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Tom tat: Khai thac mau tuan ty la mét phan quan trong cua khai thac dit liéu voi cac ing dung rong rai. Tuy
nhién, viéc tay chinh théng s6 minsup dé phi hop trong cédc thudt toan khai thac mau tuan tu nhdm tao ra
ding s6 mau ma nguoi ding mong mudn 1a diéu rét khé khan va ton thoi gian. PE giai quyét van dé nay,
thuat todn khai thac k mau tuan tu dong TSP dua ra phurong én gidi han lai s6 luong k mau can khai thac,
nhung thoi gian thure hién va bo nhd st dung cta thuat toan cao. Vi thé, bai viét nay dé xuét thudt toan TKCS
tim k mau tuan tu dong dua trén thuat toan TKS[2]. V6i k mau nhap vao thuét toan sé tra vé k mau co do
hé tro cao nhét trong co s@ di liéu (CSDL). Két qua thue thi cho thay, Thut todn TKCS co higu suét tot hon
rét nhiéu so vdi thudt toan TSP vé chi phi thoi gian cding nhu b nhd st dung. Ngoai ta thudt toan TKCS con

XU ly tot trén cac CSDL khac nhau, dic biét la cac CSDL vai mau lon.
Tir khoa: Khai thac dit liéu, mau tuan tu, mau tuan tu dong, co sé di liéu chudi.
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1. Gi&i thiéu

Khai thac di¥ liéu la linh viec da va dang duoc
nghién clru trong nhiéu ndm qua véi muc dich hé
tro cac nha quan ly tim ra méi quan hé gitra cac san
pham trong sé lwong Ién danh muc sé&n phadm va
nh& d6 cé thé gitp tang doanh thu. Qua trinh khai
thac dir liéu 14 qua trinh phat hién ra cac mau théng
tin 6 gia tri tiém an trong CSDL.

Khai thac luat két hop [1] 1a mét trong nhivng
phwong thirc hay va phd bién nhat dé dat dwoc
muc dich nay. Viéc khai thac cac luat két hop nham
muc dich phat hién ra cac méi quan hé gitra cac tap
thudc tinh trong CSDL v&i nhau, trong do khai thac
tap phd bién dong vai trd quan trong trong viéc khai
thac cac luat két hop. Sy da dang va phong phu
cla di lieu hinh thanh nén nhiéu loai di¥ liéu khac
nhau: di¥ liéu giao tac (transaction), di¥ liéu chudi
(sequence), thoi gian (time)... Trwdc tinh hinh do,
viéc khai thac va chon loc nhirng di¥ liéu co ich tw
lwong dir liéu d6 1a viéc can thiét, déng vai tro quyét
dinh thanh cbng trong moi hoat dong. Cac dir liéu
dwoc chat loc dé gilp cai thién hoat doéng trong
hién tai hay dwa ra nhirng dw doan giup viéc dwa ra
quyét dinh trong twong lai chinh xac hon.

Trén thuwc té, méi mot sdn phdm ma khach
hang mua lai c6 thé cé gia khac nhau. Twong tw
méi hang muc trong giao dich cling cé cac trong s
khac nhau tuy tirng loai CSDL cu thé. Chinh vi vay,
nhiéu nghién ctu da dwoc thwe hién, nhiéu thuat
toan dwoc dé xuét trong linh vwc nay. Trong do,
thuat toan TKS (Top-K Sequential pattern mining)
[2] dwoc danh gia cao bdi chi phi thwe hién thap
hon nhiéu 1an so véi cac thuat toan khac trong viéc
khai thac k mau tuan tw phd bién. Dwa vao dé dé
lam nén tang tién hanh nghién ctru bai toan Khai
Théac Top K mau tuan tw dong.

2. NGi dung nghién ctru
2.1. Cac khai niém co ban

2.1.1. Khai niém vé chudi di¥ liéu.

Chol={i,i,..,i}lamottap cac item. Tap con
cla | goi la Itemset. Chubi s= <t t,...,t >(tcl)la
mot danh sach co th tw. Gia sir cac item trong mdi
itemset dwoc nhédm theo thir tw.

