v.v.[64,65]. Mot rang budc chudi con, dugc ky hiéu 1a Cgyps, ¢ dang
Csups(@) = (a E I3), trong d6 I3 12 mot chudi cho trudc, nghia 1 tit ca cac chudi a can khai
thac phai 1a chudi con (sub-sequence) cta I;. Rang budc thudc tinh, duge ky hiéu 1a Cy, thude
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16p C4 ¢6 dang C;(a) = (a[k] S E, Vk: 1 < k < size(a)), trong d6 E 1a tap thudc tinh cho
trudc, alk] 1a sy kién thur £ cia o va toan tir quan h¢ Q € {C, 2}.

Bai toan tong quat thir hai dugc dwa ra trong chuong nay duoc phat biéu nhu sau:

BT; ,: Tim tap FSM gdm tat ca cac chudi phd bién a (trong D) thoa mian mot rang bude Cy
bat ky thudc 16p CM, nghia 1a ta can tim tap FSM & {a | supp(a) > minsupp A
Cu(@)} = {a € FS | Ci(@)}.

Trong [64,65], cic tac gia da trinh bay nhiéu loai rang budc khac nhau, trong d6 c6 mot sd
loai rang budc thudc 16p CM, chéng han nhu rang buoc chiéu dai, rang bugc thuoc tinh, rang
budc chudi cha, v.v. Mot rang budc chiéu dai doi hoi rang chiéu dai caa mot chudi can khai
thac phai 16n hon hodc bﬁng mot sb nguyén duong cho trudc. Rang budc thudce tinh C; thude
16p CM ¢6 dang CHa) = (a[k] = E, Vk: 1 < k < size(a)), CAa) = (a[k] = E, Fk: 1 <k <
size(@)), Ca) = (a[k] N € # @, Vk: 1 < k < size(a)) hoac C{a) = (a[k] N T # 0, Ik:
1 < k < size(a)), trong d6 T 1a tap thudc tinh cho trude va toan tir quan hé¢ = € {2, £}. Mot
rang budc chudi cha, ki hiéu 1a Csups, ¢6 dang Cgyps(a) = (I E @), trong do I 1a mot chudi cho
trude, nghia 1a tit ca cac chudi a can khai thac phai la chudi cha cua I},

Dé giai hai bai toan BT ; va BT ,, ta co thé sir dung phuong phap hau xt 1y hoic phuong
phap tich hop rang budc vao mot trong cac thuat toan da biét. Tuy nhién, ca hai phuong phap
ndy van con nhiéu han ché nhu duoc thao ludn & trén. Vi vay, trong cac Muc 4.2 — 4.3, luan an
dé xuét cac phuong phap méi dé giai quyét hiéu qua hai bai toan nay dya trén ¥ tudng cua
phuong phéap phan hoach trong Churong 3 két hop véi k¥ thuat tich hop rang budc.

4.2. Phwong phap giai bai toan tong quat BT 5,
4.2.1. Phan hoach tap 1vi giai F§4

Trong Chuong 3, dua trén ¥ tudng phan hoach, luan an da dé xuat phuong phap dé sinh ra
nhanh tap FS tir cap (FCS, FGS) thong qua viée sinh ra tat cac chudi pho bién a trong mdi tap
con FS(o,y) véio € FCS vay € GenSet(o)saochoy T a T o vap(y) =p(a) = p(o).Khi
ap dung phuong phap nay dé khai thac tap FS4 bang cach tich hop rang budc C, vao trong qua
trinh khai thac, ta quan sat rang néu mot chudi sinh y khong thoa C thi tat ca cac chudi phd
bién a duoc sinh ra trong tap FS(o,¥) ciing khong thoa rang budc C,. Boi vy, dé giam sd tap
con FS(0,y) can khai thac, ta nén loai ngay tir dau cac chudi sinh y € GenSet (o) (do d6 tat
ca cac tap con FS(a,y) tuong tng cling dugc loai bd) ma y khong thoa C,. Pay la mot trong
nhing wu diém ndi troi ciia viée tich hgp rang budc C, vao phuong phap phan hoach. Dua trén
quan sat nay va phuong phap phan hoach trong Chuwong 3, luan an trinh bay phuong phap phan
hoach dya trén rang budc dé giai bai toan tong quat BT ; nhu sau.

Dit GenSet?(0) & {y € GenSet(o) | Ca(y)}, RO & {p(0) | 0 € FCS A GenSet4(o) #
@Y, FS4(ro) & {a € FS§4 | p(a) =10} vaCS4(ro) ¥ {0 € FCS | p(0) = ro A GenSet?(o)
# @}, Vro € RO“. Chu y rang FS4(ro) 1a 16p twong duong cia cac chudi phd bién thoa man
rang budc C, tmg v6i mdi ro € RO4. Khi do, Vo; € CS4(r0), Vy; € GenSet#(o;), luan 4n
dinh nghia cac tap con sau: FS4(0;) & {a E g; | Ca(@) A p(a) = p(0y)}, FSA(01, 7)) € {a €
FSAa) | a3y} = ta |y E a € oy A C@)}, FS*(0) & {a e FS4(0)) |
not(DCondC(a, 0;))}, FS™(0y, v;) & {a € FS*4(0;) | @« 2 y; A not(DCondG(a, 6;,¥;))} =
{a € FS4(o;, Y | not(DCondC(a‘, 0;)) A not(DCondG(a, 0;,v;))}, trong d6 DCondC(a, 0;)
va DCondG(a, 0;,y;) 1a nhiig di€u ki€n phat hién trung 1dp nhu duoc trinh bay trong Muc
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3.2.3. Tur biéu dién cua FS(ro) trong Muc 3.2.1, ta c6 ngay cac biéu dién cua FS4(ro) va
FS4(0;) nhu sau:
T‘SA(O-L) Uy € GenSet4(o;) Fs4 (O-l']/]) FSA(TO) UO’ € CS4(ro) T‘SA(UL') -
Ual € CS4A(ro) ij € GenSet4(o}) Fs4 (03, V])

Dua trén cac biéu dién nay, ta c6 Dink Iy 4.1 dudi day.
Dinh ly 4.1 (Cdc phdn hoach cia FS4).

