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TOM TAT

Céc thuat toan luat két hop thwong tao ra mot sb lwong 16n cac luat, trong dé cé nhiéu
luat 1& khéng can thiét cho viéc xt ly théng tin nhdm phuc vu cho mét muc dich, yéu cau nao
d6. Nham nang cao hiéu nang thuat toan Apriori cho mét sb bai toan, bai bao dé xuat mot thuat
toan cai tién clia thuat toan Apriori & thuat toan Apriori-DT. Hai diém cai tién chinh ca Apriori-
DT Ia st dung truy van trong tinh toan dé hd tro dwa trén cAu tric bang quyét dinh va ap dung
khuén mau luat nham chi rat trich cac luat phu hop véi muc tiéu khai thac. Thuat toan Apriori-
DT dwoc thwe nghiém trén cac tap dir liéu mau UCI va tap div liéu xt ly chéat lwgng day va hoc
tai DH Nha Trang. Két qua cho thay Apriori-DT c6 hiéu nang khai thac luat két hop trén cac tap
di liéu 16n 14 kha tét.

ABSTRACT

Association rule algorithms often generate an excessive number of rules, many of which
are not significant. It is diffcult to determine which rules are more useful, interesting and
important. In order to improve the efficiency of the Apriori algorithm, this paper presents a hybrid
algorithm: Apriori-DT. There are two main improvements in the Apriori-DT algorithm: Using
query to calculate absolute support measure on decision tables and association rules extracted
by rule templates. Properly defined rule templates can be helpful in generating desired
association rules. Testing by UCI machine database and Teaching & Learning database at Nha
Trang University indicates the validity of the Apriori-DT.

1. Khai quat thuit toan lai tap- Apriori-DT

Su lai tap cua thuat toan Apriori-DT dugc thé hién qua hai sy két hop sau vao

thudt toan Apriori c6 dién:

» Str dung cac Khuén mdu ludt [3] vao qué trinh khai thac luat két hop nham chi
rut trich nhitng ludt co khuon dang dir liéu phu hop voi muc tiéu khai thac dua
trén sy tham khdo tri thuc tir chuyén gia.

» Str dung cau trac bang quyét dinh trong 1y thuyét tap tho, 16 chite cdu triic dir
liéu phit hop, ndng cao hiéu qua truy xudt tim kiém dé hé tro  trén cdc tdp mau

thwong xuyén.
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a) Khuon mau luit (rule template)

Khuén miu ludt dugc dé xuit boi Klemettinen [3] dugce dung dé mé ta khudn
dang luat két hop. Mot luat 1a khép voi mot khuon mau dugc dinh nghia néu nhu luat
d6 12 mot thé hién cua khudén mau nay. Bﬁng viéc dinh nghia cac mau dua trén tri thic
chuyén gia va muc ti€u ing dung luat cua ngudi st dung, thuat toan chi rat trich nhirng
luat dugc quan tam.

Hai dang khuon mau luét tiéu biéu duge st dung trong qua trinh thyc nghiém
thuat toan Apriori DT bao gdom:

Khuén miu 1

<Thuoc tinh;, Thudc tinh;, ..., Thuoc tinh,> — <Thudc tinh quyét dinh>

Khuén mau 1 pht hop véi viée tuyén chon cac luat hudng dén muc dich ra quyét
dinh. Khuén mau nay rang bugc vi¢c chi c6 thude tinh quyét dinh méi duoc Xuét hién &
ménh d két luan cua céc luat.

Khuon mau 2

trong do i, j, kla ty yvéii, j, k= 1.n; n=|C| véi C la tdp thudc tinh diéu kién.

Khuén mau nay khong chi rang budc khuon dang luat, ma con rang budc mién
gid tri ciia mdi dir kién trong luat twong tmg. Cu thé 1a cac rang budc Thudc tinh; mang
gia tri bang mot gia tri X, va Thudc tinh quyét dinh mang gia tri I6n hon hay bang mot
giatri ¥, v6i X, Y 1a cac gia tri bat ky.

