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THUAT TOAN TOP-K MAU TUAN TU TOI PAI
ALGORITHM OF TOP-K MAXIMAL SEQUENTIAL PATTERNS
DO THANH TUNG®, TRAN TH] YEN NHI®Y va LY HAT SONC™)

TOM TAT: Khai thic mau tuan ti la mét phan quan trong cia khai théac dit liéu voi cdc iing dung
rong rdi. Tuy nhién, viéc tity chinh théng s6 minsup dé phii hop trong cdc thudt todn khai thic mau
tuan tw nham tao ra ding sé6 mdau ma nguoi ding mong muon la diéu rat khé khén va ton thoi gian.
Pé gidi quyét van dé nay, thudt todn khai thac k mau tuan tw t6i dai TSP (Top-K Closed Sequential
Patterns) [7, tr.438-457] da dwa ra phwong dn gidi han lai s6 leong k mdau can khai thac, nhung thoi
gian thyc hién va bo nho sw dung cia thudt toan cao. Bai viét dé xudt thudt toan MTKS (Max Top-K
Sequential pattern mining) tim k mau tuan tw t6i dai dua trén thudt todn TKS [2,1r.109-120]. Voi k
mau nhdp vao thudt toan sé tra vé k mau cé dé hé tro cao nhat trong co 56 dir liéu.

Tir kh6a: khai thac Top-K madu tuan tie; Top-K mdu tudn tw téi dai; thudt toan TKS; TSP.

ABSTRACT: Mining the sequential pattern is an important part of data mining with wide-range
applications. However, it is very difficult and time-consuming to customize the minsup parameters to fit
in a sequential pattern exploring algorithms to create the right number of samples desired by the user.
To solve this problem, the Top-K closed Sequential Pattern (TSP) algorithm gave a method to limit the
number of k patterns to be exploited, but the running time and usage memory of this algorithm is high.
Therefore, the article proposes the Max Top-K Sequential pattern (MTKS) algorithm to find k maximum
sequential patterns based on the algorithm Top-K Sequential pattern mining (TKS). With input k
patterns, the algorithm returns k patterns highest degree of support in the database.

Key words: Top-K sequential patterns mining; Top-K maximal sequential patterns; TKS algorithm;
TSP algorithm.

1. PAT VAN PE trong nhiéu linh vuc nhu: phan tich thi trudng,
Trong linh vuc khai thac dir li€u, nhét 1a phéan tich mau truy cap web, du doan nhu cAu
trén co s& dir lidu chudi. Viéc khai thic miu  mua sim cua khach hang...
tudn tu 12 mot nhiém vu khai thac dit liéu quan Khi khai thac mau tudn tu tdn tai mot sb
trong da dwoc nghién ctru rong rai [1, r.3-14], [3,  vén dé nhu sau: khai thac mau tuan tu thuong
tr512-521], [4, tr.259-289], [5, tr.554-560], [6, tr.3-17].  tao ra mot s6 lugng 16n cac miu, van dé do
Cho mot tip cac chudi, trong d6 mdi chudi bao  khong thé tranh khoi khi co s& dit liéu bao gdm
gom mot danh sach cac tdp phd bién va mot  cac chudi phd bién dai. N6 sé& tao ra cic mau
ngudng hd tro tdi thiéu do nguoi ding chi dinh  phd bién ma cic miu d6 co thé co cing do hd
(Minsup), khai thac mau tuén ty 1a dé tim tit cd  trg hodc 1a cha ciia miu phd bién khac; Néu
cac mau phd bién c6 d6 hd tro khong thdp hon  chon minsup qua cao, tao ra it cic mau bod qua
minsup. Khai thic mau tudn tu duoc ung dung  cac thong tin ¢6 gia tri con ngugc lai, qua nhiéu
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mau dan dén thuat toan cham. Dé chon mot gia
tri minsup hop ly doi hoi phai biét vé dir licu;
Mbi mét san pham ma khach hang mua lai co
thé c6 gia khac nhau. Twong ty mdi mot hang
muc trong giao dich ciing c6 cac trong s khac
nhau tuy theo tung loai co so& dir liéu cu thé.
Nhiéu nghién ctru da dugc thyc hién va nhiéu
thuat toan da dugc dé xuét trong linh vuc nay.
Thuat toan TKS [2, tr.109-120] dugc danh gia
cao boi vi chi phi thuc hién thap hon so voi cac
thuat toan khac trong viéc khai thac k mau tuan
tur phé bién. Dya vao d6 dé 1am nén tang tién
hanh nghién ctru bai toan khai thac Top K mau
tuan tu toi dai.
2. NOI DUNG
2.1. Cac khai niém vé chudi dir liéu

Cho | = {il, i2,..., ik} 1a mot tap cac item.
Tap con cua I goi la Itemset. Chudi s= <tl,
t2,..., tm > (ti cl) 1a mot danh sach co thir tu.
Chung ta gia sir rang, cac item trong mdi
itemset dugc nhoém theo thir tu.

