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LOI CAM DOAN

T6i xin cam doan day 1a cong trinh nghién ciru cua riéng t6i. Cac so liéu, két
qua néu trong Luan vin 13 trung thyc va chua timg duoc ai cdng b trong bat ky

cdng trinh nao khac.

T6i xin cam doan rang moi su gitp d& cho viéc thuc hién Luan van nay ciing
nhu cac trich dan hay tai liéu hoc thuat tham khao da duoc cam on dén tac gia va

cac thdng tin trich dan trong Luan vin di dugc chi rd ngudn goc.

Hoc vién thuc hién Luén vin

Trinh minh Sy



LOI CAM ON



TOM TAT

Khai thac mau tuan tu déng d6i véi dir liéu dang van ban da duoc &p dung
thanh cong trong nhiéu bai toan khac nhau caa khai thac di liéu. Tuy nhién, két qua

khai thac van con mot s mit han ché nhu:
- VAn dé du thira cia mau da trich ra.
- MAu trich ra bi trung lap.
- M6t sé miu tbi nghia.

Pé khic phuc nhitng mat han ché trén, y tuong dua trén nguyén Iy mo ta
chiéu dai tdi thiéu (MDL minimum description length) dugc dé xuat nham khai thac

mau tuan tu nén déi véi co sé dir liéu tuan tu.

Véi dir liéu 1a itemset, thuat toan Krimp [7] dwa trén md ta chiéu dai téi thiéu
da to ra kha hiéu qua trong viéc giai quyét van dé du thira ciia mau, trich ra nhiing

mau it tring Iap va dé hiéu hon.

Véi dir liéu tuan tu, dé tai dé xuat hai thuat toan SeqKrimp va GoKrimp.

Trong d6, thuat toan chinh cua dé tai 1a GoKrimp.
. SeqKrimp la thuat toan khai thac mau nén gom hai pha:
-Pha thtr nhét: 1ay nhitng mau tuan ty dong boi ham GetCandidate() da co.

-Pha thtr nhi: tir nhitng mau tuan ty dong da 1ay ¢ trén chon lai chi con nhing

mau nén dit liéu tét nhat.
V4y mau nén dit liéu nhu thé ndo 13 tét nhat? Dé tai nghién cau hai phan:

-Cach thac nén dir liéu: chon nén di liéu theo phuong phap ma hoa
Huffman[3], xay dung cay nhi phan dé ma héa, cay nhi phan nhu vy s& thoa tinh

chat mé tién t6 nghia 1a khong c6 tir ma ndo 1a phan dau cuaa tir ma khac.

-Hiéu qua nén: 1a hiéu s giira sb bit trude khi nén va sau khi nén di liéu.



o GoKrimp Ia thuat todn khai théc truc tiép mau nén, khac voi SeqKrimp ¢ pha
thi nhat, nghia 13, thuat toan khong lay mau tuan ty dong da co sin ma khai thac
tryc tiép mau tir tap cac tir phd bién ban dau. Tur d6 dung thuat todn tham lam noi
rong mau nhung tranh khong duyét hét moi truong hop dé néi rong nho mot ky
thuat kiém tra sy kién lién quan dén mau.

Sau cung nghién cau thuc nghiém trén tam tap dir liéu dé chi ra ring
GoKrimp t6 ra hiéu qua nhat. So sanh GoKrimp véi cac thuat toan nhu SeqKrimp,
BIDE, SQS dé thay wu diém ¢ cac tinh chat: dé hiéu, thoi gian thyc thi, ti 18 nén va
do6 chinh xac su phan lap.



ABSTRACT

Mining closed sequential pattern in text data has been successfully applied in
many different problems of data mining. However, the mining result still has some

drawbacks, include:
- The problem of redundancy extracted patterns.
- The duplication of extracting patterns.
- The existing of ambiguous patterns.

To overcome the above drawbacks, the approach that is based on the principles
of the minimum description length (MDL) to exploit sequential pattern compression

in sequence databases.

For the itemset, Krimp [7] was based on the minimum description length that
has proved quite effective in solving the problem of redundant patterns. Thus, it

extracts less duplicate patterns and easier to understand.