Vi du trong bai todn khdo sat nham xép loai chdt lwong giang vién, cdc ludt
ddanh gia sw dnh hwéng cua tiéu chi tic phong g xir chudn muc hay tiéu chudn dao
dire ciia moi giang vién, bén canh cdc tiéu chi danh gid khdc lién quan dén viéc xép loai
khé gidi cho gidng vién, khuén mau ludt dwoc rit trich c¢é dang:

<...,GV ¢6 tdc phong va cdch vmg xir chudn myc=5_> —<..., Xép logi >4,...>

Trong dé tiéu chi xép loai mang thang diém tir 1 dén 4 va cdc tiéu chi danh gid
mang gid tri 5 néu sinh vién dong .

Céc giai doan ap dung khuén mau luat trong khai thac dugc trinh bay & Bang 1.
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Bing 1. Cdc giai doan dp dung khuén mau vao qud trinh khai thdc ludt véi thudt todn Apriori DT

b) Té chirc dik liéu, két hop diéu khién truy vin ning cao hiéu ning khai thac
1.1 X ly dir liéu phuc vu cho viéc khai thdac ludt voi thudt toan Apriori DT

Qua trinh tién xit Iy dit liéu cua thudt toan Apriori-DT nham loai bo cac thong tin
trung lap, xtr 1y cac thong tin khong xac dinh, ké dén 1a chuyén dbi cdu tric trén bang
dit liéu ban dau, tich hop dit 1iéu vao hé quan tri co s¢ dir 1iéu (HE quan tri CSDL) phuc
vu cho qué trinh khai thac luat két hop trén bang quyét dinh.

Chuyén doi thudc tinh thanh cac mau (Item):

Xét thdy: Cdc thudc tinh khdc nhau trong mot bang quyét dinh thudng mang mot
¥ nghia riéng. Cac thuat toan tim kiém luat két hop va sinh luat két hop dua trén khai
thac cac tap miu thuong xuyén chi quan tim dén gid fri cac mau trong tap miu (ltem
set). Do vay, huéng tiép can cua thuat toan Apriori DT 14 thay d6i cu trac dit liéu trong
bang quyét dinh ban dau bang cach : Thém mdt chudi ky tw gitip phan biét mdi mot gia
tri thudc vé thudc tinh nao. Cac thong tin nguyén gbc ban dau sé duoc chuyén doi dinh
dang theo quy téc:

Gia tri méi = “Tén dai dién cho thudc tinh” + “#” + “Gia tri géc”;

Qué trinh tién xir Iy dit liéu va chuyén doi cdu tric theo cac quy tic di trinh bay
duoc minh hoa qua viéc xem xét tap dir liéu dau vao voi vi du & bang 2 véi muc tiéu
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hudng toi viéc phan biét sy thay doi y nghia cac gia tri L, N, H tuong tng vdi timg
thudc tinh khac nhau Price, Quality va Demand trong hé thong tin nay:

Price | Quality | Demand

L N N Loai céc ban ghi A 1#L | A 24N | A 34N

H | L H thieu dir ligu A _1#H | A 24 | A 3#H

N H N o A 1#N | A 2#H | A 3#N
Chuyén d6i cau tric

N H H o A 1#N | A 2#H | A 3#H
Phdn biét y nghia trong - - -

L H N mién gia tri cua Price, A 1#L | A 2#H | A 3#N
Quality, va Demand — — —

? N L

Bdng 2. Cau truc dir liéu vao va chuyén doi dir liéu

Tap céac ung vién muc 1 (candidate level 1) khai thac dugc voi Apriori DT la
C 1={A 1#L, A 1#H, A 1#N, A 2#L, A 2#H, A 2#N, A 3#L, A 3#H, A 3#N}
1.1. Thong ké dp hé tro tuyét doi (absolute support) dwa trén truy vin

Thuat toan Apriori-DT sir dung cdu trac bang quyét dinh T = (U,C /7D). Véi su
chuyén doi cu trac duoc trinh bay ¢ trén, do khong ton tai hai gia trj tring nhau hoan
toan trén mot dbi tugng, nén viéc théng ké d6 hd trg tuyét ddi cua mot tap mau chinh 1a
thong ké so lwong ban ghi trong bang quyét dinh chira tdp mau. Viéc gidi han khong
gian tim kiém két hop v6i tdn dung toc do tim kiém trén cdu tric tir dién di ning cao
hi¢u nang cua thuat toan.