Vi du: Xét co s¢ dir liéu nhu bang 1.

Bang 1. Co s¢ dir liéu D

SID Sequences
<(a)(bc)(ac)(d)(c)>
<(ab)(bc)(c)(a)>
<(cd)(ab)(df)(c)(b)>
<(ae)(bf)(c)(b)(c)>
<(bf)(ad)(d)(e)(ac)(f)>

Chudi sl co 5 itemset xay ra theo tha tu
<(a)(bc)(ac)(d)(c)>. Chiéu dai cua s, I(s) 1a tong
s6 cac item trong s con dugc goi 1a I-sequence.

Vi du: Chudi <(ac)(d)> la m¢t 3-sequence
co kich thuoc la 2.

Chudi o = <al, a2,..., am> 1a mot chudi
con ctia chudi khac B = <bi, b2, ...,bn> ky hiéu
lAacp néu va chi néu 3i1, i2,...im, sao cho 1
<il<i2<..<im<nvaa cbi,a cbip, ... am

a b~ W N P

C bim. Chting goi B 1a chudi cha cuia o.
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Vi du: Chudi <(a)(c)> la chudi con cua
<(ad)(c)(bc)(ae)> nhung <(a)(d)> khong phai
la chudi con ciia chudi <(ad)> va ngiweoc lai.
2.2. Do hé tro

Xét co so dir liéu chudi D, mdi chudi cod
mét chi s6 dinh danh duy nhét. Do hd tro tuyét
d6i ctia mot mau tuan ty o 14 tong s6 chudi trong
D c6 chtra p, ky hiéu supp (p) = I{s| seD va
acs}H. Do hd tro twong d6i cta p 1a ty 18 phan
tram chudi trong D chita p. O day, muc hd tro
tuyét dbi hoac tuong dbdi s& duge su dung
chuyén d6i qua lai, ky hiéu 1a sup(p).

Vi du: Xét co s& dit liéu nhu bang 1, chudi
p = <(a)(d)> xuat hién trong chudi s1, s3, s5.
Vay, d6 hd tro cta chudi p la 3.

2.3. Miu

Mau 1a mot chudi con ctia mot chudi dir
liéu. Mdi itemset trong mot mau con dugc goi
12 mot thanh phan (element).

Vi du: Mau o = <(ab)> la chudi con ciia
chudi s1
2.4. Miu tuan ty

Cho trudc ngudng hd tro i thiéu (Minsup)
xac dinh béi nguoi dung, minsup € (0,1]. Mot
mau a duoc coi la phé bién néu do hd tro cua
n6 16n hon hodc bang minsup: sup(e)> minsup,
khi d6 o dugc goi 1a mau tuln tu.

Vi du: Xét co s¢ dir liéu nhu bang 1.

Co tap cac item phan biétla {a, b, ¢, d, e, f
}. Xét chudi s1 = <(a)(bc)(ac)(d)(c)> chudi s1
c6 5 itemset la: <(a),(bc),(ac),(d),(c)> va c6 7
item. Vay sl co kich thudc 1a 5 va c6 d6 dai la
7. Trong chudi s1, item a xuat hién 2 1an nhung
néu tinh d6 hd tro thi do hd tro cta item a chi
dugc tinh 1a 1 ddi voi chudi s1 d6. Chudi p =
<(@)> xuat hién trong chudi si, s2, s3, s4 s5.
Vay, d6 hd trg ctia mau p la 5. Vi sup(p) >
minsup nén p 1a mau tuan tu.

