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TOM TAT— Khai pha miu phé bién truyén théng thwong sinh ra s6 luong 16n miu du thiva. Nghién ctvu nay dé xuit GFCP
(Generalized Frequent Closed Pattern miner), mot phwong phap loc nhiéu giai doan dé khai pha tap mau c6 dong tir co s& dit
liéu (CSDL) phan cdp. Phwong phap nay két hop khai thac miu déng (loai bé du thira ciu triic) véi loc twong dong (st dung
Jaccard va Kulczynski) va xi Iy dw thira ngit nghia trong CSDL phan cdp. Cac thuc nghiém toan dién, thay déi nguéng hd tro
(minSup) va twong dong (minSim), da dwgc tién hanh trén cac CSDL chuin. K&t qua cho thiy cac bién thé GFCP (BitSet va List)
vuot troi dang ké so véi baseline CoGAR-C, von that bai trén CSDL Mushroom (vwot qua 3600 gidy). Cu thé, GFCP-BitSet dat
hiéu suit thoi gian vueot trdi trén CSDL day (Mushroom), trong khi GFCP-List nhanh hon trén CSDL thwa (Fruithut, Product)
va str dung b nhé hiéu qua hon & hau hét cac kich ban. Nghién ctru khang dinh GFCP 1a mét giai phap hiéu qua, c6 kha ning
m& rong, cung cip sw danh dai linh hoat giita téc d6 va bo nhé tuy thudc vao ciu tric dir liéu dau vao.

Tir khéa— D6 do twong ddng, Jaccard, Kulczynski, mau twong ddng phd bién, miu déng phd bién, CSDL phan cap.
I. GIO'I THIEU

Khai thdc mau phd bién [1]1a nhiém vu nén tang trong khai thac dit liéu, cho phép kham pha cadc mau cé lién quan
tlr cAc CSDL 16n béi nd khdng chi gidp rit trich tri thirc tiém 4n trong dit liéu giao dich ma con déng vai trd quan
trong trong nhiéu &ng dung khac nhw khai thac luat phan loai, phan tich gi6 hang, dw do4n hanh vi khach hang,
phén tich dit liéu sinh hoc va kham pha tri thirc tir dit liéu mang x hoi. Phan 1én cic nghién ctru truyén théng chi
tap trung vao viéc nhan dién cdc miu ma khong phan tich méi lién hé giita chiing. Tuy nhién, trong nhiéu linh vuc
rng dung thuec tién nhw khoa hoc xa hoi [2], y t& [3] hay dia chat [4], cac d6i twgng dit liéu tuy khong hoan toan
giéng nhau nhwng van c6 thé chia sé nhitng dic diém twong dong dang ké. Viéc phan tich mic dd twong dong giita
cac két qua gitp phat hién ra nhitng miu c6 lién hé vé mit ngit nghia hoic phé bién cung xuit hién [5]. Nhitng
mau nay duoc xac dinh dwa trén nguéng twong dong thay vi yéu ciu sw tring khép tuyét déi, va thudng mang
tinh chit twong tw nhau [6].

Mic di cadc phwong phap khai thac dwa trén d6 do twong dong c6 thé mang lai nhirng tri thirc tiém 4n va c6 gia tri,
song chiing thwong vap phai han ché 1a sinh ra mot s8 lwgng lén miu [7]. Dieu nay khéng chi 1am phtc tap qua
trinh phan tich ma con 1am gia ting chi phi tinh to4an. D& khic phuc v4dn dé nay, nhiéu nghién ctru da chuyén hwéng
sang khai thac tap déng, mot ki thuat c6 kha ning tai tao diy du tAp mAu phd bién ma khong lam mit thong tin,
dong thoi gidm dang ké chi phi bd nhé va thoi gian xi 1y so véi cdc phwong phap truyén théng [8]. Bén canh sy
du thira vé mat ciu truc, twong dong thi sw dw thira vé mat ngit nghia trong cic bd dit liéu cé c4u tric phan cip
(taxonomy), vi du nhw hé th6ng phan loai san ph4m hoic ciy pha hé sinh hoc ciing chwa tirng dwec nghién ctiru
trudc day. Bai toan dit ra 1a 1am thé nao d€ xay dwng mot quy trinh toan dién c6 kha ning xi Iy dong thoi tat ca
cac loai du thtra nay.

Dé giai quyét thach thirc nay, bai bdo dé xuit moét phwong phap loc cac tAp mau két qua mot cach c6 hé théng v&i
cac bwérc sau:

e Loaibé du thira ciu tric: loc chi gitt lai nhirtng mAu déng phé bién.
e Loaibd du thira ngit nghia: D8i véi cac dit 1iéu 6 cau tric phan cip, st dung mdt bo loc loai bé cac mau
con néu chung khoéng cung cip thém thong tin méi so véi cAc mau cha tdng quat hon.
e Loai bo du thira twong dong: Cac mau dwoc so sdnh véi nhau dua trén do do twong ddng. Cac mau cé
do twong ddng cao véi mdt mAu khac c6 dd hod trg 16n hon sé bi loai bé.
Nhitng déng gép chinh ctia nghién cru nay bao gom:

e Xay dwng mot khung hoan chinh dé khai thac mdt tap hgp mau chit lwgng cao, gidi quyét dong thoi ca
sw dw thira vé ciu tric, ngir nghia phin cip va twong dong.
e Tién hanh cac thwc nghiém danh gid hiéu niang cua ky thuit trién khai dwa trén BitSet so v&i List.
e Phan tich chi tiét &nh hwdng cia cic tham s6 d6 phé bién tdi thi€u va twong dong toi thiéu cung cic dd
do twong dong khac nhau 1én s8 lwong va dic tinh ctia tip mau két qua.
Phin con lai ctia bai bdo dwoc td chirc nhw sau: Phan 2 trinh bay cic cong trinh lién quan; Phan 3 néu cac khai
niém co ban; Phan 4 mo ta chi tiét phwong phap dé xuat va cac thuit toan cot 16i; Phin 5 trinh bay thiét 1ap thuc
nghiém va phan tich két qua. Cudi cing, Phan 6 dwa ra két luin va dé xuit cic hwdng phat trién trong twong lai.
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II. NGHIEN CU’U LIEN QUAN

A. KHAI THAC MAU PHO BIEN

Khai thac mau phé bién tir 1au da 1a cht dé nghién ctru quan trong trong linh vuc khai pha dir liéu. Bai toan nay
phét hién cac tdp mau phd bién xuat hién phd bién trong CSDL giao dich [1]. Mdt vai thuat todn hiéu qua trong viéc
gidi quyét viéc nay c6 thé ké dén la: Apriori [8], Eclat [9], HMine [10] va nhiéu cac bién thé khac ctia nd. Tuy nhién
thach thirc 1én cia bai toan nay van 12 thoi gian xt Iy va mirc d6 tiéu thu bd nhé [11] dic biét trong thoi dai quy
mo va do phtrc tap cla dit liéu ting chéng mit nhw hién nay. Do d6, cac thuat toan khai thac mau phd bién duwoc
thiét k& nhdm han ché s6 lwong mau sinh ra, dong thoi van duy tri day di thong tin cin thiét, tir d6 mang lai giai
phap hiéu qua cho hién twgng bung né mau.