For the sequence data, the thesis proposed two algorithms, include SegqKrimp

and GoKrimp. In which, GoKrimp is the main contribution.
* SegKrimp mine the compressed pattern that consists of two phases:

The first phase: get the closed sequential pattern by using the exist
GetCandidate() function.

The second phase: reselect the best compressed patterns from the closed

sequential patterns.

Our work concentrates on how is the best compressed pattern which includes

two parts:

- The data compression method: apply the data compression Huffman encoding

method[3], built a binary tree for encoding which satisfies the prefixed code



Vi

property. That means there is no word code is the beginning part of others word

codes.

-Effective compression: The difference between the number bits of data before

and after the compression.

» GoKrimp allows to mine the compressed patterns directly. It differs from the
first phase of SeqKrimp, i.e., The algorithm mines the patterns directly from the set
of initial frequent patterns. The greedy algorithm then is used to extend the patterns.
The algorithm avoids to scan all of cases by applying a related events checking

technique.

Finally, the experimental studies are conducted on eight datasets to show the
efficiency of GoKrimp. The comparisons with SeqKrimp, Bide, SQS to demonstrate
the advantages of GoKrimp in the following characteristics: easy to understand,

real-time enforcement, compression ratio, and accuracy classification.
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CHUONG 1
GIOI THIEU PE TAI

1.1. PAT VAN PE

Vén dé khai thac mau tuan tu phd bién tir co so dit liéu tuan tu da duwoc tng
dung thanh cong trong linh vuc khai thac dir liéu. Trong nhitng nim gan day nhiéu
cong trinh khai thac mau tuan ty déng da dong gop nhiéu tng dung cu thé cho linh
vuc khai thac dir liéu. Tuy vay khi quan sat Bang 1.1[4] chi ra 20 mau tuan ty pho
bién dong duoc trich ra tir tap dir lieu Journal of Machine Learning Research
(JMLR), bo dit liéu nay chira co so dir liéu cua 787 cum tir, mdi cum tir twong (g

VGi tom tat cia mot bai béo trong JIMLR c¢6 nhan xét rang:
- Mau trang ldp mac du c6 do hd trg cao vi nhu mau algorithm algorithm

- MAu tdi nghia vi nhu hai mau learn algorithm va algorithm learn néu mau nay
c¢6 nghia thi mau kia t6i nghia

- Mau du thira, rudm ra vi nhu mau algorithm algorithm algorithm

Qua quan sét trén rat ra nhan xét rang c6 nhitng mau c6 d6 hd trg cao nhung lai xay

ra tinh trang mau trang lap, t6i nghia, du thira khong dang quan tam.

Pé khic phuc tinh trang trén, dua ra mot y twong maéi la khai thac nhitng mau dung

dé nén bo dir lidu va ¥ tuong nay co so dua trén thuat toan Krimp[7], thuat toan khai

thac mau nén ddi véi bo dir liéu 1a cac tap muc (itemset).

Co sé cua thuat toan Krimp 1a tinh hiéu qua nén d6 1a sé bit lgi dugc trudc va sau

khi nén, nguyén 1y nay goi 1a nguyén Iy mé ta chiéu dai téi thiéu MDL (minimum

description length).



Bang 1.1 MAu tuan ty déng [4]

Pattern Support Pattern Support
algorithm algorithm 0.376 method method 0.250
learn learn 0.362 algorithm result 0.247
learn algorithm 0.356 data set 0.244
algorithm learn 0.288 learn learn learn 0.241
data data 0.244 learn prolem 0.239
learn data 0.263 learn method 0.229
model model 0.260 algorithm data 0.229
problem problem 0.258 learn set 0.228
learn result 0.255 problem learn 0.227
problem algorithm 0.251 algorithm algorithm 0.222
algorithm

20 mdu tudn tu phé bién déng khéng don tir bé dir lidu tdm tit IMLR.
D6i véi dir lidu tuan tu, khac véi dix liéu 1a cac tap muc va dac biét dit liéu
tuan ty dang van ban thi thir ty cac tir khac nhau mang nghia khac nhau cho nén
viéc khai thac mau tuan tu phai cang tranh tring lip, t6i nghia hay nguoc nghia, du

thura.