2. Thuc nghiém thuit toan Apriori DT trén ba dir liéu méu vcr'

Nham muc dich thu nghiém hi¢u nang cua thuat toan Apriori-DT, trong phﬁn
nay trinh bay cac dbi sanh téc d6 thuc thi cua Apriori-DT véi hai thuat toan do nhom
tac gia Daniel Delic, Hans-J. Lenz, va Mattis Neiling [1] dé& xuit. Nhom tac gia nay dé
xuét hai thuat toan c6 thé tom tit nhu sau:

- Thuat toan khai thac luat dua trén tdp tho RS-Rules+ : Thuat toan khai thac
luat bang cach chuyén d6i ciu trac bang quyét dinh gbc sang dinh dang bitmap va sir
dung cac phép td hop thudc tinh dé hinh thanh luat két hop.

- Thuat toan khai thac luat lai Apriori +: khai thac luat két hop dua trén thuat
toan Apriori co sit dung mot s ham cai tién dya trén tap tho.

Ba tap dir liéu dugc lya chon dung cho qué trinh danh gia dugc lya chon tr thu
vién dir liéu UCI, bao gém:

e Car Evaluation Database: 1728 ban ghi, lya chon toan bd tap thude tinh.

' Céc co so dit liéu danh gia co thé tim thiy tai UCI Repository of Machine Learning Databases and
Domain Theories (URL: http://archive.ics.uci.edu/ml/machine-learning-databases/)
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e  Mushroom Database: 8416 ban ghi, 12 / 23 thudc tinh dugc lya chon. Do nhém
tac gia Daniel Delic, Hans-J. Lenz, va Mattis Neiling [1] khong néu chi tiét qua
trinh lga chon thudc tinh, ching t61 da loai bo céac thudc tinh 3, 4, 7, 10, 15, 16,
17,18, 19, 21, 22; va giit lai 12 thudc tinh con lai cho qua trinh danh gia.
e Adult Database: 32561 ban ghi, 12 /15 thudc tinh dugc lya chon tir tap thudc
tinh nguyén gbc. Ba thudc tinh khong duoc chon 1a: 1, 3 va 7.
Qué trinh so sanh toc do thyc thi giita ba thuat toan dién ra trén hai nén tang phan cting
khac nhau:
e He¢ thong 1: Sir dung bd xir Iy AMD K6-2/400, ctia nhom tac gia Daniel Delic,
Hans-J. Lenz, va Mattis Neiling [1].
e Hé thdng 2: Hé thong may tinh cai dat va thyc thi khai thac ludt voi thuat toan
Apriori DT st dung bd xu ly Intel T9600.
V6i két qua Benchmark kha tinh toan ctia CPU véi phép danh gia CPU Queen tir

chuong trinh EVEREST Ultimate Edition version 5.02 build 1815
(http://www.lavalys.com):
CPU CPU Clock Motherboard Chipset Memory CL-RCD-RH
2x Core 2 Duo T9600 2800 MHz Dell Latitude E6400 PM45 Dual DDR2-800  6-6-6-18
696 ke-2 333 MHz Amptron PM-G100LMR $i55507 Ext. PCEG SDRAM 3336

c6 thé quy doi hiéu ning twong dbi gitra hai hé thong nhu sau:
Thoi gian thwc hién trén hé thong 2 = 16,918 x Thoi gian thuc hién trén hé
thong 1

Két qua thye nghiém

Co s¢ dir liéu Car Evaluation

Min. Support 10%

Min. Confidence 75%

Thuét toan Apriori Apriori + RS-Rules + Apriori DT
System 1 CPU Time [min.] 1,10 1,12 3,15 0,41
System 2 CPU Time [min.] 0,065 0,066 0,186 0,024
Cai tién [times] 2,68x 2,73x 7,68x

Bdng 3. Két qua danh gia t6c do thuec thi trén co so dir lieu Car Evaluation

Database Mushroom

Min. Support 35%

Min. Confidence 90%

Method Apriori Apriori + RS-Rules + Apriori DT
System 1 CPU Time [min.] 2 2,02 15 0,73
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System 2 CPU Time [min.] 0,118 0,119 0,887 0,043
Improve [times] 2,74x 2,77x 20,55x

Bdng 4. Két quad danh gid téc do thuec thi trén co so dir liéu Mushrom
Database Adult
Min. Support 17%
Min. Confidence 94%
Thuat toan Apriori Apriori + RS-Rules + Apriori DT
System 1 CPU Time [min.] 44 44 233 10,61
System 2 CPU Time[min.] 2,6 2,6 13,77 0,63
Cai tién [times] 4,15x 4,15x 21,96x