a) FSA =Y., croaFSA(ro) (phdn hoach thé ciia FS*).

b) Vro € RO4, Vo; € CS4(ro), Vy; € GenSet*(a;), ta ¢6 phan hoach min cua FS*(ro) va

FS4 nhu sau:

FSA(I’O) = Zo—i € CSA(ro) Zy]- € GenSet4(o;) F§*4 (g, yj) va
Fs4= Zro € ROA Zai € CSA(ro) Zyj € GenSet4(ay) F§*4 (g;, yj))
trong d6 FS*4(r0) = Xo, € csa(roy FS ™ (01) va FS™(0;) = ¥y, ¢ Genseta(op FS ™ (00,))-

Chuy rang sur biéu dién cta céac chudi trong mdi tap F S4(o;, Y)) Xuat hién trong dinh nghla
cua FS*4(a;, y]) 1a khong tuong minh (nghia 1a n6 khong chi ra cach thirc sinh cu thé cac chudi
trong tap FS4(o;, Yj). Tap FS '4(0,y) duébi day chi ra mot biéu dién tuong minh cua
F$4(0, 7).

F§'4(0,y) € {a e FS'(0,7) | Cal@)} = {a = Ex(y,lp) ® 8(Ip) € FS'(a,¥) | Ip
€ LP(0,y), 6(Ip) E A(lp), Cala)}.

Uu diém noi bat ctia phuong phap phan hoach dugc dua ra trong Dinh Iy 4.1 1a thong qua
viéc chi kiém tra rang budc trén s it cac chudi sinh, ta c6 thé loai bé nhiéu 16p twong duong
FS(ro), tap con FS* (o) ¢ muc 1 hodc tap con FS*(0,y) & mic 2 nhu dugc minh hoa trong Vi
du 4.2 duoi day.

Vi du 4.2 (Minh hoa wu diém ciia phwong phdp phén hoach dé tim tdp FS4).

Véi SDB cho trong Bang 2.2 va minsupp = 2, ta ¢c6 RO = {roy, k = 1..6}, trong d6 ro; =
{¥1, Yo}, ro, = {1, Vo, Wy}, ro3 = {1, Wy}, ro, = {1, W3, ¥3, Wy}, ros = {¥, ¥3} va
rog = {¥;, ¥y, ¥3}. Xét loai rang budc C, = C; thudc 16p C4 véi Q = S va E=aeg. Hinh 4.1
minh hoa wu diém cua viéc sir dung phwong phap phan hoach dé tim tap FSE so véi phuong
phap hau xu ly.

Ta co, Vro, € RO\{ro,, 705, 170,}, Vo; € CS(roy) thi GenSetf(o;) = @, nén CSE(roy,) =
Q va ROE = {ro,, ro,, ro,}. Do @6, FSt = FSE(ro,) + FSE(ro,) + FSE(ro,). Vi vay, ta chi
can xét ba 16p FSE(ro,), FSE(ro,) va FSE(ro,) véi rang budc thudc tinh Cy, thay vi phai xét
sau 1op{FS(roy), k =1..6} trong FS = Y -1 ¢ FS(ro,) néu ding phwong phap hau xir 1y.

Vi 16p FSE(ro,), ta c6 CS(ro,) = {0, = ace—a—af, 0, = d—ac—a, 03 = d—af}. Vi Vi
=2..3,0; € CS(ro,), GenSet(a;) = {y = d}, rang budc C(y) khong thoa man, nén GenSetE (o)
=@, 0; &€ CSE(ro,). V&i 0, € CS(r0,), thi GenSet(a,) = {y; = a—a—f,y, = e—a—f,y3 =
a—a—a,y, = e—a—a}. Vi ca hai y; vay, khong thoa rang budc C;nén GenSett (o) = {3,
Ya} C GenSet(oy), CSE(ro;) = {0y} © CS(ro,) va FS*E(0y) = Xj- 3.4 FS *E(0y,7;), trong
khi F§*(01) = X j=1.4FS” (01,]/]) nghia 13, v6i o; € CS(ro,), ta chi can khai thac hai tap con
{(FS*E (al,y]) j=3..4} & mac hai vdi rang budc C; thay vi xét bdn tap con {FS* (01,Yj),J =
1..4} khi stir dung phuong phap hau xt ly. Do d6, FSE(ro,) = X j=3.4 FS*E(oy, ¥;), nghia la ta
chi phai khai thac mot tap con FS*E(a;) & mirc mot véi rang budc C; thay vi phai xét ba tap
{FS§*(a;), i = 1..3} trong FS(roy) = X;=1.3 FS*(0;) khi dung phuong phap hau xtr ly. Nhu
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duoc dé cap o trén, day la mot trong nhirng uu diém nbi troi cta viée tich hop rang budc vao
phuong phéap phan hoach dé tia sém nhiéu tip con bang cach chi kiém tra rang budc trén sd it
cac chudi sinh. Vi hai tap con con lai FS*E(0y,¥5) and FS*E(0y,7,), bang viée st dung
phuong phép sinh cic chudi phd bién a nhu duoc trinh bay trong Muc 3.2.3 ciia Churong 3 va
kiém tra rang budc C{a), ta c6 dugc tap két qua FSE(ro,) = FS*E(0y,v3) + FS*E(04,7s) =
{a—a—a, e—>a—a, ae—a—a}. Tuong tu, khi khai thac hai 16p FSE(ro,) va FSE(ro,) ta s&
c6 thém duoc 10 chudi théa Cr. Cudi cling, ta cé tap 10i giai FSE voi |[FSE| = 13 chudi.

4.2.2. Sinh dz‘iy dit va khéng trung 1ip cac chudi trong. FsA (0,7) va FsA

Khi sinh tat ca cac chudi trong tap FS'(o;, y]) chuy y rang néu |LP(o,y")| > 1 hay A(Ip)[i] N

A(lp)[k] # @, v6i bat ky i, k & Ip: i # k, thi nhiéu chudi dugc sinh ra trong FS' (Jl,yj) c6 thé
bi trung lap (xem Vi du 3.5 — Vi du 3.7 trong Chuong 3). Dé giai quyét vin dé nay, luin an dé

xuat tap FS"4(a,¥), bicu dién khong tring lip ctia FS'4(0,y) hay biéu dién tudng minh va
khong trung 1ap cua FS4(0,y). Tap FS'4(o,y) dugc dinh nghia nhu sau:

FS"40,7) € {a =Ex(y,lp) ® §(lp) € F§'4(0,y) | not(DCond,_5(a, Ip))}.