Tiép theo y tuong khai thac mau nén, dbi véi mau tuan ty dua ra hai thuat

toan:
Thuit toan SeqKrimp: gdm hai giai doan
- Giai doan mat lay nhirng mau tuan ty dong da co.
- Chon nhitng mau nén tét nhat trich ra.
Thuit toan GoKrimp: ciing gdm hai giai doan
- Giai doan mot ty ndi rong mau dé tim mau.
- Giai doan hai chon nhitng mau nén tét nhat trich ra.

Véi hai thuat toan trén thi GoKrimp to ra hiéu qua hon va 1a thuat toan chinh ctaa dé

tai.



1.2. MUC TIEU, NOI DUNG VA PHUONG PHAP NGHIEN CUU

1.2.1. Muc tiéu cia dé tai
Muc tiéu dé tai 1a di tiép theo cia ¥ tuong MDL (mé ta chiéu dai tdi thiéu)
dé dua ra dic ta ngit canh cua dir lidu tuan ty. Va dic biét trong tam 1 viéc ldy ¥

tuéng MDL dé kham pha mAu tudn ty nén dang quan tim, c6 nghia va kha dung.

1.2.2. N¢i dung nghién ciru
Trong pham vi nay nghién ctu giai thuat dua trén nguyén Iy MDL dé giai
quyét van dé du thira va tim ra cdc mau c6 nghia, dang quan tdm va kha dung. CO

thé tom tat cong viéc trong bén chuong nhu sau:
Chuong 1: Gi6i thiéu dé tai

Gidi thiéu dé tai, nghién ctu cac van dé lién quan trong vai nim gan day,
nhitng két qua dat duoc va nhitng mit han ché nhu 13 viéc trich ra nhitng mau du
thira va t6i nghia. Pong thoi dua ra cach han ché nhitng khac phuc trén, nghién ctu
md hinh nén dit liéu ddi véi co s dit liéu tuan ty d¢é 1am cho mau duoc trich ra sang

té hon, dang quan tdm hon.
Chuong 2: Co so ly thuyét

Nghién ciru mé hinh ma héa di liéu tuan ty, ma Huffman, ma Elias tir d6
tinh hiéu qua nén dir liéu v6i phuong thitc chon mau nén, cach giai ma.

Tinh toan do phuc tap cua qua trinh khai pha mau nén trén co so dit lidu tuan
tu. Két qua chi ra rang day 1a bai toan c6 do phuc tap cap NP-kho va thudc 16p bai
toan khong thé xap xi, khdng thé duyét hét moi truong hop.

Chuong 3: Thuat toan khai thac mau nén

Nghién ciru thuat toan SeqKrimp, la thuat todn lay @ng vién cia mau tuan ty
dong roi chon cac mau nén co hiéu qua nén cao, thuat toan gom hai pha, pha thi
nhét iy nhitng mau tuan ty déng bang c4c thuat toan trude do sau d6 tir nhitng mau
dong chon nhitng mau nén tét trich rathuat toan nay lay y tuéng tir thuat toan
Krimp.



Nghién ciru thuat toan GoKrimp dé khai pha truc tiép trén mau nén duya trén
thuat toan tham lam, ndi rong mau bai cac sy kién cé lién quan bang phuong thuc
kiém tra phu thuoc, thir dau rdi chon mau c6 hiéu qua nén duong cao nhat dua vao
tir dién, trich ra mau nén.

Trong mdi thuat toan, giai thich y nghia cuia thuat toan va co vi du minh hoa
tirng budc giai quyét cua thuat toan di kém.

Chuong 4: Thuc nghiém va két luan.

Tién hanh thuc nghiém trén céc 8 bo dit liéu khac nhau va danh gia két qua,
trong d6 xem xét dén bén tinh chat 1a tinh dé hiéu, tinh phan 16p, tinh nén va thoi
gian thuec thi.

TOm tit cong viéc da nghién ctu, nhitng viéc da dat dugc, dé xuat cho nhitng
viéc sap toi.

1.2.3. Phwong phap luan va phwong phap nghién ciru

1.2.3.1. Phwong phap ludn
Nghién ctru vé 1y thuyét cac thuat toan c6 lién quan dén dé tai cing voi cac
khai niém di kém, trong mdi thuat toan giai thich y nghia, cho vi du minh hoa ting

budc giai quyét cia thuit toan.