Vi du: Xét CSDL nhw bang 1

Chubi s1 c6 5 itemset xay ra theo th& tw <(a)
(abc)(ac)(d)(cf)>. Chiéu dai cla s, I(s) 1a tbng sb cac
item trong s con dwoc goi la I-sequence.

Vi du: Chudi <(ac)(d)> la mét 3-sequence co
kich thwéece la 2.

Chubi a = <a,, a,,..., a_> la mot chudi con cla
chudi khac B =<b,, b,,...,b > ki hiéu la o. < p néu va
chinéu 3i, i,...i ,;saocho 1<j <i,<..<i <nva
a,cb,a,cb, ..a cb . Ching goi B la chudi
cha cla a.

Vi du: Chuéi <(a)(d)> la chudi con cla <(ad)(c)
(bc)(ae)> nhung <(a)(d)> khdng phai la chudi con
cda chubi <(ad)> va nguoc lai.

Béang 1: CSDL chubi
SID Sequences
<(a)(abc)(ac)(d)(cf)>
<(ad)(bc)(c)(ae)>

<(ef)(ab) (df)(c) (b)>
<(ae)(af)(c)(b)(c)>
<(ce)(bf)(ad)(d)(e) (ac) >

[ 2 B I N S R

* Co s& dir liéu chubi:

Co s6 di liéu chudi D = {s,, s,,..., S} |a mot tap
cac chudi cé dang (SID,s), trong d6 SID la dinh
danh cda chudi va s la chudi cac itemset.

Vidu: Xét CSDL chudi nhv sau:

* Do ho tro:

Xét CSDL chudi D, mdi chudi cé mdt chi sb dinh
danh duy nhat. D6 hd tro tuyét dbi cia moét mau
tuan tw a la tdng sb chudi trong D cé chira p, ky
hiéu sup, (p) = {s| seD va acs}l . Do hé tro twong
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ddi cta p la ti 1é phan trém chubi trong D chira p. O
day, mirc hd tro tuyét déi hodc twong dbi sé dwoc
st dung chuyén dbi qua lai, ki hiéu 1a sup(p).

Vi du: Xét CSDL bang 1. Chudi p = <(a)(d)> xuét
hién trong chudi s, s,, s,, s,. Vay do hé tro cua
chudipla4

* Mau:

Mau la mdt chudi con ctia mot chudi div liéu. Méi
itemset trong mot mau con dwoc goi la mét thanh
phan (element).

Vi du: Mau o = <(ab)> la chudi con ctia chudi s,

* Mau tuan tuw:

Cho nguéng hd tro tbi thiéu (minsup) xac dinh
b&i nguwoi dung, minsup € (0, 1]. M6t mau o dwoc
coi 1 phé bién néu do hd tro clia nd 1&n hon hoac
bang minsup: sup(a) = minsup, khi d6 a dwoc goi la
mau tuan tw.

2.1.2. Khai thac mau tuén tw

Cho trwéc CSDL chudi va ngwdng minsup. Khai
thac mau tuan tw 1a di tim tap day du tat ca cac mau
tuan tw c6 trong CSDL va c6 dé Ién hon hodc bang
nguwdng minsup da cho.

C6 hai dang t6 chirc di¥ liéu co ban:

- Dang biéu dién ngang: D liéu dwoc td chirc
theo chiéu ngang, mdi hang dai dién cho day sw
kién (event) twong (rng v&i dbi twong (object).

- Dang biéu dién doc: D liéu dworc tb chirc theo
chiéu doc, mbi bang trinh bay cho mét item va chi
ra danh sach clia cac chudi ma item xuét hién va vi
tri ma item do xuét hién.

Vi dy: Xét CSDL nhw bang 1.

CSDL trén c6 thé biéu dién theo 2 cach sau:

Bang 2. Biéu dién Bang 3. Biéu dién

ngang doc.