2.5. K§ thuat khai thac tap phé bién trén TKS

Vi du: Cho co s dit liéu nhw bang 1 véi k =5



TAP CHI KHOA HQC DAI HQC VAN LANG

P56 Thanh Tung va cac tgk

Bang 2. Co so dir liéu mau

SID Sequences

<(a)(bc)(ac)(d)(c)>
<(ab)(bc)(c)(a)>
<(cd)(ab)(df)(c)(b)>
<(ae)(bf)(c)(b)(c)>
<(bf)(ad)(d)(e)(ac)(f)>

Pau tién: thuat toan khoi tao 2 tap rong R,
L va dat mipsup =0. Duyét co s¢ dir liéu D
(bang 2) dé tao ra cac bit vector va dém d6 hd
tro cua cac item trén bit vector d6. Sau do,
thuat toan sé di xét do hd tro cua ting item xem
chang c6 thoa diéu kién minsup hay khéng.
Néu thoa, Iuu vao tap L va sip xép chiing ting
dan theo do hd tro nhu danh sach trong tir dién.
K& tiép 1a mo rong cac item c6 do hd tro trién
vong nhit (cao nhat). Cac item thoa diéu kién
minsup gom: e:2, d:3, f:3, a:5, b:5, ¢:5. Lic
nay, thuat toan da tim ra cac mau pho bién va
gan minsup bang do hd tro 16n nhat cua céc
item trong tap L voi do hd trg 1a 5. Luu cac
item c6 do hd trg bang 5 vao tap L va lan luot
di mo rong chung theo 2 hudéng do 1a s-
extension va i-extension.

M& rong item dau tién 1a (a) mo rong theo
s-extension, ta thu dugC C4C Mau sau:

{@(@}:3.{(a).(b)}:4.{(a).(c)}:5{(a),(d)}3
J{@),(e)}:1,{(a),(H)}:3. Ta dugc 1 item thoa
diéu kién minsup dé ra d6 1a {(a),(c)} véi do hd
tro 1a 5. Luu tap {(a),(c)} vao L.

Tiép dén ma rong (a) theo hudng i-extension
vGi minsup =5 ta cd tap két qua nhu sau:

tab}2{(ac}r2{@d}1l{@e)}r1{@n}
:0. Khdng c6 item nao thoa diéu kién thoa minsup
durng thuat toan maé rong (a) theo i-extension.

Dua vao két qua dat dwoc khi mo rong (a)
s-extension ta thu duoc item {(a),(c)}. Va di
m¢ rong chang theo s-extension va i-extension
lan luot ta c6 két qua nhu sau:

M rong theo s-extension{(a),(c),(@)}:2,{(a),(c),
(0)}:2.{(a).(c),(©)}:3.{(a).(c).(d) }:1.{(a).(c).(€)}
:0,{(a),(c),(H}:1. Khong cé item nao thoa diéu
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kién thoa minsup dung thuat toan mo rong
{(a),(c)}, theo s-extension.

Tiép dén mo rong {(a),(c)} theo i-extension
ta duoc tap két qua nhu sau:

{(8).(ca)}:0.{(a),(c0)}:0{(a) (cd)}:0.{(a).(ce)
}:0.{(a),(cf)}:0. Khodng cd item nao thoa dieu kién
théa minsup dung thuat todn mao rong {(a),(c)}
theo i-extension.

Tiép tuc di mo rong (b) theo s-extension
va i-extension véi minsup =5 ta dugc Ccac tap
két qua nhu sau:

Dbi voi md rong s-extension ta dugc:

1(B)(@3:3{(0)(0)}:3{(0)(€)}:5A(b)(A)}:3A(
b)(e)}:1, {(b)(f)}:2. Ta dugc 1 item thoa diéu kién
minsup d& ra d6 1a {(b),(c)} v&i do hd tro 14 5.

Vi ching khong thoa diéu kién minsup.
Luu tap item {(b),(c)} vao tap L.

Ké tiép, di mod rong (b) theo huong i-
extension va thu duoc két qua nhu sau:

{(ba)}:O,{(bc)}:Z,{(bd)}::0,{(be)}:0,{(bf)}:1.
Khong cé item nao thoa dieu kién théa minsup
dirng thuat toan maé rong (b) theo i-extension.

Dua vao két qua dat dwoc khi mé rong (b)
s-extension ta thu duoc item {(b),(c)}va di md
rong ching theo s-extension va i-extension lan
luot ta c6 két qua nhu sau:

Do voi s-extension: {(b),(0),@}:1{(b),©).(b)}
224(b),(0).(©)}:34(0),(©), (A)}-1{(0).(c) (€)}:0{(b),
(€),(H}:1. Khong cé item nao thoa dieu kién thoa
minsup ding thuat toan ma rong {(b),(c)}, theo s-
extension.