1.2.3.2. Phwong phdp nghién ciru
Doc hiéu vé ly thuyét cach ma hoa dir liéu, tim chon mé hinh ma héa téi vu
dir liéu, tir d6 s& cho hiéu qua nén tbt dé két qua dua ra nhitng mau dé hiéu hon,

giam du thwra va kha dung.

1.3. Y TUONG NEN DU LIEU

Déi vai dir liéu tuan ty dang vin ban, dé trich ra nhitng mau hay nhitng cum tur
Vi mong mudn cum tir d6 13 dai dién cho mot doan van, 1a dic trung cho cho mot
ddy cac tir thi mot cach truc quan ta nhan thay rang nhitng cum tir ndo xuét hién

nhiéu lan trong doan vin ban d6 thi c6 thé 1a mot mau tuan ty dang quan tam.



Xuat hién nhiéu lan nhung cach xuat hién lién tuc hay roi rac thi mdi cach
Xuat hién mang ¥y nghia khac nhau, xuat hién lién tyc vi nhu mau abcd nam lién
nhau trong ddy thi mau dé c6 thé 1a dai dién cho diy con nguoc lai mau abed nam
roi rac nhau mdi tir cach nhau kha nhiéu khoang tréng (gap) nhu nam trong day

S=ca_b ¢ d . thi miu d6 thuong 1a mau tdi nghia, kho hiéu khong

dang quan tam.

Viy y tuong nén dir liéu 1a gom cac mau xuat hién nhiéu lan trong day lai
thanh mot tir ta goi 1a tir khong don, dua vao trong tir dién va ma hoa thanh mét tir
ma dung no nén day hay nén dix liéu.

Nhiing mau c6 cac tir nam roi rac nhau thi phat khoang tréng, véi khoang
trbng nho twong Gng vai tir ma cd chiéu dai ngan va khoang tréng 16n thi ting dot
bién chiéu dai tir ma
VI DU:

Khoang cach 1 nghia 1a nam lién nhau thi ma hoa la 1 vay E(1)=1. Khoang
cach 8 nghia 1a nam cach nhau 8 khoang tréng thi m héa 14 0001000 vay E(8)=7.
T6m lai nén dix liéu 1 tim ra nhitng mau nén tét nhat. Nén tét nhat can cu theo hiéu

qua nén d6 1a hiéu sb tinh theo bit cua md ta chiéu dai dit liéu trudc va sau khi nén.



CHUONG 2
CO SO LY THUYET

2.1. MA HUFFMAN

Ddi v&i bai toan tim mau nén tdt cho co so dit liéu tuan tu dic biét ddi vai dit
liéu dang vin ban tot nhat 1a dung phuwong phap ma héa Huffman dé nén dit liéu.

M4 hoa Huffman 1a mot thuat toan ma hoa dung dé nén dix lieu. N6 dya trén
bang tan suat xuat hién céc ki tuy cin ma hoa dé xay dung moét bo ma nhi phan cho
c4c ki ty d6 sao cho dung luong (s bit) sau khi ma hda 1a nho nhat.

DPé ma hoéa dir liéu van ban ta dung cac chudi nhi phan dé ma hda céc tu.
Trong mdt doan van ban hay con goi la day cac tir ta tinh xem trong day d6 cé bao
nhiéu tir khac nhau va tinh tan suat cia cac tir di kém. Phuong phap ma Huffman 1a

phuong phap c6 cac tinh chat co ban sau:

2.1.1. Ma tién tb
La bo cac tir ma cua mot tap hop cac ki hiéu sao cho tir mi ctia mdi ky hiéu
khong 12 tién t6 (phan dau) cua tir ma mot ky hiéu khac trong bo ma.

VD  -Hai tir ma 101 va 1011 thi tir ma trudc ndm ¢ phan dau cta tir ma sau do do

khong ¢ tinh chat ciia ma tién to.

-Hai tir ma sau 10 va 110 14 hai tir ma thoa tinh chat ma tién t6 vi khong co
tlr ma nao 1a tién td cta tir ma con lai.
2.1.2. Cay nhi phén biéu dién tir ma

Gia st co n tur, ta ky hi¢u wy, Wy,..., W, cd cac tan suét tuong ung ty, to,..., t,.

