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Tém tat. Bai bao dé nghi mot phuong phép khai thac luat phan 16p két hop trén co s dit lieu
phan tan dya trén mang ngang hang. Phuong phap nay tan dung dugc nang lyc tinh toan cta cac
may trong mang dé xi 1y thong tin tai mdi vi trf v& chi truyén céc thong tin clia cac itemset c6 do
hé trg théa ngudng do hd trg tdi thidu tir cdc bén tham gia cho bén can khai thac. Chinh vi vay,
phuong phép dé nghi gidm thiéu dugc khong gian luu trit so véi viec chuyén toan bo cd sé dit lieu vé
bén can khai thac luat.

Tu khéa. CBA, CAR-Miner, luat phan 16p két hop, phan tin, mang ngang hang.

Abstract. This paper proposes a method for mining class association rules in distributed datasets
by using peer-to-peer network. This method utilizes the computing performance of PCs in the net-
work to process the local information at each site, and then only transfers the information of itemsets
whose degree supports satisfy the minimum support threshold to the mining site. Therefore, the pro-
posed method can reduce the memory usage more considerably than that of transferring all dataset’s

information to the mining site.

Keywords. CBA, CAR-Miner, class association rules, distributed, peer-to-peer network.

1. GIOGI THIEU

V6i st biing n6 thong tin nhu hién nay, khéi lugng dit lieu phuc vu cho nhu cau hing ngay
ctia mdi to chiic cang nhiéu, cang da dang v phong pht. Thé nhung nhing thong tin qui gia,
nhiing tri thitc phuc vu cho nhu cau quan 1y, chién luge hay dinh huéng cho t6 chitc cang khé
tim thay, né bi chon vii sau trong khéi luong dit lieu khong 16 ctia chinh t6 chic d6. Khai
thac dit lieu duge ra doi va ting dung nham phuc vu cho cic nhu cau khai thac cac tri thic
tiém an do.

Trong cac huéng khai thac dit lieu thi khai thac luat két hop 1a mot phuong phap mo ta
dit lieu, c6 nhiem vu phan tich nhim phat hién va dua ra nhitng qui luat tiém an, nhitng moi
lien hé tuong quan giita cac gia tri dit lieu trong co sé dit lieu tac nghiep ctia t6 chite. Luat
két hop thu duge thuong c6 dang mot ménh dé c6 hai vé: X — Y, trong d6 X dudc goi 1a vé
trai cia luat (tien kien), Y duge goi 1a vé phai ctia luat (hau kién). Luat két hgp tuy kha don
gian nhung nhitng thong tin ma luat dem lai mang nhiéu ¥ nghia quan trong, hd trg khong
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nho trong qua trinh ra quyét dinh, quan 1y va c6 tinh dinh huéng. Khai thac luat két hop
nham tim ra nhitng méi lién két dang quan tam hofic nhitng quan hé tuong quan trong mot
tap 16n cac déi tuong. Trong giao dich thuong mai kham pha mdi quan hé trong s6 luong lén
cac ban ghi giao dich c6 thé gitp nhiéu nha kinh doanh xit If gidi quyét cdc van dé nhu: thiét
ké catalog nhu thé nao? B tri céc san pham nhu thé nao? v.v.. Mot tng dung quan trong
clia luat két hop 1a phan tich thi truong. D6 1a viec phan tich théi quen mua hang clia khach
dé tim su két hop gitta cac mit hang khac nhau trong mot lan mua hang ctia ho.

Sy da dang va phong pht ctia dit lieu hinh thanh nén nhiéu mo hinh dit liéu khac nhau, d6
ciing 1a mot thach thitc ddi véi viec khai thac dit lieu. Mot trong nhitng bai todn quan trong
va dang dugce tap trung nhiéu nghién cttu hién nay 1a phan 16p dit lieu. Viéc xay duyng mot bo
phan 16p hay mo hinh sao cho du doan ding cac mau chua biét trude 16p 1a mot nhu cau cap
thiét trong cac hé théng hd trg ra quyét dinh. C6 thé thay, luat phan 16p chinh 1a luat két
hop v6i vé phai chi chita mot gia tri clia thuoc tinh 16p. Phuong phap nay dude dé nghi vao
nam 1998 bdi Liu va cac dong sy [8] va thuong cho két qua chinh xac hon so véi C4.5 [13] va
ILA [17, [8] (Theo [8, [19, [20, [21]).

Su bing no6 thong tin ciing véi syt 1én manh ctia nganh cong nghiép phan ciing may tinh
va, cong nghé mang, v.v... dan dén nhu cau phan tan dit lieu trén nhiéu may tinh khac nhau,
vita giam thiéu duge céc rii ro khi van hanh, vita chuyen biet héa duge cac nhu cau xi 1y,
tan dung dudc t6i da cac nguon lyc may tinh, ciing lai vita thich nghi duge v6i nhiéu mo hinh
t6 chiic khac nhau. Chinh vi thé, khai théac dit lieu ngay nay khong nhing théa man nhu cau
khai thac tri thitc tiém an xuyén thoi gian ma con théa man nhu cau khai théc sy ton tai ctia
nhiing tri thidc tiém an xuyén khong gian, phan tan rai rac trén toan bo hé théng may tinh
clia ca t6 chiic, khong phuy thuoc vao hé théng luu trit.