SID Sequences Sequenc-es SID
1 |<(a)(abe)(ac)(d)(ch)> a 12,345
2 |<(ad)(bc)(c)(ae)> b 12,345
3 |<(ef)(ab)(df)(c)(b)> ¢ 12,345
4 | <(ae)(af)(c)(b)(c)> d 1,2,3,5
5 |<(ce)(bf)(ad)(d)(e) e 2,345

(ac)> f 1345

Trong hai cach td chirc div liéu theo chiéu doc
va theo chiéu ngang, thao tac dém dd hé tro cho
mét sw kién & CSDL dworc td chire theo chiéu doc
don gian va nhanh hon. B&i vi theo cach té chirc
nay, co thé l1ay dwoc ngay cac dbi twong ng voi
sw kién ma khong phai duyét toan bé6 CSDL. Hon
ntra, ddi véi CSDL Ién, viéc tb chirc theo chiéu doc
mang tinh c6 dong, gitup thwc thi nhanh hon va cho
phép 13p lai viéc tim cac mau tuan ty mét cach dé
dang. Tuy nhién, di liéu gbc ban dau thwdng duoc
t6 chirc theo chiéu ngang, néu mudn td chirc theo
chiéu doc phai c6 buéc tién xt ly d& chuyén dbi.

2.3. Céc thuat toan khai thac mau tuén tw
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Bai toan khai thac mau tuan tv dwoc dé xuat dau
tién béi Agrawal va Srikant vao nam 1995. AprioriAll
[3] 1a thuat toan dAu tién duoc thiét ké dé giai quyét
bai toan khai thdc mau tuan ty trén CSDL chudi
giao dich. AprioriAll dwa trén thuat toan khai thac
mau phd bién Apriori [4], & thuat toan nén tang lam
co s& cho cac thuat toan vé sau.

* Thuét toan AprioriAll:

Dé tim mau tuan tw, thuat toan AprioriAll [3] gébm
3 giai doan chinh: Tim itemset phd bién, bién dbi
CSDL va tim m&u tuan ty trén di liéu da bién doi.
O giai doan 1, thuat toan tién hanh duyét toan bo
CSDL ban dau dé tim cac itemset phd bién. Sau do,
anh xa tap itemset phd bién tim dwoc sang tap sé
nguyén. Viéc anh xa nham muc dich coi mot temset
phd bién 1a mét thwc thé riéng biét va thoi gian so
sanh hai itemset phd bién bat ky déu nhw nhau.
Hon niva, gilp giam thdi gian kiém tra mot chudi
c6 1a chudi con cha chudi di liéu trong CSDL ban
dau khong.

Giai doan 2, trong CSDL chudi ban dau, méi
chudi dwoc thay thé bdi tap tat ca cac itemset phd
bién cé chra trong chudi d6. Néu itemset khéng
chtra itemset con phd bién nao thi loai bd itemset
do khai tap chubi div liéu. Néu chudi dir liéu khong
chira itemset phé bién nao thi loai bd chudi d6 khoéi
CSDL. Sau khi bién ddi, méi chudi sé dwoc dai dién
b&i moét day cac itemset phd bién.

Giai doan 3, tim mau tuan tw dwa trén két qua tw
giai doan tim itemset phd bién, ta c6 dwoc tap cac
mau tuan tw co kich thuwdc la 1. Gidi thuat dwa trén
nguyén tac Apriori: Moi tap con cta tap phd bién
phai |a tap phd bién, moi tap cha cha tap khéng phd
bién déu khéng phd bién. Tap &ng vién gébm cac
mau do dai k dwoc phat sinh bang cach két cac mau
do dai (k-1), sau d6 dwa vao nguyén tac Apriori va
minsup dé loai bd cac mau khong phd bién.

