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Thuét toan khai pha mau diy thuong xuyén trong s
chuan hoéa vé1 khoang cach thot gian

Mining Normalized Weighted Frequent Sequential Patterns with Time Intervals
Algorithm

Abstract: In this paper, we propose a method for
mining normalized weighted frequent sequential
patterns with time intervals, we are not only interested
in the number of occurrences of the sequence (the
support), but also concerned about their levels of
importance (weighted). We use the binding between
the support and weight of the set range to candidates
in mining normalized weighted frequent sequential
patterns with time intervals while maintaining the
downward closure property nature which allows a
balance between support and the weight of a
sequence.

Keywords: Data mining, frequent sequential
patterns, time intervals, weighted, sequential patterns.

I. GIOI THIEU

Khai pha mau day (Mining Sequential Patterns) la
mot trong nhitng linh vyc rat quan trong trong nghién
ctru khai pha dir liéu va duoc ap dung trong nhiéu linh
vuc khac nhau. Trong thuc té cac dir liéu day ton tai
rat pho bién nhu diy dir liéu mua sim cta khach hang,
dit liéu diéu tri y té, nhat ky truy cap web, v.v... Muc
dich chinh cta khai pha mau ddy la phat hién tat ca
cac ddy con xuat hién lap lai trong mot CSDL theo
yéu t6 thoi gian.

Hién nay trén thé giéi c6 nhidu nhom tac gia
nghién ctru d& Xxuit cac thudt toan véi cac phuong
phap tiép can khai phda miu diy khic nhau nhu
AprioriAll [1], GSP [2], PrefixSpan [3], SPADE [4],
SPAM [5], CIoFS-DBV [13] v.v... nham giai quyét su
da dang cua cac loai bai toan cling nhu dua ra cac
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huéng cai tién nham giam thiéu chi phi thoi gian va tai
nguyén hé thong.

Céc thuat toan ké trén khai pha mau diy chi quan
tam dén s6 1an xuat hién (hay do hd tro) cua cac mau
day; thuat toan do Hirate va Yamana [10] d& xuét cho
phép khai pha cac miu diy c6 quan tdm dén gia trj cua
khoang cach thoi gian gitra cac day. Tuy nhién, cac
thuat toan nay co ban chua quan tim dén su rang budc
gitra khoang cach thoi gian gitra cac day va mtrc do
quan trong khac nhau cta cac myc dit liéu. Vi vay, bai
béo nham dé& xuat mot phuong phap khai pha mau day
trong s6 chuan hoa véi khoang cach thoi gian, ching
t6i khong chi quan tim dén s6 lan xuét hién coa cac
day (d6 hd tro) ma con quan tim dén khoang cach thoi
gian gitra cac day va muc d6 quan trong khac nhau
(trong s6) clia chung. Chiing t6i st dung tinh chét rang
budc gitra dd hd tro, khoang cach thoi gian va trong s6
cua diy dé sinh cac tap ung vién trong khai pha mau
day thuong xuyén trong s chuan hoa véi khoang cach
thoi gian trong khi van sir dung tinh chat phan don
diéu cho phép can bang do hd tro, khoang cach thoi
gian va trong sé cia mot day.

Phan con lai cia bai bao nhu sau: Phan 11 trinh bay
cac nghién ctru lién quan. Phan I11 trinh bay bai toan
va dé xuat thuat toan khai pha miu diy thudng xuyén
trong s6 chuin hoa voi khoang cach thoi gian
WIPrefixSpan dua trén giai thuat khai pha mau day
thuong xuyén PrefixSpan [3] va thuét toan do Hirate
va Yamana [10] dé xuit. Phan IV trinh bay két qua
thuc nghiém va so sanh giai thuat d& nghi
(WIPrefixSpan), WPrefixSpan [11] va giai thuat
IPrefixSpan[10] trén b di lisu BMS-WebView. Két
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luan va hudng phat trién duoc thé hién trong phan
Cudi.
II. CAC NGHIEN CUU LIEN QUAN

Nam 1995, Agrawal va Srikant phat trién bai toan
khai pha mau day phd bién [1] va d& nghi thuat toan
AprioriAll mot thuat toan dua trén thuat toan Apriori
dé khai thac miu diay pho bién. Ciing giéng nhu
Apriori, AproiriAll quét CSDL nhiéu lan va dua vao
phuong phép sinh tmg vién nén ton thoi gian khai pha.

Nam 2001, Pei va cac ddng sy dé nghi thuat toan
PrefixSpan [3], mot thuat toan dya trén phuong phap
phat trién mau day. Thuat toan khong phai quét CSDL
nhiéu 1an nén thoi gian khai pha giam di dang ké so
vai AprioriAll [1]. Cac thuat toan sau d6 dugc phat
trién nham t6i wu héa qua trinh khai phd mau diy co
thé ké dén nhu SPADE [4], SPAM [5].

