HUFLIT Journal of Science

THUAT TOAN KHAI THAC MAU PHO BIEN HIEU QUA TREN CAY FP-TREE
Trin Anh Duy?, Pham Dirc Thanh?
L2Khoa Cong nghé théng tin, Trwong Pai hoc Ngoai ngiy -Tin hoc TP.HCM
duy.ta@huflit.edu.vn, phamducthanh@huflit.edu.vn

TOM TAT— Khai thac mAu phé bién 13 bai ton quan trong trong linh vuwc khai thac dit liéu. Mau phd bién dwoc tng dung
trong nhiéu linh virc nhw hé théng ban hang, truy tim mau thAm nhap hé thdng, xac dinh mAu l3p lai trong phan tich gen di
truyén, ... DA c6 rat nhiéu thuat todn dwoc dé xuit dé khai thac mau phd bién. Cic phwong phép da dé xuit da phan st dung
chién lwot phat sinh mau va kiém thi. Do d6, xuat hién rit nhiéu miu cin phai kiém tra. Bén canh dé, viéc phat sinh miu sé&
dan dén truedmg hop cac miu phat sinh khong cé trong co sé dir liéu. Bai viét ndy dé xudt mot phwong phap khai thac hiéu
qua dwa trén c4u truc dir liéu FP-Tree giup gidm s6 lwong mAu phat sinh trong qua trinh khai thac. Két quéa thwc nghiém cho
thay hiéu qua cta thuat todn tot hon so véi mét sé phwong phap hién co.

Tir khéa— Khai thac mau phd bién, luat két hop, dit liéu giao tac, c4u tric FP-Tree, khai thac tap su kién.
I. GIO'l THIEU

Khai thac dir liéu da va dang thu hat rat nhiéu sy cht y trong céng déng nghién cttu co s& dit liéu, vi kha ning
rng dung trong nhiéu linh vec. Khai thic miu phd bién 1a mot ki thuat khai thac dir liéu, déng vai tro thiét yéu
trong nhiéu nhiéu linh vic khai thac nhw khai thac méi lién hé, khai thic tinh twong quan, xac dinh quan hé nhan
qua, khai thadc mAu tuan tw, khai thac tip phé bién da chiéu, khai thac tdp mau t6i dai, xac dinh tinh tuin hoan,
V.V...

Khai thac tap phd bién dwgc Agrawal [1-2]dé xuit 1an d4u tién trong mot bai viét vé phan tich thi treong Gng
dung ky thuit khai thac luat két hop. Nhiém vu cta luit khai thac luat két hop 1a tim ra cic mdi lién hé cta cac
mat hang khac nhau dwgc khach hang chon mua, thong qua viéc xac dinh sy xuit hién dong thoi cia cac mat
hang d6 trong cung h6éa don mua hang tai ctra hang. Vi du nhw dwa vao viéc phan tich héa don mua hang, nguoi
ta phat hién ra rang nhitng ngudi mua ti thudng mua kém bia trong cling héa don. Thong tin vé nhitng san
phdm xuit hién trong ciing héa don c6 thé dwgc sir dung dé phan tich thi trwdng riéng biét cla tirng clra hang,
1én ké& hoach kinh doanh, sip x€p gian hang sao cho tién dung nhAt cho khach hang, phan nhém khach hang, ...

K& tir khi xuat hién, bai toan khai thac dit liéu phd bién di nhin dwoc sw quan tAm cta gi¢i nghién ctu véi hang
tram céng trinh khac nhau, tir nghién ctru thuét toan khai thac [3-10] cho dén céc linh vuc ¢ng dung. Mic du ¢
nhiéu céng trinh dwoc dé xuit dé gidi quyét van dé khai thac tip pho bién, nhwng thiét ké phwong phap khai thac
hiéu qua v&i tirng loai dit liéu vAn 13 bai todn con nhiéu thach thirc.

Trong bai bao nay, ching t6i dé xuit mot phwong phap khai thic méi FP-Extend dwa trén ciu tric FP-Tree [10]
da dwoc Han dé xudt ndm 2004. FP-Extend sit dung c4u tric Node-List dé Iwu trit vi tri ctia cAc mau trén cay FP-
Tree phuc vu cho qué trinh phat sinh mau tir ciy. Bang cach duyét ngwoc cay két hop véi viée lvu trit thong tin
mau trén Node-List, phwong phép sé& tim ra tit ca cac tp ph6 bién ma khdng cin tao ra trng vién méi.