Muc tiéu ctia bai bao 1a nghién cttu cac phuong phap khai thac luat két hop trén co sé dit
licu (CSDL) phan tan, ddc biet la phan 16p dua vao khai théc luat két hgp tréen CSDL phan
tan, tit d6 dé nghi mot thuat toan khai thac trén loai CSDL nay.

2. CAC NGHIEN CUU LIEN QUAN

2.1. Phan 16p dua vao khai thac luat két hop

Luat phan 16p déng vai tro quan trong trong cic hé thong ra quyét dinh, chinh vi vay, c6
rat nhiéu phuong phap dugce phét trién nhu C4.5 [13], ILA [17,18]. C4c phuong phap nay dua
trén ky thuat heuristic/tham lam nén do chinh xac thuong chua cao. Chinh vi vay vao nam
1998, Liu va cac dong su dé xuat phuong phap phan 16p dya vao khai thac luat két hop, duge
goi 1a phan 16p két hop (CBA). Phuong phap nay thuong c6 do chinh xac cao hon C4.5 va
ILA. Ly do chinh la nho n6 khai théc tap luat day dt hon C4.5/ILA, ¢6 thé st dung da luat dé
dir doan nhan ctia mau méi. Mot s6 phuong phap nham nang cao hiéu qua khai thac duge de
nghi vé sau nhu Phan 16p duya trén luat két hgp du dodn (CPAR) [24], phan 16p dya tren luat
két hop da nhan (CMAR) |7], phan 16p dua tren luat két hop da 16p, da nhan (MMAC) [15],
phan 16p duya trén luat két hop da 16p (MCAR) [16], khai thac luat phan 16p két hop dya trén
16p tuong duong va cay ECR (thuat toan ECR-CARM) [22] va khai thac luat phan 16p két
hop dua trén cay MECR (thuat toan CAR-Miner) [10]. Mot s6 nghién cttu chi ra bo phan 16p
dude tao ra tit luat phan 16p két hgp thuong c6 do chinh xac cao hon cac phuong phap truyen
thong nhu C4.5/ILA ca vé 1y thuyét [17, 18, 19] 1an thuc nghiem [§].
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Phan nay trinh bay thuat toAn CAR-Miner, mot thuat toan dudce ap dung dé khai thac
hiéu qua luat phan 16p két hop [10].

Goi D la tap cac di lieu huan luyen véi n thuoc tinh Ay, Ao, ..., A, va |D| ddi tugng
(mau). Goi C = {e1,c¢2,...,c;} 1a tap cac nhan 16p. Mai gia tri ctua thudc tinh A; va thudc
tinh 16p C duge ky hiéu bdi cac ky tu thuong a va ¢ tuong tng.

Dinh nghia 2.1. Mot itemset 14 mot tap céc cap (thudc tinh, gia tri), duge ky higu bdi
{(As1,ai1), (Aiz, ai2), - . ., (Aim, @im) }-

Dinh nghia 2.2. Mot luat phan 16p két hop r c6 dang {(Ai1,ai1), .-, (Aim,aim)} — ¢,
trong d6 {(Ai1,ai1),- .., (Aim, @im)} 12 mot itemset va ¢ € C' la mot nhéan 16p.

Dinh nghia 2.3. Kha ning xay ra cia luat r, ki hieu ActOcc(r), 1a s6 dong trén D chita
vé trai ctia 7.

Dinh nghia 2.4. Dém do hd trg ciia luat r, ki higu Sup(r), 1a s6 dong trén D chita vé trai
va vé phai cia r.

Dinh nghia 2.5. Do tin cay ctia luat r 1a ti s6 gitta Sup(r) chia cho ActOce(r), nghia 1a
_ _Sup(r)
Conf(’l") = WCC(?“)

Chang han, xét luat 7 : {(A,al)} — y tit CSDL & Bang 1, ta c6 ActOcc(r) = 3 va
Sup(r) = 2. Do ¢6 3 dbi tugng co gid tri A = al, trong d6 hai doi tugng c6 16p 1a y = Do tin
cay cua luat la conf(r) = 2/3.

Céu tric cay MECR: Mbi nit trén cay gom cac thong tin sau

a) itemset.

b) Obidset: Tap cac ID clia d6i tugng chiia itemset.

c) (#c1, #ca,. .., #ci) — danh sich cac s6 nguyen, trong do6 #¢; 1a s6 dong trong Obidset
thuoc vé 16p ¢;.

d) pos: mot s6 nguyéen luwu trit vi trf ctia 16p v6i s6 lan xuat hién nhiéu nhat, nghia 1a
pos = arg max{#c;}.

