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Abstract. Discovering association rules is a well-established problem in the field of data mining.
In later years, many researchers have focused on the mining rules from temporal data ([3,8]). In
this paper, we propose an algorithm for incremental mining of association rules, by partitioning a
transaction database into several partitions. The algorithm employs a filtering thresholds in each

partition and outputs a cumulative filter, which consists of the progressive candidate set of itemsets.

Tém t3t. Kham phé céc luat két hop 1a bai todn co ban dwoc dit ra trong linh vure khai théc dir
liu. Trong thoi gian gan day, mot s6 téc gid da nghién ciru vé khai thic cdc luat véi dir liéu cé
tinh thoi gian ([3,8]). Trong bai bdo nay, ching t6i dé xuat thuat todn khai thic ting trudng cic
luat két hop bang cich chia dir liéu thanh cdc phan, tinh cic ngwong cho moi phan dir liéu va cac

ngudng tich luy, dé tim ra céc tap dir litu thod man.

1. GIOT THIEU

Khai thac cdc luat két hop 1a mot trong céc thuat toan tng dung nhiéu trong viéc kham
phé tri thic trong co s& dir lieu hodc khai thic dir lieu. Céc luat nay dwoc vi du nhu: 90%
khéch hang da mua bo va banh mi thi sé mua stra, hodc 85% sinh vién nganh tin hoc dat
diém gidi mon todn cao cap va lap trinh can ban thi sé dat diém gidi moén cau tric dir lidu.

Thuat todn vé khai thac dua trén céc luat két hop lan dau tién dwoc gisi thiéu trong [2]
va bao gom hai buwéc chinh nhw sau:

+ Tim cdc tap don vi dir lieu xdy ra thudmg xuyén (nghia la tim tat ca céc tap don vi
dtr liéu c6 s6 lan xudt hién 16n hon mot ngwong cho trude).

+ Tir céc tap don vi dit liéu xdy ra thuwong xuyén, thiét 1ap cac luat thé hién méi lién he
gitta cac don vi dir liéu.

Nhan zét:

- Khi dr lieu dwoc ting trwdng theo thoi gian thi sau mot don vi thoi gian nhw mot tuén,
mot thang... thi kho dir liéu sé dwoc lwu trir ting lén rat nhiéu, muén dwa ra cdc luat thi
phai két hop céc dir lieu méi thu thap dwoc véi cac dir lieu da cé trong qua trinh khai thic
dir liéu va xo4 bd di cdc dir liéu khong con tdc dung.

- Bén canh dé véi cdc ing dung trong khai thdc dir lieu thi van dé thoi gian tim kiém
cac luat két hop gitra cac don vi dir lieu 1a van dé quan trong, bdi vi ddi véi céc tap dir lieu
161 theo thoi gian cang dwoc bé sung, néu khoéng c¢é thuat todn hiru hiéu thi chi phi cho thoi
gian thue hién thuat toan la rat 16m.
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Trong Muc 3 cia bai bdo sé gigi thiéu thuat todn cai tién tir thuat todn twa Apriori trén
co s& yéu t6 thoi gian. CSDL dwoc chia thanh cdc phan theo thoi gian (moi tuan, thang...)
tuy van deé gidi quyét. Bén canh dé ta xdc dinh mot chu ky (mot qui, mot nam...) can duyét
CSDL tim ra céc tap luat. Khi thém hodc b6t cdc phan dir lieu, thuat toan tim cac luat két
hop bang cach dwra vao cdc phan dir liéu da c¢é trude dé va thém cac thong tin méi cap nhat.

2. CACH TIEP CAN CUA CAC THUAT TOAN TUA-APRIORI

2.1. CAc dinh nghia ([3,8])

Cho I = {1, I5...I,;,} 1a tap céc don vi dit lieu. Cho D la tap cic giao tdc, moi giao téc
T la tap cac don vi dir liéu sao cho 1" C 1.

Pinh nghia 1. Ta goi giao tdc T chira X véi X 1a tap céc don vi dir lieu cia I néu X C 7.