Phuong phap ma héa Huffman 14 phwong phap ma héa sao cho chiéu dai tir ma ti 1¢

nghich voi tn sudt. V6i phuong phap nay xay dung cdy nhi phan n 14 va tao mot bo



ma tién té cho cac tir bang cach dit mdi tir ma vao mot 1&. Tir ma cua mdi ki hiéu
duoc tao ra khi di tir gbc toi 14 chira ky hiéu d6, néu di qua canh trai thi ta thém sé

0, di qua canh phai thi thém sé 1.

Cach xay dung cay nhu sau: chon hai nidt 14 c6 tan suat nho nhét, vun Ién
thanh mét ndt co trong s6 1 tong trong sé cua hai nit con, qua trinh trén tiép tuc

cho dén khi chi con nat 1a gbc cua cay.

Vi DU: Cho cac tir (a,2),(5,3),(c,5).(d,3),(e,9),(£,7),(2,7),(e,11) di kém theo 13 tin
Suat cua cac tir. Xay dyng cdy nhi phan dé ma hda cac tir trén.

Hinh 2.1 Cay nhi phan ma Huffman

Két luan ma hoa céc tir theo phuong phap Huffman nhu sau:

Tw a b c d e f g

Ma hoa | 0000 0001 101 100 01 001 11




2.2. KHAI THAC MAU TUAN TU NEN

2.2.1. Khai thac miu tuin ty déng

Cho S = (eyt(e)), (ex,t(ey)), ..., (ent(ey)) biéu thi mot ddy cua nhitng su kién,

trong do6 e; € X 1a mot su kién tir bang chir céi alphabet X va t(e;) 1a mdt nhan thoi

gian cua sy kién ej. Cho mdgt day tuan tu P, ta ndi S so khép voi P néu P 1a mot day

con cua S.

Coi 6={S1, S,,..., Sy} 14 co so dir lidu ctia nhitng ddy tuan ty. S6 nhitng diy
trong co s& dit liéu so khép vdi P duoc goi 1a @ hd tro (support) fp cia P. Bai toan

khai thac nhirng mAu tuan ty phd bién duoc dinh nghia nhu sau:
DINH NGHIA (Khai théc mdu phé bién)

Cho mot co sé dit liéu 6, gia tri do hd trg nho nhat goi 14 minsup, tim tat ca
nhirng su kién P sao cho fp = minsup.

Mot mau P duoc goi 1a dong néu n6 phd bién (= minsup) va khong ton tai
mau Q pho bién sao cho fp = f, P 1a con thuc su cua Q. Bai toan khai thac tat ca
nhitng mau phé bién dong duoc dinh nghia nhu sau:

PINH NGHIA (Khai thac mdu déng)

Cho mdt co sé dit liéu tuan tu 6 va gia tri minsup, tim tat ca nhitng mau P

sao cho fp = minsup va P dong.

2.2.2. Nguyén ly nén dir li€u

Tir tai liéu [4] cac tac gia da trinh bay ngan gon nguyén ly MDL va céch tiép
can khai thac mau dua trén co s& MDL. Mot mé hinh M 14 tap nhitng mau M={P;,
P,, ..., P,} dung dé nén CSDL 6.



Pat LE(M) 1a chidu dai md ta cia md hinh M va LS(6 |M) 1a chidu dai mo ta

cua CSDL 6 khi n6 dugc mé hoa vai su trg gidp cua moé hinh M va ma hoa C.

Vi thé téng chiéu dai mo ta caa dir lisu 1a LSw(6 )= LS(M) + L6 |M). Su
khac nhau ctia cac mé hinh va cach ma héa dan t&i sy khac nhau cua chiéu dai mo
ta cta co so dir ligu. Tir d6 nguyén ly MDL la tim cach chon ra md hinh M va ma
héa Csao cho LS4(6) = LY(M) + L(6 M) nhé nhét.