1€[1,k]
Chéng han, xét nit chia itemset X =
{(4,a3),(B,bs)} tu Bang 1. Do X chia OID A B C class
trong cac d6i tugng 4, 6 va tat ca déu thuoc 1 al bl ¢l vy
ve 16p y. Vi vay, nut {(A4,a3),(B,b3)} (hay 2 al b2 ¢l n
B L 46(2,0) . 3 a2 b2 cl n
viet don gian la 34><<3(g,?(;§)3> dugc tao ra trén 4 a3 b3 cl y
cay. pos = 1 (dugc gach chan tai vi tri 1 ctia 5 a3 bl c2 n
ntt nay) do s6 dém thuoc ve 16p y 1a 16n nhat 6 a3 b3 oy
(2 s0 véi 0). Biéu dién sau khc cach bidu dién 7 al b3 2y
8 a2 b2 c2 n

dau & chd luu trit tap thuoc tinh. Biéu dién
dau luu day du tap thuoc tinh trong khi biéu
dién sau luu tap thuoc tinh duéi dang bit cho
tiét kiem bo nhé (st dung cach biéu dién bit
nhu sau: A c6 gia tri 1a 20 = 1; B ¢6 gia tri

Bang 1: Mot CSDL huén luyén mau
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1xa Ixal Ixa3 2xb1 2xb2 xcl 43xc2

m 7& TKKQ -

3xalbl 3xalb2 3xalb3 Sxalcl Sxalc2 3xaZh2 5xaZcl Sxa2e2 3xa3bl 3xa3b3 Sxadcl Sxadc2 6xblcl 6xble2 6xb2cl 6xb2c2 Gxb3cl Gxb3c2
1.0 20D 70 12(L.1) 7A.0) 38(0.2) 3(0.D 8(0.H 3(0.D 46(2.0)46(2.0) 50.D 1(1.0) 5(0.D 23(0.1) 8(0.D 462.0) 7(Q.0)

Txalblel  7xalb2el 7xalb3c2  7xalb2cl 7xalb2c2 Txa3ble? Txa3b3cl
13.09) 20D 7O 30.D 8(0.1) 50D 462.0)

Hinh 1: Cay MECR-tree dugc xay dung tt CSDL ctia Bang 1

la 28 = 2; C c6 gid tri 1a 22 = 4 nén AB = 292! = 3; tuong tuw ABC = 2°)21[22 = 7). V6i
cach bicu dién sau, itemset dugc chia thanh 2 thanh phan att x value.

Cung ndi ti nit X dén nat Y sao cho X.itemset C Y.itemset va | X.itemset| = |Y.itemset|—
1. Hinh 1 mo ta cay tim kiém dé khai thac luat phan 16p két hop. Pau tién, mic 1 ciia cay
chita cac nut vé6i 1-itemset, sau d6 moi nit trén cay sé duge két hgp véi cac nit ding sau né
¢6 cling nit cha dé tao ra mot tap cac nat con ciia nat hién hanh. Quéa trinh nay dude thuc
hién mot cach dé qui cho cac ntt con ctia ntt hién hanh cho dén khi khong con nit nao duge
tao ra.

att; X valuey i atty X values
Obidsetl (011, cony Clk) Obidset2(621, veey Cgk)
= atty va value;  # valuey, thi Obidsety N Obidsety = ().

Ménh deé 2.1. Cho trudc hai nit , néu atty

Dua vao ménh dé thuat toan khong can két hop hai itemset X va Y néu ching c6
1 xal . 1xa2
127(2,1) 7 38(1,1)
d6 Obidset({(A, al)}) = 127 va Obidset({(A, a2)}) = 38 = Obidset({(A, al),(A, a2)})
Obidset({(A, al)}) N Obidset({(A, a2)}) = 0. Tuong tu ta c6 Obidset({(A, al), (B, bl)}) =
1 va Obidset({(A, al); (B, b2)}) = 2 = Obidset({(A, al), (B, bl)}) N Obidset({(A, al); (B,

b2)}) = 0.

Ménh dé 2.2. Cho trudc 2 mit

cling tap thuoc tinh do Sup(XY) = 0. Chang han, xét hai nit , trong

itemsety vl itemsety
Obidsetl (011, veey Clk) Obid8€t2(021, ceey Cgk)
‘ = ]Obidsetg\ thi Vi € [1, k‘] 1 Cly = C9;.

Tt ménh dé 2, khi két hai nat cha thanh mot nat con, c¢6 thé kiém tra s6 phan ti cia
Obidset két qud, néu c6 két qua bang véi mot trong hai nit cha thi chép cac thong tin cia
nut cha tuong tng cho nat con.

Hinh 2 bén du6i mo ta chi tiét ctia thuat toan. Dau tién, nut goc (L,) chita cdc nut 1-
itemset pho bién. Thit tuc CAR-Miner duge goi dé khai thac tat ca cac luat phan 16p két hop
véi dau vao 1a L, minSupCount (1a s6 dém ctia minSup), minConf.

, néu itemset; C

itemsety va
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Tht tuc CAR-Miner (Hinh 2) xét moi nit /; véi cac nat sau né I; trén L, sao cho j > ¢
(dong 2 va dong 5) dé tao ra mot nit tng vién I. Thi tuc nay ciing st dung ménh dé 1 va 2
dé loai bé nhanh tng vien va tinh nhanh cic thong tin ciia cac nit con (dong 6 va dong 13).