Vi vay, F§*4(o,y) = {a € FS""4(0,y) | not(DCondC(a, o)) A not(DCondG(a, o, y))} =
{a = Ex(y,Ip) ® 6(lp) € FS§'"4(0,y) | not(DCond,_3(a,Ip)) A not(DCondC(a,a)) A
not(DCondG(«,0,7))}.

Dua trén céc tap con FS'"4(a,y) va F§*4(0,v), ta c6 Dinh Iy 4.2 duédi day.

Pinh Iy 4.2 (Biéu dién twong minh va khéng tring lip cia FS4(0,y) va FS4).

a) (FS"4(0,y)— biéu dién twong minh va khéong trimg ldp ciia FS*(0,7)).

Vro € RO4, Vo € CS4(ro), Vy € GenSet?(c), thi FS4(o,y) = FS'4(o,y) =
Fs"4(o,y) va FS§o,y) = {a = Ex(v,lp) & 6&Up) €Fsoy) |
not(DCond;_s(a, Ip)) A not(DCondC(a, d)) A not(DCondG(a, a,y))}.

b) Tat ca cac chudi trong tap FS'"4(a,y) dugc sinh ra khong tring lip. Vi vy, tat ca cac
chuoi trong tap
F$4 = 2o € ROA Zo-l € CSA(ro) Zyl € GenSet4 (o) Fs* (Uu V])
cling duoc sinh ra dy di, tudng minh va khong tring lap.

4.2.3. Thuat toan MFS-AC

Dua vao céac két qua ly thuyét trén, luan an dé xuét thuét toan MFS-AC dé khai thac céc
chudi pho bién vé6i bat ky loai rang budc nao thudc 16p C4 (bai toan BT ;). Tir hai tap FCS va
FGS, ta c6 thé d& dang xac dinh dugc tap FCGS & {(FCGS(ro),|ro|) | ro € RO} (dau vao cua
MFS-AC), trong d6 FCGS(ro) & {(o, GenSet(o)) | o € FCS, p(c) = ro}. Véimdiro € RO,
tr tp FCGS(r0), ta sinh ra tap FCGS*A(ro) ¥ {(o, GenSet?(0)) | (o, GenSet(a)) €
FCGS(ro) A GenSet (o) # @}, trong d6 GenSet? (o) & {y € GenSet(o) | Ci(y)}. Dit RO4
& fro0 € RO | FCGS*(1r0) # @} va FCGS4 & {(FCGS*4(r0), |ro|) | ro € ROA}. Khi d9, ta
c6 CS4(ro) = {0 | (0, GenSet?(0)) € FCGS*A(r0)} va supp(c) = |ro|, Vo € CS4(ro). MFS-
AC duoc thiét ké dya chinh trén hai cong thurc sau:

FS*4(o,y) = {a = Ex(y,lp) @& 8(p) € FS'4o,y) | noDCond,_s(a,lp)) A

not(DCondC(a, 0)) A not(DCondG(a, 0,Yy))} va

Fs4 = Zro € ROA Zai € CSA(10) Zy,- € GenSet4(a;) F§*4 (03, Yj)-
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Khi do6, supp(a) = |ro|, Ya € F§*4(a,y): y € GenSet?(c) va (o, GenSet4(0)) €
FCGS*A(ro).

M3 gia cuia thuat toan MEFS-AC duge mo ta trong Hinh 4.2. Tai dong 5 ctia hinh ndy, v6i moi
cap chudi (o, yx), thut toan MFS-AC goi thu tuc MFS-AC-FromOnePair trong Hinh 4.3 dé
khai thac cac chudi pho bién vai rang budc C, trong tap FS*A(o;, ¥y ). Cudi ciing, tha tuc MFS-
AC-FromOnePair tra vé tap két qua FS*A(0;, y,) va thuat toan MFS-AC cho ra két qua cudi
cung 1a tap FS4.

FSA MFS-AC (FCGS, C,)

1.Tim FCGS4 & (FCGSA(ro) | ro € ROA} tix FCGS;
2. for each (FCGS4(ro), |ro|) € FCGS4 do

3. for each (0;, GenSet?(0;)) € FCGS“(r0) do

4.  for each y, € GenSet”(c;) do {

5 FS§*A(a;, i) = MFS-AC-FromOnePair(o;, vy,);
6. FSA =FSA U FS™(a,, 1)

7.}

8. return FS4;

Hinh 4.1. Thuat toan MFS-AC.
4.3. Phwong phap giai bai toan tong quat BT 5,
4.3.1. Phan hoach tap 1oi giai FSM

Véi phuong phap phan hoach duoc dé xuét trong Chuwong 3, tat ca cac chudi phd bién a
trong tap FS(,y) duogc sinh ra dua trén méi quan hé tudng minh giira a voi cip chudi dong o
va chudi sinh y ctia né, sao cho y E @ E 0 va p(y) = p(a) = p(0), trong d6 o € FCS vay €
GenSet (o). Pé ap dung mot cach hiéu qua phuong phap phan hoach nay cho viéc giai bai toan
BT ,, luan an nhan thdy rang néu mot chudi dong o khong thoa rang budc Cy thi tat ca cac
chudi phd bién a trong moi tp con FS(a,y) v6iy € GenSet(o) ciing khong thoa Cy. Do do,
ta co thé loai bo sém toan bd cac chudi trong cac tp con FS(o,y) ma khong can sinh ra ching.
Noi cach khac, ta chi can xét cac chudi dong o € FCS ma rang budc Cy(o) duoc thoa man,
nghia 13 ta van c6 thé tich hop hiéu qua viéc kiém tra rang budc Cy vao qua trinh khai thac
FSM. Pay chinh 1a mot trong nhitng vu diém ndi bat cia phuong phap phan hoach dua trén
rang budc so voi cac phuong phap trudc day trong viéc gidi bai toan BJ; ,. Dua trén nhan xét
nay, phuong phap phan hoach dya trén rang budc Cy dudi day duoc dua ra.