Ngoai ra, cac ky thut dya trén chudi bit dong dé
khai pha mau day dong ciing duoc dé nghi trong [13].

Déi v6i khai pha miu trén CSDL c6 trong s thi
cac thuat toan khai pha mau diy néu trén khong quan
tam toi mirc d quan trong cua ting mau (trong sé cua
mau). Trén thé gidi co nhiéu tac gia di nghién ciru vé
trong s, co thé ké dén 1a cac cong trinh khai pha tap
muc c6 trong sé [6-9], [14-16], mau diy c6 trong sb
[12,15]. Cac thuat toan [12,15] tuy khai pha mau day
trén CSDL c6 trong s6 nhung chua quan tim dén cac
rang budc giita trong sb, do hd trg va khoang cach thoi
gian cua day.

I1l. KHAI PHA MAU DAY THUONG XUYEN
TRONG SO CHUAN HOA VOl KHOANG CACH
THOI GIAN

I11.1. Cac thuat ngir mé ta bai toan

Chol = {ila iz, .
M&i muc ije 1 dugc gan méot trong sb W; Voi gid tri
j=1,...n.

.., in} 1a tap hop cac muc dir liéu.

Mot diy S, 1a mot danh sach duoc sip xép theo
ther ty cua cac muc dr ligu dang {(t11,51), (t12.S2),
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(t13,53),+ (tym,Sm)} VoI Sic I trong d6 (1 <j<m) la
mot tap muc dugc goi 1a thanh phan cua diy va sj €O
dang (isi,... i) va i; 1a mot myc dix ligu thude 1, va t,g
1a khoang cach thoi gian gitra day s, va sg. Mot day Sy,
bi loai néu chi co6 duy nhat mot muc dir liéu ic 1. Mot
muc dir lidu chi xuat hién 1 lan trong thanh phan cua
sj, nhung c6 thé xuat hién nhiéu lan trong cic thanh
phan ciia mot day Sy,

Kich thudc [Sy| cia mot day 1a sé lwong cua cac
thanh phan trong diy S,. D6 dai 1(Sy,) cua day 1a tong
s6 muc dir liéu trong day S,. Mot co s dit liéu day S
={S;, Sy, ..., Sp} 1a mot tap cac bo dir liéu (sid,Sy) voi
sid la dinh danh cta mot day va Sy 1a mét day dix liéu
co dang {(t11,51), (t12,52), (t1,3,53),+- (t1m,Sm)}-

Dinh nghia 1. (Day dir li¢u c6 khoang cach thoi
gian): Mot day dir ligu co khoang cach thoi gian co
dang:

Sm = <(t1,1’51)1 (tl,ZySZ)’ (t113,53),..., (tl,musm)> (1)

Vi t, 5, 1a khodng cach thoi gian gitra day s, va sg co
dang:

tug = Sp.time -s,.time 2

Pinh nghia 2. (P$ hd tro ciia mét day) : Do hd
trg cua mot day S, trong mot co s& dit lidu diy S 1a s6
lwong xut hién cac ban ghi trong S ¢6 chira diy S, .

Pinh nghia 3. (Trong sé chuin hoéa cia day):
Chol={iy, iy, ..., in} 1 tap hop cic muc dit ligu. Moi
muc ijel dugc gan mét trong sb w;, j = 1,...,n. Khi do
trong s chuan hoa ciia mot day o = <(t1.1,51), (t1.2,52),
(t1.3,53),., (tymSm) > c6 d0 dai k va s; c6 dang (isiz...
i) duoc tinh bang cong thuc:

NW () = 1% ca W) ©)

Pinh nghia 4. P hd tro véi trong sé chuin héa
Cia day):

Ta goi dai lwgng NWsupport(c) cia diy o 1a do hd
tro véi trong sé chuén hoa cua diy o
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NWsupport(a) = NW(«) * support(a) =
1
(32yeaw;) * support(e)  (4)

Pinh nghia 5. (Rang bu§c khoang cach thoi
gian): Cho mét day < (t11,51), (t12,52), (t13,53),...,
(tm,Sm)>, cac rang budc khoang cach thoi gian gitra
cac day dugc dinh nghia theo [10]:

e C,=min_time_interval 14 gia tri nho nhat gitra
hai day lién ké, tic 1a t;, > min_time_interval.

e C,=max_time_interval 1a gia tri Ion nhat giira
hai day lien k&, tuc la tiiss <max_time_interval.

e C; = min_whole_interval 1a gia tri nho nhat
gitta diy dau va diy cubi, toec la t, >
min_whole_interval.

e C, = max_whole_interval 1 gia tri Ién nhat
gitta day dau va day cudi, tac 1a t, <
max_whole_interval.