Tiép dén mo rong {(b),(c)} theo i-extension
ta duoc tap két qua nhu sau: {(b),(ca)}:0,{(b).(ch)}
:0,{(b),(cd)}:O,{(Q),(ce)}:O,{(b),(cf)}:O. Khéng cé
item nao thoa diéu kién thoa minsup dung thuat
toan mo rong{(b),(c)}, theo i-extension.

Cudi cling di mé rong item () theo s-extension
VA i-extension v6i minsup =5 ta duoc cc tap két qua
nhu sau:

Ddi v6i ma rong s-extension ta duoc: {(C)(a)}:3,
1OO)}:2{©)©}4:AC)A)}2{()E)}0{C)D}:2.
Khong c6 item nao thoa diéu kién thoa minsup
dung thuat toan ma rong (c) theo s-extension.
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Ké tiép, di mo rong (c) theo huéng i-extension
va thu duoc két qua nhu sau: {(c,a)}:0{(c.b)}
0{(c,d)}:1{(c,e)}:0{(c,HN}:0. Khdng cd item nao
thoa diéu kién thoa minsup ding thuat todn mo
rong (c) theo i-extension.

Két qua tra vé tap L chira 5 item c6 do hd tro
I6p nhat 1a 546 la {@} {0} 1@i©),
{(b),(c)} va bang véi mau k.

Két qué tra vé mAu tun tu pho bién véi k =5.

Bang 3. Két qua miu tudn ty phd bién TKS

Miu tuin ty phd bién Do ho tro
<(a)>
<(b)>
<(c)>

<(@).(c)>

<(b).(c)>

o o1 o1 o1 Ol

3. Thuit toan MTKS

Thuat toan TKS [2, tr.109-120] di tim
duogc k mau tuan nhu vi du & bang 3. Dya vao y
tudng trén, bai viét dé xuit toan thudt toan
MTKS tim miu tuan tu dong dua trén thuét
toan TKS.
3.1. Thuat toan MTKS

Thuc hién: Pau tién, thuat toan MTKS khoi
tao c4c bién R, L 1a cAc tap rong va dat minsup =
0 (dong 1). Sau d6, quét co s¢ dir liéu chudi D
dé tao ra V(D) (dong 2), dong thoi mot danh
sach cua tat ca céc items trong D duoc tao ra
(Sinit) (dong 3). Véi mdi item s, o hd tro cua
n6 duoc tinh toan dua trén bit vector bv(s) cua
né trong V(D). Néu item 1a phd bién thi tha tuc
SAVE dugc goi dé luu (s) vao L, vai (s) va L la
cac d6i s6 dau vao (dong 4 va 5). Ngoai ra, bo
ba <s, Sinit, cac items tu Sjnit 16n hon s theo tha
tur tir dién> duoc luu vao R dé chi dinh rang (s)
c6 thé duoc mo rong dé tao cac ung vién (dong
6). Sau d6, mot vong lap WHILE duoc thuc thi.
Thuc hién dé quy bd ba cdc mau dai dién cho
mau r c¢6 do hd tro cao nhat trong R sao cho
sup(r) > minsup (dong 7 va 8). Tiép do, thuat
toan str dung bo ba dé tao ra cac miu bang cach
goi thu tuc SEARCH (dong 9) va loai bo bo ba
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khoi R ngay khi tat ca cac bo ba cho cac mau da
tr& nén khong phd bién (dong 11). Y tudng cua
vong lap WHILE 14 luén mé rong cac mau cé do
hd tro cao nhat dau tién boi vi nd hau nhu ludn
tao ra cac mau c6 do hd tro cao va vi vay, cho
phép ting minsup nhanh hon dé cat tia nhiéu
khong gian tim kiém hon. Vong lap két thic khi
khéng c6 mau nao trong R ¢6 do hd trg cao hon
minsup. Sau d6, xét néu c6 mot mau sl khac
mau s1 va la con cua mau s trong tap L thi tién
hanh loai bo mau sl ra khoi tap L. Lic nay, L
chara k mau tuan tu pho bién téi dai.
Vi du: Cho co so dir liéu D vé6i k=10