DPit ROM & {p(0) | o € FCS A Cy(0)}. V&i mbiro € ROM, ta goi FSY (ro) & {a € FSM
| p(a) =70} (S FS(ro)) 12 16p twong duong (theo quan hé ~) ciia cac chudi phd bién thoa rang
bude Cy va CSM(ro) & {g € FCS | p(0) =710 A Cy(0)} 1a tap tat ca cac chudi dong co cung
ro thoa rang budc Cy. Véi Vo; € CSM(ro), Vy; € Genset(o;), ta dinh nghia cac tap con sau:
FSM(0)) & {a E 0y | Cu(@) A p(a) = p(0y)}, FSM(0y, 7)) £ {a € FSM(0y) | @ 2 y;} = {a |
¥y EaEog; A Cya)}, FS™(0;) & {a € FSM(0y) | not(DCondC(a, 0;))} va FS*M(oy, y;) &
{a € F§*M(0y) | @ 2 y; A not(DCondG(a, 0;,¥;))} = {a € FSM(0;, ;) | noy(DCondC(a, 0;))
A not(DCondG(a, 0;,7;))}. Khi d6, ta c6 biéu dién cua 16p FSM(ro) va FS§M(0;) nhu sau:

FsM(0;) = Uy € Genset(ay) FSM(0;,v)) va
FSM(ro) = Us, e csM(roy FSM (1) = U, e csM(roy Uy, € genset(ap) FS™ (01, 7))

Dua trén cac biéu dién nay, ta c6 Pinh Iy 4.3 sau day.
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Dinh 1y 4.3 (Phdn hoach ciia cdc tgp FSY (ro) va FSM). vro € ROM, Vo, € CSM(ro), Vy; €
Genset(o;), ta co cac biéu dién sau:
TSM(TO) = Zai € CSM(r0) Fs M(O-i) va F§*M (0;) = Zyj € Genset(o;) FsM (03, yj)-
Khi d9, ta c6 cac phan hoach min cia FS™(ro) va FSM nhu sau:
:F‘SM(TO) = Zai € CSM(ro) Zy]- € Genset(o;) TS*M (Ui: ]/j)a
FsM = Zro € ROM Zai € CSM(ro) Zy]- € Genset(o}) FsM (03, Vj)-

4.3.2. Sinh diy da va khéng trung lip cac chudi trong FSM(a,y) va FSM

Chu y rang biéu bién cua cac chudi trong mdi tap con F§M (o, y) xuat hién trong dinh nghia
cua FS™M(a,y) khong chi ra phuong phép cu thé dé sinh ra cac chudi trong FSM (a,y). Vi vy,
twong tu nhu biéu dién twdng minh FS’ (0, y) cua tp FS(o,y) trong Ménh dé 3.2, luan an dua
ra biéu dién tudng minh FS™ (o, y) cta tip FSM (o, y) nhu sau: Vro € ROM, Vo € CSM(ro),
Vy € GenSet(o),

FS™M(o,y) ¥ {a = Ex(y,Ip) @ 5(lp) € FS'(0,v) | Ip € LP(0,¥) A 6(lp) E A(lp) A Cy(@)}-
Mic du cac chudi trong FS'™(a, y) duoc sinh ra mdt cach 1 rang, nhung nhiéu chudi trong
d6 van bi trung 1ip. Dé khic phuc, cac diéu kién phat hién sém sy trung 1ip DCond,_5 trong
Churong 3 dugce st dung trong mot biéu dién khac FS'"™M(a,y) cia FS'™(a, y):

F$'"™(0,y) € {a=Ex(y,lp) ® 6(Ip) € FS"(a, ) | not(DCond, _3(a, lp))}.

Khi d6, F§*M(a,y) = {a € FS""™(0,y) | not(DCondC(a, o)) A not(DCondG(a, 7,7)).
Duya trén tap con FS'"™(a,y), Dinh Iy 4.4 duéi day dugc dua ra.

Dinh Iy 4.4 (Biéu dién twong minh va khéng tring ldp cia FSM(o,y) va FSM).

a) (FS'™(a,y), biéu dién twong minh va khéng tring ldp cia FSM(a,7)).
Tat ca cac chudi trong FS'™ (o, y) duoc sinh ra mot cach tuong minh va khong trang 1ip.
V6i Vro € ROM, Yo € CSM(ro), Vy € GenSet(o), khi d6 FSM(a,y) = F§M(0,y) =
FS"™(a,y) vaFS™M(0,y) ={a = Ex(y,lp) @ 5(lp) € F$"(0,y) | not(DCond, _3(a, Ip))
A not(DCondC(a, o)) A not(DCondG(a, o, y))}.

b) Do d6, tit ca cac chudi trong tap FSM = Yiro € ROM g € csM(r0) Dy € Genset(ap) TS Mo, v))
cling duoc sinh ra day dil va khong trung lap.

Nhu dugc thao luan & trén, trong khi cac thuat toan trude day thuong rat kho dé st dung
hiéu qua rang budc Cy, cho viée rat gon khong gian tim kiém, wu diém ndi bat ctia phuong phap
dugc dé xuat 1a cho phép phat hién va loai bé sém nhiéu tap con FS(o,y) (khong can sinh ra
tat ca cac chudi phd bién ciia chiing) néu chudi dong o dai dién ciia chiing khong thoa man rang
bude Cy. Pidu ndy duge minh hoa cu thé trong Vi du 4.5.

4.3.3. Thuat toan MFS-MC

Dua trén cac két qualy thuyét trong cac Pinh [y 4.3 — 4.4, luan an dé xuét thuat toan MFS-
MC dé khai thac tat ca cac chudi phd bién thoa rang budc Cy. Tir cip (FCS, FGS) ta c6 thé dé
dang xac dinh dugc tap FCGS & {(FCGS(ro),|ro|) | ro € RO} (dau vao cua thut toan MFS-
MQ), trong d6 FCGS(ro) ¥ {(o, GenSet(o)) | 0 € FCS, p(o) = ro}.