Nhw vay, dé tim dwoc mau tuan tw, giai thuat
AprioriAll phai phat sinh cac tng vién, nhung sbé
lwong trng vién tao ra rat Ién d& dan dén tinh trang
“nghén cb chai’. V&i chubi d6 dai n thi sé trng vién
c6 thé tao ra 1a do d6 khéng du bd nhé dé xi ly.
Mat khac, dé tim tat cd cac mau tuan tw, thuat toan
AprioriAll phai duyét CSDL nhiéu lan vi véi méi tap
trng vién dé dém do hé tro phai duyét toan bo CSDL.
Déi véi bai toan khai thac mau tuan tw, cac yéu té
anh hwdng dén tinh hiéu qua cuia thuat toan la cach
thire t6 chirc div liéu va thuat toan giai quyét.

Do d6, phai str dung cAu tric di¥ liéu thich hop
va thuat toan téi wu. Nhw vay, cac dac trweng anh
hwéng dén tbc dd thuc thi 1a cach td chire bidu dién
dir liéu dé lwu trir vao bd nhé, cach duyét div liéu dé
x@ ly, cac chién lwoc tim kiém. Ngoai ra, st dung
mot sd dac trwng khac nhw van dung ly thuyét do
thi, dwa ra nhirng rang budc cho bai toan sé giup
thuat toan thwc thi nhanh hon, cac mau tuan tw
tim dwoc cé gia tri hon. Chinh vi vay, tiép can theo



nhiéu hwéng khac nhau, xuat phat tlr thuat toan
nén tang AprioriAll, cdc nhém nghién clru da dwa ra
nhiéu thuat toan khac nhau dé giai quyét bai toan
khai thac mau tuan tuw.

2.2. Khai thac top k méu tuén tw déng

Khai thac mau tuan ty da dwoc nghién cteu rong
réi trong cong dong khai thac dir liéu va cé rat nhiéu
ng dung trong thyc té. Khai thac mau tuan tv 1a
tim tAt cd cac chudi con chung (subsequences)
xuét hién nhiéu hon minsup lan trong cac chubi
(sequences) clia CSDL, v&i minsup 1a nguwéng hd
tro téi thiéu do ngwoi dung dinh nghia [5]. Cho dén
nay, méac du nhiéu nghién ctru dé thiét ké ra cac
thuat toan khai thac mau tuan tw da dwoc thwe hién
nhung mét van dé quan trong la lam cach nao dé
ngwm st dung cé the chon duwoc nguong mlnsup
nhdm tao ra mét sb lwong mong muébn cac mau.
Tuy thudc vao sw lwa chon ngwdng minsup, thuat
toan co thé tré nén rat cham va tao ra mét sb lwong
réat 1&6n cac két qua hodc qua it két qua hodc khong
c6 két qua nao, bd qua cac théng tin ¢co gia tri. Van
dé nay rat quan trong b&i vi trong thuc té, nguoi stiv
dung chi c6 ngudn tai nguyén gi¢i han (thdi gian
va khong glan lwu trir) nén khéng thé phan tlch
qua nhiéu mau két qua va viéc tinh chinh théng sé
minsup |a rat tén thoi gian.

Dé giai quyét van dé nay, nguoi ta da dé xuat
xac dinh lai van dé cta khai thac cac mau tuan ty
nhw |a khai thac k mau tuan tw phd bién, véi k 1a sb
mau tuan tw da tim ra va dwoc dinh nghia bdi ngudi
st dung.

Tuy nhién, dé tim ra cac mau tuan tw phd bién
v&i k mau cho trudce thi chi cé thuat toan TSP [7]
trién khai, nhung van con nhiéu bat cap khi khai
thac nhat 14 vé mét thoi gian va bd nhé. Chang toi
dé xuét thuat toan TKCS dé tim ra tap dong véi thoi
gian dwoc rut ngén va bd nhé giam.

2.2.1. Thuéat toan TKS

Khai thac mau tuan tw 1& mét phan quan trong
cua khai thac di¥ liéu véi cac wng dung rong rai.
Tuy nhién, viéc tinh chinh théng s& minsup trong
cac thuat toan khai thac mau tuan ty dé tao ra da
s6 mau mong mudn 1a rat kho khan va tén thoi gian.