Pinh nghia 2. Mot luat két hop la ky hiéu kéo theo c6 dang X — Y, trongdé6 X C I, Y C I
va XNY =@.

Pinh nghia 3. Goiluat X — Y ¢4 dé tin cay ¢ (confidence) trén tap giao tdc D vé6i0 < ¢ < 1,
néu ti lé ¢ cdc giao tac trong D ma chita X thi ciing chita Y, ky hiéu Conf(X — Y) = c.

Pinh nghia 4. Ta goi luat X — Y ¢6 mikc ho tro (support) la s trong tap giao tdc D néu
ty 1é giao tdc trong D chita X UY 1a s, ky hiéu Supp(X — Y) = s.
Nhén zét. Céac mitc ho tro va do tin cay chinh 1a cdc x4c suat sau:

Supp(X - Y)=P(XUY): Xdcsuat cia X UY trong D,
Conf(X —Y)=P(Y/X): Xdc suit ¢ dieu kien.

Pinh nghia 5. Cho truéc min _Supp = s¢ va min _Conf = cy. Ta goi luat X =Y la xdy ra
thuong xuyén néu Supp(X — Y)>so va Conf(X — Y)>cp.

Vidu 1. Xét CSDL D gom N = 12 giao téc t1, ta...t12 nhu sau:

Ngay | T_ ID Cdc don vi di liéu
t A D|FE

Dy to A F
t3 Al B D|FE
ty Al B|C E

Dy ts D F
ts A C|D|FE
t7 B D|FE

D3 ts A D F
ty B| C E
t1o B| C E|F

D3 t1 B|C|D F
t12 A D

Ta c6: A — D véi do tin cay ¢ = 5/7 = 71.42% va mikc ho tro s = 5/12 = 41.66%.
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A — E véi do tin cay ¢ = 4/7 = 57.14% va mikc ho tro s = 4/12 = 33.33%.
C — B véi do tin cay ¢ = 4/5 = 80% va mikc ho tro s = 4/12 = 33.33%.
Hai budce chinh cia bai todn khai thic dir lieu dwa trén cdc luat két hop (|2]):
- Tim tat cd cdc don vi dit liéu ¢é mitc ho tro 16n hon ngwong min _Supp cho trwée, nghia
14 s6 Ian xuat hién 1én hon mot nguwdng. Tap don vi dir liéu 1a tap xdy ra thudmg xuyén néu
c6 mitc ho tro 1én hon hodc bang min _Supp.
- Dura trén céc tap thwong xuyeén nay dé tim ra céc luat thoéa méan bai todn. Néu XY v

X la cdc tap thuong xuyén xdy ra, ta tinh dwoc do tin cay cua luat nay:

Conf(X —Y) = Support(XY)/support(X)

Néu Conf(X — Y) > min conf thi X — Y la mot luit can tim (luat nay chac chan 16n
hon hodc bang min _Supp vi XY 1a tap thuong xuyén xdy ra). Nhu vay, bai todn khai thic
cac luat két hop duoc dwa vé hai bai toan sau:

(1) Tao ra tit ca tap don vi dir lieu thuomng xuyeén xdy ra (thda nguong la min _Supp).

(2) T tap cdc don vi dir liéu xdy ra thuong xuyén Y = {[115...It} véi k > 2, tim cédc
luat bang cach dwa vao cic tap con cia moéi tap don vi dit liéu va tinh céc do tin cay cia
chung nhuw trén.

Trong hai bai todn trén thi gidi phdp cho bai todn (2) ro rang hon, con bai todn (1) sé
duoc gidi quyét & Muc 3.

2.2. Thuét toidn Twa - Apriori ([2,4])

Céch tiép can nay dwa trén Heuristic sau: Néu bat ky tap k don vi dir liéu nao 1a khong
xay ra thuomg xuyén thi tap (k + 1) don vi dir liéu bat ky chita ching ciing sé khong xay ra
thurong xuyen.

