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THUAT TOAN KHAI THAC D LIEU TANG TRUONG
NGUYEN XUAN HUY, BOAN VAN BAN, NGUYEN H(*U TRONG, HUYNH VAN BUC
1. MO PAU

Bai toan tim cac luat két hop 13 bai todn co ban trong khai thac dir lidu, gbm hai buée chinh
nhu sau: budc mdt, tim tit ca cic tip thudmg xuyén theo ngudng Sy cho trude va bude hai, dua
vao cac tap thudng xuyén, tim cac luat két hgp. Tét ca khé khin cia viée giai quyét bai toan tap
trung & budc mdt, mGt cong viéc ton nhiéu thoi gian la xdc dinh tit ca cac tap muc dir liu thudémg
xuyén theo mdt ngudng S; cho trude.

Su phat trién cua bai toan khai thac dit liéu duoc Qiankun Zhao téng két trong [1]. Tir thudt
toan AIS lan d4u tién dugce Agrawal. R gi6i thiéu ndm 1993 trong [2], thudt toan Apriori ndm 1996
3] rdi timg bude duoc cai tién: thuat toan FP-Tree do Han J, Pei H., Yin Y. dua ra nam 2000 {4.
thuat toan DCI duge nhém cia Claudio Lucchese dé nghi nam 2005 {5], thuédt toan CHARM
dugc nhém Mohammed J. Zaki dua ra nam 2005 [6], thuét toan LCM duge nhém Takeaki Uno
dua ra nam 2006 [7], thudt toan BFS duoc Vicky Choi dura ra niim 2006 [8],... chu yéu xir li trén
tap dir liéu xac dinh trude. Ta biét rang, cdc tap dir liéu dwoc bd sung va tang trucmg theo théi
gian, do vy céc tip thudmg xuyén va cic lut két hop da dwoc tinh toan khdng con gia tri. Ngoai
ra, v&i mot dir lidu 6n dinh, khi can tim cac tdp thudng xuyén véi do hd trg khac, cong viée phai

ptinh lai tir dau.

Dé khic phuc didu ndy, chang t6i dé nghi mdt thudt toan tang trudng, vai y twdng co ban
nhu sau:

1) Véi mdt ngir canh khai thac dir li¢u (T, I, &) véi |[T]| = m, [|I]] = r ban dau, thuat toan
tinh dé hd trg cla tit ca céc tip muc dit liéu c6 trong & 1di lwu trix trong tap

={(X, Supp(X)) | X e I'va X nim trong it nhit mét giao tac nao do}. Theo thoi gian, s6 luong
CAC giao tAc ting dan, thuat toan chi tinh todn véi dir li¢u ting thém, khéng can tinh toan lai tir dau.
Véi céch t chirc nay, khi can tim cac tdp thudong xuyén thdéa man ngudng Sy, ta chi can loc ra
nhitng tap muc dir liéu trong K thoa Supp(X) = S,.

2) Dé tinh db hd trg cua céc tap muc dit lidu, khéng can phai tinh cho tit ca c4c tap muc dix
liéu trong Subset(T), ma chi ¢in tinh cho cac tap muc dir liéu xuit hién trong céc giao tac.

Bai viét c6 5 phan Sau phan mé ddu, chiing téi trinh bay cic khéi niém to ban cua bai toan
khai théc dtr ligu ¢ phan 2. Phin 3 14 phan chinh, chiing t6i dua ra mét thuét toan tinh do hé tro
clia tt ca cac tap dir ligu ton tai trong ngfr canh khai thac. Phan 4 néu két qua ap dung thujt toan.
Cubi cling, ching t6i tong két cac két qua da dat duge.

IL. BAI TOAN KHAI THAC DU LIEU

Dinh nghia 1. Ngit canh khai thac dit ligu

Cho I'= {i}, iz, ..., in} 1a t8p hop cdc myc dir liu, va T = {t; t5, ..., t,} 12 thp hop céc giao
tac. Trén tich Descartes T x I ta dinh nghia mdt quan hé hai ng6i & nhur sau:

V(t,i) € T x I: t @i <> Giao tac t ¢& chira muc dir liu i.