B. KHAI THAC MAU PHO BIEN PONG

Khai thac mau phd bién d6ng nham phat hién cAc mau phd bién khong bi bao ham trong bat ky tap nao khac c6
cung do hd tror [12]. CAc mAu déng nay van gitt nguyén toan bo thong tin, bao gdm ca tan suit chinh x4c clia chiing,
ma khéng can thwc hién viéc quét lai CSDL ban dau. Trong s6 nhitrng thuit toan d4u tién dwoc phat trién cho hwéng
ti€p can nay c6 CLOSET [13], DCI-Closed[14] va CHARM [15]. Thu4t toan Closet t& chirc cAic mau phé bién trong
c4u truc cay, tir d6 trich xuit cdc mau déng ma khong can sinh thém ng vién, ddng thoi st dung co ché chiéu
phan ving d€ mé rong kha nang xir Iy trén tip dir liéu 16n.

Mot trong nhitng vin dé phat sinh doi véi bai toan khai pha tip muc pho bién déng la viéc phat hién trung ldp. Sy
xudt hién cia DCI-Closed[14] gitip phat hién va loai bo kip thoi cac tip muc dong trung 13p, ma khong can lwu git
toan bo tap hop cdc miu déng trong bo nhé chinh. Thuat to4an nay tan dung biéu dién CSDL doc dé tinh nhanh d6
hd tro cling nhw xét nhanh tinh déng cta cac mAu. Thuc nghiém cho thdy DCI-Closed vwot troi hon han CLOSET.

Trong khi d6, CHARM [15] 4p dung cau tric diffset nhdm gidm dung lwong bd nhé trong qua trinh khai thac. Pong
thoi, thuat toan nay con st dung ki thuat bim dé nhanh chéng loai bé cAc mau khong déng. Mot thuit toan ndi
bat khac l1a DCI_Closed [16], khai thac chién lwoc tim kiém theo chiéu siu va loai b hiéu qua cac mau du thira ma
khéng cin lwu trit toan bd tip mAu déng trong bd nhé chinh.

Gan day, nhiéu cong trinh d3 dwa ra cic cai tién méi, chdng han nhu tich hop thuat todn di truyén [16] hoic phat
trién thuit todn CLS-Miner [17], v6n dwa trén ciu trdc utility-list d€ truc tiép xac dinh gia tri lgi ich ma khéng sinh
(rng vién, hay khai thac tinh toan song song nhdm ting tdc qua trinh xit 1y cAc mau sinh ra [18]. Thu4t todn MLC-
Miner[19] dwoc dé xuat dé khai thac cac tap mau hitu ich cao déng tir CSDL phan cap, 4p dung cac chién lwoc hiéu
qué dé cai thién hiéu ning khai thac.

C. KHAI THAC MAU PHO BIEN PONG SU° DUNG PO PO TUO'NG PONG VO CSDL PHAN CAP

1. PO PO TINH TUONG PONG

Viéc danh gia mirc do twong dong giita cAic miu déng vai tro then chét trong khai thac mau phé bién twong dong.
Viéc lwa chon dd do twong dong phut hop 1a viéc quan trong. Mét cach co ban dé€ do d6 twong dong gitra cac ddi
twong dir liéu 1a xem ching nhw nhirng vector trong mot khong gian vector trén R, va str dung tich noi, dwoc dinh
nghia nhw sau [20] (x,y) = X, x; ¥;, trong d6, x = (X1, X, .. X) ;Y = (Y1, V2, - Yn) 12 hai vector. Bing cach tinh
toan kich thwéc ctia phan giao clia hai vector ta c6 thé dan xuit ra nhiéu thwéc do dd twong dong va khoang cach
khéc nhau nhw d6 do twong dong Jaccard, Dice, Cosine... [21]. D twong dong Jaccard la mot bién thé cia tich trong
chuin héa kha don gian trong tinh toan, thuorng dwoc st dung dé do lwong mirc do twong dong va da dang cla
céc tap mau bang cach 14y kich thuéc phin giao giira cAc tAp chia cho kich thwéc ctia hop ciia ching.

2. CSDL PHAN CAP
CSDL phéan cip 1a mot m6 hinh t6 chirc di liéu theo ciu tric phan cip, trong d6 cac do6i twong hodc khai niém dworc

A

sdp x&p thanh cidc nhém va nhém con dwa trén mdi quan hé “thudc loai” [22] . N6i cach khéac, taxonomy 1a mot hé
théng phan loai cé cu tric ciy, gitp t6 chirc va quan ly théng tin theo tirng cip do tir khai quat dén chi tiét. Khi
ap dung vao CSDL, CSDL phan cip déng vai tro nhw mot bang phan loai chuin d€ gin nhan, tim kiém va khai thac
dir liéu hiéu qua hon. C4c thuat toan khai thac mau twong dong phd bién hién nay méi chi quan tAm t&i cac hang
muc dit liéu & mirc triru twong cap thap ma thoi.