Tim cac tap thuong zuyén:

(1) Trong Ian duyét dau tién, tinh mitc ho trg clia tirng don vi dir liéu rieng va xdc dinh
don vi dir liéu nao 1a thuomg xuyén (twong tng véi min _Supp cho trude).

(2) Trong céc lan sau do, ta sé bat dau véi tap thuomg xuyéen da xét lan trude, tao ra céc
tap don vi dir liéu tng vién va tir cdc tap ing vién nay, ta tinh dwoc mitc ho tro cla ching.

(3) Cudi ciia phép duyét ta xac dinh dwoc tap tmg vién nao 1a tap thuwong xuyeén that sw
va chiing tré thanh nhan trong phép duyét tiép theo.

(4) Qu4 trinh trén dwoc tiép tuc cho dén khi khong con tap thudmg xuyén nao dwoc tim.
Ky hiéu:

- Ta goi 86 don vi dir liéu trong mot tap 1a kich thudce cia chiing va tap ¢6 k phan tir 1a
k don vi dir lieu.

- Goi Lg 1a tap hop céc tap thuomg xuyén k don vi dir lieu. Théng tin vé moi phan ti
cia Lg ¢6 dang (X, p) trong d6 X 1a tap con cda I va p 1a s6 lan xuat hién cia X trong D.

- C 1a tap hop céc tap ting vién k don vi dit lieu. Thong tin vé moi phan ti ctia Cf cling
¢6 dang (X, p) nhu trén.

Trong thuat toan nay, v4i sit dung Heuristic trén, mot tap ng vién k don vi dr liéu
c € Cy s& théa man Ly 1 chira toan bo cc tap con gom (k — 1) don vi dir liéu cia chiing.
Ngoai ra, tap trng vién 1a tap xdy ra thuwong xuyén néu théa man min _Supp.
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Thuét toan 2.1. Tao ra céc tap thwong xuyen
Input. Tap don vi dir lieu 1
Tap giao tdc D gom N giao tdc
min _Supp
Output. Tap L gom céc phan tir 1a k don vi dit liu x4y ra thuong xuyén
Begin
L; = {tap thuong xuyeén 1- don vi dir lieu};
for (k=2; Ly 1 # T k++) do
begin
Cr = tao ra tap tng vién tir (Lg_1);
for moi giao tdc t € D do
begin
Cy = tap con cia (Cf) chia ¢;
for méi ¢ € Cy do c.Count + +;
end
L = {c € Cxle.Count > N.min _Supp};
end
Return (UxLy);
end
Thuét toan 2.2. Tao ra tap Gng vien tit (Lx_1) : Cp = Lg—1 X Lg_1
Input. Tap céc dom vi xdy ra thuong xuyén (k — 1) don vi dir liéu Lg_1.
Output. Tap tng vién k don vi dir liéu
Begin
1. Két néi Lp_q véi Lp_q :
insert into Cy;
select p.itemy, p.items, ..., p.itemg_1, q.2lemy_q
from L 1p, Lr-1q
where p.item = q.itemq, ..., p.itemy_o = q.itemy_o, p.itemi_1 < q.itemp_1;
2. Thu gon bang cich xo04 ¢ € Cy sao cho c6 tap con (k—1) ctac & Ly 1 :
for véi moi ¢ € Cy, do
for v&i moi tap con s gom (k — 1) phan tir cta ¢ do
if (s ¢ Ly_1) then
delete ¢ from Cp;s
Return Cl;