Thut todn FP-Extend dat dwoc hiéu qua so véi thuit toan FP-Growth & cac khia canh sau. Diu tién 1a thuit toan
duyét cau truc FP-Tree d€ phat sinh mAu nén khong phat sinh mau khong ton tai trong CSDL. Thit hai, trong qua
trinh khai thac, thuat todn c6 kiém tra dd hd tro cia cAc mau trwée khi thuce hién bwéc khai thac ké tiép. Do d6,
thuat toan khong phét sinh tit cd cAc mau c6 thé c6 giéng nhw thuat todn FP-Tree, gitp gidm dang ké thoi gian
khai thac. Thir 3, viéc lwu vét mau phé bién trong Node-List cho phép nhanh chéng phat sinh miu ké tiép. Dong
thoi d6 hé tro ciia cAc mau dwgc tinh thong qua viéc cong don thudc tinh dém cuia nit trong cay FP-Tree nén viéc
kiém tra tré nén don gian.

D& danh gia hiéu suit ctia FP-Extend ching t6i tién hanh thuc nghiém so sanh véi thuit todn FP-Growth [10] va
PrePost [9]. Két qua thwc nghiém cho thiy thuit toan hiéu qua hon so véi cac thuit todn khao sat vé thoi gian
thwc hién va ving nhé st dung.

Phin con lai cda bai bao dwoc sdp x&p nhw sau. Muc II trinh bay vé cic cong trinh c6 lién quan. Muc III trinh bay

vé thuit toan khai thic dé xudt. Muc IV trinh bay két qué thwc nghiém. Muc V la phan két ludn va hwéng phat
trién trong twong lai.

II. CAC CONG TRINH LIEN QUAN

HAau hét cac thuit toan dugc dé xuit truwdec day dé khai thac cac tip phd bién c6 thé dwoc nhém lai thanh hai
nhom: phwong phap dwa trén nguyén ly Apriori [2] va phwong phap céi tién dwa trén ciy FP-Tree [7][10-12].
Nguyén ly Apriori néi rang néu bat ky itemset k dd dai nao khoéng phd bién, thi super-itemset do dai (k + 1) caa
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no cling khéng pho bién. Phwong phap Apriori-like st dung chién lwgc tao va kiém tra tp &ng vién dé kham pha
cac tip pho bién.Nghia 13, nétao racac tip phé bién c6dd dai wng vién (k+ 1) tronglankiém
tra thir (k + 1) bang cach str dung cac tp phd bién c6 d6 dai k dwoc tao trong lan kiém tra trwédc dé va dém cac
dd support cda cac itemset (rng vién nay trong co s& dit liéu. Khac véi phwong phap dwa trén nguyén ly Apriori,
phwong phap cdi tién dwa trén ciy FP-Tree khai thac cic tAp phé bién ma khong cin tao (rng vién va da dwoc
chirng minh 13 rit hiéu qua. Phwong phap FP-growth dat dwoc hiéu qua 4n twong bang cich 4p dung ciu tric dir
liéu méat d6 cao dworc goi 1a FP-tree (ciy tap pho bién) dé lvu trir co s& dit liéu va st dung cach tiép cin dwa trén
phén vung, chién lwoc chia dé tri d€ khai thac cac tp pho bién.