Bang 4. Co so dit liéu thudt toan MTKS
SID

Sequences
<(a)(bc)(ac)(d)(c)>
<(ab)(bc)(c)(a)>
<(cd)(ab)(df)(c)(b)>
<(ae)(bf)(c)(b)(c)>
<(bf)(ad)(d)(e)(ac)(f)>

Cho bang co s¢ dit liéu nhu bang 4 véi 5
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mau giao dich (SID) chua 6 items riéng biét I =
{a,b,c,d,e,f}. Két qua tra vé & bang 5, ta théy
cac mau tra ludn co do hd tro 1a cao nhat trong
bang co sé di li¢u.

Bang 5. Két qua thuat toan MTKS

=
(=1

MAu tuin ty t0i dai
<@(©)>
<(b)(c)>
<(c)(c)>
<(a)(b)>
<(b)(b)>
<(b)(a)>

<(a)(d)(c)>
<(b)(d)(c)>
<(f)(c)>
<(a)(c)(c)>
3.2. Nhan xét
So voi thuat toan TSP, thuat toan MTKS
dat hiéu qua cao hon TSP vé mat thoi gian va
cling nhu bd nhd cip phat khi sir dung. Nho st

by

-
=4
<

W W W W W W s~ b>o o
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dung phuong phap sip xép céc item co6 do hd
trg cao nhét theo thir ty ting dan va sau do liy
cac item c6 d0 hd trg cao nhét 1an luot di mo
rong. Véi nhimg wu thé tir thuat toan gbc TKS
MTKS (CSDL chudi D, k)
1.R:=0.L:=0. minsup :=0.

2. Quét CSDL dé tao V(D).
3.

4
5. SAVE(s, L, k, minsup).
6

7.

8.
9
10. Loai bé <r, SI, 52> it R.
11.

END WHILE

IF (s chita s1 AND s !=5s1)
Loai sl ra khoi tap L
RETURN L.

12.
13.
14.
15.

mang lai, thém vao d6 1a cac thuat giai méi nén
thuat toan MTKS da c6 nhiing budc tién vuot troi
hon so voi TSP. Trong phén 4 s€ thuc hién hiéu
suat khai thac cia MTKS so v6i thudt todn TSP.

Cho Sjpit 1a danh sach cac items trong V(D).
. FOR each item s € Siyis, IF s 1a pho bién tuwong tng vdi bv(s) THEN

. SEARCH(r, S1, S2, L, R, k, minsup).

Loai bé tit R tit ca céc bd <r, SI, S2> € R | sup(r) < minsup.

Hinh 1. Thuat toAn MTKS

4. KET QUA THUC NGHIEM

Dir lidu chudi 1a loai dit liéu phd bién
trong nhiéu linh vuc tng dung hién nay. Do do,
bai viét tién hanh thuc nghiém trén co so dit
liéu duoc 1ay tir dia chi web [9] loai co so dit
liéu nay kha pho bién va da dang nhu: Dit liéu
sinh hoc, dit liéu web, dit lieu viét thuc thi
chuong trinh...

Thuc nghiém dugc tién hanh trén mot may
tinh xach tay HP, cdu hinh CPU Intel core i7-
8550U, 8G RAM, sir dung hé diéu hanh
Microsoft Windows 10, cai dat trén ngoén ngit
1ap trinh Java. Bo dir liéu chay thyc nghiém tu
dataset sequence bao gom: Leviathan, Bible,
Sign, FIFA. Két qua thuc nghiém gitta MTKS
va TSP; Chay thuc nghiém 2 thuat toan MTKS
va TSP voi bo dur liéu Sign va Leviathan,
Bible, FIFA lan luot cho cac mau k = 50, 100 ,
200, 300, 400 ta c6 bang két qua nhu sau:

Biéu dd thoi gian chay trén bd CSDL Sign

Thoi gian ms
Loow & u oo oa
5 2 & 3 & 2
s 8 8 8 8 &

5]
3

o

50 100

o

200
K mau

300 400

=8=—MTKS TSP

Hinh 2. So sanh thoi gian thyc hién
gitta MTKS va TSP trén co so dir liéu Sign

Biéu db thoi gian chay trén by CSDL Leviathan

50 100 200 300 400

K méu

=@=MTKS TSP

Hinh 3. So sanh thoi gian thuc hién
gitta MTKS va TSP trén co s¢ dir liéu Leviathan
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Biéu d0 thoi gian chay trén bd CSDL Bible
14000
12000
10000
8000
6000