Pinh nghia 6. (MAu diy thwong xuyén trong sb
chuin héa véi khoang cach thoi gian): Cho mot
CSDL day S c¢6 khoang cach thoi gian gitra cac day,
mdi muc i;< I dugc gan mot trong sb w;, mot ngudng
hd tro tdi thiéu wminsup, cac rang budc khoang cach
thoi gian Cy, C,, Cs, C4. Mot diy o dugc goi 1a mau
diy thuong xuyén trong s chuin hoa véi khoang cach
thoi gian néu théa man tinh chat:

NWSupport(a) 2 wminsup va t, s théa man tinh
chdt cdc rang bugc C,, C,, Cs, C, (5)

Khi d6 bai toan khai pha mau diy thuong xuyén
trong s6 chuidn hoa véi khoang cach thoi gian duoc
phat biéu nhu sau:

e Cho mot CSDL day S c6 khoang cach thoi
gian gitra cac ddy, mdi muc ije I duoc gan mot
trong sé6 w;, Mot ngudng hd tro toi thiéu
wminsup, cac rang budc khoang cach thoi gian
Ci, Cy, Cs, C4. Tim tit ca cac miu diy thuong

Tap V-2, S6 14 (34), thang 12/2015

xuyén trong so chuan héa véi khoang cach thoi
gian trong S, tirc 1a tim tap L:

L ={S. €S | NWsupport(S,) 2wminsup va t,zthéa
mén tinh chit cdc rang bugc Cy, C,, Cs, Cy} (6)

e Mau diy thuong xuyén trong s6 chuan hoa voi
khoang cach thoi gian khong thoa mian tinh chét
phan don diéu, nghia 1a tap con cua mot mau diy
thuong xuyén trong sé chuin hoa véi khoang
cach thoi gian khong nhét thiét phai 1a mau diy
thuong xuyén trong sd chuin hoa véi khoang
cach thoi gian.
111.2. Co sé toan hoc

Chung t6i d& xuat mot thuat toan khai pha mau diy
thudng xuyén trong sd chuan hoa vai khoang cach
thoi gian (WIPrefixSpan), trong do cac Dinh nghia 7,
8, 9 dua trén gidi thuat khai phd mau diy thuong
xuyén PrefixSpan [3] va cua Hirate vaYamana[10] véi
cach tiép can chinh 1a tim cach dua cac rang budc
trong sd, rang budc khoang cach thoi gian va do hd trg
trong thuét toan khai pha mau diy dam béo tinh chat
phan don diéu.

Dé tranh phai thuc hién kiém tra tit ca kha ning
két hop ctia mot ddy cac ang cir vién tiém nang, ta co
thé thay thé cac tha tu cia cac muc dit liéu trong tirng
thanh phan trong day. Khi d6 cac muc trong mot thanh
phan ciia mot day c6 thé duoc liét ké theo 1 trat ty ma
khong mét tinh tong quat va co thé gia dinh rang thu
ty nay ludn luén duoc liét ké theo thir ty bang chir cai.

Vi du nhu day < (0,a) (1,ach) (2,ac) > thé hi¢n
thong tin di siéu thi ciia khach hang, tai thoi diém 0 thi
khach hang mua miat hang a, thoi diém 1 thi khach
hang mua cac mat hang a,c,b va thoi diém 2 thi khach
hang mua cic miat hang a,c. Khi do, viéc thé hién diy
ban dau thanh diy <(0,a) (1,abc) (2,ac)> 1a twong tu vi
thé hién ding tirng mit hang khach hang d3 mua trong
ting thoi diém cu thé. V6i quy wdc nhu vay thi su
biéu hién ciia mot day 1a duy nhét.
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Néu ta theo thur tu cia cac tién td cia mot day va
CSDL diéu kién ciia tién t6 d6 chi c6 cac hau té cua
mot ddy thi ta co thé kiém tra cac ddy con theo thir tu
sap xép trén va CSDL diéu kién theo tién t6 do.

Pinh nghia 7. (Tién t6 va Hau td trong diy cob
khoang cach thoi gian): Cac muyc dir li¢u trong mot
thanh phan cua diy da sip xép tht tu chir cai [3]. Cho
mot day a = <(t11,51), (t12,52), (t13,83),.., (t1.m,Sm)>, Mot
day s, 12 mot tap cac i;< I Khi d6 ton tai mot gia trj |
(1 <j<m)saochos,&sjvatp=ty;.