Phwong phap Apriori-like dat dwgc hiéu suit tot bang cach gidm kich thwéc cia ing vién. Tuy nhién, cic nghién
cru trwdre day cho thiy rang phuwong phap Apriori-like rat tdn kém khi quét lién tuc co s& dir liéu va kiém tra
mot tAp hop lén cac trng clr vién bang cach d6i sanh tap phd bién. D& gidi quyét nhirng van dé nay, mot s6 thuat
toan khai thac doc da dwoc dé xuit [7] [10-12]. Khong gidng nhu dinh dang co s& di liéu giao dich dang ngang
truyén thoéng, mdi item trong co s& dir liéu doc dwoc lién két véi Tidset twong (rng clia no, tap hop tit ca id giao
dich noi né xuit hién. Wu di€ém cua dinh dang co s& dir liéu doc 12 viéc dém s6 lwong hd trg cua cac itemset co
thé dwgc thu thip thong qua Tid-set, tranh viéc quét toan bd co s& di liéu. Tid-set don gidn hon nhiéu so v&i
bang bim hoic cay phtrc tap dwoc stt dung trong thuat todn ngang va ciing hiéu qua hon trong viéc dém hé tro
cla cac tip pho bién. Cac thuit toan khai thac theo chiéu doc di dwoc chirng minh 12 rit hiéu qua va thudng tot
hon cac phwong phap khai thac theo chiéu ngang.

Tlr nim 2012 dén nay, mot s6 coéng trinh da dwoc céng bd chd yéu dwa trén viéc cai tién ciu tric cay FP-Tree
nhw PrePost [9] [11], FIN [8], DFIN [7], negFIN [12], ... cAc bién thé nay dwa trén ciy FP-Tree cai tién dé dwa ra
c4c ciu tric trung gian nhdm thwc hién thao tac khai thac ma khong can thuc hién truc tiép trén ciy FP-Tree. K&t
qua thyc nhiém ctia cic thuit todn nay dwoc chirng minh la tét hon so véi thuét todn FP-Growth [10] ban dau.

IIl. THUAT TOAN KHAI THAC MAU PHO BIEN

A. BAI TOAN KHAI THAC MAU PHO BIEN

Cho tap I={iy, iz, i3, ..., in} 12 tdp cac sy kién khac nhau. Co s& dit liéu giao dich DB={t;,t;t3, ...,tm} 1a tap hop cac giao
dich t;véii € [0,m],vat; € I.MAu P c I dwoc goi 1a xudt hién bén trong giao dich T néu va chi néu moi phén tir
clia P déu thudc tap T. Vi du: P={a,b,c} va T={a,b,c,d} khi d6 P dwgc goi 1a xuit hién trong tap T. P9 ho tr¢ cia mau
P 1a s6 1an xudt hién trong co sé dir liéu giao dich DB, méi giao dich Ti c6 chita P dwoc tinh 1a mét Ian. Do dai cda
mau P duoc tinh bing sb item cé trong P. Mot mau cé do dai k con duoc goi 1 tap k-itemsets. PO hd tro cia P
dugc ky hiéu 12 sup(P) D6 hd tro téi tiu ¢ 12 mot ngudng do ngwoi dung dit ra.

Bai toan khai thac mAu phé bién duwoc phat biéu nhu sau: Cho co s& dit liéu giao dich DB va mét nguéng hd tro
t3i ti€u ¢ yéu cAu tim ra tit cd cic mau P c I sau cho sup(P) = ¢.

B. THUAT TOAN PE XUAT
1. CAU TRUC CAY FP-TREE
FP-Tree la ciu tric dir liéu dwoc J.Han dé xuit ndm 2004 [10]. FP-Tree s& mo ta lai co s& dir liéu dwéi dang ciy
ma mdi nut trong cdy sé bao gom cac théng tin vé su kién i va s lan xuat hién ctia sw kién i. Tlr ntit g&c ciia cay,
di theo mbi nhanh, dén nut 14 sé biéu dién cho mot giao dich trong co s& dit liéu DB.

Bang 1: Bdng vi du CSDL.

Mai Giao Dich Tap su kién Tap sy kién da sip xép Tap su kién da loc(minsup =2)
1 a,cbe c,bea c, b ea
2 a,¢C,g c,ga c,ga
3 b,c,f,g,h c, b, g fh ¢, b g
4 b,d,e b,ed b, e
5 ecCg,li c,eq,li c,ed