Dé giai quyét van dé& nay, ngudi ta da dé xuét
xac dinh lai van dé khai thac mau tuan ty nhw 1a
khai thac k mau tuan tw phd bién, v&i k 1a s6 mau
tuan ty dwoc tim ra (dwoc tra vé) va duwoc thiét 1ap
b&i nguoi dung. Thuat toan tét nhat hién nay dé giai
quyét van dé nay la TKS (Top-K Sequential pattern
mining)[5].

Thuat toan TKS s dung CSDL bitmap doc dé
trinh bay di liéu va str dung thd tuc tao (rng vién
can ban clia SPAM[8] dé& do tim va mé rong cac
mau, dong thdi ap dung moét vai chién luvgc dé tang
hiéu qua khai thac k mau tuan tw phd bién.

* Co s& dir liéu bitmap doc

Cho CSDL chudi D chra q item va m chubi
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(sequence), (sequence), size(i) la sb itemset trong
chudi thir i. CSDL bitmap doc ctia D, ky hiéu V (D)
dwoc dinh nghia nhw la mét tap cla q bit vector co
kich thwéce , sao cho:

Mai item x c6 mot bit vector twong (rng.

Néu item x xuét hién trong itemset thir p cla
chudi th t trong D thi bit thir cla bit vector bv(x)
dwoc gan la 1, nguoc lai la 0.

Vi du: Bang bén dwéi trinh bay cac bit vector
dwoc xay dwng cho mbi item tir CSDL duwoc cho
trong bang 4.

Bang 4. CSDL bitmap doc dwoc xay duwng tur

CSDL
Item Bit vector Item Bit vector
A 1110010010100011000001001
B 0100001000100100010010000
C 0110101100001000101100001
D 0001010000010000000001100
E 0000000011000010000100010
F 0000100001010001000010000

* Phwong th&c tao rng vién trong thuat toan
SPAM

Thi tuc tao tng vién dwoc trinh bay trong hinh
1 bén dwai. Tha tuc nay nhan hai tham sé dau vao
la CSDL chudi va nguwéng minsup. Cac bwéc thue
hién nhw sau:

SPAM(CSDL chudi D, minsup)

1. Quét CSDL dé tao V(D) va xéc dinh Sjnjt (danh sach cac items phd bién).
2_FOR each item s € Sjnit,

3. SEARCH((s), Sinit, tap céc items ti¥ Sinjt ¢é th tw tl dién Ién hon s,

Hinh 1. Thuét toan SPAM

SEARCH(pat, Sp, In, minsup)
1. Dau ra: mau pat.
2. Stemp = ltemp =@
3. FOR each item i € Sp,
4. IF mé réng s-extension cla pat la phd bién THEN Stemp = Stemp U {i}.
5. FOR each item j € Stemp,
6. SEARCH(m® rdng s-extension clia pat v&i j, Stemp , cac phan tir trong
Stemp
I&n han j, minsup).
7.FOR each item i € In,
8. IF m& rong i-extension cta pat 14 phd bién THEN Itemp =
U {}.
9. FOR each item j € ltemp,
10. SEARCH(m& rdng i-extension cla pat voi j, Stemp , tat ca cac

Itemp

Hinh 2. Tha tuc tao (g vién trong thuét toan SPAM

- Quét CSDL mét lan dé xay dung CSDL bitmap
doc (xem bang 4), ddng théi dém do hé tro clia cac
item don.

- V&i mdi item phd bién s, né goi thi tuc
“SEARCH?”. Tha tuc nay xuéat ra mau ({s}) va dé quy
do tim cac mau tng vién bat diu bang tién té ({s}).