Input: A dataseD, minQupCount andminConf
Output: all CARs satisfyminSupCount andminConf
Procedure:
CAR-Miner (L, minQupCount, minConf)

1. CARs =[J;

2. for alll; O L,.children do

3.  ENUMERATE-CAR(l;, minConf )

4 P =0;
5 for all I; O L,.children, with j > i do
6. if I.att# l;.att then /S dung ménhdé 1
7 O.att =l;.attl |;.att;
8. O.value =li.valuel I;.value;
9. O.Obidset = 1;.Obidset n |;.Obidset; )
10. if |O.Obidset| = |;.Obidset| then // & dung ménhdé 2
11. O.count =l;.count;
12. O.pos =l;.pos;
13. else if {0.Obidset| = |;.Obidset| then / & dung ménh dé 2
14. O.count =l;.count;
15. O.pos =l;.pos;
16. else
17. O.count = {count(>xJ O.Obidset | class(x) 5,d]il[1,K]};
18. O.pos =argmax|l.count;} ;
iCILK]
19. if O.countfO.pos]= minSupCount then
20. P=P0OO;

21. CAR-Miner(P;, minSupCount, minConf)

ENUMERATE-CAR(I, minConf )
22. conf =l.count].pos] / ||.Obidset|;
23. if conf>minConf then
24. CARs = CARd] {l.itemset— ¢, (l.count].pos], conf)}

Hinh 2: Thuat toAn CAR-Miner

2.2. Cac phuong phap khai thac luat két hgp trén co sé dit liéu phan tan

Khai théac luat két hop trén mo hinh xit 1y song song tan dung toc do tinh toan ciing nhu
dung luong luu trit 16n, chuyén dén mo hinh phan tén doi héi phan chia co sé dit lieu trén
cac bo xtt ly khac nhau, cac module xit Iy khac nhau [23]. Cheung va dong su [2] dé nghi
thuat toan FDM (Fast Distributed Mining) dé song song héa thuat toan Apriori. Cac qué
trinh thyc hién trén cdc phan co s6 dit lieu riéng 16 roi 4p dung cac ki thuat cit xén luat phan
tan. Mot thuat toan khdc FPM (Fast Parallel Mining) — dua trén hé song song khong chia
sé |3]. Phuong phap nay sit dung cach tiép can dém phan tan va két hop hai phuong phap cit
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xén phan tan va toan cuc. C6 mod hinh giao tiép don gian, chi trao ddi nhitng thong tin trong
nhitng lan ldp. Parthasarathy va dong su [12] da khéi quat céc nghién citu gan day vé song
song hoéa khai thac luat két hop va kién tric chia sé bo nhd, cting nhu xu huéng, kho khan,
su thay thé trong khai thac song song. Cac phuong phap hau hét diat nén tan trén Apriori.
Tang va Turkia [14] cling dé xuat mo hinh song song dya trén FP-tree.

Mot trong nhitng cach tiép can tinh toan song song tréen CSDL phan tan dudc trinh bay
trong [5], cac tac gia dua trén chin trén va chian dudi ctia do phd bién dé xac dinh itemset
nao c6 thé xac dinh duge do hd trg (derivable) va itemset nao chua xac dinh duge do hd trg
(non-derivable). Chi nhiing itemset 14 non-derivable méi can giti dén cac CSDL phan tan dé
xac dinh do hé tro. Bén canh d6, tinh todn song song va phan tan theo phuong phap ting
cuong ciing duge dé xuat trong [11]. Trong cong trinh nay, cac tac gid dé xuat phuong phap
khai thac tap pho bién t6i dai cuc bo & titng vi trf va tong hop két qua. Trong [6], tac gid deé
xuat mot thuat toan cai tién cho viec khai thac song song tap pho bién trén CSDL phéan tan
ngang. Ngoai ra, viéc khai thac song song luat két hop tréen CSDL phan tan doc ciing dugc
dé xuat trong [1]. Cac tac gid sit dung IT-tree v6i ddt diém chi can quét CSDL mot 1an nhim
khai thac nhanh tap pho bién.

Céc thuat toan ké trén duge dimg trong viec phan tan dit lieu dé tinh toan song song, chii
yéu la dé nghi gidi phap khai thac cuc bo trén timg vi trf sau dé chi téng hop dit lieu. Viec
phan tan dit lieu trén nhiéu vi tri lam cho khdéi lugng dit liéu can tinh toan trén mdi vi tri
giam dang ké, dan dén kha nang ting toc ciia cac thuat toan. Mot van dé 16n can gidi quyét
tréen cdc he thong khai thac phan tan 1a thoi gian truyén/nhan dit lieu va két qua khai thac.
Dai khi, thoi gian nay 1én hon nhidu so v6i thoi gian khai thac khi ngusng do hd trg téi thicu
(minSup) 16n hay s6 lugng tap pho bién thu duge it. Dé gidm chi phi truyén/nhan, cac nghién
citu thuong tap trung khai thac tap pho bién to6i dai. S6 luong tap phd bién tdi dai thuong
it hon nhiéu so v6i s6 luong tap phd bién nén cach tiép can nay t6 ra hieu qua hon viéc tap
trung dit lieu dé khai thac.

Muc tiéu ctia bai bdo 1a nham khai thac luat phan 16p dua vao khai thac luat két hop trén
CSDL da duge phan tan véi dac diém chita rat nhidu luat. Chinh vi vay, thoi gian truyen /nhan
két qua gitta cdc bén sé rat 16n néu tiép can theo mo hinh hién tai duge dé xuat cho khai thac
tap pho bién/tap phd bién tdi dai.