Véimbiro € RO, taxac dinh tap FCGS ™M (ro) & {(o, GenSet(0)) € FCGS(ro) A Cy(o)}.
Dat ROM & {ro € RO | FCGS*™M (r0) # 0}, FCGSM(ro) & {(0, GenSet(0)) | (o, GenSet(a))
€ FCGS*M(ro)} va FCGSM & {(FCGSM (r0), |ro|) | ro € ROM}. Khi d6, ta c6 CSM(ro) = {o
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| (o, GetSet(o)) € FCGSM(ro)} vasupp (o) = |ro|, Vo € CSM(ro). Thuat toan MEFS-MC duoc
thiét ké dua trén hai cong thirc sau:
FS*™M(a,y) = {a = Ex(y,lp) D &(lp) € F§"M(a,y) | noDCond,_3(a, Ip)) A
not(DCondC(a,0)) A not(DCondG(a,0,y))} va

FSM = Yiro € ROM Zai € CSM(r0) Zyj € GenSet(y) F§M (gy, Vj)-
Khi do, supp(a) = |ro|, Va € F§*M(a,y), voi bat ky y € GenSet(o) va (o, GenSet(o))
€ FCGSM(ro). Ma gia ciia MFS-MC dugc mo ta trong Hinh 4.4.

FSM MFS-MC(FCGS, Cy)

1. Tim FCGSM & (FCGSM(ro)|ro € ROM} tit FCGS:
2.for each (FCGSM(ro), |ro|) € FCGSM do

3. for each (g;, GenSet(a;)) € FCGSM(r0) do

4 for each y,, € GenSet(o;) do {

5. FS*M (03, i) = MFS-MC-FromOnePair(o;, yy,);
6 FSM = FSM U FS™M(ay, ¥i);

b

8. return FSY;

Hinh 4.4. Thuat toan MFS-MC khai thac cac chudi voi 16p rang bugc C M,

Pau tién, thuat toan xac dinh tap FCGSM tir tap FCGS. Sau do, véi mdi tap FCGSM(ro) €
FCGSM va ké tiép 1a mbi cap chudi (0, yy), thudt toan MFS-MC goi thu tuc MFS-MC-
FromOnePair trong Hinh 4.5 @ khai thac cac chudi phd bién trong tip FS*M(o;, v;). Cubi
cung, MFS-MC cho ra két qua 1a tap FSM.

4.3.4. Ky thuat khir rang budc loai Csups

Mic du phuong phép phan hoach dugc st dung trong thuat toan MFS-MC cho phép loai bo
som nhiéu 16p twong dwong hoidc tip con ma cac chudi dai dién cua ching khong thoa rang
budc, nhung do dic diém cia 16p rang budc CY, ta cd thé van phai thudng xuyén kiém tra rang
budc trong qua trinh sinh ra cac chudi phé bién cta cac 16p con lai. Vi vay, hiéu qua cua thuat
toan MFS-MC c6 thé van chua that cao cho mot sd dang rang budc dac biét, chéng han nhu loai
rang budc Cgps (xem Vi du 4.6). Pé khéc phuc han ché nay, luan an dé xuat mot ki thuat khir
rang budc Cg,ps (chi tiét cua loai rang budc nay dugc trinh bay trong Muc 4.1) dé tranh viéc
kiém tra Csups trong sudt qua trinh khai thac, qua d6 gdp phan nang cao hon nira tinh hiéu qua
cua MFS-MC khi ap dung n6 cho dang rang budc nay.

4.3.4.1. Phan hoach tap 1oi giai FST0 dua trén ki thuit khir rang budc

Trudce hét, ta nhan thdy rang, v6i phuong phap sinh chudi trong Muc 4.3.2, Vy € GenSet (o),
Vip € LP(0, ), thi chudi A(lp) & o © Ex(y, Ip) cang 16n khi y cang nho, khi d6 sb luong cac
chudi con 6(Ip) ctia A(Ip) va cac chudi twong img @ = Ex(y, Ip) @ §(Ip) co thé rat 16n. Ngoai
ra, Vo € CSo(ro), Vy € GenSet(0),tacd I E o vay E 0. Boi vy, véi batky Ip € LP(a,y),
Ip, € LP(0,T}), ta dinh nghia tong truc tiép ciia hai chudi mo rong Ex(Iy, Ip,) va Ex(y, Ip), ky
hiéu 1a sumex(Iy,y, 0, Ip,, Ip) hay ngin gon 1a sm = sumex(Ipy, Ip) nhu sau:

sumex(lpy, lp) & Ex(Iy, lpy) @ Ex(y, lp).

Khi do, sau khi rat gon, Iy = reduce(Ex(Iy, lpg)) = Ex(Iy, lpg) Esm E o vay = Ex(y, lp)
C sm. Ngoai ra, Vipu € LP(o,sm), Ex(y,lp) E Ex(sm,lpu) = sm (sau khi rat gon), nén
Au(lpu) € ¢ © Ex(sm,lpu) E A(lp) ¥ o © Ex(y,lp). Khi 40, véi bat ky Su(lpu) =

NS




21

Au(lpu) va a = Ex(sm, lpu) @ du(lpu), ta ludn c6 o 2 Ex(sm, lpu) = sm 3 [},. Vi vay,

chudi a dugc sinh ra theo cach nay khéng can phai kiém tra rang budc, vi né ludn chira Iy,.

bat: UE(o,y, ) £ {reduce(sumex(ly, y, o, lpy, Ip)) | lpy € LP(a, I}), lp € LP(0,y)} va
MUE"(0) & {minimal(sm) | sm € UE(0,y,I}),y € GenSet(0)}.

Khi d6, MUE™(c) ¢6 vai tro giong nhu GenSet (o). Ngoai ra, luc lugng cia tip MUE (o)
thuong khong 16n hon tip GenSet(s), do c6 thé ton tai hai chudi sinh y;, y, € GenSet(o) sao
cho hai chudi twong ing sm, € UE(o,v4,[}), sm, € UE(0,y,, I,) thoa diéu kién sm, = sm;.
Khi do, tat ca cac chudi duoc sinh béi sm,E a C o s€ trung lap voi tat ca cac chudi duge sinh
boi sm, E a E 0. Do d6, hAm minimal duoc st dung trong dinh nghia cia MUET* (o) nham
loai bo cac chudi nhu sm,. Nhéc lai rang, ham reduce dugce sir dung trong dinh nghia cua UE
nham loai bo cac su kién rdng trong chudi.