Ta dinh nghia tién té trong day c6 khoang cach thoi
gian cua a Vvai cac gia tri S, typ nhu sau:

Prefix (a,sp, tip) = <(t1,1,81), (t12,:82), (t13,53),--, (t1,Sn)>
(7)

Khi d6 hau t6 trong diy co khoang cach thoi gian
cua a voi gid tri Sy, typ dugc dinh nghia:

Postfix (a,Ss, tip) = <(t;;,s’}), (tjj+1,Si1)s ---r (GmSm)™>
(8)

Vi s’; 1a mot tap con cua sjsau khi da trir di tap Sp.

Khi s’j= &, thi hau t6 cua a véi gia tri Sy, typ la:

Postfix (a,Sp, t1p) = <(tjj+1,Sj+1), (tj+2:+2), --r (tmiSm)>

Mt khac, khi khong ton tai mot gia tri j thi hau td
cua a voi cac gia tri Sp, typ tré thanh:

Prefix (a,sp, typ) = &
Postfix (a,Sp, t1p) = J
Vidu:
Cho mét day a = <(0,p),(1,pqr),(3,pr)>, khi d6

Véi tién t6 s,= (0,p) ta xdy dung cac hau t6 cua diy
a nhu sau:

Véi j= 1, thi s’;= &, vi vay hau td 1a
Postfix(a,Sp,t1p) = <(1,pqr),(3,pr)>

Véij=2, thi s’,= (0,r), vi vay hau t6 1a
Postfix(a,spt1) = <(0,qr),(2,pr)>
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Véi j= 3, thi s’5= (0,r), vi vay hau té 1a
Postfix(a,sp,t1p) = <(0,r)>

Pinh nghia 8. (CSDL diéu kién theo tién tb
trong day c6 khoang cach thoi gian): Cho mot co
s¢ dir liéu day S c6 khoang cach thoi gian va mot day
b c6 dang<(ty1,51), (t12,52), (t13,83),..., (t1m,Sm)>. Khi do
mot CSDL diéu kién theo tién t6 b duoc dinh nghia 1a
S|, g0m céac hau té (Postfix) cua cac diy trong S véi
tién t6 b dugc xay dung theo Pinh nghia 7.

Duya trén Pinh nghia 3, co thé théy NW(a) luén
nho hon hay bang MaxW v6i MaxW 1a gia tri 1on nhat
clia trong sd trong cic muc trong S. Vi vy, thay vi
khai pha miu day thuong xuyén thoa Pinh nghia 6, ta
dura bai toan vé dang khai thac cac miu ddy thoa Dinh
nghia 9 dudi day, sau do tinh gia tri NWSupport cua
cac mau diy thu dugc dé tim cac miu diy thuong
xuyén.

Pinh nghia 9. (Miu diy wng vién): Cho mot
ngudng hd tro tdi thiéu wminsup. Mot diy o dugc goi
1a day Gng vién mau day thuong xuyén trong s6 chuin
hoa v6i khoang cach thoi gian néu thoa méan tinh chit:

Support(a) * MaxW > wminsup va théa mén cdc
tinh Chét Cl, Cz, C3, C4 (9)

Vé6i MaxW 1a gia tri 16n nhét cua trong sé trong
cac muc trong S, mau day tung vién dugc xay dung
nham muc dich tia bot khong gian tim kiém ma van
dam bao tinh phan don diéu trong khai pha mau diy
thudng xuyén trong sé chuan hoa véi khoang cach
thoi gian.

I11.3. Vi du khai pha miu diy thuwong xuyén trong
s6 chuin héa véi khoing cach thai gian

Cho mot CSDL day S voi khoang cach thoi gian
nhu Bang 1, gia tri cic trong s6 cua cac muc dit liéu
nhu Bang 2, gia tri wminsup =1,5 va céc gia tri C;=1,
C,=2; C3=2; C4=3. Khi @6 viéc khai pha cac mau day
thuong xuyén trong s6 chuan hoa véi khoang cach
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thoi gian trong CSDL day S theo phuong phap
WIPrefixSpan duoc thuc hién theo cac bude nhu sau:

Bdng 1. Co so di liéu day S

iSID Day dit lieu
10 <(0,a),(1,abc),(3,ac)>
20 <(0,ad),(3,c)>
30 <(0,aef),(2,ab)>

Bdng 2. Gid tri trong sé Cia cdc muc di ligu

Tén muc Trong s6
a 0.9
b 0.75
c 0.8
d 0.85
e 0.75
f 0.7

Buéc 1: Tim cac tng vién ciia miu diy thuong
xuyén vé6i trong sé chuén hoéa cé do dai 1

Duyét CSDL day S lan dau tién dé tim tat ca cac
mg vién ciia mau diy thuong xuyén trong sé chuan
hoa voi khoang cach thoi gian ¢6 do dai 1, thuc hién
dém do hd trg cuia mdi myc.