3. Phan 16p dua vao khai thac luat két hgp trén co sé dit liéu phan tan

3.1. Neéu bai toan

Mot cong ty c¢6 nhiéu chi nhanh, mdi chi nhanh sé& c6 mot CSDL riéng dé quan 1y céc giao
dich ctia chi nhanh minh. Do khéi lugng giao dich 1a rat 1én va viéc truy van trén toan bo
CSDL it xdy ra, vi vay cong ty quyét dinh luu trit dit lieu doc 1ap ¢ mdi chi nhanh. Van dé
dsit ra 1a lam thé ndo dé c6 thé khai thac cac luat phan 16p dua vao khai thac luat két hop
tren toan bo CSDL ciia cong ty? Mot cach tdng quét, bai toan c¢6 thé duge phat biéu nhu
sau: Gia st cong ty ¢6 mot CSDL 1a DB duge luu trit trén k chi nhanh véi cdc CSDL con 1a
{DB1, DB, ..., DBy} khong giao nhau, trong d6 cac DB; c6 cling cau tric (nghia la ching
c6 cung tap thuoc tinh Ay, As, ..., A,) va DB khong ton tai dudi dang logic. Bai toan dit ra
1a: Cho truée hai ngudng minSup vd minConf, hay khai thac tat ca cac luat phan 16p két hop
trén DB.



MINING CLASS ASSOCIATION RULES IN DISTRIBUTED DATASETS 195
3.2. Giai quyét van dé

Mot trong nhitng cach lam don gian nhat 1a tap trung toan bo cdc CSDL lai tai may can
khai thac dé khai thac luat. Cach lam nay c¢6 wu diém la don gian, c6 thé tan dung cac thuat
toan khai thac luat hien nay dé giai quyét bai toan. Tuy nhién, phuong phap nay cé nhiéu
nhuge diem: Thit nhat, trong cac CSDL 16n, viéc tap trung CSDL lai sé tén nhi¢u khong gian
lutu trit va thoi gian truyén/nhan dit ligu. Thit hai, nhiéu gia tri c¢6 tan sd xuét hien khong thoa
ngudng ciing sé duge truyen/nhan gitta cdc vi tri nén rat ton thoi gian. Cudi cung, phuong
phéap nay khong tan dung duge kha ning tinh toan cia cac bén tham gia (cac vi tri).

Cach tht hai 1a chinh sita cac thuat toan khai thac song song va phan tan st dung trong
khai thac tap pho bién cho khai thac luat phan 16p két hop. Mudn vay, can c6 hai yéu t6 chinh
nhu sau: 1) Mot hé thong may tinh hi¢u niing cao; 2) Can c¢6 phuong phap gidm s6 lugng luat
dé gidm thoi gian truyén/nhan két qua. Cach nay c6 wu diém la xit Iy nhanh do duge thue thi
trén hé théng may chuyen nghiép, cac vi tri ¢ thé xit 1y doc lap va tong hop két qua. Nhuge
diém ctia phuong phap nay la: 1) Cong ty phai ton chi phi dau tu may méc thiét bi va 2) Kho
sinh luat do viéc sinh luat phai duge thire hién khi da c6 day du cac thong tin vé cac itemset
d tat ca cac vi tri, viéc rit gon luat & ting vi trf cling khé khan do mudn it gon luat du thira
phai xem xét trén tap luat toan cuc. Véi mo hinh t6 chiic hién hanh ctia cong ty, cach thit 2
khong tan dung dugc nang lire tinh toan ciia cdc may dang chita CSDL ma phai chuyén cac
CSDL nay vao hé théng méy tinh hi¢u niang cao dé khai thac. Di¢u nay khong kha quan néu
viec khai thac duge thue hién thuong xuyén (Do cac CSDL thay doi).

Mot cach tiép can kha quan va don gidn hon
13 st dung mo6 hinh mang ngang hang, bat ky
mAy nao c¢6 nhu cau khai thac ciing c6 thé thuc
hién duge. Hinh 3 moé t4 moé hinh khai théac
luat phan 16p két hop dua trén mang ngang
hang. Méi may (vi tri) ¢6 mot CSDL cuc bo
va giao tiép v6i nhau theo giao thitc TCP/IP,
nghia la viéc truyén nhan di lieu trén mang cuc
bo/internet thong qua chuan ctia giao thitc nay
(chang han nhu FTP). Véi mo hinh nhu trén,
ngudi quan tri ¢6 thé thiét lap mdi quan he
gitta cdc bén tham gia. Chang han: Vi trf 1
(VT1) ¢6 mdi quan he véi tat ca cac vi tri con
lai, nghia 1a né c6 thé khai thac trén toan bo
CSDL ctia cong ty. Tuy nhién, vi tri 2 chi ¢6
moi quan hé vé6i cac vi tri 1, 3, 5 nén né chi ¢
thé khai thac trén tap dit lieu ctia cac vi trf 1,

2, 3, va b.