3. KHAI THAC MAU PHO BIEN PONG SU DUNG PO PO TWO'NG PONG VO'T CSDL PHAN CAP

HAu hét cac nghién ctru truyén théng déu huéng téi xac dinh cAc mAu phd bién ma khong xét dén cadc mdi twong
quan gitra ching. Tuy nhién bang cach xem xét sw twong dong gitra cac két qua, ta c6 thé kham pha ra nhitng mau
c6 lién hé ngit nghia hoic ph6 bién cung xuat hién [5]. CAc miu nay, dwgc phat hién dwa trén ngudng twong dong
thay vi su triing khép tuyét d6i, dwoc goi la cac mau phé bién twong dong [6]. K§ thuat khai pha dwa trén do twong
ddng c6 thé khdm pha ra nhirng tri thirc tiém 4n va c6 gia tri, chiing thwong gap phai van dé sinh ra mot lwong 1n
mau [7], diéu nay c6 thé 1am gidm kha ning dién giai cla tAp két qua va 1am ting chi phi tinh toan. P& khac phuc
nhwoc diém ndy, cic nghién ciru di chuyén hwéng sang khai pha tip mau déng, phwong phap nay cho phép tai
c4u tric hiéu qué tp mau phé bién ddy ¢t ma khong 1am mat thong tin, d6ng thoi gidm dang ké thoi gian chay va
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b6 nhé str dung so véi cadc phwong phap truyén théng [15]. Bai toAn mé rong khai thac miu twong dong phd bién
déng trén CSDL phén cdp dwoc xem 1a kha quan trong trong cac rng dung thuc té va két qua khai thac dwoc mang
lai nhiéu y nghia hon cho ngudi stt dung. Khong gian bai toan khi 4p dung mé hinh dit liéu phin cip c6 dd phirc
tap cao hon dang ké so v&i bai toan truyén théng vi khdng gian tim ki€m dwgc mé rong. Tuy nhién, mic du da cé
cac cong trinh 4p dung mé hinh CSDL phan c4p trong bai todn khai thac mAu phd bién, mau hitu ich cao, bai toan
khai thadc mau twong dong phd bién déng trén CSDL phan cip dén nay van chuwa c6 mdt nghién ctru day da nao
dwoc dé xuit giai quyét bai toan nay.

I1I. KHAI NIEM CO’ BAN

Trong phan gidi thiéu cac khai niém co ban lién quan téi khai thac mau twong dong phé bién déng trén CSDL phan
cdp nhw: Mau twong dong phé bién, mau twong dong phé bién déng, CSDL phan cip.

A. CO’'SO’'LY THUYET

Bai toan khai thac tdp mau phd bién nhan vao ba tham sé chinh: 1. CSDL giao dich D, 2. Nguwdng hd tro téi thiéu
(minSup), 3. Ngudng twong dong tdi thiéu (minSim). Két qua ctia bai toan 1a tdp hop diy dd cdc mau c6 tan suit
xuat hién 1ém hon hodc bing minSup. Trong bién thé mé rong bai toan khai thac cdc mau phd bién twong dong
ngudng minSim dugc b6 sung dé€ danh gia mirc do twong dong gitra cAc mAu. Hai miu X va Y dwoc xem 12 twong
dwong néu do twong déng gilra ching (tinh theo mot thudc do xac dinh trudc) vwot qua ngwdng minSim.

Pinh nghia 1 (CSDL giao dich): Cho I 12 mét tap hop hitu han gobm n muc phan biét, I = {iy, i5,...,i,}. Mot mau X
12 mot tap hop hitu han cdc muc sao cho X € I va dwoc goi 1a mau kich thwéc k néu k = |X|. Mot CSDL giao dich
12 mot tap hop cac giao dich, dwoc dinh nghiala D = {T4,T,,..., T,,}. Mdi giao dich T}, € D, 1 < k < m, c6 motdinh
danh giao dich duy nhéat (TID) la k va mot tip hop cadc muc xudt hién trong giao dich d6 [14].

Pinh nghia 2 (Tidset va Hb tr¢): Hb tro cia mot mAu X trong D 13 s8 giao dich chira X, dwoc ky hiéu 1a sup(X) va
dwoc xac dinh la sup(X) = |TidSet(X)|. Trong khi d6, TidSet (X) 1a tap hop cac TID cia cac giao dich chra X [14].
Pinh nghia 3 (Miu déng): Mot miu X dwoc goi la mau déng khi va chi khi khong tén tai mau Y 1én hon trong D
sao cho Y © X va sup(X) = sup(Y). Tap hop day du cAc mau déng duoc ky hiéula C.

Pinh nghia 4 (Taxonomy). Mot ciu tric phin cip cic hang muc trong CSDL D, ky hiéu 7, la mdt ciu tric ciy duoc
dinh nghia trén D [23]. Trong 7, mdi ntt 14 biéu dién duy nhat mdt muc i € I. Mdi nit trong cta 7 biéu dién mot
muc téng quat & mic triru twgng cao hon lam nhiém vu téng hop cic nit con hodc cdc muc téng quat & mirc triru
twong thap hon [23]. Gid st rdng tit ca cac muc i € I chi c6 thé dwoc téng quat hod béi T vao duy nhit mét muc
téng quat g ma thoi. Mdi muc téng quat g ciing c6 thé dwoc tdng quat hoa thanh mét muc téng quat khac & mic
triru twong cao hon trong 7. Tap cac muc tong quat g trong T dwoc ky hiéu 1a G. T4t ca cac nit con cla g trong ©
dwoc ky hiéula 4(g,1), 4(g, ) < I [23]. Chiéu siu tdi da clia taxonomy 7 dwoc ky hiéu 1a §. Hinh 1 minh hoa mot
cdu tric phén cip cho cdc muc thuéc CSDL D cho tai Bang 1.

B. VI DU MINH HOA

Bang 1. M@t vi du vé CSDL giao dich D

Cac muc
{tdo, cam, coke}
{tdo, cam, pepsi}
{tdo, chubi, nho}
{cam, nho, coke}

{tdo, cam}
Trén CSDL trén ta thdy tap muc {coke} c6 dd hd tro 12 2, tuy nhién, tap cha clia né 1a {cam, coke} ciing c6 dd hd
trg bing 2. Do c6 thé mé rong tAp muc ma khong lam thay d6i tin suit xudt hién, {coke} 12 mot tAp khong dong.
Nguwoc lai, mot tap muc 1a déng khi né khong cé cac tap cha c6 ciing d6 hd trg. TAp muc {t4o, cam} c6 d6 hé tre'l1a
3. Phan tich cho thay tit ca cac tap cha ctia né, vi du nhuw {t4o, cam, coke}, déu c6 d6 hd trg' nhé hon 3. Vi khéng
ton tai bat ky tap cha nao c6 cing do6 hé trg, {tdo, cam} dwoc két luan 1a mot tap déng. Cau tric dit liéu phan cip
dwoc hiéu nhw sau: Trong mét ctva hang tap hoa, ta c6 cdc mat hang nhw: tdo, chudi, cam, coke, pepsi. Cac mit
hang nay c6 thé dwoc phan loai theo mét ciu tric phin cip cdc mit hang nhw sau:

o) (o) (o) [ ) (oo ) (oo )

Hinh 1. Minh hoa cdu triic cdy di liéu phédn cdp cho CSDL D & Bdng 1

-
U1 W[ [ [ ==
=]
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IV. PHUONG PHAP DE XUAT

A. MOT SO PINH NGHIA

Pinh nghia 5 (Ham twong déng): Gia sir s(X) va s'(X") biéu dién cAcmd td cia X va X' véi X, X' € Dvas,S' € 1.
Tép hop cac ddc trungkhéplaM = {r € T | X[r] = X'[r]}. Ham twong dong gitta X va X’ dwoc ky hiéu la fs(X, X").
Ham twong dong cho cac phép do twong dong cu thé st dung d6 do twong dong Jaccard [2] dwgc dinh nghia nhw

sau: fsJaccard(X,X") = oSl (1) va d6 do twong dong Kulczynski: fsKulc(X,X") = %(% + %) (2)

Pinh nghia 6 (Cac mau twong dong): Gia st minSim 1a nguwdng twong dong t6i thiéy, trong d6 0 < minSim < 1.
Hai miu X va X’ duoc coi 1a twong ddng néu fs(X,X") = minSim. Cac mau X va X’ dwoc goi chung 1a cac mau
twong dong, ky hiéu la X'.