end

Vi du 2. Cho Ls = {{ABC}, {ABD}, {ACD}, {ACE}, {BCD}}

+ Buéec két néi:
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{ABC} két néi véi {ABD} ta duge {ABCDY,
{ACD} két néi v&i {ACE} ta duge {ACDE}.
Nhu vay, sau khi néi két, ta c6 Cy = {{ABCD},{ACDFE}}.
+ Buéc thu gon:
Mobi phan tir cia Cy sau buéce két néi sé dwge kiém tra dieu kién 14 Lz c¢é chtra tat ca
c4c tap con cla né gom 3 phan tir hay khong?
{ABCD} théa man vi L3 chita tdt cd cic tap con gom 3 phan tir cia né 1a {ABC},
{ABD}, {ACD}, {BCD},
{ACDE} khong théa vi {ADE}¢ Ls. Két qua C4={{ABCD}}
Thuét toan 2.3. Tim ra tat ca cdc luat két hop
Input: Tap L gom cac phan ti 14 k dom vi dit lieu x4y ra thudomng xuyen,
min _Conf.
Output: Tap céc luat két hop théa min _Conf
begin
Result = &;
for (v&i moi tap xdy ra thuomg xuyen [ € L) do
begin
for (moi tap con a C I sao cho a # &) do
if (Mtrc ho tro(l)/Mttc ho tro(a) > min _Conf) then
Result = Result U{a — (I —a)};
end
return Ressult;
end
Vi du 3. Trong vi du 1, v&i min _Conf = ¢y = 70% va min _Supp = so = 40% ta ¢ tap L
gom cac tap don vi dit liéu x4y ra thuong xuyén nhw sau:

L ={{A}, {B}, {C}, {D}, {E}, {F}, {AD}, {BE}, {CE}, {DE}},

c6 céc luat két hop nhw sau:
A — D véic= 71.42% va s=41.66%,
D — Avéic=71.42% va s=41.66%,
B — E véi ¢ = 83.33% va s=41.66%,
E — B véi ¢ = 71.42% va s=41.66%.

3. THUAT TOAN KHAI THAC TANG TRUONG CAC LUAT KET HQP

Trén co s& thuat todn tira-Apriori, mot sé téc gid da phét trién thuat toédn nay, ching
han nhu FP-Tree ([5, 6]), FUP ([4]). D6i véi thuat todn FP-Tree sé rat htru hieu déi véi cac
CSDL nhé, vi thuat todn nay dwa toan bo dit liéu vao bo nhé chinh dé xr 1y, do dé khong
phtt hop véi qué trinh ting trudng cla dit lieu. Véi thuat todn FUP, 14 mé rong gan nhat
cla thuat todn Apriori, FUP sé cap nhat cic luat két hop khi ¢é6 dir liéu duoc thém vio
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bang cach duyet CSDL ban dau.
Nhu vay, méc dit ¢6 nhitng cai tién nhung trong cic thuat toan ([4,5, 6]) con hai van de
ton tai sau:
(i) C6 khé nang xay ra cic tap tmg vien rat 16m,
(ii) Can thiét phai duyet CSDL qué nhieu lan.
Dudéi day 1a thuat toan khai thac cac luat két hop, ¥ tudng cliia thuat todn nay nhu sau:
e Néu cic don vi dit lieu 1a xdy ra thudng xuyen trén tap D thi né phai xdy ra thuong
xuyeén trén it nhat mot tap con cua D.
e (J4c tap dir lieu x4y ra thuong xuyen sé dwoc them vao do thda min _Supp tir cdc phan
d lieu trude dé hodc théa min _Supp tai phan dir liéu dang xét.
e Thuat toan dugc bat dau véi viéc tim tap thudmg xuyen 2-dom vi dir lieu vi moi luat
c¢6 ft nhat hai don vi dir lieu.
Gié stt CSDL duoc chia thanh n phan (moi phan tmg véi mot don vi thoi gian lvu triv div
liew) D = U Dg. Goi |Dy| 14 s6 giao tdc trong Dg. Goi Npi(X) 1a s6 giao tac trong Dy
chita tap don vi dir liéu X.
Thuét toan 3.1. Tao ra tap thuong xuyén gom 2-don vi dit liéu
Input: Tap dom vi dr lieu 1
Tap céc giao tdc D = Uy _ Dy,
min _Supp.
Output: Tap Lo gom céc phan tir 1 2-dom vi dit liéu x4y ra thuwdmg xuyen
begin
Ret = &;
For k =1 to n do begin
For vé&i moi tap 2-don vi dir lieu Xo € Dy,
if (X2 ¢Ret) then
If (Npr(X32) > min _Supp * | Dg|) then
Xs.Count = Npi(Xs);