()
4

\-ﬂ

= %‘;
"%m”"&

5
|
>

Hinh 3: M6 hinh mang ngang hang

3.3. Thuat toan dé nghi

Dita vaio mo6 hinh trén, mot thuat toan khai thac luat phan 16p két hop dude dé nghi
trong phan nay. Khong méat tinh téng quét, gia st vi tri ¢ la may can khai thac, vi tri
nay c6 quan hé véi cac vi tri {i1,42,...,%m} (¢ # 4;). Vi trf ¢ mudn khai thac tren DB =
DB, UDB;1UDB;sU...UDB;,.
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Dau vao ctia thuat toan 1a {DB;, DB;1, DB, . .
14 tap cac luat phan 16p két hop chita trong DB théa minSup va minConf.
Céac bude thuc hién ctia thuat todn nhu sau:

., DB}, minSup va minConf. Dau ra

hgp két qué.

bay trong phan 2).

Bu6c 1 Vi trf i giti minSup cho cac vi trf ¢6 quan hé va chd phan hoi.

Bu6e 2 Cac vi tri ¢6 quan hé véi vi tri i doc CSDL ctia minh va gii cac gia tri c6
do ho trg 16n hon hay biang minSup cho vi trf i.

Buéc 3 Vi tri i tong hgp két qua gii lai cho cac vi tri c¢6 quan he.

Buéc 4 Céc vi tri c¢6 quan hé véi vi tri i giti cac thong tin vé cho vi trf i dé tong

Bu6c 5 Vi tri ¢ tién hanh khai thac (st dung thuat toan CAR-Miner dugc trinh

Hinh 4: Thuéat todn khai thac CARs trén CSDL phan tan

Vi du minh hoa: Gia stt ¢6 hai CSDL dudc luu 6 hai vi tri 1a VT1 va VT2, vi tri 1 gom 6
mau, vi tri 2 gom 3 mau nhu trong bang 2 va bang 3 bén dudi.

Gid st VT2 mudén khai thac véi
minSup = 20% va minConf = 60%,
ta ¢6 qua trinh khai thac nhu sau. Buée
1: VT2 gii minSup cho cic VT c¢6 lien
hé (truong hgp nay chi ¢6 VT'1). Buée 2:
VT1 tinh minSupCount; = 20% x6 =
1.2. Nhu vay, n6 sé gii cac gia tri c6 so
lan xuat hien > 2 cho VT2, trong trudng
hop nay sé la {A : al,a3; B : b2,03;C :
cl}. Tuong tu, VT2 (minSupCounty = 1)
ciing s6 c6 két qua la {A : al,a3;B
b2,b3;C : c2}. Bude 3: VT2 tong hop két
quad {A : al,a3; B : b2,b3;C : cl,c2}, sau
do gii {al,a3;b2,b3;cl,c2} cho cac vi tri
lien quan (VT1). Budc 4: VT1 sé& gii ve
VT2 cac thong tin {12, 456; 235, 46; 12346, 5}
dong thoi gtii {y,n,n,y,n,y} (nhan cla cic
ID trong CSDL ctia VT'1). Bén VT2 clng sé

doc céc thong tin lien quan va két qua sé 1a {79,8;89,7;0, 789} va {y,n,y}. VT2 tong hgp

OID| A | B | C | class
1 al | bl | cl y
2 al | b2 | cl n
3 a2 | b2 | cl n
4 a3 | b3 | cl y
5) ad | b2 | c2 n
6 a3 | b3 | cl y

Bang 2: CSDL cia VT1

OID | A | B | C | class
7 al | b3 | c2 y
8 ad | b2 | c2 n
9 |al|b2|c2| ¥y

Bang 3: CSDL ctia VT2

két qua thanh cic nit clia mic 1 trén cay nhu Hinh 5.

1xal 1xa3 2xb2 2xb3 4xcl Xc2

1279(3,1) 4568(2,2) 23589(1,4)

467(3,1) 12346(3,2)

Hinh 5: Mic 1 ctia cay MECR-tree

5789(2,2)
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Bude 5: St dung thuat toan CAR-Miner dé khai thac véi minSupCount = 2, ta cé két qua
dugce trinh bay trong Hinh 6.

1xalmxd

1279(3,1) 4568(2,2) 23589(1,4) 467(3,1) 12346(3,2) 5789(2,2)

3Xa1%§a/3b2 3><a3b%<\m<a3c2 6xb2cl 6xb2c2  6xb3cl

79(2,0) 58(0,2) 46(2,0)  46(2,0) 58(0,2) 23(0,2) 589(1,2) 46(2,0)

7xa3b2c2 7xa3b3cl
58(0,2)  46(0,2)

Hinh 6: Cay MECR-tree minh hoa qua trinh khai thac luat

Hinh 6 minh hoa qué trinh khai thidc CARs dya trén MECR-tree tit cac itemset c6 duge clia
VT1 va VT?2. Dau tién, mtc 1 ciia ciy chita cic item don phd bién (nghia la chita cac item c6

count[pos]>2) Sm 1xal 1xa3 2 x b2 2 x b3 4 x cl 4 x c2
- & 1279(3,1) 4568(2,2) 23589(1,4) 467(3,0) 12346(3,2) 5789(2,2)

Sau d6 thu tuc CAR-Miner duge goi v6i tham s6 dau vao 1a L, chita 6 nat trén. Xét nit
1 xal

1279(3,1)
Xét nit % . Do chiing c6 tap thuoc tinh biing nhau nén theo menh dé 1, hai
- ni 4568(2,2) ° ing ip thudc tinh bang nhau nén mén , hai
nit nay khong can két.
o 2xb2 s , Y ,
- Xét nut 23589(1,4) Dau tien tinh Obidset(3 x alb2) = Obidset(1 x al) N Obidset(2 x

b2) = 1279N23589 = 29 = count = (1,1) va pos = 1. Ta c6 count[pos] < minSupCount nén
khong tao ra nat méi trén cay.