& dugc goi 12 quan hé khai thac dir liéu. B ba (T, I, 8) dugce goi la ngit cianh khai thac dit licu.
Méi myc dit lidu i € I con duge goi 12 mot thude tink cia 1.
Dinh nghia 2. Ma trdn giao tdac

Cho ngit canh khai thac dir liéu (T, 1, 9), ta dinh nghia ma trin M = (M)uxn VGi
[IT] = m, ||I|| = n, & m&t ma trén nhj phan véi:

a 1khi(i,j)e o
" |0khi(i,))ed
M goi 13 ma trdn giao tac. Hang thu i cia ma trén biéu dién giao tac thir i, cot thir j coa ma tran
biéu dién muc dir li¢u thir j.
Mai tap hopkton X C 1 goi la tdp muc dir li€u (itemset), mdi t&flg con § ¢ T goi la tép dinh
danh giao tac (tidset). Dé thudn tién trong ki hi¢u, ta viet X = ABC thay cho
X={A,B,C},S=123 thay cho S = {1, 2, 3}.

Pinh nghia 3. Két noi Galois
Cho ngit canh khai thac dir liéu (T, I, 8). Ta dinh nghia hai anh xa:
tran: SubSet(l) — SubSet(T)
XclLtranX)={seT|VxeX,(s,x)€d}={seT|Vxe X, sx=1}

trong do, s.x chi sy xudt hién cta muyc dif ligu x trong giao tic s néu cho gia tri 1 va rran(X) la
tap hop tat ca cac giao tac cua T chira tat ca cac muc dir li¢u trong X.

item : SubSet(Ty — SubSet(I)
ScT:itemS)={xel|Vse§ (s5,x)ed}={xel|Vse§, sx=1}
item(S) 1a tip hop tAt ¢4 cac muc dir Tidu coa I xuit hién & tit ca cac giao tac trong S,
Cip anh xa (fran, item) duge goi 1d két ndi Galois trén T x 1.
Pinh nghia 4. Bg hé tro

Pé ho;: tro (support) cia mét tap myc dir liéu X, ki hiéu Supp(X) 1a sd cac giao tac trong T
xuat hién tat ca cac muc dir liéu cua X.

Supp(X) = [[{teT | item(t) = X}|.
Dinh nghia 5. Tdp muyc dir li¢u thuong xuyén '

Cho Sp 12 mot s6 nguyén va X ¢ L Ta noi X 1a #dp muc div ligu thiong xuyén (frequent
itemsel) theo ngudng Synéu Supp(X) > S,

Dt Fi(1, 8p) = {X < 1| Supp(X) = Sy}.

Pé don gian trong cach goi, tir day khi néi: X la 1dp thurong xuyén thay vi noi X la tdp muc
dir ligu thirong xuyén va dugce hiéu theo nghia: X la tip muc div liéu thwdang xuyén theo
ngudng Spcho trudc.

MGt ngir canh khai thac dir li¢u vai cac tap thirdng xuyén theo ngudng S, goi 1a ngir canh
khai thac dir liéu theo ngudng Sy, ki hiéu B =(T, 1, 9, 5).

Vi ngit canh khai thac dit liéu (T, I, 8) va []T)l = n thi khong gian tim kiém tit ca cac tap
thurdng xuyén la 2"
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Pinh nghia 6. Ludt két hop

Mot ludt két hop (Association rule) trén ngit canh khai thac dir li¢u (T, I, 0) la mét biéu thirc
X — X,, véi X, X3 12 cac tap muc div lidu (X, Xac Dva X, N X,=¢.