Xo.start = k;
Ret = Ret U Xo;
end if

if (X2 € Ret) then
Xo.Count = X5.Count + Npi(Xs);

k
If (X3.Count) < min_Supp x > |D;| then
i=Start
Ret = Ret — X;
end if
end for
end for

Return Ret;
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end

Thuat toan 3.2. Tao ra tat cd cic tap thuong xuyén trong D
Input: Tap don vi dir lieu 1
Tap céc giao tac D = U_; Dy,
min _Supp, min _Conf
Output: Tap L gom céc phan tir 1a k-don vi dit lieu x4y ra thuomg xuyén
Begin
L=
Tao ra tap thudomg xuyen gom 2-dom vi dir lieu;
m = 2;
while (C,,, # @) do //Thuc hien phép két néi véi tat cad don vi dir lieu
Co = Crq % Cry1;
m=m + 1;
end
Fork=1tondo
For vé&i moi tap don vi dit lieu X € C,, do
X.Count = X.Count + Npg(X)Z;
end for
end for
For vé&i moi tap don vi dit lieu X € C,, do
If (X.Count) > min _Supp * f: |D;| then
L=LUX; o
Return L;

end

Ghi chii: Trong qué trinh lwu trir dir liéu theo thi gian, ching ta sé gidm di mot phan dir
lieu truée va tang mot phan méi, thao téc cling twong tu bang cich cap nhat lai Start,
Count thich hgp.

Vi du 4. Trong vi du 1 ta xét véi min _Supp = 0,4 va min _Conf =0, 7.
Trong lan xét thtt nhat ta xét Dy, Do, D3 :

Dy UDs Dy UDsU Doy

Dy X5 | Start | Count X5 | Start | Count
X5 | Start | Count AC 2 2 AD 1 4
AD 1 2 AD 1 3 AKE 1 4
AFE 1 2 AKE 1 4 BE 3 2
DE 1 2 CE 2 2 CE 2 3
DE 1 3 DE 1 4

Ung véi Dy ta ¢é [min _Supp * [Di|] = [0.4 % 3] = 2,
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Ung v&i D1 U Dy ta ¢6 [min _Supp * |Dg|] = [0.4 % 6] = 3,
Ung v&i D1 U Dy U D3 ta cé [min _Supp % | Dg|] = [0.4 % 9] = 4.
Tap céc tap don vi dir lieu &ng vién trong Dy U Dy U Dy la:
{A}ABLHACHAD} B} {F} {AD} {AE} {BE}Y {CE}, {DE}, {ADE}.
Céc tap don vi dir lieu thuong xuyén trong Dy U Dy U Dy la:
{A}ABLA{CH{D}W{E}YL{F}L{AD} {AE}Y {BE} {DE} ({CFE} va {AD E} khong thoa
min _Supp)

D — D, DUDy

X5 | Start | Count X5 | Start | Count
AD 2 2 BC 4 2
AFE 2 2 BF 4 2
BE 3 2 BE 3 3
CE 2 3 CE 2 4
DE 2 2 cr 4 2

Sau khi gidam D1 Sau khi tang Dy

Tap céc tap don vi dir lieu &ng vién trong Do U D3 U Dy la:
{A}ABYACHAD} AEYAF}{BCYHABE}Y {BF},{CE}L{CF}L{CBE} {CBFY}.
Céc tap don vi dir lieu thuong xuyén trong Do U Dy U Dy 1a:

{ALABEACHAD} B} {F}{BCY {BE} {CE}

4. CHUNG MINH TiNH DPUNG DAN CUA THUAT TOAN KHAI THAC
TANG TRUONG CAC LUAT KET HQP

Pinh nghia 6. Ta goi ty lé xay ra trén khodng cia tap don vi dir lieu X trén cidc phan dir
lieu D;, Divq...D;, ky hieu ¢; ;(X) 1a t§ s6 gitra s6 giao tdc chita X va tong giao tdc trong
ching