2.3. PHUONG PHAP MA HOA DU LIEU
2.3.1. Mi héa va giai ma s6 tw nhién

Trong viéc ma hoa cua ddy, ta can phai biéu dién nhi phan cua nhitng sb tu
nhién dung dé chi ra sé khoang tréng giita nhirng ky tu trong ma héa mot tir. Ta
ding mé hoa Elias duoc nhu sau: v6i s ty nhién n biéu dién nhi phan E(n) bat dau
dung can dudi cua log,(n) bit 0 va theo sau bai biéu dién nhi phan cua nd. Véi cach
nay, chiéu dai ma hoa Elias 1 2[log,(n)]+1 bits. Vay chiéu dai ma hoa Alias dai gip
d6i ma hoa chuan cua n vi thé ma hoa khoang trong ngan hiéu qua hon khoang
trbng dai, day 1a cach phat nhitng mau nam roi ra trong diy vi nhitng mau nim roi

xa thi thuong 1 nhitng mau rdi rac va tbi nghia.
VI DU (m& hoa Elias)

M3 hoéa Elias duge miéu ta trong bang 2.1 cho tam sb ty nhién dau tién, sé 8
duoc ma hoa Elias 1 0001000 bit dau boi phan nguyén can dudi logy,8=3 s6 0 sau

d6 biéu dién nhi phan 1000 cua sb 8.

Bang 2.1 Ma Alias [4]

S M4 Elias E(n) | Sé M4 Elias E(n)

1 115 00101

2 010 | 6 00110
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3 011 | 7 00111

4 00100 | 8 0001000

Dé giai md chudi nhi phan chta nhiéu ma Elias rat don gian. That vay viéc
giai ma dau tién doc s bit 0 ddn dau cho t6i khi gap bit 1, dén luc niy ta biét can
phai doc bao nhiéu bit nira s€ chdm dit m3 Elias hién tai. Tién trinh nay duoc lap lai

cho mbi khbi mé Elias dé giai ma hoan tdt mot chudi nhi phan.
VI DU (gidi ma Elias)

Chudi nhi phan 000100000100 dau tién doc 3 sd 0, gap bit 1 ta biét s& doc
3+1 bit tiép theo 1000 1a sd 8 xong mot khéi, sau d6 doc 2 s6 0 ta biét s& doc 2+1 sb
tiép theo 1 100 1a sb 4 két thuc, két qua nhan dugc 84.

2.3.2. Phwong phap nén va hiéu qua nén

Cho X = { ay, @, ..., a,} la bang chir cai chura tap hop cac ky tu a. Mot tu
dién D 1a mot bang voi hai cot: cot thir nhat chira danh sach cac tir wy, Wo, ..., Wy
bao gom tit ca nhitng ky tu trong bang chit cai X, trong khi cot thi hai chira danh
sach cua nhitng tir md cho mai tir w; trong tir dién va duoc ky hiéu 1a C(w; ).Biéu
dign nhi phan cua mot tir dién dugc cho nhu sau: né bat dau véi n tir ma cua tat ca
nhitng ky tu trong bang chir cai theo sau boi biéu dién nhi phan cua cac tir khéng
don. Vi mdi tir khong don w, biéu dién nhi phan caa n6 chira mot ddy cac tir ma
cua cac ky tu cua nd theo sau boi biéu didn cua C(w). Vi du tir w=abc duoc biéu
dién trong tu dién nhu C(a)C(b)C(c)C(w). Biéu dién nhi phan nhu trén cho phép ta

dat bat ky mot tir ndo vao trong tir dién cling vai tir ma caa no.
VI DU (Tu dién nén dir liéu va hiéu qua nén)

Trong bang 2.2, hai tir dién khac nhau D; va D, duoc dua ra. Tir dién thir

nhét chira ca tir don va khong don trong khi tir dién thir hai chi chira cac tir don

Bang 2.2 Cach ma hoéa va hiéu qua nén



11

Tir dién D1 Tir dién D2

Tir Tirma C, Tan suét Tir Tirma C, Tan suét
a 000 2 a 01 4

b 011 2 b 10 4

c 010 2 c 11 4

d 011 2 d 000 2

e 11 2 e 001 2
abc 10 4

S=abcabdcaebc
C1(abc)E(1)E(1)C4(abc)E(1)E(2)C4(d)C,(abc) E(2)E(1)Ca(e) C1(8)C1(b)C1(c)C41(a)C1(b)Cy(d) C1(c)C1(a)C1(e)Cy(b) Ci(c)
LCY(S)= 46 bits LY(S)= 57 bits

Hiéu qua nén khi thém mau abc vao tir dién dé nén diy S, benefit(abc)= 57-46= 11

bits.