Dé xay dung ciu tric FP-Tree, co s& dir liéu gdc phai duoc sap x&p theo thi tw gidm dan ctia 6 hé trg. Trong bai
viét nay, ching toi st dung c4u triic cay nhi phan dé thwc hién thao tic tao ra tp sw kién di sip x&p. V&i mdi
giao dich trong DB, mot cAy nhi phan dwoc tao ra dé sip x&p cac su kién c6 trong giao dich dang xét. Mdi sw kién
clia mot giao dich s& dwgc thém vao cay nhi phan. Dwa vao s& Ian xuit hién cda tirng sw kién dé sap xép chung
va0 bén trai hodc phai. Nguyén tic 1a ntt bén trai sé c6 s6 1an xuit hién nhé hon nuat & gitra. Nt bén phai sé c6 s6
14n xuat hién 1én hon nut & gitra. Néu s6 1an xuit hién bang nhau thi dwa vao thir tw xuat hién trwéc d6 trong DB.
Vi du: Sy kién e va sy kién g déu c6 s6 14n xudt hién la 3 tuy nhién sw kién e xuit hién tir giao dich c6 md 1a 1 con
g xuit hién & giao dich c6 ma 12 2 nén trong giao dich sé 5 sw kién g sip sau su kién e.
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Sau d6, mdi su kién trong tirng giao dich sé dwgc duyét qua dé tao nit trong cay FP-Tree. Trong d6, néu nhu sw
kién dwoc duyét qua nhiéu hon mot Ian, thi cr méi 1an duyét nhw vay sé ting bién dém trong cay 1én. Hinh 1 thé
hién co s& dir liéu trén & dang FP-Tree.

{2}

{c:4} {b:1}

{b:2} {g:1} {e:1} {e:1}

{e:1} {g:1} {a:1} {g:1}

{a:1}

Vi du cay FP-Tree

2. THUAT TOAN

Thuat toan khai thac st dung c4u tric bang bam BT dé lwu trit cAic mau phé bién. Trong dé, khéa clia bang bim
lwu thong tin vé mau phd bién. Dit liéu 4nh xa cta bang bam 1a tip dia chi cla cac nut twong ng trong cay FP-
Tree va dd ho trg cia mau. Thuat toan khai thac dwa trén dic di€ém sau cta cAy FP-Tree.

Nhan xét 1: Tlr m6t mau x cho trwdc, tit cd cAc mau phat sinh tir x déu c6 thé duoc phat sinh dwa vao thao tac
duyét nguoc cay FP-Tree. Vi du: Tir miu a trong Hinh 1, dwa vao bang bam BT c6 thé tim ra dwoc hai ntt c6 mau
a. Sau do, tir mot nit c6 mau a, c6 thé xac dinh dwoc cdc mau ae, aeb, aebg, ... dwa vao thao tic duyét ngugc vé
glc cay.

Nhan xét 2: D6 hd tro ctia mau cé thé dwoc tinh bing cach cdng don thudc tinh dém bén trong mdi nat. Vi du:
MAu a c6 hai nut, vay d6 hé tro clia mau a c6 thé dat dwoc bing cach cdng don thudc tinh cout ctia méi nit.

Nhan xét 3: Néu nhu miu c6 do dai k khéng phé bién, thi miu phét sinh c6 dd dai (k+1) tir miu c6 do dai k
khong phd bién cling khéng phé bién.

Tir cAc nhan xét trén, Thult todn khai thac dwoc dé xudt nhw sau.
Thuat toan 1: EFP-Growth Khai thac mau phé bién

Input Co sé dit liéu giao dich DB, Ngudng hd tro toi tiéu ¢
Output T4p cadc mau phd bién
Begin
Duyét DB tao cAy FP-Tree va tao bang bim BT mau 1-item phé bién.
FOR-EACH miu 1-itemsets p IN BT
EFP-Mining(p, ¢, FP-Tree, BT)
End

Thuét toan 2: EFP-Mining Khai thic mAu phé bién véi 1 item cho truéc

Input Miu k-itemsets p, Ngudng hd tro t6i ti€u ¢, FP-Tree, BAng bim BT
Output T4p cac maiu phd bién cé chira p

Begin
Tao Bang bam tmp.
List = BT[p]

FOR-EACH nut n IN List

IF n == root THEN CONTINUE

g = nut cha cia nut n

DO
1 = nhan sy kién cua nut q
¢ = s6 lan xuit hién trong nit n.
newpattern =p Ul
Cong c cho tmp[newpattern). count
Thém q vao tmp[newpattern)]. list
Gan nut cha cta q cho nit q
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WHILE q !=root
FOR-EACH mau k IN tmp
IF tmp|[Kk].count < ¢
X6a k khéi tmp
ELSE
Xac dinh k 1a mAu pho6 bién.
IF con miu trong tmp
FOR-EACH mau k IN tmp
EFP-Mining(k, ¢, FP-Tree, tmp)