Ejj Npr(X)
ti,j<X> = 16:17

J
22 | Dl
k=1

B8 dé 1. Tdp don vi dit lieu X la tap thuong zuyén xdy ra (X € L) sau khi xi lj qua phdn
du liéu D néu va chi néu3i < j sao cho moi s6 nguyén k € [, j], ta cd t; x(X) > min _Supp.
Ching minh:
1. Gid st 3¢ < j sao cho moi s6 nguyen k € [i, j], ta c6 ¢; x(X) > min _Supp. Cé 2 trudng
hop:
(i) X khong dwoc dua vao L truée khi xit 1y phan D;, bdi vi ¢;;(X) > min _Supp nén
X duogc dua vao L sau khi xt 1y D;.
(ii) X da duwoc dwa vao L trude khi xt 1y D;. Trong cd 2 trudng hop trén, dp dung
gid thiét ¢; x(X) > min_Supp véi k € [4, 4], ta ¢6 X van thuoc L khi xir 1y tir D; dén

D;j.
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2. Nguoc lai: Gid sit X € L sau khi xit 1y qua phan dr lieu D;. Nhu vay, X sé duoc
dua vao L bdi mot trong hai trudng hop sau:
(i) Pua L ngay khi xtt 1y D;.
(ii) Hoac X duwoc dua vao L do xir 1y truée phan di lieu D;.
Trong trudmg hop (i), ta suy ra bang cach dat j = ¢, khi d6 ¢;;(X) > min _Supp. Trong
truong hop (i), X € L 14 do xit 1y truéce phan du lieu D, ta sé xét lan nguoc tir D;
trd ve trude, nghia 14 xét D 1, Dj_o, ... cho dén khi phan dir lieu D; ndo ma X lan
dau tién 13 tap ing vién (cé thé X nhieu lan & tap ng vién va ta chi xét lan dau)
nhu vay, ta c6 ca hai truong hop ¢; ;(X) > min _Supp. [ ]

B8 dé 2. Tdp don vi dit lieu X la tap thuong zuyén xdy ra (X € L) sau khi v lj qua phdn
du liéw D; néu va chi néu 3 < j sao cho t; j(X) > min _Supp.

Ching minh:

1. Gid st 3¢ < j sao cho t; ;(X) > min _Supp. Ta goi y 1& gid tri l6m nhat trong cac gid
tri @ sao cho ¢; .(X) < min _Supp. Cé 2 trudong hop xdy ra:

+ Néu khong ton tai gid tri y, theo B6 de 1 ta c6 X € L sau khi xtr Iy phan dit liéu
D;.

+ Néu ton tai y, khi dé ¢,+1;(X) > min_Supp do &, (X) < min _Supp va t; ;(X) >
min _Supp, theo B6 dé 1, ta cling ¢6 X € L sau khi xit ly phan di lieu D;.

2. Nguoc lai: Hién nhien. [ |

Pinh 1y 1. Tap don vi de liéu X la tdp zay ra thuing zuyén néu va chi néu X la xdy ra
thuong zuyén sau phép xit ly boi thuat todn trén.
Ching minh:
1. Gia st X 1a tap don vi dir lieu xay ra thudng xuyen dwoc xr 1y béi thuat toan 3. Khi
dé theo Thudt toan 3.2, ta cé:

n

(X.Count) > min _Supp * Z | D,
i=1

nhu vay X thda man dieu kien cta tap xdy ra thudng xuyen.