Mot muc ¢6 do dai 1 ¢o thé khong phai 1a mot mau
day thuong xuyén co trong s6 chuan hoa nhung co thé
két hop voi cac muc khac c6 do hd tro I6n hon hodc
trong s6 1on hon dé tro thanh mau diy thudng xuyén
c6 trong sb trong cac mau c6 do dai 16n hon.

Khi d6 ta c6 cac gia tri dd hd tro ciia méi muc nhu
sau:

support(<0,a>) = 3, support(<0,b>) = 2,
support(<0,c>) = 2, support(<0,d>) =1,
support(<0,e>) =1, support(<0,f>) =1
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Gia tri trong s cac muc theo Bang 2 1a (a=0,9;
b=0,75; ¢=0,8; d=0,85; e=0,75; =0,7)

Gia tri MaxW = 0.9; Gia tri wminsup = 1,5

Kiém tra theo Dinh nghia 9, loai muc <0,d>, <0,e>
va <0,f> do gia tri:

support(<0,d)>*MaxW = 1*0,9=0,9 < wminsup;
support(<0,e>)*MaxW = 1*0,9=0,9 < wminsup;
support(<0,f>)*MaxW = 1*0,9=0,9 < wminsup;

Khi d6 ta c6 cac ing vién mau day thuong xuyén
trong sé chuan hoa véi khoang cach thoi gian co do
dai 1 la:

Ql = <01a>l <0,b>,<O,C>

Kiém tra theo Pinh nghia 6 vdi cac ng vién trong
Q., khi d6 ta co cac mau diy thuong xuyén trong 6
chuan hoa véi khoang cach thoi gian c6 d6 dai 1 duoc
nap vao L la:

NWsupport(<0,a>) = 3*0,9 =2,7 > wminsup;
NWsupport(<0,b>) = 2*0,75 =1,5 = wminsup;
NWsupport(<0,c>) = 2*0,8 =1,6 > wminsup.

Két qua L tai Budc 11a

L = {<0,a>, <0,b><0,c>}

Budéc 2: Chia khong gian tim kiém

Toan bd cac (mg vién va mau diy thuong xuyén
trong s6 chuan hoa véi khoang cach thoi gian duoc
khai phé trong cac phan ving gdm 03 ving tuong tng
vai 03 tién t6 gom:

e Mau diy véi tién t6 <0,a>
e Mau diy véi tién t6 <0,b>
e Mau diy véi tién t6 <0,c>

Bude 3: Khai pha cac tip con trng vién va miu
diy thudng xuyén trong sé chuin héa véi khoing
cach thoi gian

Cac tap con mg vién va mau diy thuong xuyén

trong s6 chuan hoa véi khoang cach thoi gian duoc
khai pha bang cach xdy dung cac CSDL diéu kién
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tuong (NG VGi cac tién t6 va khai pha chung bang
phuong phap d¢ quy. Cac budc thyc hién nhu sau:

A. Tim cdc img vién va cdc mdau day thuwong
xuyén trong sé chudn héa véi khodng cdch
thoi gian véi tién to6 <0,a> va cdc rang budc
thoi gian Cy C,, C3 C4

Khi d6 CSDL diéu kién véi tién té <0,a> s& bao gém
cac hau td duogc xay dung theo Dinh nghia 7:

Bdng 3. Co s¢ dit liéu diéu kién vdi tien to <0,a>
iSID

Day dir liu
<(1,abc),(3,ac)>
10 | <(0,bc),(2,ac)>
<(0,0)>

20 | <(0,d),(3,c)>

<(0,ef),(2,ab)>
<(0,b)>

30

Bang cach quét CSDL diéu kién véi tién t6 <0,a>,
do hd tro cua cac muc dit liéu cua no la:
support(<1,a>)=1; support(<1,b>)=1,
support(<1,c>)=1; support(<3,a>)=1,
support(<3,c>)=2; support(<0,b>)=2;
support(<0,c>)=1; support(<2,a>)=2;
support(<2,c>)=1; support(<0,d>)=1,
support(<0,e>)= 1; support(<0,f>)=1;
support(<2,b>)= 1,
Kiém tra theo Dinh nghia 9, tim cac mau mg vién
c6 do dai 2 véi tién tb <0,a>:
support(<1,a>)*MaxW = 1*0,9=0,9
support(<1,b>)*MaxW = 1*0,9=0,9
support(<1,c>)*MaxW = 1*0,9=0,9
support(<3,a>)*MaxW = 1*0,9=0,9
support(<3,c>)*MaxW = 2*0,9=1,8
support(<0,b>)*MaxW = 2*0,9=1,8
support(<0,c>)*MaxW = 1*0,9=0,9
support(<2,a>)*MaxW = 2*0,9=1,8
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support(<2,c>)*MaxW = 1*0,9=0,9
support(<0,d>)*MaxW = 1*0,9=0,9
support(<0,e>)*MaxW = 1*0,9=0,9
support(<0,f>)*MaxW = 1*0,9=0,9
support(<2,b>)*MaxW = 1*0,9=0,9
Céc mg vién co6 do dai 2 véi tién to <0,a> thoa
man d6 hd tro vai trong s6 16n nhat 1a :
<0,ab>, <(0,a),(2,a)>,<(0,a),(3,c)>
Kiém tra céc g vién trén véi tinh chit rang budc
thoi gian C;=1; C,=2; C3=2; C,=3. Khi d9, ing vién
<(0,a),(3,c)> bi loai do khong thoa mén tinh chat C, =
2. Vi vay:
Q.<0,a> = <0,ab>, <(0,a),(2,a)>

Kiém tra theo Pinh nghia 6 vdi cac ng vién trong
Q,<0,a>, khi d6 ta c6 cac mau diy thudng xuyén trong
s6 chuan hoa véi khoang cach thoi gian c6 do dai 2
V6i tién t6 <0,a> duoc nap vao L.

Kiém tra d6 hd tro véi trong s6 chuan hoéa cua cac
ung vién <0,ab>, <(0,a),(2,a)>:

NWsupport(<0,ab>) = 2*(0,9+0,75)/2=1,65
NWsupport(<(0,a),(2,a)) = 2*(0,9+0,9)/2=1,8
KétquaLla:
L = L, {<0,ab>, <(0,a),(2,a)>}
Theo tinh chit dé quy, cac Gmg vién va mau diy
thuong xuyén trong s6 chuan hoa véi khoang cach

thoi gian voi tién té <0,a> sé tiép tuc duogc chia thanh
2 viing tuong (g vai 2 tién td gom:
e Mau diy véi tién t <0,ab >
e Mau diy véi tién t6 <(0,a),(2,a)>
A.1. Déi véi mau ddy voi tien t6 <0,ab>, ta
xdy dung CSDL diéu kién voi tién t6 <0,ab>
voi cdc muc dir liéu trong tdp ung vién trong
Q2<0,a>.
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Khi d6 CSDL diéu kién véi tién t& <0,ab> sé& bao
gom céc hau t§ dugc xay dung theo Dinh nghia 7:

Bdng 4. Co o dir liéu dieu kién véi tien té <0,ab>

iSID Diy dit liéu

10 <(0,c),(2,ac)>

Bang cach quét CSDL diéu kién véi tién t6 <0,ab>,
d6 hd tro cua cac muc dit liéu cua né la:

support(<0,c>) = 1; support(<2,a>)=1;
support(<2,c>)=1

Kiém tra theo Dinh nghia 9, tim cdc mau tmg vién
c6 40 dai 3 véi tién t6 <0,ab>:

support(<0,c>)*MaxW = 1*0,9=0,9
support(<2,a>)*MaxW = 1*0,9=0,9
support(<2,c>)*MaxW = 1*0,9=0,9

Céc mg vién mau diy thuong xuyén vai trong so
chuan héa cé do dai 3 véi tién t6 <0,ab> la:

Q:<0,ab>= o

A.2. Boi véi mau day voi tién t6 <0,a),(2,a)>, ta
xdy dung CSDL diéu kién véi cdc tién t6 twong
ung voi cac muc dir liéu trong tdp ung vién trong
Q,<0,a>. Cdch khai phd mau day thiwong xuyén
trong s6 chudn héa véi khodng cdch thoi gian véi
méi tién t6 twong mg ciing thuwce hién twong tw nhu
Budc A.1.

B. Tim cdc wng vién va cdc mdu day thuong xuyén
trong so chuan hoa voi khoang cach thoi gian voi
cac tien to <0,b>,<0,c>

DPdi véi miu day voi tién t6 <0,b>,<0,c>, ta xay
dung cac CSDL diéu kién véi céac tién td twong ung
véi cac muc dir liéu trong tap Gmg vién trong Q,. Cach
khai pha miu diy thuong xuyén trong sd chuan hoa
v6i khoang cach thoi gian véi mdi tién t§ twong tng
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cling thuc hién twong tu nhu Budc A va thyc hién dé
khai pha theo phuong phap dé quy.