Thoi gian ms

4000

o ‘___‘_’.————‘—_—_‘
0
50 100 200 300 400

K mau

=== MTKS TSP

Hinh 4. So sanh thoi gian thyc hién
gitta MTKS va TSP trén co s& dit li¢u Bible

Biéu do thoi gian chay trén bd CSDL FIFA
18000
16000
14000
12000
10000
8000

Thei gian ms

6000
4000
2000

i

50 100 200 300 400

K mau

=§=MTKS TSP

Hinh 5. So sanh thoi gian thyc hién
gitta MTKS va TSP trén co s& dit li¢u FIFA

Vi két qua chay thuc nghiém nhu ta nhan
thdy rang thuat toan MTKS c6 thodi gian thyuc
thi nhanh hon han so véi TSP. Nhat la khi
ngudi dung ngudng k mau cin tim cang 1on
thoi gian chay gitta MTKS va TSP cang 1on.
Theo két qua so sanh & hinh 2 véi co so dir liéu
Sign thi khi nhap k = 50 dén 400 ta thdy trung
binh thoi gian chay cia MTKS nhanh gap 2.2
14an so véi TSP. Véi cac bd co so dit liéu khac
nhau d6 chénh 1éch vé thoi gian cling khac nhau.
Déi véi cac co s¢ dit liéu 16n va ¢ nhiéu item
thoi gian thuc thi cia TSP ciing sé ting dan
theo. Nhu hinh 4 cing véi mau k = 50 nhung
TSP c6 thoi gian chay lau hon va gip 3.67
MTKS vé6i mau k = 400 gap 6.38 1an. Nhur vay
thuét toan MTKS cho ta th?iy duoc khi thuc thi
trén co s& dit liéu 16m va co sb luong item nhiéu
thi thoi gian thyc hién tot hon so voi TSP.
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5. KET LUAN VA HUONG PHAT TRIEN
5.1. Két luan

Bai viét dd tim hiéu co s 1y thuyét khai
thac mau tudn tu va miu tudn tu tdi dai. Qua
do, ciing thdy dugc tam quan trong trong khai
thac miu tuan t6i dai hién nay. Khai thac miu
tuan tu toi dai 1a tim tat ca cac chudi cha loai
cac chudi con ng véi k mau nhap vao. Tim ra
nhitng mau c6 d6 hd trg cao nhit va loai bo cac
truong hop tim ra cac mau bi trung lip. Cho
dén nay, rat nhiéu thuat toan dugc dua ra trong
d6 c6 thuat toan TSP da giai quyét dugc van dé
trén nhung khi thyc thi thuét toan con nhiéu
han ché vé toc dé ciing nhu dung luong luu trit.
Dé giai quyét nhimg khuyét diém trén, bai viét
da dé xuat trién khai thuat toin MTKS. Véi
nhitng wu thé tir thuat toan gbc TKS mang lai,
thém vao d6 la cac thuat giai méi nén thuat
toan MTKS déd c6 nhitng bude tién vuot troi
hon so voi TSP. Két qua thuc nghiém di chung
minh thudt toan MTKS khong chi tiét kiém
duoc bo nhd st dung ma con c6 thoi gian thyc
thi nhanh hon hin so v6i TSP.

5.2. Huéng phat trién

Khai thac mau tuan tu toi dai rat hiru ich
trong viéc khai thac nhimg tri thuc tiém an
trong ngudn dit liéu ¢ dang tudn tw. Trong thoi
dai ngay nay, khoi lugng dir liéu khai thac rat
16m, doi hdi ching ta khai thac lam sao cho hi¢u
qué voi thoi gian thuc thi 1a ngén nhat va dung
luong st dung nho nhét.

Pé tim k mau tuan tu téi dai thuét toan da
str dung tinh ning giao bit vector lam rat tén
nhiéu thoi gian ciing nhu b nhé dé xu ly. Do
d6, huéng phét trién tiép theo 1a khi khai thac
thuat toan MTKS ta nén két hop thém thuat
toAn ma hoa khdi nguyén té (Dynamic Bit-
Vector) [8, tr.7196-7206] dé thoi gian chay
nhanh nhat va dung luong dwgc nho nhat.
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