- Xét nut 42;((3()%) : Dau tién tinh Obidset(3xalb3) = Obidset(1xal)NObidset(2xb3) =
1279 N 467 = 7 = count = (1,0) va pos = 1. Ta c¢6 count[pos| < minSupCount nén khong
tao ra nit mdéi trén cay.

L 4 % cl AL A o . B . .

- Xét nut 12346(3,2) ° Dau tién tinh Obidset(5 x alcl) = Obidset(1 x al) N Obidset(4 x
cl) = 1279N 12346 = 12 = count = (1,1) va pos = 1. Ta c6 count[pos| < minSupCount nén
khong tao ra nat mdéi trén cay.

4 x c2

- Xét nit 5789(2, 2) : Dau tien tinh Obidset(5 x ale2) = Obidset(1 x al) N Obidset(4 x
€2) = 1279 N 5789 = 79 = count = (2,0) va pos = 1. Do count[pos] > minSupCount nén
nut nay duge thém vao cay 1a mot nat con ciia nut L xal

vt VA e 1279(3,1)

Tuong ty cho cac nit con lai ctia cay.
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3.4. Phan tich do phic tap thuat toan

Phuong phap trong bai béo nay stt dung CAR-Miner dé khai thac luat phan 16p két hop
nén do phiic tap ctia thuat todn phu thugc nhiéu vao CAR-Miner. Theo [4], do phiic tap cta
CAR-Miner dugc tinh theo cong thic sau:

Tes=Ksgxm+a

Trong dé T 1a tong thoi gian khai thac cia CAR-Miner, Kg 1 s6 lan lip ctia thuat toan, m
la thoi gian dé sinh mot nat trén cay va a la thoi gian dé truy cap dit lieu.

Cach tiép can trong bai bao nay chit yéu quan tan dén thoi gian truy cap dit lieu a. Trong
cac he thong phan tan, thoi gian nay co thé rat 16n khién cho toan bo qua trinh khai thac 16n.

Gi4 sit thai gian truy cap dit lieu dé chuyén hét dit licu trén mAy thit i sang may can khai
thac 1a a;, ta ¢c6 a = a1 + ag + ... + aj. Néu sit dung ngudng minSup dé loc bé bét dit lieu
thi thoi gian truy cap dit liéu sé chi 1a thoi gian chuyén céc item c6 do phd bién théa ngudng.
Goi a/ la thoi gian truy cap dit lieu khi ¢6 nguong thi tong thoi gian truy cap trén cac may la
d =a) +dy+ ...+ aj,. Do khi sit dung ngudng, khoi lugng dit licu can truyén trén moi méy
thuong sé it hon nén a} < a; = o’ < a.

Nhan xét: Két qua trén cho thiy thoi gian dé khai thac luat phan 16p sé giam do thoi gian
truy cap dit lieu giam, dic biét v6i cac truong hgp nguéng minSup 16n. Tinh hiéu qua nay sé
giam dan khi minSup cang giam va dén mot lic nao do, tat ca cac item déu théa minSup
thi cach tiép can nay khong con hiéu qua niia.

4. THUC NGHIEM

Dé thay 16 tinh hi¢u qui ctia phuong phap dé nghi so véi cach thi 1 (gii toan bo dit ligu
vé cho may can khai thac), phan nay trinh bay khéi lugng bo nhé yéu cau dé truyén dit lieu
giita cac bén so véi viec chuyén tat ca dit lieu cho bén khai théc.

4.1. D liéu thuc nghiém

Cac két qua thyc nghiem duge thye thi trén cac CSDL duge lay tit UCI Machine Learn-
ing Repository (http://archive.ics.uci.edu/ml/). Bang 4 mo ta dic diém ctia cac CSDL thue
nghiém.

Céac CSDL c6 dic diém khéc nhau:

Breast, German chita nhiéu thudc tinh thude 16 i4 tri R
va gid tri phan biét nhung it mau. Led7 Dataset #tinh‘ rop pﬁgn biét Ffmau
chita it thudc tinh, gia tri phan biét lan [ Breast! 10 2 737 699
s6 mau. Dac biet, Lymph c6 s6 mau | German 20 2 1077 1000
kha it. Poker-hand chita nhiéu mau. Dé | Lymph 18 4 63 148
c6 thé 4p dung duge cho mo hinh deé Led? 7 10 24 3200
xuat, cdc CSDL duge phan thanh 5 phan Poker- 11 10 05 1000000
méanh (5 CSDL con), méi phan méanh hand

chita 10%, 20%, 30% hoac 40% tong sb
dong dit liéu (tong 5 phan manh chia
100%).