Pinh nghia 7 (S6 Ian xuit hién cia cAc miu twong ddng): S 1an xuat hién ctia mot mau X trong CSDL D dé cap
dén cac d6i twong X va cadc mau twong ddng cha no, ky hiéu 1a X', xuit hién trong D.

Pinh nghia 8 (P6 phd bién cia cAic mau twong ddng): Tan suit cia moét mau twong tw X’ trong CSDL D dwoc
ky hiéu 1a sup(X") va dé cap dén s6 lwong giao dich trong D ma miu twong tw X’ xuit hién. N6i cach khac, d6 phé
bién ctia X' 12 s8 lwgng phan tir cla tip hop cac lan xuit hién cia X’ trong D.

Pinh nghia 9 (Mau Twong déng phé bién): Mot mau twong tw X’ duoc coi 1a mdt mau twong dong phd bién
trong D néu sup(X") = minSup, trong d6 minSup 1a nguwdng pho bién toi thidu.

Pinh nghia 10 (Miu Twong dong pho bién déng): Mot mau twong dong phd bién X dwoc goi la mot mau twong
tw ddng phd bién dong néu né 1a mot mau phé bién (sup(X) = minSup) vakhdng ton tai mdttdpchaY caa X (Y o
X). Y 1a mot miu phd bién (sup(Y) = minSup) va Y twong dong voi X (fs(X,Y) = minSim) Asup(Y) =
sup(x) (3). ~

Pinh nghia 11 (Khai thac mau twong déng phé bién déng): Bai toan khai thic mAu twong dong phé bién déng
13 tim t4t ca cac mAu twong dong phé bién déng X’ théa min ngudng minSim cho truwdc, véi dd hd tro sup(X")
théa ngudng minSup. Tap day di cAc miu twong dong phd bién déng dwoc ky hidula €.

Khai thac mau twong déng phd bién déng trén tap dir liéu phan cip 12 bai todn mé rong tim tit ca cAc mau
twong dong phé bién X’ trén CSDL phan c4p. Bing cach xét cadc mau & cAc mirc triru twgng clia taxonomy 7, két qua
bai todn ddm bao cdc mAu vira phé bién, vira twvong dong, vira déng tai méi mirc phan cap.

Trong nghién cru nay, cic muc dwoc goi 1a twong dong theo moét do do xac dinh dwa trén s lwong giao dich ma
ching dong xuit hién. CAc muc cang déng xuit hién trong cang nhiéu giao dich, diéu d6 ching cé tinh twong déng
hoic lién quan v&i nhau cao vé mat ngit nghia. Xét mot vai vi du sau sir dung CSDL D tai Bang 1 va cac ngudng
minSup = 60% = 3, minSim = 50%.

e  Xét tip {tdo, cam}: ta c6 {tao} xuit hién trong giao dich {1, 2, 3,5} - sup({tdo}) = 4; twong ty, {cam}
xuidt hién trong giao dich {1,2,4,5} > sup({cam}) = 4. Viy sup({tio,cam}) ={1,2,3,5}n
{1,2,4,5} = {1,2,5} = 3 = minSup = 3: {tio, cam} la tip phd bién. D6 twong dong cta {tdo, cam}

4. (1235001245) _ 3
{1,235/U(1245 5
phé bién, {tdo}, {cam} dong xuit hién trong 60% cac giao dich cta D.

e Xét {cam,coke}: sup({tio,cam}) = g = 0.4 < minSup = 60%. Viy {cam, coke} khong phd bién

theo Jaccar = 0.6 > minSim. Diéu nay c6 nghia {tdo, cam} 12 tip mau twong dong

(loai) va khong dwoc xét tiép do twong dong.
Thuat toan 1: GFCP(D, T, minSup, minSim)
Input: D — CSDL giao dich
T — Thong tin phan cip cic muc trong D
minSup — ngudng do hd tro t6i thidu
minSim — nguwdng do twong dong t6i thidu
Output: R — tp day di cdc mAu twong dong pho bién déng
GIAI DOAN 1: Khéi tao va chuin bi dir liéu
1 | Poc CSDL D, taxonomy
2 | Xay dung c4u tric ciy taxonomy dé biéu dién 7.
GIAI POAN 2: Khai thac da mirc
GIAI POAN 3: Bién d6i CSDL D thanh CSDL D, tai mirc k, xiy dwng CSDL doc twong irng

3 | FOR EACH mic k € T DO

4 Dk = Q)

5 FOR EACH giao dich T; € D DO

6 Thay thé cac muc i € T; bang muyc t6 tién ctia né trong 7 tai mirc k
7 Dy =D, UT,.

8 VDB, =0 // xay dwng CSDL doc VD By, tai mirc k

9

FOREACHT; € D, DO
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10 FOREACH € T; DO
11 TIDset(i) = {j| i € T}}
12 support; = |TIDset(i)|
13 VDB, = VDB, U TIDset(i)
14 F = {i | support; = minSup} // tap cac muc don phd bién, sip xép F theo support ting dan
GIAI DOAN 4: Khai thac dé quy str dung CSDL doc VDB, tai mikc k.// bién thé tir DCI-Closed
15 Closed = @, Post = F,Pre =0
16 HAM DE QUY Explore(Closed, Post, Pre)
17 FOR EACH v € Post DO
18 ext = Closed U {v}
19 TIDSet(ext) = N jcext TIDseL())
20 IF |TIDset(ext)| = minSup THEN
21 FOREACH w € Pre DO
22 | IF TIDset(ext) < TIDset(w) THEN CONTINUE
23 Closed’ = ext,Post' =@
24 FOREACHw € Post,w > v DO
25 IF TIDset(ext) c TIDset(w) AND sup(ext) = sup(w) THEN
26 Closed' = Closed' U {w}
27 TIDset(Closed") = N jeciosea’ TIDset())
28 ELSE
29 | Post' = Post' U {w}
GIAI POAN 5: Loc cAc mau twong dong
30 FOR EACH pair iy, i, € Closed' DO
31 I = TIDset(iy) N TIDset(i,), U = TIDset(i,) U TIDset(i,)
32 Jaccard(iy, i,) = |1|/]U]|
33 IF Jaccard (i, i,) = minSim AND support({i,, i,}) = minSup THEN
34 | R = R U Closed’
GIAI DOAN 6: Pé quy
35 Explore(Closed’, Post',Pre U {v})
36 Pre = Pre U {v}