- Thi tuc SEARCH (hinh 3.2) nhan bén tham sb
dau vao la: mot mau tuan tw pat, hai tap cac items
Sp, In dwoc dung dé ndi thém vao mau pat nham
tao cac wng vién va ngudng minsup. Sp la tap cac

S62348 (ki 2 - thing 2/2026) © 229



NGHIEN CUU UNG DUNG KINH NGHIEM

tinh xach tay Sony Vaio cé cidu hinh CPU Intel
core i5-7200, 16G RAM va st dung hé diéu hanh
Microsoft Windows 10, cai dat trén ngbn ng lap
trinh Java.
* Bo di¥ liéu chay thuc nghiém
Béang 4. B6 CSDL chay thurc nghiém va cac thuéc
tinh lién quan

DATASET COUNT ITEM |AVG. SEQ. TYPE OF DA-TA
SE-QUENCE | DIS-TINCT | COUNT | LENGTH
(ITEMS)
Leviathan 5834 9025 33.81 book
Bible 36369 13905 21.64 book
Sign 800 267 51.99 sign language utter-
ances
FIFA 20450 2990 34.74 web click stream
BmsWebView1 | 59601 497 2.42 web click stream
BmsWebView2 | 77512 3340 4.62 web click stream

*Két qua thurc nghiém gitra TKCS va TSP

Chay thwc nghiém 2 thuat toan TKCS va TSP
voi bd dir lieu Sign va Leviathan, Bible, FIFA,
BmsWebView1, BmsWebView2 lan lwot cho cac
mau k = 50, 100 , 200, 300, 400 ta thu vé dwoc
bang két qua nhw sau:

Béng 5. Két qué thuc nghiém TKCS va TSP
trén cac bd dir liéu

cSDL $6 lugng méu k Bo nhé sit dung (MB)
TKCS TSP
Sign 50 109 281
100 163 285
200 240 290
300 250 293
400 260 300
Leviathan 50 250 318
100 320 384
200 435 522
300 590 668
400 680 906
Bible 50 363 574
100 399 695
200 450 872
300 550 895
400 661 950
FIFA 50 278 560
100 429 743
200 556 789
300 630 851
400 759 935
BmsWebView1 50 72 183
100 129 298
200 178 319
300 219 368
400 293 422
BmsWebView?2 50 206 273
100 253 336
200 350 411
300 412 493
400 550 583
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3. Két luan

Co s& ly thuyét khai thac mau tuan ty va mau
tudn tw dong giup chung ta thdy dwoc tdm quan
trong trong khai thac méau tuan tw déng hién nay.
Khai thac mau tuan tw dong la tim tat ca cac chudi
cha, loai bd cac chubi con ¢ cung dé hé tro, rng
v&i k mau nhap vao. Tim ra nhirng mau c6 dé hé tro
cao nhéat va loai bd cac trudng hop tim ra cac mau
bi trung 1ap. Cho dén nay, rat nhiéu thuat toan dwoc
dua ra trong d6 co thuat toan TSP da giai quyét
dwoc van dé trén nhwng khi thye thi thuat toan con
nhiéu han ché vé téc dé ciing nhw dung lwong lwu
triv. D& gidi quyét nhivng khuyét diém trén, chung
t6i d& xuét trién khai thuat toan TKCS. Véi nhitng
wu thé tlr thuat toan géc TKS mang lai, thém vao
do la cac thuat giai méi nén thuat toan TKCS da co
nhirng bwoéc tién vwot trdi hon so véi TSP =
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Abstract: Sequential pattern mining is an important area of
data mining with wide-ranging applications. However, adjusting
the minimum support (minsup) parameter appropriately in
sequential pattern mining algorithms to generate exactly
the number of patterns desired by users is both difficult and
time-consuming. To address this issue, the TSP algorithm for
mining k closed sequential patterns was proposed to limit the
number of patterns to k. Nevertheless, this algorithm requires
high execution time and memory consumption. Therefore,
this paper proposes the TKCS algorithm to mine k closed
sequential patterns based on the TKS algorithm [2]. Given
an input value k, the algorithm returns the top k patterns with
the highest support in the database. Experimental results
show that the TKCS algorithm significantly outperforms the
TSP algorithm in terms of both execution time and memory
usage. In addition, the TKCS algorithm performs well across
different databases, especially those containing large patterns.
Keywords: Data mining, sequential patterns, closed sequential
patterns, sequence database.