Budéc 4: Két qua 1a cac miu diy thuwong xuyén
trong s6 chuin héa véi khoang cach thoi gian trong
CSDL day S

Céc miu diy thuong xuyén trong s6 chuin hoa voi
khoang cach thoi gian dugc khai pha lan lugt trong
quéa trinh dé quy d6i véi ting tién t6. Trong phuong
phap khai pha mau diy thuong xuyén trong s6 chuan
hoa véi khoang cach thoi gian nay, két qua s& it hon
cac mau diy thuong xuyén khi khong gin thém yéu t6
trong s cua cac muc di liéu.

I11.4. Thuat toan khai pha miu diy thwong xuyén
trong s6 chudn héa véi khoang cach thoi gian sir
dung CSDL diéu kién theo tién t6 (WIPrefixSpan)

- Pau vio :
(1) CSDL day co6 khoang cach thoi gian: ISBD,
(2) Ngudng hd trg : wminsup,
(3) Trong sb ctia cac muc: W; €W,
(4) Rang budc khoang cach thoi gian C,;, C; C3 C,,

- Pau ra: Cac miu day thudng xuyén trong sb chuan
hoa voi khoang cach thoi gian L

Thudt toan WIPrefixSpan
Bit dau
1) bt c = .
2)batR =; L =J.

3) Duyét 1an dau ISDB, tim cac muc mg vién ¢
d dai =1 wva thoa

support*MaxW>wminsup

man  diéu  kién

Lap véi moi muc i
a) bat o« =< (0, i) >,

-Nap R = {R, «}.

-78 -



Cdc céng trinh nghién ciru, phat trién va vmg dung CNTT-TT

- Kiém tra diéu kién
support(cc)*NW(oc) > wminsup , néu théa man L={L,
oc}.

b) Thuc hién R = WIPrefixSpan(
ISDB|oc,R,W,wminsup, C;, C,, C3, Cy).
Két thuc lap
4) Két qua tap L.
Két thuc.
Thii tuc WIPrefixSpan (1SDB|o«c,R,W,wminsup, Cy,
C,, C3,Cy)
Bit dau:

1) Duyét ISDBJec  dé tim tit ca cac cip diy
voi oc va gia tri khodng cach thoi gian gitta ddy d6 voi
oc trong cap ndy (dinh nghia 1a (At,i)) théa man céc
diéu kién support (i)* MaxW > wminsup, Cy, va Co.

2) Dat oc =<oc; (At; i)>.

3) Kiém tra xem c6 théa man diéu kién C,

4) Chi khi thoa man diéu kién C4

a) Thuyc hién R = WIPrefixSpan
(ISDBJoc,R,W,wminsup, Cy, C,, Cs, Cy).
b) Khi ¢ théa mén diéu kién Cs,
R={R, o}
¢) Kiém tra diéu kién
support(ec)*NW(ec) > wminsup , néu théa man L={L,
oc}.
5) Két qua tap L.
Két thuc.

IV. KET QUA THUC NGHIEM

Trong phan nay, chung toi trinh bay két qua thyuc
nghiém thuat toAn WIPrefixSpan so v&i thuat toan do
IprefixSpan [10] va thuat toan WPrefixSpan[11] trén
bo dir lieu UCI Machine Learning: BMS-WebView
v6i 59601 day dir lidu, 497 muc dir liéu, chidu dai
trung binh 1 ddy gdm 2,42 muc dit liéu, gdm mot s6
diy dai (hon 318 diy chwa nhiéu hon 20 muc)
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(http://www.philippe-fournier-viger.com/spmf/
datasets/BMS1_spmf). Bo dir lieu BMS-WebView
duoc sinh ngiu nhién cac dir liéu chiéu thoi gian,
khoang cach thoi gian giita 2 tap muc k& nhau trong 1
chudi bat ky duoc sinh ngau nhién tir 0-10. Gia tri
trong sé cua cac muc trong thuat toan WIPrefixSpan
trong khoang 0,2<w; < 0,9 .

Trong phan thir nghiém nay, chung t6i chay thir
nghiém bo dir liéu BMS-WebView véi cac ngudng hd
tro wminsup khac nhau (tor 0,01%-0,1%). Cac thuat
toan IPrefixSpan[10] va WIPrefixSpandugc dua thém
cac rang budc thoi gian: C; =0, C,=3, C53=0, C,=50

Tét ca cac thuc nghiém duoc tién hanh trén mot
may tinh cé bd xir 1y Intel Core2 Dual 2.53GHz voi
3GB bd nhé chinh, chay Microsoft Windows XP SP3.
Cac thuat toan dugc thuc hién bai ngdn ngir lap trinh
Java 1.6 trén Eclipse.