GIAI DOAN 7: Két thuc
37 | RETURN R // tt ca cc tAp muc twong dong phd bién déng di khai thac

B. THUAT TOAN GFCP

Trong nghién cru nay ching téi dé xuit thuit todn GFCP (Generalized Frequent Closed Pattern mining) d€ khai
thac cac tdp maiu déng phé bién twong dong, st dung hai d6 do chinh 1a Jaccard va Kulczynski, tir cac CSDL phan
cdp duwa trén mot cay loai twong ng. Thuit todn GFCP dwgc xay dwng dwa trén viéc mé rong thuat toan DCI-
Closed [14], d€ c6 thé dat dwoc cac yéu ciu sau:

e (6 kha ning hoat dong trén cac CSDL phan cap.

e Ap dung hai d6 do twong dong la Jaccard va Kulczynski dé xac dinh cac mau déng phé bién twong dong.

e GFCP chi xét cAc mau dwoc két hop tir cAc muc trén cing mot mitc trong taxonomy (multi-level).

Vi dva trén nén DCI-Closed, GFCP thira hwdng cac dic diém ctia DCI-Closed: 1a thu4t todn mét pha, khéng phat
sinh tip &ng vién; 4p dung chién lwgc tim ki€m theo chiéu sdu dé m& rong cac mau dang xét. Qua trinh xét tinh
dong dwa hoan toan vao thuat toan DCI-Closed. Thuat toan GFCP dwoc xay dung dwa trén ba nguyén ly chinh:

e Tht nhat thay vi chi xét cac item riéng 18, mdi item trong mdt giao dich dwoc mé rong dé bao gom chinh
né va tit ca cac item cha cha né diéu nay gidp thuit todn phat hién cadc mdi quan hé & cac mirc do triru
twong khac nhau.

e  Thtt hai, thay vi tim kiém t4t ca cAc miu, GFCP st dung mot do do twong dong dé hwdng t&i cac miu cd y
nghia. Mot ngwdng twong dong t6i thiu (minSim) dwoc st dung l1am diéu kién dé cit tia khong gian tim
kiém.

e Thtt ba, d€ giam thiéu sw dw thira trong tap két qua, thuat toan chi tip trung vao viéc khai pha cac miu
déng. Mot mau duoc coi la déng néu khdng ton tai mot tap cha nao cé ciing d6 hd tro. Pidu nay giup cho
két qua tra vé 12 mot biéu dién nhé gon va day du ciia tit ca cAc mau phé bién.

Thuit todn GFCP dwoc thé hién tai Thuat toan 1.
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C. PANH GIA PO PHU'C TAP THUAT TOAN GFCP
Phan nay trinh bay cic danh gia dé€ nhin dinh dd phic tap cia thuit todn GFCP da dé xuit. D6 do twong dong dwoc
ap dung 1a Jaccard. D8i véi mot dé do twong dong khac, dd phirc tap twong &ng ciia do6 do d6 sé dwoc ap dung.
Truwéc tién, mot s6 cac tham sé sau can phai dwoc dinh nghia dé thuén tién trong viéc danh gia: L — sd mirc cia
cdu tric taxonomy; n = |D|, m = [I|, l,, — d0 dai giao dich trung binh; f' — s8 lwvong muc don phé bién bién tai
mitc [ € 7; p' — s6 lwgng mau tim thdy tai mitc [; 5 — dd ho tro trung binh cda cac muc don. Thoi gian the hién
chinh ctda thuat toan tap trung hoan toan vao Giai doan 2 (Thudt toan 1). Vi vay ta sé tap trung phan tich do phtc
tap cua giai doan nay.
Giai doan 2 (khai thac da mirc):
a. Chi phi bién déi giao dich tai cic mirc taxonomy: 0(n x lavg X L)
b. Giai doan 3 (X& ly khong gian tim kiém tai tirng mirc): O(n X lgpg + M+ mlogm)
Tinh support: O(n X lavg)
Loc cAc muc phd bién: 0(m + mlogm), trong d6 thao tac sip x€p gia dinh 12 tét nhat, 0(mlogm)
Giai doan 4 (Dé quy): R = 0(2/) trong trwomg hop xau nhat, thyc té qué trinh tia tng vién sé lam
giam dang k€ chi phi trong giai doan nay. Trung binh 1A R = O(p x logf).

—2
Giai doan 5 (Loc twong dong): O (p xk X E)

x -2 _
Trong do, chi phi xac dinh d6 twong déng cia mdt mau kich thwéce trung binh la k: 0 (k X s)

Vay, dd phitc tap vé thoi gian trong trwong hop xdu nhat ctia GFCP ¢6 thé dwoc xac dinh nhw sau:
Similiarity
Sorting per level calculation

— —2
Totar = 0| LXnXlgy + Lxmlogm + Lxpxlogf + Lxpxk x5 |

——
Database DCI-Closed
transformation mining

D. Vi DU MINH HOA

D& minh hoa cho céc thuit toan GFCP, CSDL giao dich D tai Bang 1 sé dwoc st dung. Sau buéc tong quat hda, bién
déi cdc muc chuyén biét thanh cidc muc téng quat tir cdy phan loai ta thu dwoc két qua 1a CSDL téng quat héa D,
tai mic 1 cia taxonomy, thé hién trong Bang 2.

Bang 2. CSDL téng qudt héa D, tai mikc trieu twong thir nhdt

TID | Giao dich tdng quat
{fruit, drinks}
{fruit, drinks}

{fruit}
{fruit, drinks}

{fruit}

Cac tham s6 khai thiac dwoc thiét14p nhw sau: ngudng minSup = 60% = 3 va ngudng minSim = 50% st dung do
do Jaccard. V&i cac ngwdng da cho, tai mirc 0, ta c6 cdc muc sau 1a phé bién: {tao} va {cam} véi ciing dd hd tro 1a
4.CSDL doc tai mirc 0 chira {tdo} va {cam}lanlwotla VDB, = {(tdo,{1,2,3,5}); (cam,{1,2,4,5})}. Twong tw, {fruit}
c6 do hd tro 1a 5 va {drinks} c6 dd hd tro 1a 3, déu théa minSup. CSDL doc tai mic 1 1a VDB, =
{{fruit,{1,2,3,4,5}); (drinks, {1,2,4})}.