D@ hé trer cia ludt két hop X, — Xa, ki hidu Supp(X; — X,), duge dinh ngha:

Supp(X; — X5) = Supp(X; W X3} = Supp(XXy).
DPinh nghia 7. Ludt thuong xuyén

Cho S; 1a mdt s& nguyén va luat két hop f: X, — X, ta ndi £ 1 ludt thirdng xuyén (frequent

rule) theo ngwong S, néu X, U X, la tdp muc dix liéu thiwong xuyén theo ngudng S, nghia la:
Supp(X; — X3} = S

-

Pinh nghia 8, ¢ tin cdy
D4 tin cdy (Confidence) ciia ludt X, — Xa, ki higy Conf(X; — X,), la ti sb:
p = Conf(X; — X;) = Supp(X,X;) / Supp(X).
Binh nghia 9. Ludt tin cdy theo C)

Cho S, 1a mdt s& nguyén, Cy € (0, 1] va ludt két hop f: X, — X,, ta n6i 12 uiit tin cdy
(Confident rule) theo ngwing S, va C, néu f 13 ludt thwong xuyén theo nguwing S, va
COﬂf(X] — Xg) > Cu.

lil. THUAT TOAN TANG TRUONG

’1. Cac bwdc cia thuét toan
Buée 1: Vi ngit canh khai thac dit ligu (T, I, 8), cong viéc dau tién 1a tinh d6 hd trg cha
cac tip muyc dir liéu xuat hién trong cac giao tac cia T va luu vao tap:
Thuc hién thuét toan 1. bang cach goi ham Supp(M) voi M 1a ma trin giao tac dé tinh
K = {(item(t), Sup_X)| voi teT, Sup_X = Supp{item(1))}
Buwéc 2:
Khi dit li¢u ting thém v6i ngit canh khai thic (T’, I, &), cong viée tiép theo 1a tinh 49 hd tro
cla cac tdp muc dir li¢u xuat hién trong céc giao tac cua T’ va luu vao tép:
Thuyc hién thuét toan 1. bang cach goi ham Supp(M) véi M 1a ma tran giao tac dé tinh
K' = {(item(t), Sup_X)jvéite T, Sup X = Supp(:tem(t))}

Sau khi tinh toan K’, ta gdp K’ vao tap K di tinh truoe bing cach goi thi tuc
Union(K', K, K) theo thuét toan 4.

Bude 3: Tim cac tap thudng xuyén theo ngudng S, cho trudc theo Ihuat toan 5., nghia la
goi thi tuc Frequent(S;, K, ¥ <) dé tinh

KSO = {(X, Sup_X) | (X, Sup_X} e Kva Sup_X = 5§;}.

Thuét toan 1. Tink d6 hé tro cvia moi tdp muyc dir ligu item(t) _ [voit € T.
Function Supp(M)
Input: Mmw1a ma trin giao tac cia ngir canh khai thac dir liéu (T, I, 8);
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Output: K = {(X, Sup_X) | X =item(t) véi t e T va Sup_X = Supp(X)};
Method:

begin
K:= ¢;
For each t = (i;, i,, .., i,)€ M do begin //t 1a mdt hang cta ma triin M
X := item(t};

Inserted:= False;

K; := ; //Céu tric cva K, gidng nhu cdu tric cia K
If (K = ¢) and (Not X < Y) and (Not Inserted) then
begin A
Insert ({X, 1), Ki);
Inserted := True;
end
For each (Y, Sup_Y)e K do begin
If Z=Y " X=#4¢ then
Insert{(Z, Sup Y + 1), Ki);
CIf {(Not X C Y) and {Not Inserted) then begin
Insert ( (X, 1), Ki);
Inserted := True; .
end
end
Merge (K,, K);
end
Return(K) ;
end

Thuit toan 2. Thém modr tdp muc dit lidu vao tdp lvu trir.
Procedure Insert((X, Sup_X), K);
Input: (X, Sup_X) v6i X c I va Sup_X = Supp(X);
K = {(X, Sup_X) | X=item(t) vdit e T va Sup_X = Supp(X)};
Output: K= {(X, Sup_X) | X =item(t) voit e T va Sup_X = Supp(X)};

Method:
begin
If (3 (Y, Sup_¥) € K) and (X = Y) then begin
Sup_Z := Max(Sup_X, Sup Y);
K := (K\ {(Y, sup )}) v {(X, Sup 2Z}};

end
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Elge
K := KU {(X, Sup X)};
end

B6 A& 1. Thudt todn 2 chén thém mét tap muc dit liéu vao tdp heu trit la ding dén.

