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Khai thac k mau tuan tw toi dai st dung cay dir
liéu chieu tien to
Mining Top-k Maximal Sequential Patterns using Prefix-Projected
Database Tree

Abstract: This paper propose a method called
TMSP to perform squential patten mining. Because
maximal patterns compact representations of frequent
patterns, so they are used for mining in TMSP. The
main idea of TMSP is mining top-k frequent maximal
equential patterns of length no less than the minimum
length of each pattern (min_l) and no greater than the
maximum length of each pattern (max_I) with k is the
desired number of maximal sequential patterns to be
mined. The proposed method helps user do not need
turning specification of a minimum support threshold
to perform the mining which is a disadvantage of
previous studies. Experimental results on real datasets
show that TMSP serves as an efficient solution for
mining sequential patterns. The reults also
demonstrate that TMSP is better than the maximal
sequential pattern mining algorithm (MAXSP) in term
memory efficient and easier for users to find the
number of required patterns without adjusting minsup.

Keywords: Sequential, Sequential pattern mining,
maximal sequential patterns, Top-k maximal
sequential patterns, prefix-projected databases.

I. GIOI THIEU

Khai thac mau tuan tu 1a mot nhiém vu quan trong
cua khai thac dir liéu da va dang dugc nghién ctru rong
rdi [1-3]. Cho mdt tip cic chudi, trong d6 mdi chudi
bao gdom mot danh sach cic tap phd bién va mot
ngudng hd trg tdi thiéu do nguoi dung chi dinh
(minsup), khai thac mau tudn tu 1a tim ra tit ca cac
mau phé bién c6 do hd trg khong thap hon minsup.
Trong d6, thuat toan PrefixSpan [1] t6 chirc dit liu
theo chiéu ngang va thuc hién phép chiéu trén CSDL
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dé giam chi phi luu trir dir lidu, xuat phét tir tdp mau
tuan tu d6 dai 1a 1, PrefixSpan tao ra CSDL duogc
chiéu v6i mdi mau dé. Trong CSDL chiéu, mdi chudi
dit liéu chi gitr lai phan hau t6 d6i véi tién t6 da chiéu.
Mau dugc phat trién bang nhiing item phd bién tim
duoc trong CSDL duoc chiéu. Qua trinh nay duogc lap
lai cho dén khi CSDL chiéu khong con item phd bién
nao. Thuit toan SPADE [2] t chirc dit liéu theo chiéu
doc, img v&i moi item s& lwu danh sach dinh danh cua
cac chudi dir liéu va dinh danh cua cac itemset c6 chira
item d6. Do hd trg cua item dugce tinh truc tiép tir danh
sach cac dinh danh. Mat khac, SPADE con dya trén 1y
thuyét dan dé chia nho khong gian tim kiém va thao
tac két don gian dé tao ra tip tng vién. Thuat toan nay
gom nhém cic miu tuan tu dua theo tién t6 thanh cac
16p tuong duong. Thuit toan SPAM [3] ciing t6 chirc
dit liéu theo chiéu doc nhu thuét toan SPADE, trong
d6 cac mau ung vién duoc biéu dién dudi dang bang
bit doc, mdi bit mg v&i mot itemset ciia mot chudi
trong CSDL. Néu item c6 mit trong itemset j thi bit
tuong tmg itemset j duoc danh dau 1a 1, nguoc lai 14 0.
Do ho trg clia mau duoc xac dinh dua trén bang bit.