End

Thuat to4n khéi dau bang viéc tao ra cAy FP-Tree va bang bim luwu trit thdng tin miu cé chiéu dai bing mot. Sau
do, thuat toan duyét qua tirng item dé phat sinh mAu lién quan dén item d6. Bang cach duyét ngwoc ciy FP-Tree,
thuat todn tim ra tit ca cadc miu cé dd dai bang hai (hay con goi 12 tAp 2-itemset) va lwu trong bang bim tmp. Sau
do, x6a hét cdc mau khong phd bién trong bang bam tmp di. Lap lai chu trinh v&i bang bim cac mau cé dd dai hai
dé phat sinh mau cé dd dai lén hon. Ci¥ ti€p tuc nhw vay cho dén khi phat sinh hét tit ca cac mau.

Do thut toan c6 thuc hién kiém tra d6 phé bién ctia tirng mau & do dai xac dinh nén tranh dwoc viéc phai phat
sinh tit ca cac mau c6 thé c6. Bén canh d6, viéc thuc hién duyét ngwoc trén ciy FP-Tree ddm bao sé& khong phat
sinh nhitng mAu khong c6 trong co s& dit liéu. D6 hd tro ciia mau cling dugc tinh to4an thdng qua qua trinh duyét
cay nén dé dang x4c dinh dwgc dd hd trg cia mot mau bat ky khi kiém tra tinh phd bién ctia mot mau méi dwoc
phat sinh. Két qua thwe nghiém ctia thuét todn dwoc trinh bay bén dwdi.

IV. KET QUA THU’C NGHIEM

A. CHUAN BI

Thuc nghiém dwgc thwe hién trén mdy tinh c6 cdu hinh Intel(R) Core (TM) i7-450U CPU @2.00GHz, 2.6GHz,
12GB RAM, chay trén nén hé diéu hanh Windows 10 64-bit. Thuat to4an dwoc cai dat bing ngdn ngit 1ap trinh
Python trén Jupyter Notebook (Anaconda3 64-bit) véi cAc thu vién c6 sin clia Anaconda3. Thuat todn dwgc tim
hiéu va cai tién trong bai bao 1a FP-growth = [13].

Bai bdo st dung dit liéu theo bang 2 dwéi day:

Bang 2. M6 td cdc CSDL dwoc str dung

Dataset Type Items Transactions Avg. Length
chess Real 75 3,196 37
mushroom Real 119 8,124 23
T10I14D100K Synthetic 949 98,487 10

Thuét todn FP-growth * [13] dwoc st dung dé so sanh v&i thuét todn cdi tién EFP-Growth ma ching toi dé xuit,
str dung tir thw vién dwoc xay dung sin ctia Python. Ching t6i c6 hai danh gia sé dwoc thuc hién trén CSDL bang
2, gbm c6 danh gia thoi gian thwe thi chwong trinh va danh gia viéc hao tén bd nhé.
B. DPANH GIA THO'I GIAN THU'C THI CHUO'NG TRINH

Chess dataset
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Hinh 2. Biéu dién thoi gian thue thi trén Chess dataset
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Hinh 2 biéu dién thoi gian thyc thi cia hai thuat toan: FP-growth * (dwdng gach dirt, hinh vudng) va FP-growth *
cai tién EFP-Growth (dwong lién tuc, tam giac), trén Chess dataset.
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Biéu dién thoi gian thuwe thi trén Mushroom dataset

Hinh 3 biéu dién thoi gian thuc thi cia hai thuat todn: FP-growth = (dwong gach dit, hinh vudng) va FP-growth *
cai tién EFP-Growth (dwdng lién tuc, tam giac), trén Mushroom dataset.
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Hinh 4. Biéu dién thoi gian thuc thi trén T1014D100K dataset

Hinh 4 biéu dién thoi gian thuc thi cia hai thuat todn: FP-growth * (dwdng gach dit, hinh vudng) va FP-growth *
cai tién EFP-Growth (dwong lién tuc, tam giac), trén T1014D100K dataset.