Duya trén tip MUE™ (o), thay vi khai thac tap FST(a, y) (c6 kiém tra rang budc Csys tai
bude hau xtr 1y), ta nén khai thac tap twong duong FS(o, sm) (khong can kiém tra loai rang
budc I, vi cac chudi trong tip FS(o, sm) ludn chira I) bang cach thay tap GenSet(o) boi tap
MUE"(5). Vi vay, cach khai thac ndy dugc goi 1a phuwong phap khir rang budc (I, cho cac tap
con FS(o;, sm;) & muc hai). Khi do, Vro € RO™, Vo; € CS™(ro), Vsm; € MUE'(0;), luan an
dua ra cac dinh nghia sau: F§0(a;) & {a E 0; | Csips(@) A p(@) = p(0;)}, FS*T0(0;) & {a €
FSh(a;) | not(DCondC(a, a;))}, FS(o;, sm;) € {a | sm; E a E og;} va FS” (al, sm;) £ {a
€ FS(a;, sm;) | not(DCondC(a, o;)) A not(DCondG(a, o;, sm;))}. Ta co biéu dién cua 16p

FSTo(ro) nhu sau:
j.'gl"o(m) = Uai e csTo(ro) FSho (0;) = Uai € csTo(ro) Usmj € MUET0(o}) FS(o;, Smj)a
trong do, FSTo(a;) = Usm, e mugro(oy FS (01, s).
Dua trén cac biéu dién nay, ta c6 Dinh Iy 4.5 dudi day.
Dinh ly 4.5 (Phdn hoach céc tap FS(ro) va FS§'o).
Vro € RO™, Va; € CSTo(r0), Vsm; € MUE™(q;), ta ¢6 c4c biéu dién sau:
jZ'SFo(ro) = Zai e cslo(ro) FS§*ho (Ui) va F§*lo (O-i) = Zsmj € MUET 0 (a}) T‘S*(O-i' Smj)-
Khi do, ta c6 cac phan hoach min cua FS'o(ro) va FS§To nhu sau:
T‘Sro(ro) = Zai e csTo(ro) Zsmj € MUET0(a}) FS*(oy, Smj) va
Fsho = Zro € RoTo Zai e csTo(ro) Zsmj € MUET0(a}) FS*(oy, Smj)-
4.3.4.2. Sinh diy di va khong triung Lip cac chudi trong FS(o, sm) va FSTo
Tuong tu nhu trong Muc 4.3.2, biéu dién cua cac chudi trong mdi tap FS(o, sm) xuat hién
trong dinh nghia cua tap FS*(o, sm) 1a khong tudng minh. Vi vay, luan an dé& xuit mot biéu
dién tuong minh FS'(c, sm) dudi day cho tip FS(o,sm). Véi Vro € RO, Vo € CSTo(ro),
Vsm € MUE (o), Vipu € LP(0,sm), Au(lpu) € o © Ex(sm,lpu), tap FS'(o, sm) duoc
dinh nghia nhu sau:

FS'(o,sm) & {a = Ex(sm, lpu) @ du(lpu) | lpu € LP(a,sm) A du(lpu) E Au(lpw)}.

Tuy nhién, mac du cac chudi trong tap FS'(o, sm) dugce sinh ra mot cach twong minh, nhiéu
chudi trong d6 véan bj tring ldp. Pé tranh didu nay, luan an tich hop céc diéu kién phat hién som

su trung lip DCond,_5 trong Chwong 3 vao trong mot biéu dién khac FS'(o,sm) cua
FS§'(0, sm) nhu sau:

FS"(0,sm) & {a = Ex(sm, lpu) @ Su(lpw) € FS'(a,sm) | not(DCond, _5(a, Ipu))}.



22

Dua trén tap FS'' (o, sm), ta c6 Pinh [y 4.6 sau day.

Pinh Iy 4.6 (Biéu dién twong minh va khéng tring ldp cac chudi trong FS(o,sm) va FST0).
a) (FS"' (0, sm), biéu dién twong minh, khong tring ldp cdc chudi trong FS(o,sm)).

Vro € RO™, Yo € CSTo(ro), Vsm € MUE™ (o), khi d6: FS(o,sm) = FS'(o,sm) =
FS"(o,sm) va FS*(o,sm)= {a € FS§'(o,sm) | not(DCond;_s(a,lp)) A
not(DCondC(a, d)) A not(DCondG(a, o, sm))}.

b) Tét ca cac chudi phd bién trong tap FS"' (o, sm) duoc sinh ra khong trung 1ap. Do do, tat ca
cac Chll(:)% trong tap Fsho = Zro e ROTo Zai e csTo(ro) Zsmj € MUET0(g;) Fs* (Ui» Smj) cling dugc
sinh ra day du va khong trung lap.

Uu diém cua phuong phap phan hoach dya trén ki thuat khir rang budc duge minh hoa cy thé
trong Vi du 4.7. Dé giai quyét hiéu qua bai toan khai thac tap FS' voi rang budce Csups thudc 16p
CM, luan 4n dé xuit thuat toan MFS-SupSC dua trén cac Dinh Iy 4.5 — 4.6. Ma gia cua MFS-
SupSC tuong ty nhu thuat toan téng quat MFS-MC nhung trong d6 tap GenSet(o;) dugc thay
thé boi tip MUE™(0;). Ngoai ra, luu ¥ thém rang FCGS(ro) & {(o, MUE™(0)) | (o,
GenSet(0)) € FCGS*To(ro)} va CSTo(ro) = {o | (6, MUE"(0)) € FCGS'o(ro)}, trong d6
MUE"™(¢) % {minimal(sm) | sm € UE(o, y, I), y € GenSet(o)} va UE(o, y, ) &
{reduce(sumex(ly, v, o, lpy, Ip)) | lpy € LP(0, I}), lp € LP(0,7)}.