Cac thuat toan trén tao ra cac mau phé bién ma cac
mau do ¢o thé co cung d6 hd trg hodc 1a mau con cua
mAu phd bién khac va khi chon minsup qué cao s& tao
ra it cac miu bd qua cac thong tin c6 gia tri, con ngugc
lai thi qua nhiéu miu din dén thuat toan thuc thi cham.
Dé chon mot gia tri minsup hop 1y doi hoi phai hiéu rd
vé dit liéu. Dé khic phuc van dé nay, P. Fournier-
Viger va cong sy dd dé xudt thuat toan khai thac k mau
tuan ty (TKS) [4], thuat toan TKS khai thac cic miu
tuan tu dua vao thuit toan SPAM xuét phat tir gia tri
minsup = 0 budc tiép theo tim cic mau théa gid tri
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minsup khi s6 lugng mau thu duge 16n hon k mau s&
x6a cac mau c6 do hd trg bang minsup, xéa dén khi
bang k miu va tang gia tri minsup bang do hd tro thap
nhét trong tdp k mau thu dugc, qua trinh nay duoc lip
lai cho dén khi CSDL chiéu khong con mau phé bién
ndo. Thuét toan TKS khic phuc duogc van dé tinh
chinh gia tri minsup nhung trong s miu tuan ty thu
duoc con ton tai cac mau tudn tu cd cung do hd tro.
Ngoai ra P. Tzvetkov va cong su ciing da dé xuat thuat
toan khai thac k mau tuan ty dong TSP [5], sir dung
phuong phap chiéu dua vao thuat toan PrefixSpan
thuc hién twong ty nhu thuét toan TKS. Két qua thuat
toan TSP thu dugc khong con tdn tai cdc mau tuln tu
c6 cung d6 hd trg nhung thuat toan TSP van con tdn
tai cac mau tudn tu con trong cac mau tudn tu thu
dugc. Do d6, Philippe va cong sy di dé xuét thuat toan
khai thac cic mau tuan ty t6i dai (MaxSP) [7] khai
thac cac mau tuan tu dya trén thut toan PrefixSpan,
két qud nhan dugc khong ton tai mau tudn tu con
nhung rat kho cho nguoi sir dung phai diéu chinh gia
tri minsup hop 1y va dung lugng bo nhd st dung 16n.
Chinh vi vay, trong bai bao nay s¢ trinh bay thuét toan
khai thac k miu tuan tu t6i dai (TMSP) dé téi wu hoa
vé b nhé sir dung va giup nguoi str dung d& dang tim
duoc sb lugng mau tudn ty nhu mong mudn.
I1. MQT SO PINH NGHIA CO BAN

Chudi s =< ty,ty,..ty, > (t; 1) 1a mot danh
sach co tht ty [7]. Co so dir lieu chudi D 1a mot tap
cic chudi S = {s;,s;,..5}va tp cac item [ =
{i1,1y,...,1x} Xay ra trong chudi dé. Item 1a gia tri
tuong trung. Itemset [ = {iy, i,, ..., i} 1a t3p cac item
riéng biét khong co thir tu.

Vi dy 1: Xét CSDL chudi nhu sau:

Bing 1. Co so dit liéu chudi

SID Sequences
1 <(a)(abc)(ac)(d)(cf)>
2 <(ad)(c)(bc)(ae)>
3 <(ef)(ab)(df)(c)(b)>
4 <(e)(@)(an(c)(b)(c)>
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Trong Bang 1, Chudi s; c6 5 itemset xay ra theo
thu tu (a), (abc), (ac), (d) va sau cung la (cf).

Chiéu dai cua s, I(s) 1a tong sb cac item trong s con
dugc goi 1a I-sequence.

Vi du 2: Chudi <(ad)(c)> 1a mot 3-sequence co kich
thuoc 1a 2.

Chudi @ = < ay, ay, ..., a,, > 1a mot chudi con cua
chudi khic B =< by, by, ..., b, >, ki hidu 1a a cf,
néu va chi néu iy, iy, ...ip, sa0 cho 1< iy < iy <
<y <n vaaq €by,a, € by, ..., vaa, S biy,.
Nguoi ta goi B 1a chudi cha cua a.

Vi du 3: Chudi <(a)(c)> la chudi con cua
<(ad)(c)(bc)(ae)>, nhung <(a)(c)> khong phai la chudi
con cuia chudi <(ac)> va nguoc lai.

Pinh nghia 1. (Tién té - Prefix): Gia sir cic items
trong mot itemset dwgc sap xép theo thir tu tir dién.
Cho hai chudi @ =< ey, e,,...,e, >vaf =<ej, e,
e, € >, (m < m). Chudi B 1a tién t6 cua a néu va
chi néu [1]:

a. e =eVvéimoii<m-—1.

b. ey, S en.

c. Cac item trong (e,, — e,,) theo thi tu la nhirng

item ding sau e, trong e,,.

Vi du 4: Xét CSDL nhu Bang 1, Cac tién t6 cua
chudi a = <(a) (abc) (ac) (d) (ef)> 1a <(@)>, <(a)
(a)>, <(a) (ab)>, <(a) (abc)>... nhung cic chudi
<(ab)>, <(a) (bc)> khong phai la tién té cua a.

Pinh nghia 2. (Hdu té - Postfix): Cho chudi
a=<eyey, .. e, >cochudi f =<ej,es,..en>
1a tién t6 cua a. Chudi hau t6 cua a c6 dang: y = <
em, €mi1, -, €n >. Trong do, ey = ey, — ey =
a— B[1].

Néu chudi g ¢ a thi:y =a— B = 0.