2. Nguoc lai: Goi n 14 s6 phan cia CSDL: D = U D;. Néu X la tap don vi dir lieu x4y
ra thuomg xuyén thi ¢ ,(X) > min _Supp, 4p dung B6 de 2 véii=1va j =n. [ ]

5. MOT SO KET QUA THU'C NGHIEM

Trong phan nay ching téi néu moét sé két qua dwoc kiém ching tlr thue nghiém so
sénh thoi gian thuce hién hai thuat todn trén, véi tap dt lieu 1a khoang hon 700.000 ban
ghi ve cac két qua diém hoc tap véi hon 400 moén hoc cia 15.000 sinh vién trong 5 nam
hoc ctia Trudmg Pai hoc Thuy sén. Céc két qud nay duwgc thuc hién tréen PC véi CPU
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téc do 570MHz, 128MB RAM, IDE Disk 18GB, cac chwong trinh duoc viét bang ngoén ngir
BORLAND C Ver4.

min_Conf = 5%
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Véi céc diém thi clda cdc mon hoc ching to6i xét theo céc két qua khic nhau twong tmg
véi cadc mirc ho tro khac nhau dé tim su lién heé gitta cac két qua hoc tap cia cidc moén hoc
trong mot nganh hoc ho#c su lien he gitra cdc mon hoc 1a mon hoc co ban, co s& hodc chuyeén
nganh. Dt lieu dugc phan hoach theo moi hoc ky. Céc két qua thu dugce rat nhiéu, trong
khuon khé bai bédo nay ching t6i chi xin néu cic két qua so sanh thoi gian thuc hién hai

thuat toan treén.

6. KET LUAN

Trong bai bdo nay ching to6i da gidi thiéu thuat todn khai thac véi dir liéu tang trudng
theo théi gian, nham gidi quyét van de tim ra cdc luat két hop khi dir liéu ting trudng
déng ké. Véi céch chia dit liéu rieng phan va stt dung céc thong tin tir phan truée dé tinh
tich lu§ cho ph#n sau da lam gidm chi phi dédng ké cho viéc tim cac luat.

Huéng phét trién cia van de 14 gidi quyét trong trueong hop céc luat két hop khong day
du ho#c 14 tim ra céc luat cho cdc dom vi dit lieu xuat hién khong cling thei gian hay xuat
hién theo chu k¥.

L&i cdm on. Xin chan thanh cdm on PGS. TSKH Nguyen Xuan Huy, GS. TSKH Nguyén Dinh Ngoc
da c6 nhirng dinh hwéng cho viéc xay dung thuat todn va PGS. TS Ngo Quéoc Tao da cé nhitng gép

¥ quan trong cho bai bdo hoan thanh.



90

[1]

NGUYEN PiNH THUAN

TAI LIEU THAM KHAO

R. Agarwal, C. Aggarwal, and V. Prasad, A tree projection algorithm for generation of
frequentItemsets, Journal of Parallel and Distributed Computing (Special Issue on High
Performance DataMining) (2000).

R. Agrawal, T. Imielinski, and A. Swami, Mining association rules between sets of items
in largedatabases, Proc. of ACMSIGMOD (1993).

J. Ale, G. Rossi, An approach to discovering temporal association rules, ACM Sympo-
sium on Applied Computing (2000).

D. Cheung, J. Han, V. Ng, and C. Wong, Maintenance of discovered association rules in
largedatabases: An incremental updating technique, Proc. of 1996 Int’ I Conf. on Data
Engineering (1996).

J. Han, J. Pei, Mining frequent patterns by pattern-growth: Methodology and Implica-
tions, ACM SIGKDD Explorations (Special Issue on Scaleble Data Mining Algorithms)
(2001).

J. Han, J.Pei, B.Mortazavi-Asl, . Chen,U. Dayal, and M.C. Hsu, FreeSpan:
Frequentpattern-projected sequential pattern mining, Proc. of 2000 Int. Conf. on Knowl-
edge Discovery and Data Mining (2000).

J. L. Lin, M. Dunham, Mining association rules: Anti-skew algorithms, Proc. of 1998
Int’ I Conf. on Data Engineering (1998).

A. Savasere, . Omiecinski, S. Navathe, An ecient algorithm for mining association rules

in large databases, Proc. of the 2th International Conference on Very Large Data Bases
(1996).

Nhan bar ngay 01 - 7 - 2003

Nhin lai sau siea ngay 02 - 02 -2004