4.4. Danh gia thuc nghiém

Hiéu qua cua cac thuat toan dugc dé xuat MFS-SubSC, MFS-IC (hai phién ban cu thé cua
thudt toan tong quat MFS-AC tng véi hai rang budc Csus va Cy), va MFS-SupSC (phién ban cu
thé ctia MFS-MC tmg voi rang budc Cs,ps) dugce so sanh voi cac thuat toan tiéu biéu trude day
CM-SPADE, CM-SPAM [17] va PrefixSpan [63] thong qua viéc tich hop cac rang budc Cgyps,
C:va Cg,ps vao trong qua trinh khai thac cua chung. Hai thuc nghiém da duoc thuc hién 1a: Thuc
nghiém 1 (thay d6i gia tri ctia tham s minsupp) va Thiee nghiém 2 (thay d6i sb luong rang
budc duoc st dung). Nhimg két qua trong ca hai thuc nghiém da cho thay rang, cac thuit toan
MFS-IC, MFS-SubSC va MFS-SupSC hiéu qua hon nhiéu vé thoi gian khai thac va bo nhé st
dung so v&i cac phién ban duogc stra ddi cia CM-SPAM, CM-SPADE va PrefixSpan, dac biét
trén cac SDB 16n véi cac gia tri minsupp bé, hodc khi sé lwong rang budc 16n. Ngoai ra, cac
thue nghiém ciing chi ra rang mo hinh duoc dé xuat trong luan an khéng chi c¢6 hiéu qua cao trén
16p rang budc €4, nhung dong thoi trén 16p rang budc phitc tap CY. Chang han, trong Thuec
nghiém 1, trén SDB BMS v&1 minsupp = 0.057%, hai thuat todn MFS-1C and MFS-SubSC (khai
thac chudi phd bién voi cac loai rang budc thude 16p C4) chay nhanh hon khoang tir 6 dén 71
1an so véi cac thuat toan trude day. Trong khi d6, thuat toan MFS-SupSC (khai thac chudi phd
bién v&i loai rang budc thude 16p CM) chay nhanh hon céc thuat toan di c6 trude day khoang tir
109 dén 984 1an (do k¥ thuat khir rang budc duge st dung thém). Didu nay cho thay rang, nhiing
két qua 1y thuyét ma ludn an da dé xuat trong chuong nay 1a that sy co y nghia va hiéu qua.

Chuong 5 - Két lugn
Luan 4n da dé xuit mot mé hinh méi dé khai thac nhanh tap FS€ tir cac tap chudi dong phd

bién FCS va chudi sinh phd bién FGS, thay vi khai thac no tryc tiép tir SDB nhu cac phuong
phap truyén thong. Dé trién khai hiéu qua mo hinh dugc dé xuat, luan 4n can giai quyét tot ba
bai toan chinh sau day.
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Bai toan dau tién (BT trong Chirong 2) ludn an can giai quyét 1a khai thac hiéu qua hai tap
FCS va FGS tir SDB. Chung 1a cac biéu dién stc tich va khong mat thong tin cia tip FS bao
gdm tt ca cac chudi phd bién co trong SDB, nghia 1a hai tdp ndy mic du ¢ luc luong thuong
bé hon rat nhiéu so voi FS nhung chung c6 thé dugc két hop v6i nhau dé sinh ra tap FS ma
khong can doc lai SDB. Ngoai ra, chung ddng thoi c6 ¥ nghia quan trong trong nhiéu tng dung
thue t& nhu dugce trinh bay trong Churong 2. Cho dén nay di c6 nhiéu thuat toan dugc dé xuét
dé khai thac FCS va FGS. Tuy nhién, sau khi nghién ciru va phan tich, luan 4n nhén thay rang
hiéu qua khai thac cua ching van con chua cao do con ton tai nhiéu han ché. Vi vay, luén an da
tap trung nghién ctru bai toan BT;, va dd c6 mot sb dong gop chinh nhu sau:

e Luin an di chi ra sy khong chinh xac trong truong hop tong quat cua mot sé két qua ly
thuyét dd duoc dua ra trong [91] ndm 2003 va da duoc trich din va sir dung nhiéu trong cac
thuat toan sau d6 dé khai thac cac chudi dong va sinh pho bién.

e Mot sd do SE méi cung v6i cac két qua Iy thuyét chinh xac va tong quat hon nhitng két qua
1y thuyét trong [91] da dugc dé xuét trong luan an, va chiing 1a co s& 1y thuyét tin cay dé
phat trién cac chién lugc tia dia phuong nham loai bo sém cac chudi img vién khong 1a dong
va/hodc sinh trén cay tim kiém tién to.

e Lufn 4n dd dé xuat bon thuat toan méi duge goi 1a FGenSM (khai thac FGS), FCloSM (khai
thac FGS), FGenCloSM (khai thac tuan tu ca hai FCS va FGS) va Par-GenCloSM (khai
thac song song c4 hai FCS va FGS). Su chinh xac va hi¢u qua cia cac thuat toan nay da
dong gop nhiéu vao viée giai quyét hiéu qua bai toan khai thac cac chudi phd bién voi rang
budc trong Chuong 4 (BT3).

Nhiing déng gop trén ciia luan an cho bai toan BT, da dugc cong b trong [8,35,34].

Nhu dugc dé cap trong BT; & trén, hai tap FCS va FGS 1a nhitng biéu dién stc tich va khong
mat thong tin cia FS, va vé mat 1y thuyét chung c6 thé dugc két hop v6i nhau dé sinh ra day
du cac chudi trong tap FS. Tuy nhién, cho dén nay chua c6 nghién ctru nao dé xuit mot phuwong
phap tuong minh dé sinh ra nhanh FS tir FCS va FGS. Vi viy, trong bai toan thir hai (BT, trong
Churong 3), cong viéc cta luan an 1a phat trién mot phuong phap dé sinh nhanh tap FS tir FCS
va FGS, thay vi khai thac FS truc tiép tir SDB nhu cic phuong phép truyén thong. Phuong
phap nay sé& la co so Iy thuyét quan trong dé luan 4n phat trién mot mé hinh mai giai quyét hiéu
qua bai toan khai thac tap FS€ trong Chuong 4.