Vi du 5: Xét CSDL nhu Bang 1. Chudi a =
<(a)(abc)(ac)(d)(ef)> c6 cac tién to:

B1= <(a)> = Hau t6 y; = <(abc)(ac)(d)(ef)>

B,= <(a)(a)> = Hau t6 y, = <(_bc)(ac)(d)(ef)>

B3= <(a)(ab)> = Hau t6 y3 = <(_c)(ac)(d)(ef)>

-77 -



Cdc céng trinh nghién citu, phdt trién va vmg dung CNTT-TT

Pinh nghia 3. (Phép chiéu co sé dir ligu theo tién
10):

Cho @ 1a miu trong co sé dit liéu D.

Co so dit liéu duoc chiéu theo a, ki hiéu: D|g, 1a
tap hop cac hau td cua cac chudi dit liéu trong D cé
lién quan dén tién t6 a [1].

Vi dy 6: Xét CSDL nhu Bang 1, tién t6 a = <(f)>.
Khi d6 co so dir lieu duwoc chiéu theo a. D|,=
{<(ab)(df)(c)(b)>, <(c)(b)(c)>}

Pinh nghia 4. (P§ hé tre - Support): Xét CSDL
chudi D, mdi chudi c6 mét chi s6 dinh danh duy nhat.
Do hd tro tuyét d6i mau a 1a tong s6 chudi trong D ¢6
chtra p, ky hiéu supp(p) = |{s|s € Dvaa < s}|. P
hd trg twong ddi ciia p 1a ti 1& phan tram chudi trong D
chtra p. O day, muc hd tro tuyét ddi hodc tuong ddi s&
duogc st dung chuyén ddi qua lai, ki hiéu 1a sup(p).

Vi dy 7: Xét CSDL nhu Bang 1, Mau p = <(a)(c)>
xudt hién trong chudi sy, Sy, 3, S4. Vay d6 hd trg caa
mau p 1a 4.

Pinh nghia 5. (Méu tuin tw): Cho trudc ngudng
hd tro tdi thiéu (minsup) xac dinh boi nguoi dung. Mot
mau a duoc coi 1a phd bién néu do hd tro cua nd 16n
hon hodc bing minsup: sup(e) > minsup, khi d6 a
duogc goi 1a mau tudn tu [8].

Vi dy 8: Xét CSDL nhu Bang 1, c6 tap cac item
phan biét 1a {a, b, c, d, e, f, g} va minsup = 2. Xét
chudi s; = <(a)(abc)(ac)(d)(cf)> chudi s; co 5 itemset
1a: (a), (abc), (ac), (d), (cf) va co 9 1an xuat hién cia
cac item.

Viay s ¢6 kich thudce 1a 5 va c6 d6 dai 1a 9. Trong
chudi s;, item a xudt hién ba 1an nhung néu tinh d6 hd
tro thi do hd trg cta item a chi duoc tinh 13 1 d6i véi
chudi s; d6. Mau p = <(a)> xuit hién trong chudi s;,
Sy, S3, S4. VAy d0 ho tro cuia mau p 1a 4. Vi sup(p) >
minsup nén p 1a mau tuan ty.

Pinh nghia 6. (Mdu tudn tw t6i dai): Mau tuan ty
Sq 12 mau tudn ty t6i dai néu n6 khong ton miu tuan tyr
Sp sao cho mau s, 1a cha ciia mau s,, s, E s, [8,9].

Vi dy 9. Xét CSDL nhu Bang 1,
<{f},{b}.{c}> c6 sup = 2 1a mAu tudn ty tdi dai nhung

mau
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mau <{f}> c6 sup = 3 khong la miu tuin tu ti dai vi
mau <{f}> 1a con ciia mau <{f},{b},{c}>.

Pinh nghia 7. (Khai thic k méu tuan tw téi dai):
Pé tim ra tap F gém c6 k mau tuén tu tdi dai ma mdi
mau t6i dai s, € F, I(sy) = min_l, I(s,) < max_|
va khong ton tai miu tudn tu t6i dai s, €
Fma l(sp) 2 min_l, I(sp) <max_lva sup(sy) >
sup(sq)-

Vi dy 10: Xét CSDL nhu bang 1, v6i k = 2, min_|
= 1, max_| = 3. Thuat toan tim dugc 2 mau nhu sau:
<(a)(c)(b)>: 3, <(a)(c)(c)>: 3. Mic du thuit toan tim
dugc hon 2 méau voi d6 hd tro bang 3: <(c)(c)>: 3,
<(c)(b)>: 3, nhimg miu nay khong nim trong két qua
boi vi chung khong 13 mau tuan tu toi dai va chung 1a
con ctia mau két qua.

Pinh nghia 8. Chudi s cho trude, tap chudi IDs clia
tat ca cac chudi trong CSDL D chira s goi 14 danh sach
chudi ID, ky hiéu: SIDList(s). Tong ctia SIDList(s) goi
1a tong chudi ID, ky hiéu 1a SIDSum(s) [5].