IBreast Cancer Wisconsin (Original)

Bang 4: Dic diém ctia cac CSDL thuc nghiem
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4.2. So sanh vé khbi lugng bdé nhé

Béng 5 bén dudi trinh bay két qué so sdnh vé khoi lugng bo nhé yéu cau khi giti/nhan di
lieu ctia mo hinh dé xuat (Cac bude 2-4) va mo hinh 1 (Céc bén tham gia gii hét di lieu cho
bén khai thac). Két qua tit Bang 5 cho thay khéi luong bo nhé can cho viée truyén/nhan thong
tin gitta cdc bén tham gia thudng it hon so véi chuyén toan bo cac CSDL cho bén can khai
thac. Diéu nay chiing t6 tinh hiéu qua ctia phuong phap dude dé nghi. Ngoai ra, khi truyén
dit lieu theo mo hinh dé xuét, bén khai thac tong hop thong tin can thiét cho CAR-Miner
nhanh hon do mo hinh dé xuat da truyén Obidset clia cac item don cho bén khai thac. Chinh
vi vay, thoi gian khai thac sé giam (Do mo hinh 1 muén sit dung CAR-Miner phai chuyén dit
licu thanh céc nit chita cac item don trén cay). Trong trudng hop chi tinh khoi lugng bo nhé
cudi cung (Bude 4) duge giii tit cdc bén thi khoi lugng bo nhé cang it hon.

. Khoéi Iuwgng bo nhé (KB

CSDL mansSup % Mo hinh dé nghi | Chi tinh béen kh(ai tk)léc Mo hinh 1
10 14.83 13.92 30.04

7 18.93 1774 30.04

Breast i 92.75 20.75 30.04
i 9557 91.84 30.04

10 67.08 64.06 82.03

7 67.39 64.06 82.03

serman 4 73.21 68.36 82.03
i 76.23 68.50 82.03

10 12.15 9.04 10.99

7 12.18 9.04 10.99

Lymph 1 12.27 9.04 10.99
1 12.39 9.04 10.99

10 88.09 875 100

7 8.0 875 100

Led? 1 88.09 875 100
i 8.0 875 100

10 27345 27343.75 | 42968.75

7 3006631 300625 | 42068.75

Poker-hand 1 3906631 30062.5 | 42068.75
i 3906631 300625 | 42068.75

Bang 5: So sanh khéi lugng bo nhé giita 2 phuong phap trén nhiéu minSup khac nhau

5. KET LUAN VA HUGNG PHAT TRIEN

Cong trinh nay nghién citu bai toan khai thac luat phan 16p két hgp tréen CSDL da duge
phan tan. C6 thé thay day la mot bai toan thuc té can giai quyét. Mot trong nhing phuong
phap c6 thé thyc hien duge la cai tién cac thuat toan khai thac song song tap pho bién cho
bai toan khai thac luat phan 16p két hgp. Cach lam nay c6 wu diém la tan dung duge thé
manh xit Iy v nguon tai nguyén ctia nhiéu may. Tuy nhién, khi s6 lugng luat thu duge 16n thi
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phuong phap nay ton nhiéu thoi gian truyén/nhan két qua va tong hop két qua. Bén canh do,
viéc tinh toan song song ciing can mot hé théng may chuyén nghiép trong khi nhu cau la khai
théc tic thoi tan dung nang luc xit Iy clia cdc may hién hanh dang dung. Véi cac may PC két
n6i qua LAN/WAN; viéc truyén/nhan dit lieu tuong d6i cham do thuong truyén theo co ché
file. V6i cac phan tich nhu trén, viec dé nghi mot mo hinh xit 1 ¢6 thé tan dung dude ning
lic ctia cic bén tham gia, gidm chi phi truyén thong la can thiét. Mo hinh dé xuat khong gt
nhan tat cd cac thong tin cia CSDL cho bén can khai thac ma chi nhan thong tin clia cic
item c6 kha nang pho bién (nghia 14 pho bién & it nhat mot vi tri). Chinh déu nay lam gidm
thiéu s6 item can giii nhan gitta caAc bén tham gia. Viéc xtt 1y ciing khong phai tap trung hoan
toan vao bén can khai thac ma xtt Iy phan tan trén cac bén tham gia, bén khai thac chi tong
hop két qua va tién hanh khai thac. Nhuge diém chinh ctia phuong phap nay la khong tan
dung dude nang lyc tinh toan ciia cic bén tham gia trong giai doan khai thac va ton thoi gian
cho gitta cac bén cho viéc giti/nhan thong tin clia cac bén tai cac bude 1-3. Chinh vi vay, khi
minSup rat nhé dan dén s6 luong item théa minSup 16n thi giai phap dé xuat ¢ thé sé khong
hiéu qua.

Mot trong nhiing khé khan cua viée xi 1y song song trong giai doan khai théc luat 1a viéc
tong hop két qua, chinh vi vay trong thdi gian t6i, chiing toi sé ¢b ging nghién citu dé xuat
giai phap cho van dé nay. Béen canh do, viec tim kiém gidi phap dé giam chi phi truyén thong
nhu st dung cau tric dit lieu bit khi truyen dit liéu ciing sé dude quan tam.

Loi caAm on: Nghién citu nay dude tai trg béi Quy phat trien khoa hoc va cong nghé quoc
gia (NAFOSTED) trong dé tai ma s6 102.01-2012.17
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