Thwc nghiém cho thiy thoi gian chay cta thuit todn FP-growth * cai tién EFP-Growth ctia ching t6i (dwong lién

tuc va tam giac) thyc thi nhanh hon thuét toan goc FP-growth * (dwong gach dirt, hinh vudng).

C. PANH GIA HAO TON BO NHO’
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Hinh 5. Biéu dién viéc hao tén bé nhé khi thuc thi trén Chess dataset
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Hinh 5 biéu dién viéc hao t8n bd nhé khi thuec thi cda hai thuat toan: FP-growth * (dwong gach dit, hinh vuéng)
va FP-growth = cdi tién (dwong lién tuc, tam giac), trén Chess dataset.

Mushroom dataset
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Hinh 6. Biéu dién viéc hao tén bé nhé khi thuc thi trén Mushroom dataset

Hinh 6 biéu dién viéc hao t6n bd nhé khi thwc thi clia hai thut toan: FP-growth = (dwdng gach dit, hinh vudng)
va FP-growth = cdi tién EFP-Growth (dwong lién tuc, tam giac), trén Mushroom dataset.

T1014D100K dataset
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Hinh7. Biéu dién viéc hao t6n bé nhé khi thuc thi trén T1014D100K dataset

Hinh 7 biéu dién viéc hao t8n bd nhé khi thuc thi cla hai thut toan: FP-growth * (dwong gach dit, hinh vudng)
va FP-growth = céi tién (dwong lién tuc, tam giac), trén T1014D100K dataset.

Thuc nghiém cho thiy téc do x Iy va viéc hao ton bd nhé tuy thudc vao dir liéu diu vao dang xir ly.
V. KET LUAN VA HUO'NG PHAT TRIEN

Trong bai viét nay, chiing t6i trinh bay phwong phap s dung ciu tric ciy nhi phin dé thwc hién thao tac tao ra
tap sw kién da sdp xép. V&i méi giao dich trong DB, mét cAy nhi phan dwoc tao ra dé sip xép cac sw kién c6 trong
giao dich dang xét. Mdi sw kién ctia mdt giao dich s& dwgc thém vao cay nhi phan. Dwa vao s6 lan xuat hién cda
tirng sw kién d€ sap x€p chiing vao bén trai hodc phai. Nguyén tic 1a nat bén trai sé c6 s6 1an xut hién nhé hon
nat & gitra. Nut bén phai sé c6 s6 1an xuit hién 16n hon nat & gitta. Néu s6 1an xuit hién bing nhau thi dwa vao
thi tw xuit hién truwedc d6 trong DB.

Han ché ctia dé tai 1a khi xtr ly dit liéu 16'n viéc phat sinh ciy sé tiéu tén thoi gian va bd nhé. Div liéu thwe nghiém
c6 kich thwéc con khiém tén. Do d6, huwdéng téi xdy dwng chwong trinh khai thac trén hé théng phan tin nhu:
Hadoop (map, reduce cta Python), Apache Spark (ng6én ngir Scala). Chiing t6i sé thwc nghiém trén nhiéu dir liéu
v&i kich thwée 16n hon. Bén canh d, nhém sé nghién ciru thém vé hwéng cai tién twong tw da c6 hién nay (st
dung mang, danh sach lién két, nén, ...).
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AN EFFECTITIVE ALGORITHM FOR FREQUENT ITEMSETS MINING
BASED ON FP-TREE
Tran Anh Duy, Pham Duc Thanh

ABSTRACT— In Frequent itemset mining is an important problem in the field of data mining. Frequent itemsets are used in
many fields such as sales systems, tracking system penetration patterns, identifying repeat patterns in genetic analysis, ...
Many algorithms have been proposed. Most of the proposed methods use sample generation and testing strategies. There
are a lot of samples that need testing. In addition, the sample generation will lead to the case that the generated samples are
not in the database. This article proposes an efficient mining method based on FP-Tree data structure that helps to reduce
the number of samples generated during the mining process. Experimental results show that the efficiency of the algorithm
is better than that of some existing methods.
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