Chumg minh; Khi thém mét tdp muc dit liéu (X, Sup_X) vao tép luu trir K, ta ldn luot so sanh
(X, Sup_X) vai tat ca cac bo (Y, Sup_Y) trong K. Khi so sanh, mét trong hai trudng hop sau sé
xay ra:

Truong hgp I: (Y, Sup_Y) € K thoa X =Y, nghia 13 X da xudt hién Sup_Y lén trude do,
bdy gi chen thém bo (X, Sup_X) véi X xuat hign Sup=X lan, toe X xuldt hién
Max(Sup_X, Sup_Y) lan nén thuét todn thay Sup_Y b¢i Max(Sup_X, Sup_Y) la ding.

Truomg hop 2: ¥(Y, Sup_Y) € K déu c6 X # Y, tlirc X chua xuét hién lén nao, do d6 chén
thém (X, Sup_X) vao K 1a ding. -

Nhir vdy, thudt toan 2 la dung.
Thuét toan 3. Néi tdp di tinh dp hé tro K, vao tap K.
Prcedure Merge(K;, K);
Input:  Ki={(X, Sup_X)| X ¢ I va tran(X} # ¢, Sup_X = Supp(X)};
K ={(X, Sup_X)| X & I va tran(X) = ¢, Sup_X = Supp(X)};
Output: K = {(X, Sup_X}| X e I va tran(X) # ¢, Sup_X = Supp(X}};
» Method:
begin
For each (X, Sup X)e K1 do _
Insert ((X, Sup X), K); a
end

B a2 2. Thudt todn 3 ndi tdp viva tinh dg hé tro K, vao K Ia ding.

Chung minh:

Trong thudt todn 1, qua trinh tinh toén can tinh giao cua tdp myc dir liéu trong timg giao tac
vGi tat ca cac tAp muc dir liéu da xét. Trong qud trinh tinh, mét tip muc dir liéu cé thé xuit hién
nhi€u lan, do do, khi mdt tip muc dir li¢u xuat hién ta phai duyét lai tir dau. Néx tap da co, ta chi
thay d¢ hé trg mdi néu do hé trg trude nhéd hon; néu tdp muc dir liéu chua xuat hién, ta phai
thém tip myc dir lidu nay vao K. ‘

Do d9, thuat toan 3 ndi timg phan tir (X, Sup_X) ctia K, vao K 13 ding.

Dinh li 1. Thudt todn 1 tim hét 1dt ca cdc tdp muc dir liéu xudt hién trong ngit canh khai thdc div
liéu ciing véi dg ho ro cria né.

Chimg minh:

i) Gia sit Z = {z;, ..., z} < I v&i j > 1 xuét hién trong mdt giao tic nao d6 cua
(T, 1, 8), nghia la 3t € T sao cho Z < item(t), ta chimg minh 3(Y, Sup_Y) € K (Ouiput cua
Supp(M)) d¢ Z C Y va nguoc lai.
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That vay, vong liap For thir nhét cia thliét todn vét hét cdc phdn tir cia T, nén sé ton tai t €
T théa Z < X = item(t). Trong vong lip For thir hai cia thuat toan, co hai kha nang xay ra:

' Kha niing thir nhat: (Y, Sup_Y)'e Kthéa Z c Z, = X N Y, thudt toan thyc hién 1énh If thir
nhat, chén Z, chira Z vao K, sau d6 ni vao K.