Vi dy 11 Xét CSDL nhu bang 1 thi danh sach
chudi ID cua <(a)(b)> 1a [1, 2, 3, 4] va tong chudi ID
cua <(a)(b)>1a 10.

I1l. PHUONG PHAP PHAT TRIEN
I11.1. CAu tric cay tién to

Cay tién t6 1a mot cdy co thir ty, trong d6 quan hé
gilta nut cha voi nit con tuwong Ung 1a quan hé gitia
chudi con va chudi cha. Cay tién td dwoc xay dung
nhu sau: Bit dau tir nat gde cua cay tai mirc 0, nit goc
dugc gan nhan 14 mot chudi rong (). Tai mirc min_|
bét ky, mdi nit duge gan nhan 1a mot mau tun tu do
dai min_l. Cac nat & mtrc (min_I + 1) ké tiép duoc xay
dung dé quy bang cach mé rong mau do dai min_| &
mirc trude d6. Mau mé rong bang cach thém vao mot
item phd bién d6 13 mé rong theo chudi va mé rong
theo itemset. Qua trinh m& rdng theo mdt thr ty cho
dén khi khong con item phd bién.

Vidy 12: xét mau p = <{a}>, néu thém mot item b
vao mau p thi <{a}{b}> 1a mod rong theo chudi va
<{ab}> la m¢ rong theo itemset. (Hinh 1)
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Hinh 1. Cay tién t6

111.2. Ciu triic cdy PDB

Céu tric cdy PDB 1a mot bo nhé md ta cdy tim
kiém tién t6 va luu trir thong tin vé CSDL chiéu da
dugc khai thac mot phan trong sudt qua trinh khai thac
da duyét.

Khai thac cdc miu tudn ty dua trén cay PDB nhu
khai thac cdy tim kiém tién t6 nhung khai thac trén ciy
PDB lam giam rét nhiéu s6 lan duyét trén CSDL chiéu
bang cach thyuc hién chiéu cac tién tb theo thir tw giam
dan theo d6 hd trg thay vi thuc hién tim kiém nhu cay
tién t6. Do d6, Cay PDB tai mdi diém cua tién t6 co
cung d6 dai s& dugc sip xép giam dan theo do hd tro,
khi gia tri minsup ting nhimg tién t6 c6 do hd tro thap
s& dan dén khong pho bién nén b nhd sir dung it.

Cay PDB c6 kich thudc nho hon nhiéu so véi cay
tim kiém tién td trong sudt qua trinh khai thac dir
lidu. PO sau 16n nhit cia cdy PDB ludn luén nhod
hon min_I. Mat khac, giam bo nhé dé luu trit cay
PDB, chiing ta str dung CSDL chiéu gia tai tat cac nut
cay PDB. Chiing ta chi luu trit danh sach cac diém cta
chudi hién tai trong CSDL chudi ban dau.

Vi du 13: Xét CSDL nhu Bang 1. Tir hinh 2 ta thay
cdy PDB chi luu trit danh sach cac diém cua chudi,
Khi chiéu theo tién t6 a, c6 do hd tro 1a 4 thi ta tim
duoc cac item ag, b, b;, Cs, Ci, ds, di, €, &, Ts, i nhu'ng
tai mdi diém sau khi dugc sap xép va luu trit giam dan
theo do hd tro nhu sau: b 4, Cs. 4, & 2, d. 2, fs. 2, b;. 2,
e 1, fi. 1, di. 1, ¢;: 1, €. 1. Chinh vi viy, cac item c6 do

hd 16n sé& thyc hién phép chiéu trudce va gia tri minsup
tang nhanh dan dén cac item c6 d hd trg thip khong
phé bién. Trong d6 s md rong theo chudi, i m& rong
theo itemset. Qué trinh 1ap lai cho dén khi khong con
item pho bién.

IV. THUAT TOAN TMSP
IV.1. Thuat toan

Thuat toan khai thic cdc mdu tudn tu tdi dai
(MaxSP) st dung thuat toan PrefixSpan dua trén cay
tién td dé khai thac cac mau tudn tu. DSi voi thult toan
khai thac k mau tuan tu t6i dai (TMSP) véi sb mau
tudn ty k biét truéc ciing st dung thudt toan
PrefixSpan dé khai thac cic miu tuan ty nhung dua
trén ciu trac cdy PDB dugc mé ta chi tiét nhu Hinh 3.

Mbo ta thuit toan TMSP thuc hién ciac buéc nhw
Sau:

- Bude 1: Tinh hang sb 6 dugc tinh theo cong thirc
6 = (k * min _I)/N;tems (dong 1).