Bdng 5. Két qud danh gia t6c a6 thuc thi trén co sé dir lidu Adult
3. Ung dung Apriori DT trén CSDL xir Iy thong tin day va hoc tai PH Nha Trang
Co s&¢ dir liu cua bai toan xu ly thong tin day va hoc tai PH Nha Trang
(XLTTD&H DHNT) c6 cac dac tinh sau: Tap thudc tinh quyét dinh gém 15 thudc tinh
dai dién cho cac cau hoi lién quan truc tiép dén viéc danh gia xép loai giang vién. Thudc
tinh quyét dinh 1a thudc tinh Xép Loai. Co s¢ dit liéu gdbm 13434 ban ghi; mdi ban ghi
dai dién cho két qua twong tng vi mot phiéu tra 101 cua sinh vién.
Viéc trién khai khai thac luat két hop b?mg thuat toan Apriori DT nham muc dich:
e Phat hién mbi quan hé giira cac tiéu chi khao sat.
e Phat hién cac tiéu chi ma két qua sinh vién thudng lya chon gidng nhau, qua dé
thé hién cac van dé duoc sinh vién quan tim trong qua trinh hoc.

Thuc nghiém thuat toan Apriori DT dién ra véi nhiéu bo tham sé (ngudng hd
trg tbi thiéu (minimum support) va ngudng tin ciy ti thiéu (minimum confidence)) khac
nhau, ing véi hai truong hop:

e Trudng hop 1: Khong ap dung khudén mau luat rang budc trén tap luat két hop.
e Truong hop 2: Ap dung khudn mau luat c6 dang Khuén mdu 1 v6i gia dinh tap
luat khai thac duogc str dung cho muc dich ra quyét dinh xép loai giang vién.

Khong str dung khuon mau luat Str dung khudén mau luat
(min_supp.
e . A e a2
; min_conf.) Sé Iuat Thoi gian thue hién. S6 luit Thoi gian thuc hién
(milliseconds) (milliseconds)
(30%; 30%) 172 4414 2 4.368
(25%; 35%) 412 5.943,6 10 5.928
(20%; 40%) 1.112 10.202,4 36 9.999.,6

2 Qua trinh tmg dung thuat toan Apriori DT dugc thuc hién trén hé thong v6i CPU Intel T9600 2,80 Ghz
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(15%; 50%) 2.782 21.450 123 20.701,2
(10%; 60%) 8.316 61.510,8 509 58.281,6
(5%; 70%) 34.811 432.603,6 3.178 389.625,6

Bing 8. Két qua danh gid toc do thuec thi trén co sé dir lieu XLTTD&H PHNT
Lueu y: Thoi gian thyc thi bao gdm ca thoi gian tich hop dir liéu vao Hé quan tri
CSDL SQL, thoi gian bién dich luat vdi MetaData va qué trinh khai théac luat.

4. Két luan

Thuat toan lai tap Apriori-DT duoc dé xuét v6i muc dich nang cao hiéu nang
khai thac luat két hop trén cac tap dit liéu c6 cau tric dang bang quyét dinh. Nhimg lai
tap trong thuat toan 13: dp dung hhuén mau ludt nham logi bé nhitng ludt khéng can
thiét, chuyén doi cdu tric dir lidu phuc vu tinh toan do hé tro dua trén truy van, lueu triv
danh sdch cdc tdp mau thuwong xuyén két hop véi cdu triic dir liéu tiv dién nham toi wu
hod thao tdc tim kiém. Cac két qua thuc nghiém cho thay toc d6 thuc thi khai thac luat
két hop cua thuat toan Apriori-DT da dugc cai thién ro trén cac tap dir liéu UCL. Ung
dung trén dir ligu XLTTD&H DHNT cho théy Apriori-DT 1a mot thuat toan dang duoc
quan tam. Tuy nhién, dbi véi hai tap dit liéu dugc trich chon tir thu vién dir 1iéu UCI 1a
Mushroom Database va Adult Database, khi thir nghiém dé so sanh véi két qua duoc
cong bd & [3], do cac tac gia khong noi rd 13 da loai bo nhitng thude tinh nao, nén ching
t61 da loai bo ngéu nhién mot sb thudc tinh (chi dam s6 lwong cac thugc tinh con lai aé
thir nghiém la nhuw nhau) nén két qua can danh gia thém trong thoi gian toi.
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