Kha ning thir hai: ¥(Y, Sup_Y) e KiZa XY, viZc X nén X ¢ Y, thudt toan thue hién
1&nh If thir hai, chén X chira Z vao K|, sau 46 noi K, vao K.

C4 hai kha ning déu co (Y, Sup Y)e Kdézc Y.

Nguoe lai, véi (Y, Sup_Y) € K, theo thuét toan thi phai o it nhit mdt t T sao cho Y < itend(t).
i) Véi (X, Sup_X) € K, ta chirng minh Sup_X = Supp(X).

Vai (X, Sup_X) € K, ¢6 cac kha ning xay ra:

Kha néng thi nhdt: 3t € T thoa item(t) = X. Vi vong lip For thix hai, néu X chua 1a tap con
cia bit ky item(t”) ndo trude dé, tirc X xuit hién lin diu tién trong giao tac t, thudt toan luu (X,
1) vao K, la ding Nguwge lai, cir m&i 1an  xudt hign  mot
(Y,Sup Y)e Kthoa X c Y, nghiala X da xudt hién Sup Y 1an trirde do, bay gi¢r xuat hién mot
ldn nita, ta chén (X, Sup_Y + 1) vao K, la ding.

Kha néng thirhai: vt e T déu ¢ item(t) # X, phai tn tai mt sé hiru han c4c giao tac fsens
t;, €T,j21sa0cho X =item(; ) ... " item(ty). Theo thudt toan, mbi an c6 mét 1, dé X ¢
item( #, ) thi ting Sup_X Ién 1 don vi, nghia 1a s6 14n xuét hién cia X tang lén 1.
Viy theo dinh nghia, Sup_X = Supp(X).
i) Viéc két ndi K, vao K 12 diing, theo BS dé 2. .
Két Iugn: Thujt toan 1 tim hét tht ca céc tap muc dir liéu xudt hién trong ngit canh khai thac dir
liéu ciing véi d6 ho tro clia nod.
Thudt toan 4. Ni tdp dé tinh dj hé trg K, Ky thanh tdp K
K, da tinh tride, K, viea tinh tdng truong
Procedure Union(K;, K, K);
Input:  Ki= {(X, Sup_X)| X € I va tran(X) = ¢, Sup_X = Supp{X)};
Kz ={(X, Sup_X)| X € I va tran(X) # ¢, Sup_X = Supp(X)};
Output: K= {(X,Sup_X}| X € I va tran(X) # ¢, Sup_X = Supp(X)};

Method: -
begin
K := ¢;

For each (X, Sup X}e K1 do begin
Inserted := False;

For each (Y, Sup Y)e K2 do begin

If Z =YX =# ¢ then
Insert ({(Z, Sup Y + Sup Y), K);
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If X = Z Then
Inserted :=True;
If Not Y = Z then
Insert ((Y, Sup ¥), K);
end
end
If Not Inserted Then
Ingert (X, Sup X), K);
end 2
Dinh Ii 2. Thugt todn 4 ndi tdp da tinh ds hé tro K, va K, thénh 1dp K la diing ddin.

Chimg minh:
Khi liy timg tap muc dir liu (X, Sup X) € K, giao voi ting tap muc dir ligu
(Y, Sup_Y) € K;. Ba kha ning sau c6 thé xay ra:

Kha ning thir nhdt: Z=X 'Y = ¢, nghia la Z xuét hién Sup_X Ian trong K; va Sup_Y lan
trong K;, do d6 chén (Z, Sup_X + Sup_Y) vao K la dung,

Kha néng thir hai: Y # Z, nghta 13 'Y 1a mét tdp muc dir ligu chua chén vao K, do dé viée
chén thém (Y, Sup_Y) vao K 1a dling.