- Budc 2: Tim tép tat ca cac item phd bién chén vao
histogram c6 d6 dai la 1 (dong 2).

- Budc 3: Sép xép giam dan cac item co do dai
béang 1 trong histogram (dong 3).

- Budc 4: Ung voi mdi @ phd bién goi thu tuc
TopSequencesTraversal (dong 4).
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Hinh 2. Cay PDB

Pau vao: CSDL D, k, min_I, max_I;
Pau ra: Tap F gdm c6 k miu tuan ty tdi dai
Phuwong phap thuce hién:
1. 8 = (k*min_l)/Njtems; minsup = 1;
2. Duyét CSDL D mét lan, tim mdi item phé bién
« sao cho:
s ¢6 thé mo rong dén s <> a;
Chen a vao histogram H[1];
3. Sép xép giam dan cac item trong H[1] dua trén
dd ho tro cua chung;
4. V&i mdi a, support(a) = minsup
Goi TopsequencesTraversal(s<> a,
Dgesg, min_I);
TopsequencesTraversal(s <> a, D4, min_I)
5. Néu support(s) < minsup thi két thiic;
6. Néu I(s) = min _l thi

7. Savepattern(s);
8. Goi PrefixSpanWSR(s, minsup, D, F);
9. Keét thuc;

10. Néu I(s) > max_| thi két thic;

11. Duyét CSDL D, mét lan, tim mdi item pho bién
« sao cho:
s ¢6 thé mo rong dén's <> a;
Néu I(e) > max_I thi ngung mé rong;
Cheén a vao histogram HII(s) + 1J;
12. Sip xép giam dan cac item trong H[I(s) + 1]
dua trén d6 ho trg ctia chung;
13. Next_level_top_support «
GetLevelTopSupportFromHistogam(8, H[I(s) +
1])
14. Vi moi a,
next_level_top_support

support(a) =

15. Goi  TopSequencesTraversal(s <>a,
Dsesq, min_l);
16. Két thuc;

PrefixSpanWSR(s, minsup, D, F)

17. Néu I(s) = max_| thi két thac;

18. Sap xép giam dan cac item trong H[I(S) + 1] dua
trén do ho trg clia chung;

19. Duyét CSDL Dy mét lan, tim mdi item phd bién
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« sao cho:
20. s ¢6 thé mo rong dén s <> a;
21. Chén a vao histogram H[I(s) + 1];
22, Savepattern(a);

23. Néu I(a) < max_l thi

24. PrefixSpanWSR(s <> a, minsup, Ds, F);
GetLevelTopSupportFromHistogam(0, H[I(s) +
1])

25. Index = 0 = |histogram|;

26. Néu index > histogram thi
|histogram| — 1;

7. Két qua tra vé 1a do hd tro tai vi tri index;

index =

SavePattern(s)

28. Néu I(s) < min_| hodc support(s) < minsup thi
két thuc;

29. Néu MaximalPatternVerification(s) =

add_and_raise thi
30. Neéu |F| =k thi

31. Néu support(s) > minsup hodc I(s) >
I_min(r) € F thi

32. Trong khi |F| =kva3reF| I(r)
<I(s)

33. X6a cac mau co do dai ngin
nhét tir F;

34, Trong khi |F| >k va 3 r € F |
support(r) = minsup

35. Xoa cac mau c6 do hd trg
bang minsup tir F;

36. F:=Fu{s};

37. Cap nhat lai minsup bang d6 hd trg nho

nhat trong tap F;
38. Nguoc lai F:=F U {s};
39. Nguoc lai néu MaximalPatternVerification(s)
=add but no raise thi
40.  Néu |F| =0 hoac I(s) = |_min(r) thi
41. F:=Fu {s};
MaximalPatternVerification(s)
42.Néu ton tai item u, sao cho support(s <>ju) =
support(s) hoac support(s <>;u) = support(s)
thi tra vé no_add;
43.Néu SIDSum(s) khong nam trong SIDSum_Hash
thi tra vé add and raise;
44, V&imoi s’

45, Néu s c s’ thi tra vé no_add;
46.  Néus' csthi

47. Thay thé s’ véi s;
48, Tra vé no_add;

49. Tra vé add and raise;

Hinh 3. M6 ta thuat toan TMSP
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M0 ta chi tiét cac thii tuc thue hién trong thuat
toan TMSP nhu sau:

Thu tuc TopsequencesTraversal dugc miéu ta nhu
sau.

e Néu do hd tro ciia s nho hon minsup thi két thac
(dong 5).
e Néu chiéu dai ciia s bang min_| thi luu s vao tap F
va goi thu tuc PrefixSpanWSR (dong 6 - 9).
o Néu chiéu dai cua s khong bang min_I ma 16n hon
max_| thi két thuc nguoc lai thi duyét CSDL D va tim
mdi item phd bién sao cho s ¢6 thé ma rong s <> a va
chi m& rong khi chiéu dai mau nhé hon max_| va chén
a vao histogram co do dai bang I+1, sau d6 sap xép
céc item trong histogram giam dan theo do hd tro dé
tim support dua vao thu tuc
GetLevelTopSupportFromHistogam. Cubdi cing néu
d6 hd trg cua a 16n hon hoidc bang support thi goi dé
qui TopSequencesTraversal dén khi nao bang min_|
(dong 10 - 16).