Dé giai quyét bai toan BTy, luan an da nghién ciru va dua ra cdu triic cia cac chudi pho bién
trong tip FS dua trén phu:(mg phap phan hoach. Cum tir cdu triic & dy ciing nhu trong tén cua
luan 4n c6 nghia 1a mdi quan hé tudng mmh giira cac chudi trong FS va cac chudi (dal dién cua
chung) trong FCS va FGS. Dua trén moi quan hé nay, ta c6 thé biéu dién mot chudi a bat ky
trong FS thong qua mot chudi dong o trong FCS va mdt chudi sinh y trong FGS. Noi cach
khac, @ c6 thé duoc sinh ra tur cap (o, y). Kho khan 16n nhat khi giai bai toan BT, 1a mdi chudi
pho bién a c6 thé dugce sinh ra tir nhiéu cip (o, ) khac nhau va a c6 thé xuat hién (chta trong)
o tai nhiéu vi tri khac nhau. Piéu nay c6 thé din dén mét s6 lugng rat 16n cac chudi tring lip
duoc sinh ra trong tap FS, 1am giam hiéu qua vé thoi gian va bd nhd ciia qua trinh khai théc.
Dé khic phuc, luan an da dua ra céc diéu kién trung 1ap nham phat hién va loai bo som tat ca
cac chudi tring 1dp ma khong can sinh ra chung. Két hop tat ca cac két qua Iy thuyét dugce dua
ra, ludn 4n da dé xuét mot thudt toan maéi tén 1a FS-Miner dé sinh ra nhanh, dﬁy du va khong
trung lap tap FS tu FCS va FGS.
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Nhitng dong gop trén cho bai toan BT, dd dugc chdp nhan xuit ban trong mot ky yéu hoi
nghi qudc té uy tin [36].

Trong bai toan thir ba (BT; trong Chirong 4), luan an tip trung vao cach tiép can khai thac
tap FSC tir FCS va FGS, thay vi khai thac FS€ truc tiép tir SDB nhur cac tiép can truyén thong,
trong d6 C thudc vao 16p rang budc C4 (cac rang budc co tinh don diéu gidm) hodc CM (cac
rang budc c6 tinh don diéu ting). Pay 13 hai 16p rang budc thudng gip trong thuc té. Twong tmg
v6i hai 16p rang budc €4 va CM 1a hai bai toan con tong quéat BT; ; va BT, can duogc giai quyét
trong chuong nay.

Tiép can chung duoc sir dung trong luan 4n dé giai quyét hai bai toan con BT ; va BT, 1a
dua trén phuong phap phan hoach. V61 mdt quan h¢ tuong duong dua trén toan tir p, tap 101
giai FS€ duoc phan hoach thanh cac 16p twong duong, mdi 16p bao gdm cac chudi xuit hién
trong cung mot tap con cua cac chudi dau vao trong SDB (cung p) va dugc dai dién boi mot sb
chudi doéng o trong FCS va chudi sinh ¥ trong FGS. N6i cach khac, mdi 16p twong duong co
thé duoc sinh ra tir cac tap con duoc dai dién bdi cac cap (o, y) khac nhau. Do tinh chat don
diéu giam hodc don diéu ting cua cac 10p rang budc C# hodc CY, tinh tdi tiéu va tdi dai cua cac
phan tir dai dién y va o, ta c6 thé rat gon nhanh khong gian tim kiém bang viéc loai bé sém
nhiéu tip con trong mdi 16p twong duong thong qua viée kiém tra rang budc chi trén cac chudi
dai dién (o, ¥) ctia 16p ma khong can sinh ra moi chudi trong mdi 16p. St dung tinh chat nay va
moi quan hé tu’c‘mg minh duoc dé xuét trong Chwong 3, luéin 4n d3 phat trién cac phuong phap
maoi1 de giai quyét hiéu qua hai bai toan con tong quat BT, 1 VaBT3,. Ngoai ra, luan an cling da
dé xuat mot ky thuat khtr rang budc nham loai bo Vlec kiém tra mot rang budc phirc tap thudc
16p CM trong sudt qua trinh khai thac, qua d6 rat ngan duoc dang ké thoi gian khai thac. Luu ¥
1a, cac phuong phap trude day thudng co hiéu qua thap véi 16p rang bude CM do cach tiép can
truyén thong kho c6 thé duoc ap dung hiéu qua dé rat gon nhanh khong gian tim kiém véi CM.

Nhitng diém khac biét va vu diém ndi troi cia cac phuong phap dugce dé xuat trong Churong

4 s0 v6i cac phuong phap truyén thong 1a:

e Tap FS€ duoc khai thac nhanh tir hai tdp cac chudi dong va chudi sinh pho bién (thudng
c6 kich thuée kha bé), trong khi cac phuong phap trude day khai thac FSC€ truc tiép tir co
s& dir liéu (thuong c6 kich thude 16n).

e Hai thuat toan MFS-AC va MFS-MC cho phép khai thac hiéu qua cac chudi pho bién véi
nhiéu loai rang budc khac nhau thudc hai 16p rang budc thong dung C4 va CM, trong khi
da s céc thuét toan trude day thuong duoc thiét ké cho mét loai rang budc cu thé va ching
thuong gap nhiéu kho khin trong viée rat gon khong gian tim kiém khi dbi mat véi 16p
rang budc CM.

e Viéc kiém tra rang budc dugc thuc hién trén mot 36 luong bé cac phﬁn tor dac biét (cac
chudi déng va chudi sinh phd bién dai dién cho mdi 16p tuong duong) nhung co thé loai
boé mot s6 luong rat 16n cac chudi khong thoa rang budc ma khong can sinh ra chiing.

e Cac phuong phap duoc dé xuit cho phép thiét ké d& dang hon cac thuit toan song song dé
khai thac hiéu qua hon nita cac chudi phd bién c6 hodc khong cé rang budc trén nhimng co
s& dir liéu 16m.

e Tinh hi€u qua cua cac phuong phap dugc dua ra it chiu anh hudng khi rang bude thuong
xuyén bi thay doi bai nhiéu nguoi dung.

Mot sb dong gop chinh ciia ludn an cho bai toan BT di dugc xuét ban trong [32].