¢  Qua trinh khai thac tai mirc 0: Post = {(tdo, 4), (cam, 4)}.

e Xirly tién to prefix = {tdo} v&i support 4: ta xét muc {cam} tlr Post, khi thém {cam} vao prefix, khi
do6 prefix = {tdo, cam} véi support 3 = minSup. Viy tip muc nay la tiém ning, ta gitr {cam} dé xét
trong lan dé quy tié€p theo. Khong con muc nao trong Post c6 thé st dung dé m& réng prefix = {tdo}
véi support 4, vay {tdo} 1a tip muc phd bién dong. Hon nira vi |prefix| = 1, d6 do twong dong Jaccard
mac nhién thoéa. Ta dwa (tao, 4) vao tip R.

e Dé quy dé md rong prefix = {tdo} st dung muc tiém ning {cam} trong Ian dé quy bén trén. Ta c6
prefix = {tdo, cam}, support 3 > minSup. Vi khong con muc nao trong Post c6 thé m¢ réng prefix,
{tao, cam} 1a tip muc phd bién déng. D6 twong déng Jaccard cla {tdo, cam} 1a 60% > minSim. Ta dwa
{{tdo,cam}, 3) vao R.

e Quatrinh dé quy st dung prefix = {tio} két thuc vi Post = @.

e Xirlytién td prefix = {cam} v&i support 4. Twong tu, vi tAp Post = @ nén khong con muc nao c6 thé
mé& rong prefix = {cam}, viy {cam} la tip muc phd bién dong. Twong tw {tdo}, vi |prefix = {cam}| =
1, {cam} thoa d6 do twong dong Jaccard. Ta dwa (cam, 4) vao tip R.

Ul | W N |
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e  Vay tai mitc 0, ta c6 cAc mAu phd bién déng twong ddng sau: {LO = {(tdo,4); {{tdo,cam}, 3); (cam, 4)}}}

e Quaé trinh khai thac tai mic 1: Post = {{drinks, 3), (fruits,5)}

e Xir ly tién t0 prefix = {drinks} v&i support = 3: kiém tra bao déng khi két hop véi {fruits}, ta c6
TIDset({drinks}) = {1,2,4} c TIDset({fruits}) = {1,2,3,4,5}. Viy {drinks} khong phai la tip
déng mic du phé bién. Hon nita, do khdng con muc nao trong Post c6 thé mé rong {drinks, fruits},
{drinks, fruits} tré thanh tip phé bién déng véi support 3. D6 do Jaccard cua {drinks, fruits} la
60% = minSim, khi do6 ta dwa ({drinks, fruits}, 3) vao R.

e Xirlytién t6 prefix = {fruits}. Thwc hién twong ty ta cé (fruits, 5) la mot tip pho bién déng va thoa
dd do twong dong Jaccard. Ta dwa (fruits, 5) vao R.

e Vay tai mirc 1, ta c6 cac mau phd bién déng twong dong sau: {L1 = {({drinks, fruits}, 3); (fruits,5) }}}

{LO = {(tdo, 4); ({tdo, cam}, 3); (cam, 4)}}},}

e  Thuét todn két thug, ta c6 tip R diy di nhw sau: R = . . .
{Ll = {({drinks, fruits}, 3); (fruits,5) }}}

V. TH'C NGHIEM VA KET QUA

A. MOI TRU'ONG VA THIET LAP THU'C NGHIEM

D& danh gia hiéu qua cia phwong phap dé xuit, chiing téi tién hanh mot loat cac thuc nghiém trén nhiéu bo dir

liéu khac nhau. Muc tiéu clia chwong nay 1a phan tich hiéu nang ctia thuit toan vé thoi gian thuc thi, mirc do st

dung bd nhé, va danh gia s6 lwong miu twong dong phd bién déng dwgc sinh ra dwédi cac tham s6 khac nhau. Cac

thyc nghiém dwoc thuc hién trén moi treong may tinh CPU Intel® Core™ i7-7600U @ 2.80 GHz, 8GB RAM. Chung

tdi str dung ba bo dit liéu pho bién trong linh viwre khai pha dit liéu véi cac didc diém khac nhau: Fruithut, Mushroom,

va Product. Chi tiét cac CSDL dwoc cho tai Bang 3. Cac CSDL nay dwoc cung cip tai thw vién Khai thac Dit liéu ma

ngudn mé SPMF [24]cung v&i taxonomy twong &ng”™.

C4c thi nghiém khao sat hai khia canh chinh: th& nhit so sanh hiéu niang trién khai do lwdng sw khac biét vé téc

d6 va bd nhé. Cach thuc hién phép so sanh nay la danh gia hai phién ban cta thuét toan GFCP st dung ciu tric

Bitset va List. Thuat toan co s& dé d6i sanh 13 CoGAR-C, phién ban mé rong cia CoGAR [25] d€ khai thac mau

twong dong phd bién déng. Thir hai danh gia &nh hwéng ctia dd do twong ddng bing cach phan tich s§ lwong mau

két qua dwoc tao ra bdi hai d6 do khac nhau la Jaccard va Kulczynski. Thwe nghiém dwgc tién hanh véi 2 kich ban:

e Kich ban 1: Gitr nguyén ngudng twong dong minSim = 50% va thay déi nguwdng hd tre téi thiéu minSup.

e Kichban 2: Giit nguyén minSup & mot ngwing cd dinh thap cho mdi b dit liéu va thay ddi ngwdng twong dong
minSim.

T4t ca cac thuat toan, GFCP va CoGAR-C, déu dwoc trién khai bing ngdn ngit 14p trinh Java str dung JDK17.

Bang 3. Ddc diém ctia cdc CSDL thwc nghiém

CSDL #Giao dich  #Muc #Mirc taxonomy D6 dai giao dich trung binh Mat do
(1) (2) (3) (4) (B)=4)/(2)
Mushroom 8,416 119 3 23.00 1.93E-01
Fruithut 181,970 1,265 4 3.59 2.86E-03
Product 54,537 1,559 6 8.22 5.27E-03

B. PANH GIA HIEU NANG

Chung t6i tién hanh danh gi4 hiéu qua cla cac thuit toan GFCP-BitSet, GFCP-List va CoGAR-C trén ba bd CSDL
chuén vi cac dic tinh khac nhau: Fruithut, Mushroom va Product. Hai loat thwc nghiém dwgc thiét ké: (1) thay
d6i ngudng hd tro téi thidu (minSup) va giit c6 dinh nguwdng twong dong (minSim = 50%) (Hinh 2); (2) thay d6i
minSim va giit ¢§ dinh minSup. Cac tiéu chi danh gia chinh 1a th&i gian thwe thi va bd nhé st dung (Hinh 3).