Kha ning thir ba: X # Z, nghia 1a X 1a mét tdp muc dir liéu chua cheén vao K, do d6 viéc
@én thém (X, Sup_X} vao K la ding. Nhu vdy, thuit toan 4 12 dang.
Thuét toan 5. Tim it ca cde tip thiong xuyén theo nguimg So
Procedure Frequent(S,, K, K1); .
Input: K= {(X,Sup_X)} | X =item(t) véit € T va Sup_X = Supp(X)};
Output: Ki= {(X,Sup_X) | (X, Sup_X) € K va Sup_X > So};
Method:
begin
Kl := ¢;
For each (X, Sup_X)& K do begin
If Sup X > S0 then
K1 := K1 v {(X, Sup X)};
end
end
Giai thich thuét toan 5

Duyét qua timg phén tir (X, Sup_X) € K, néu Sup_X = Sp, tirc X 1a tdp muc dir liéu thoa
ngudng S, ta luu (X, Sup_X) vao K.
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IV. ViDU AP DUNG

A)Tim K = Supp(M) véi M 1a ma trén giao tc dugc cho trong bang sau:

A|B|C|D|E
®[1]0[0[1]1 item(t))= ADE (ADE,1)
@011 [0]1
@[t1[t]o]1]o] itemt}=BCE [ (ADE 1) | = [(ADE,1)| [(BCE,))
@101 [0]1 \I Ij/
®{1 0| 1.[1]1 (E.2)
®|0[1]1]0]0] item(t)=ABD |

(@E:l) (BCE,1) (ABD,1)| {ADE,1)| | (BCE,1)

=
(E,2) (AD,2) (E,2) (B.2)

item(ts) = ACE

(ABD,1)| |(ADE,1)] | (BCE. 1) (ABD, )| [(ADE, )] [(BCE.1)] [(ACE, 1)

}4 }/\IJA? -
(AaD.2)] [E2)] |B2) @D.2)|[(aE)| [®3)] [B2)] [(CE2)
Y

Item(ts) = ACDE

(A3) (ACDE, 1)

i

(ABD,1)| [(ADE, )| [BCE.1)| [(ACE,1)] [(ABD,1)} [(ADE,2)| [(BCE,1)] [(ACE,2)

N_ﬁ
(AD,)2)| [(AE,2)| |(E;3)|1(B,2)] {(CE2)| [(AD3)|[(AE3)|[(E4)]|(B,2}] [(CE;3)

A A
(A,3) (A4

Item(ts) = BC
{(ACDE,1)|* (ACDE,1)

(ABD,1)| |(ADE,2) m&% (ABD,D)| [(ADE,2)| {(BCE, 1)] |(ACE,2)

= my N
(AD3)|[(AE3)] [E.4)][B.2)] [[CE3)| [ADI)][(AES)[|(EH][BC.2)||(CE3)

Y

(A4) : (B,3}| |(C,4)

A4
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K = {(ACDE,!), (ABD, 1), (ADE,2), (BCE,1), (ACE,2), (AD,3), (AE,3), (E,4) (BC,2), (CE,3),
(A4), (B,3), (C4)}

Véi vi du ndy, ta nhin thz’iy chi cén tinh toan 13 tip muyc dif liéu xuét hién trong cdc giao tic
thay vi tinh 31 tip muc dit liéu con cia L

* Chang t5i d4 cai dat thudt todn nay trén may PC, v&i ma tran khai thac dir ligu gém 1000
hang va 50 cit, Max{Supp({i}) = 448, Min{Supp({i}) = 53, Average{Supp({i}) = 253,
Max {Sum(t)} = 25, Min{Sum(t})} = 5, Average{Sum(t)} = 12,691. Két qua: 487 763 tap muc
dir liu cin tinh thay vi 2% 1= 1 125 899 906 842 622 tap.

V.KET LUAN
Trong bai bao nay, chiing t6i da dura ra thuit toan ting truc‘mgf giai quyét dugc vén dé tinh

va luu trir d6 hd tro ctia dir liéu ting truéng theo thdi gian ma khéng phai tinh toan lai trong qua
trinh khai thac dir liéu. Thuat toan rat don gian vé ngir nghia va dé dang trong viéc cai dat.
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