Thu tuc SavePattern tra vé mot trong ba két qua
sau:

+ add but no raise: Thém vao tap F nhung khong
tang gia tri minsup.

+ add_and_raise: Thém vao tap F va tang gia tri
minsup.

+no_add: Khong thém vao tap F.

Thu tuc SavePattern duoc mo ta cu thé nhu sau:
Néu chiéu dai miu tuan ty s nho hon min_| hodc d6 hd
trg mau s nhé hon minsup thi két thuc (dong 28). Néu
tha tuc ClosePatternVerification(s) cho két qua
add_and_raise thi kiém tra néu s6 lugng mau trong tap
F 16n hon hodc bang k va d6 hd trg mau s 16n hon
minsup hodc d6 dai mau s 16n hon mau c6 d6 dai thap
nhit trong tap F thi s& x6a cic mau trong tdp F c6 do
dai thdp hon miu s cho dén khi sé lwong miu trong
tap F bang k (dong 29-33), trong trudng hop tit ca cac
mAu trong tip F déu bang nhau thi x6a cac miu trong
tap F co do hd tro bang minsup cho dén khi sé lwong
mau trong tip F bang k (dong 34 - 35), sau d6 thém s
vao va cép nhat lai minsup bang d6 hd tro thip nhét
trong tdp F (dong 36 - 37). Néu sb luong tdp F nho
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hon K thi thém s vao (dong 38). Trong truong hop thu
tuc  ClosePatternVerification(s) cho  két
add but no_raise thi kiém tra néu chua c6 mau hoic

qua

d6 dai mau s 16n hon hogc bang d6 dai mau thap nhat
trong tap F thi thém mau s vao tap F (dong 39 - 41).

Tha tuc MaximalPatternVerification dugc mo ta
cac budc nhu sau:
e Néu ton tai mot item mo rong U c6 cung do hd tro
vi S thi khong thém s vao tap F (dong 42).
e Néu SIDSum(s) (tong chudi ID) khong nam trong
bang Hash thi thém s vao tap F va ting do hd tro
(dong 43).
e V&i mbi s’ thi thi tuc s& thyc hién 1 trong 2 diéu
kién nhu sau (dong 44):
- Néu s 1a cha cta s’ thi khong thém vao tap F
(dong 45).
- Néu s’ 1a cha cia s thi thay thé s’ v6i s nhung
khong thém vao tap F (dong 46 - 48).
e Truong hop con lai thém vao tap F va ting d6 hd
trg (dong 49).

IV.2. Vi du minh hoa

Vi dy 14: Co sé dit liéu nhu Bang 1, minh hoa thuat

toan TMSP véi k=2, min_I =1 va max_| = 3 nhu sau:
Minsup=1; 0 =0.4;

Duyét CSDL D tim dugc cac item phé bién, mdi
item phé bién tao nén mot chudi ¢ do daila 1. Vay co
7 miu pho bién chén vao histogram c6 do dai 1a 1 da
duogc sip xép giam dan theo d6 hd trg nhu sau: <(a)>:
4, <(b)>: 4, <(c)>: 4, <(d)>: 3, <(e)>: 3, <(f)>: 3,
<(9)>: 1.

Ung v6i mdi miu phd bién thuc hién goi
TopSequencesTraversal dé tim 2 mau tuan ty toi dai:

Lan luot thuc hién TopSequencesTraversal(<(a)>,
Dl<@s>, 1), TopSequencesTraversal(<(b)>, D|<g)>, 1

.