Doi véi thoi gian thyc thi, phén tich thoi gian thyc thi cho thiy hiéu suét cia cic bién thé GFCP phu thudc manh
mé vao dic tinh (d6 day/thwa) ctia CSDL. Cu thé nhw sau.

e So sanh v&i CoGAR-C: Trén tit ca cAc CSDL va moi kich ban (thay d8i minSup hodc minSim), CoGAR-C déu
cho thiy thoi gian thwe thi chdm nhit mét cach dang ké (Hinh 2, 3). Pang cht y nhit, CoGAR-C thit bai trong
viéc xtr Iy CSDL Mushroom, vwot qua gi¢i han thoi gian 3600 gidy (Hinh 2c va 2d, Hinh 3¢ va 3d). biéu nay
cho thdy CoGAR-C c6 kha nang mé rong kém va khdng phu hop cho cidc CSDL phirc tap hodc day dac.

e So sanh GFCP-BitSet va GFCP-List: Trén CSDL day (Mushroom): GFCP-BitSet thé hién sw vwot trdi tuyét déi.
Khi thay d6i minSim (Hinh 3¢, minSim=10%), BitSet chi mit 3.28 gidy, trong khi List cin t&i 29.48 gidy (gip
9 1an). Twong tw khi thay d6i minSup (Hinh 2¢), BitSet (~0.9-1 gidy) nhanh hon dang ké so v&i List (~3.2-3.8
gidy). Diéu nay la do cic phép todn bit cuc ky hiéu qua khi xt 1y cac tdp muc day dac. Trén CSDL thwa (Fruithut

* https://github.com/dzutrinh/MLC-Miner/tree/main/taxonomy
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& Product): GFCP-List lai cho thiy hiéu suit tot hon. Vi dy, trén Fruithut (Hinh 2a, minSup=5%), List (1.42
gidy) nhanh hon nhiéu so v&i BitSet (9.13 gidy). Trén Product (Hinh 2e, minSup=10%), List (1.26 gidy) cling
nhanh hon BitSet (1.80 giay).

(a) FRUITHUT (minSim = 0.5) (b) FRUITHUT (minSim = 0.5)
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Hinh 2. Thoi gian thwc thi va mirc dé st dung b nhé trén cdc CSDL trong Bdng 3 (¢6 dinh minSim, thay d6i minSup).
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(a) FRUITHUT (minSup = 0.05) (b) FRUITHUT (minSup = 0.05)
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Hinh 3. Thoi gian thwc thi va mikc dd st dung b nhé trén cdc CSDL trong Bdng 3 (¢6 dinh minSup, thay d6i minSim).

Tém lai, ca hai bién thé GFCP déu vuot troi so védi baseline CoOGAR-C. GFCP-BitSet 12 lira chon t6i wu vé tc do cho
cac CSDL day, trong khi GFCP-List hiéu qua hon cho cac CSDL thua.

Da6i véi yéu t6 vé mirc dO st dung bd nhé, phéan tich bd nhé cho thly mot sy danh d6i ro rang gitva hai bién thé
GFCP.

e Hiéu qua ctia GFCP-List: Trong hiu hét cic thwc nghiém trén CSDL Fruithut va Product, GFCP-List la thuit
toan tiét kiém bd nhé nhéat. Vi dy, trén Fruithut (Hinh 2b, 3b), List chi tiéu thu trung binh ~470MB, so v&i
~980MB ctia BitSet va ~560MB ctia CoGAR-C. Twong ty trén Product (Hinh 2f, 3f), List (~315MB) hiéu qua
hon BitSet (~490MB) va CoGAR-C (~400MB).

e  Truong hop dic biét (Mushroom): Mgt ngoai 1€ thu vi xay ra trén CSDL Mushroom (Hinh 2d, 3d). GFCP-BitSet
(~231MB) lai st dung it b6 nhé hon GFCP-List (~280-286MB). Diéu nay cing ¢ nhan dinh rdng ciu tric
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BitSet phu hop va dwgc toi wu héda tot hon cho dir liéu day, khong chi vé thoi gian ma con vé khong gian lwu
trit trong tredng hop nay.

Veé tong thé, GFCP-List 1a lwa chon an toan va hiéu qua nhit vé bd nhé cho cac CSDL thwa va trung binh. GFCP-
BitSet tiéu thu nhiéu b6 nhé hon dang ké trén CSDL thwa, nhwng lai hiéu qua bat ngd trén CSDL day (Mushroom).
Tém lai, thue nghiém cho thdy khong c6 mot bién thé nao 1a t6t nhit cho moi tinh huéng. GFCP-List n6i bat véi
kha ning tiét kiém bo nhé va téc do6 nhanh trén CSDL thwa. Ngworc lai, GFCP-BitSet 1a Iwa chon chuyén biét, cung
cap t6c d6 vuot troi trén CSDL day (Mushroom), nhuwng phai ddnh ddi bing viéc tiéu thu nhidu bd nhé hon trén
cac CSDL thwa. Ca hai déu chirng minh hiéu qua va kha ning mé rong vuot xa baseline CoGAR-C.

PANH GIA SO LUONG MAU KET QUA

Trong phan nay ching t6i danh gia s6 lwgng mau twong dong phd bién déng dwoc sinh ra, so sanh gitta hai 6 do
Jaccard va Kulczynski.

K&t qua thuc nghiém trén ca hai kich ban trong Bang 3 va 4 déu chi ra rang d6 do Kulczynski ludn sinh ra s6 lwong
mau nhiéu hon dang ké so véi Jaccard. Trén bo dit lidu Mushroom véi minSup = 0.1%, Jaccard chi tim thay 821
mau trong khi Kulczynski phat hién téi 12,152 mAu. Diéu nay cho thdy hé s Kulczynski 1a do do "thoang" hon. Xu
hwéng clia né 1a coi cac cdp mau 1a twong dong ngay ca khi kich thwdc ciia ching chénh 1éch 16n, mién 1a mot mau
12 tp con clia mau kia.

Ngwoec lai, chi s6 Jaccard chit ché hon va doi héi sy twong dong cao vé ca thanh phan va kich thwéc. Phin tiép theo
khi so sanh sw anh hwéng ctia tham s6 minSup va minSim chiing tdi thay rang: Khi ting minSup, s6 lwong mau két
qua clia ca hai d6 do déu giam. Piéu nay 1a tat yéu vi viéc ting nguéng hd tro sé 1am giam s6 lwong mau déng pho
bién ban dau, vén 1a dau vao cho giai doan loc twong dong. Hoan toan twong tw, khi ting minSim, s6 lwong mau
cudi ciing ciing gidm di. Mot nguwdng twong dong cao hon sé loai bé nhiéu mau hon, gitp tap két qua tré nén co
dong. Trén bo dit liéu hiéu (rng nay cang ré hon cho thiy viéc diéu chinh minSim 1a mot céng cu manh mé dé kiém
soat kich thuéc clia tp két qua dau ra.