Trong trudng hop tong quat, dd phic tap cua thuat
toanWIPrefixSpan 1a O(N"), trong d6 N 1a sé luong
cac muc trong tap dir liéu va L 1a chiéu dai 16n nhit
day dit liéu trong toan bo cac giao dich.

e So sanh vé thoi gian chay: Két qua tir Hinh 1
cho thay khi dua thém rang budc thoi gian vao thi
thoi gian chay cua thuat toan giam di déng ké.
Thuat toan WPrefixSpan c¢6 thoi gian thyuc thi 1au
hon so véi 2 thuat toan IPrefixSpan va
WIPrefixSpan khi ngudng hd tro giam dan.

e So sanh vé s6 mau diy thuong xuyén tim
dugc: Hinh 2, ta c6 thé thay thuat toan
WIPrefixSpan da giam dang ké sé6 mau diy thuong
xuyén tim dugc S0 vai 2 thuat toan IPrefixSpan va
WPrefixSpan. Do thuat toan dua thém rang budc
thoi gian va trong sb, khong gian tim kiém da duoc
rit gon dang ké.

e Chang t6i thx nghiém thuat toan
WIPrefixSpan véi cac gia tri diéu kién tir DPK1 dén
PK7 vdi cac gia tri rang budc thoi gian C,, C,, Cs,
C, tuong tng nhu Bang 5,thuat todn van st dung
bo dit lisu BMS-WebView va b trong s sinh
ngdu nhién trong khoang tir 0.2 dén 0,9 VGi
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ngudng hd tro wminsup = 0,01%. Nhu Bang 5, ta
c¢6 thé thiy sb luong mau diy thudong xuyén tim
dugc thay doi theo timg diéu kién rang budc thoi
gian khac nhau. Nhu véy ta c6 thé thong qua viéc
thay ddi cac rang budc thoi gian dé tia bot cac dir
li¢u khong quan trong va lam giam khong gian tim
kiém cua thuat toan.
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phép thu nho dang ké khong gian tim kiém dé khai
pha mau day thuong xuyén. Viéc dua gia tri trong s6
cua cac muc dir liéu trong CSDL day c6 khoang cach
thoi gian cho phép quan tam tdi sy rang budc gitra do
hd trg, trong s6 va khoang cach thoi gian cua cac day,
dong thoi trong qua trinh xdy dung cac CSDL diéu
kién theo tién t, sir dung diéu kién kiém tra dé thuc
hién tia nhitng muc khong phai 1a ung vién cia mau

60 - day thuong xuyén trong sé chuan hoa véi khoang cach
=50 - —m=—WPrefixSpa thoi gian cho phép giam khong gian tim kiém nhung
— n x 5 s 5  n s A
040 - van dam bao tinh phan don diéu trong giai thuat.

c
.% 30 1 Bdng 5. So mau day thuwong xuyén theo cac gia tri
5 20 - diéu kién rang bugc thoi gian khdc nhau
€ 10 1 e biéu PK | PK | PK | PK | PK | PK | DK
[
0 i kién 1 2 3 4 5 6 7
T T T T T T T T T 1 Khoén
0,010,020,030,040,050,060,070,080,090,10 o gign
H % OV X X 1 5 X X X
wminsup (%) nho nhét
o (Cy):
Hinh 1: Thoi gian chay Khloéng
moigen | s | s || x| x| x| x
4500 - === \\/PrefixSpan (C)):
4000 -+ IPrefixSpan Tong
£ 3500 + —&—WIPrefixSpan quéng
> 3000 thoi gian X X 5 10 1 5 X
2 2500 - nhé nhét
& 2000 - (Cy):
'g 1500 -+ Téng
£ 1000 - quéang
= 500 - thoi gian | 10 50 X X X X X
T 0 T T T T T T T T T 1 16n nhat
z<§ 0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09 0,10 (Cy):
a wminsup (%) 29 - 126 169 | 126 | 210
) ay
thuong | 266 | 966 | g [ 5821 "7 g | g
xuyén

Hinh 2. S6 Mdu ddy thiong xuyén

V. KET LUAN VA HUONG PHAT TRIEN

Trong bai bao nay chung t6i nghién clru va phat
trién thuat toan WIPrefixSpan phat hién mau diy
thuong xuyén trong s6 chuan hoa véi khoang cach
thoi gian theo cach mo hinh ting truéng mau diy tng
vién. Vi cach tiép can nay giai thuat khong can sinh
cac ung vién ddy ban dau theo cic cach tiép can thong
thuong nhu AprioriAll[1]. Ching t6i sir dung phuong
phap xay dung cac CSDL diéu kién theo tién t§ cho

Trong twong lai, chung toi s& tiép tuc nghién cach
thirc lam giam khong gian tim kiém hon nita. Ngoai
ra, ching t6i s€ nghién citu md rong giai thuat cua
chiing t6i cho bai toan khai pha mau chudi dong.
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