% TopSequencesTraversal(<(a)>, D|<@)>, 1)

Chiéu dai mau <(a)> = min_| = 1 nén:
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e SavePattern(<(a)>) nhung mau nay khong luu vao
tap F vi mau <(a)> ton tai item b c6 thé mé rong va
cung d6 hd trg <(a)>.
e Goi PrefixSpanWSR(<(a)>, 1, D|<@)>, F), tim dugc
cac mau pho bién c6 d6 dai 1a 2 da dugc sap xép giam
dan theo d6 hd trg nhu sau: <(a)(b)>: 4, <(a)(c)>: 4,
<(ab)>: 2, <(@)(@)>: 2, <(@)(d)>: 2, <(@)e)>: 2,
<(a)(f)>: 1, <(ac)>: 1, <(ad)>: 1, <(ae)>: 1, <(af)>: 1.
Thuc hién dé qui <(a)(b)>: 4, ta tim cac mau phd bién
t6i dai c6 do dai la 2:
e SavePattern(<(a)(b)>) Iuu vao tap F i
SIDSum(<(a)(b)>) = 10 chua c6 trong bang Hash.

= Tap F: <(a)(b)>: 4, SIDSum =10
e Chitu dai miu <(a(b)> < 3, d& qui
PrefixSpanWSR(<(a)(b)>, 1, D|<@w)>, F), tim dugc cac
mAu phd bién c6 d6 dai 1a 3 da duoc sip xép giam dan
theo d6 hd tro nhu sau: <(a)(bc)>: 2, <(a)(b)(a)>: 2,
<@b)c)>: 2, <@)b)d)> 1, <@b)e)>: 1,
<(a)(b)(f)>: 1.
Thuc hién dé qui <(a)(bc)>: 2, tim cic miu phd bién
toi dai c6 d¢ dai 1a 3:
e SavePattern(<(a)(bc)>) nhung miu nay khong luu
vao tap F vi mau <(a)(bc)> ton tai item a c6 thé mo
rong va cung do hd trg <(a)(bc)>.
e Chibu dai miu <(a)(bc)> = 3, dimg dé qui
PrefixSpanWSR(<(a)(bc)>, 1, D|<(a)(bc)>, F).
Thuc hién dé qui <(a)(b)(a)>: 2, tim cic mau phd bién
toi dai c6 d¢ dai la 3:
o SavePattern(<(a)(b)(@)>) luu vao tap F vi
SIDSum(<(a)(b)(a)>) = 10 chua c6 trong bang Hash.
= Téap F: <(a)(b)>: 4, SIDSum = 10

<(a)(b)(a)>: 2, SIDSum = 3
e Chiéu dai mau <(a)(b)(a)> = 3, dimg dé qui
PrefixSpanWSR(<(a)(b)(a)>, 1, D|<@@)@)s>, F)-
Thuc hién dé qui mau <(a)(b)(c)>: 2, tim cic mau phd
bién i dai c6 d¢ dai 1a 3:
e SavePattern(<(a)(b)(c)>) Iuwu vao tip F i
SIDSum(<(a)(b)(c)>) = 5 chura c6 trong bang Hash.
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Sé lugng mau trong tap F > 2 va do hd tro mau
<(a)(b)(c)> 16n hon 1, do d6 x6a mau <(a)(b)>:
4 ¢6 @6 dai mau ngin nhat.
Céap nhat lai minsup = 2.
= Tap F: <(a)(b)(@)>: 2, SIDSum =3
<(a)(b)(c)>: 2, SIDSum =5
e Chiéu dai mau <(@@)(b)(c)> = 3, diung dé qui
PrefixSpanWSR(<(a)(b)(c)>, 2, D|<@b)c)> F)-
Thuc hién dé qui <(a)(c)>: 4, tim cac mau phd bién tdi
dai c6 d6 dai 1a 2:
e SavePattern(<(a)(c)>), khong luu vao tap F vi tdn
tai chudi cha <(a)(b)(c).
e Chiéu dai miu <@)(c)> < 3, d& qui
PrefixSpanWSR(<(a)(c)>, 2, D|<@))>, F), tim duogc cac
mau pho bién c6 d6 dai 1a 3 da duoc sip xép giam dan
theo d6 hd tro nhu sau: <(a)(c)(b)>: 3, <(a)(c)(c)>: 3,
<(a)(c)(@)>: 2,....
Thue hién dé qui <(@)(c)(b)>: 3, tim cac mau phd bién
tdi dai c6 do dai la 3:
e SavePattern(<(a)(c)(b)>) luu vao tap F i
SIDSum(<(a)(c)(b)>) = 9 chua c6 trong bang Hash.
S6 lugng mau trong tap F > 2 va do hd trg miu
<(a)(c)(b)> 16n hon 2, do d6 xéa mau <(a)(b)(a)>: 2.
Cap nhat lai minsup = 2.
= Téap F: <(a)(b)(c)>: 2, SIDSum =5
<(a)(c)(b)>: 3, SIDSum=9
e Chiéu dai mau <(a)(c)(b)> = 3, dimg dé qui
PrefixSpanWSR(<(a)(C)(b)>, 2, D|<(a)(c)(b)>, F)
Thuyc hién dé qui <(a)(c)(c)>: 3, im cac mau phd bién
t6i dai c6 d6 dai 1a 3.
e SavePattern(<(a)(c)(c)>) luu vao tip F i
SIDSum(<(a)(c)(c)>) = 7 chua c6 trong bang Hash.