Bang 4. S6 lwong mau twong ddng phd bién st dung do do twong dong Jaccard va Kulczynski d6i véi cdc CSDL trong Bdng 3
(cd dinh ngwéng minSim, thay d6i ngwing minSup).

FRUITHUT MUSHROOM PRODUCT
minSup | Jaccard | Kulczynski | minSup | Jaccard | Kulczynski | minSup | Jaccard | Kulczynski
5% 37 40 0.1% 821 12,152 10% 69 115
6% 31 34 0.2% 821 12,152 12% 51 93
7% 27 30 0.3% 821 12,152 14% 40 74
8% 22 25 0.4% 821 12,152 16% 32 61
9% 19 22 0.5% 821 12,152 18% 29 57
10% 17 20 0.6% 821 12,151 20% 27 55

Bang 5. S6 lvong mdu twong ddng phé bién sir dung dé do twong dong Jaccard va Kulczynski d6i véi cdc CSDL trong Bdng 3
(cd dinh ngwéng minSup, thay déi ngwéng minSim).

FRUITHUT MUSHROOM PRODUCT
minSim | Jaccard | Kulczynski | minSim | Jaccard | Kulczynski | minSim | Jaccard | Kulczynski
50% 37 40 10% 150,436 199,195 10% 199 199
55% 37 38 15% 112,449 185,343 20% 182 199
60% 37 37 20% 77,147 158,391 30% 112 199
65% 37 37 25% 42,934 132,125 40% 73 184
70% 37 37 30% 15,074 106,548 50% 69 115
75% 37 37 35% 6,681 89,955 60% 68 78

VI. KET LUAN VA HUONG PHAT TRIEN

Bai bao nay da trinh bay GFCP (Generalized Frequent Closed Pattern miner), mot phwong phap hiéu qua dé khai
pha tip mau phé bién déng c6 dong tir co s& dit liéu (CSDL) phan cdp. Bang cach két hop ba giai doan loc—loai b
dw thira cdu tric (str dung mau déng), du thira ngit nghia (dwa trén phan cip) va loc twong dong (st dung do do
Jaccard va Kulczynski)—phwong phap clia chiing toi da giai quyét thanh cong van deé bung né sé lwong mau két
qud, vén la mot thach thirc 16n clia cac thuét toan truyén théng. K&t qua thyc nghiém toan dién trén cac b CSDL
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chuin (Mushroom, Fruithut, Product) di khing dinh tinh hiéu qua va kha ning mé rong clia GFCP. Cac bién thé
GFCP (BitSet va List) déu cho thiy hiéu suit vuot troi so véi thuit toan baseline CoGAR-C, dic biét CoGAR-C da
that bai trong viéc xt Iy CSDL day (Mushroom) do gi&i han vé thoi gian.
Nghién cru ciing chi ra mot sw danh doi quan trong:

e  GFCP-BitSet td ra cuc ky hiéu qua vé mit thoi gian trén CSDL day.

e  GFCP-List lai nhanh hon va tiét kiém b6 nhé dang ké trén cac CSDL thwa.
Phat hién nay cung c4p mét lwa chon linh hoat cho ngwdi diung, cho phép ho chon bién thé thuit todn phu hop
nhit dua trén dic tinh ctia CSDL d4u vao dé dat duwgc sw cAn bang t8i wu gitra tdc do va tai nguyén. Dwa trén nhirng
két qua da dat dworc, ching toi dé xuat mot s6 huwdng nghién ctiru tiép theo d€ mé rong va cai tién phwong phap:
Hiéu sudt cuia thuat toan, dic biét 1a GFCP-BitSet trén CSDL thwa hodc GFCP-List trén CSDL day, van c6 thé duoc
cai thién. M6t hwéng di ro rang 1a thiét ké va trién khai mdt phién ban GFCP song song stt dung md hinh da luéng.
Viéc song song héa cac tac vu tinh todn d6 twong dong hoidc cac phép toan giao tip hop c6 thé gidm dang ké tong
thoi gian thue thi trén cac hé thong da 161, cho phép xt Iy cdc bd CSDL quy mo rat 1én. Dit liéu trong thé gidi thuc
thwong mang tinh khong chic chan (vi du: dit liéu cdm bién, chan doan y khoa). Ching tdi du dinh mé rong GFCP
dé xtr ly CSDL khong chic chin dé c6 thé khai pha céc tri thirc hitu ich trong bdi canh dit liéu khong ro rang.

VIL. LO'1 CAM ON

Nghién ctru nay dwoc tai tre béi Trweong Pai hoc Ngoai ngtr - Tin hoc Thanh phd H6 Chi Minh (HUFLIT) theo dé
tai ma s6 H2024-03. Nhém tac gia xin tran trong cdm on sw hd tro quy bau nay, da tao diéu kién thuan loi dé
nghién cttu dwgc hoan thanh.
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MINING FREQUENT SIMILARITY PATTERNS FROM TAXONOMY-BASED
DATASETS
Tran CAm T4, Pham Pirc Thanh

Faculty of Information Technology, Ho Chi Minh City University of Foreign Languages - Information Technology
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ABSTRACT— Traditional frequent pattern mining often generates a large number of redundant patterns. This study proposes
GFCP (Generalized Frequent Closed Pattern miner), a multi-stage filtering method for mining a concise set of patterns from
hierarchical databases. This method combines closed pattern mining (to eliminate structural redundancy) with similarity-
based filtering (using Jaccard and Kulczynski) and semantic redundancy pruning within the hierarchical database.
Comprehensive experiments, varying the minimum support (minSup) and minimum similarity (minSim) thresholds, were
conducted on standard datasets. The results demonstrate that the GFCP variants (BitSet and List) significantly outperform the
CoGAR-C baseline, which failed to complete execution on the Mushroom dataset (exceeding 3600 seconds). Specifically, GFCP-
BitSet achieves superior runtime performance on dense datasets (Mushroom), while GFCP-List is faster on sparse datasets
(Fruithut, Product) and demonstrates greater memory efficiency in most scenarios. This research confirms that GFCP is an
effective and scalable solution, offering a flexible trade-off between speed and memory depending on the input data structure.

Keywords — similarity measures, Jaccard, Kulczynski, correlated frequent closed pattern, frequent closed pattern,
hierarchical database.
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