Sb lugng mau trong tap F > 2 va do hd trg mau
<(a)(c)(c)> 16n hon 2, do d6 xéa mau <(a)(b)(c)>: 2
c¢6 d6 hd tro thap nhat.

Cap nhat lai minsup = 3.
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= Tap F: <(a)(c)(b)>: 3, SIDSum =9
<(a)(c)(c)>: 3, SIDSum =7

e Chiéu dai mau <(a)(c)(c)> = 3, ding dé qui
PrefixSpanWSR(<(a)(c)(c)>, 3, Dl F)-

% Tiép tuc thuc hién TopSequencesTraversal(<(b)>,
D|<w)>, 1), TopSequencesTraversal(<(c)>, D|<¢>, 1),
... thuc hién twong ty nhu tién td a.

Vay voi k =2, min_l =1, max | =3. Taco tap F

gém 2 mau tuan tu t6i dai nhu sau:

Bang 2. Két qua thuét toan TMSP véi k =2, min_I =1,

_ _ ] max_| =3
Mau tuan ty toi dai SIDSum
<(a)(c)(b)>: 3 9
<(a)(c)(c)>: 3 7

V. KET QUA THUC NGHIEM

Pic diém CSDL dwgc md ta nhu Bang 3. CSDL
thuc - Leviathan dugc lay tir kho dir liéu may hoc
UCI, CSDL nay mdi itemset chi c6 mot item. CSDL
tong hop - C6T5S414N1kD1k va N1IKDI0K al phat
sinh bdi bd phat sinh dit liéu IBM, CSDL nay mdi
itemset 1a mot tdp cac item. Viéc thyc nghiém duogc
tién hanh trén may tinh DELL c6 cAu hinh CPU Intel
core i5-2410M, 6G RAM va st dung hé diéu hanh
Microsoft Windows 10, cai dat trén ngdn ngit 1ap trinh
Java.

Hinh 4, Hinh 5 va Hinh 6 cho thiy bd nh¢ sir dung
cua thuat toAn TMSP vuot troi hon thuit toan MaxSP
trén cac tap dir liéu thyc nghiém. Vi du 15: Xét co s&
dir liéu Leviathan (c6 s6 lugng item phan biét 16n) voi
k =300, bd nhé st dung MaxSP 1a 393 (mb) trong
khi b nh¢ str dung TMSP chi tén 138 (mb).

Bang 3. Pic diém cia CSDL

CSDL S chugi | S0 lwong item
phan biét
Leviathan 5834 9025
C6T5S414N1kD1k 1000 1000
N1kD10k al 10000 1000
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Hinh 4. So sanh b6 nhé st dung cua hai thuét toan
trén CSDL — Leviathan véimin_|=1,mal | =5
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Hinh 5. So sanh bd nhd st dung cua hai thuat toan
trén CSDL—-C6T5S414N1kD1k véi min_ =1, mal | =3
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Hinh 6. So sanh b6 nhd sir dung cua hai thuét toan
trén CSDL — N1KDI10K al véimin_I =1, mal_|=4

Tap V-1,S6 15 (35), thang 6/2016

VI. KET LUAN

Bai bao nay trinh bay thuat toan Khai thac k miu
tuan tu tdi dai dya trén cay PDB. Thuét toan TMSP st
dung phuong phap chiéu tim cac mau tuan tu phd bién
dé loai bd cac mau con trong céc mau thu dugc. Két
qud thuc nghiém cho théy thuat toan TMSP dat hiéu
quéa cao hon MaxSP vé bo nhé sir dung va gitip nguoi
st dung d& dang tim dugc sb lugng mau can khai thac
ma khong phai tinh chinh gia tri minsup.

Hudng phat trién: thuat toan khai thac k mau tuan
tur toi dai dua trén phuong phap chiéu dé tim cac mau
tuan ty phd bién dé dang tim dugc k miu tuan tu tdi
dai nhung méat nhiéu thoi gian thyc hién. Vi vay,
hudng phat trién tiép theo 1a sir dung phuong phap
vector bit dong [10] dé t6i wu hoéa vé thoi gian thuc
hién va bd nhé st dung.

LOT CAM ON
Nghién ctru nay dugc tai tro béi Quy phat trién

Khoa hoc va Cong nghé Qubc gia (NAFOSTED)
trong dé tai ma s6 102.05-2015.07.
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