Vay van dé cua ta la tim mau nao nén dir liéu hi€u qua nhat dua vao tur dién.

2.4. MA HOA VA GIAI MA MQT DAY CAC TU

Cho ty dién D, mot diy S duge mi hoa boi viée thay thé cac vung (instance)

clia nhiing tir trong tu dién trong ddy boi nhitng con tré. Mot con tré p thay thé mot

ving cua mot tir w trong diy S 1a mot diy cua nhimng bit bat dau boi tir ma C(w)

theo sau la danh sach cac ma Elias chi ra khoang trong ciia cac ky tu lién ké trong

vung cua tur trong S. Trong trudng hop 1a tir don con tré chi chira tir ma tuong ng.

VI DU (con tré)

Xét ddy S = abcabd _caebc c6 ba viung chira tir w=abc tai cac vi tri (1,2,3),

(4,5,8) va (8,11,12) duoc gach dudi. Néu tir abc da co trong tir dién véi tir ma 1a

C(w) thi ba 1an xuét hién trén c6 thé thay thé boi ba con tréo p;=C(W)E(1)E(L),

p2=C(W)E(1)E(3), p3=C(W)E(2)E(1).
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Ma hoéa mdt day co thé duoc dinh nghia nhu sau:
DINH NGHIA (ma héa mét day) [4]

Cho mét tir dién D, md hoa mot diy cua S 1a sy thay thé nhimg ving cua

nhirng tir trong ty dién boi con tro.

M3 hoéa trong dinh nghia trén dugc hoan tit néu tit ca nhitng ky tu trong diy
S duoc mé hoa. Trong viéc nay, chiing ta xem xét chi nhitng ma héa di hoan tt.
Trong ma hoa C cia mot diy S, tan suat ciia mot tir w ky hiéu 13 fo(w) duge dinh
nghia nhu 13 s6 1an tir w duoc thay thé béi con trd cong voi sd 1an tir duoc biéu dién

trong bi€u dién nhi phan cua tur dién.

Vi DU (M4 hoa day)

Trong bang 1.1, tu dién D; va D, duoc tao co sé dua trén ma hoa C; cua day
S=abcabdcaebc. M4 hda C, thay thé ba 1an tir abc trong diy S boi con tro. Vi thé tan
suét cua tir abc dugc dém nhu 1a s6 con trd thay abe cong véi s6 1an xuét hién trong
tu dién vay fo(abc)=4. Trong khi mic du a khong thay thé bat ky mét con trd nao
nhung né hién dién hai 1an trong biéu dién nhi phan cua tir dién vi thé fo(a)=2.
Tuong ty nhu thé cho tan suat cta nhimng tir khéc.

Véi mbi tir w, biéu dién nhi phan ctia tir ma C(w) phu thudc vao tan sudt cua
né trong viéc ma hoa. Goi Fe= X,,cp f- (w) 12 tong clia nhitng tan suat trong tat ca
nhirng tir trong tir dién ctia ma hoéa C. Tan suat lién quan ctia mdi tir w xac dinh nhu

felw)

Fe

la c6 thé xem nhu phan phdi xac sut dinh nghia trong khong gian cta tit ca

f s < ne s Folw)
cac tir trong tu dién boi vi X,ep % =1.
[
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Vay ton tai mot ma hoa tién t6 C(w) sao cho chiéu dai ma hoa can xting vat

fe(w)
Fe

1y v6i tin sudt cua tir, nghia 1a |[C(w)| ~ — log , nghia 13 nhitng tr mi ngin

dugc gan dén nhirng tir c6 tan suat l1on. Nhu vay ma héa duoc té1 vu trong tat ca

nhirng két qua ma hoa trong phan phdi tan suat ciia cac tir trong tir dién.

Tiep tuc nodi ve giai thuat gidi ma mot day da dugc ma hoa. Dau tién noi vé
cach lam thé nao dé doc mdt tir dién da dugc biéu dién nhi phan. Mot biéu dién nhi

phan cua mot tir dién c6 thé dugc giai ma nhu sau:

- Doc tir ma clia tat ca nhitng tir don cho dén khi xay ra su lap lai cua bat ky
mot tir don nao.

- Ting bude doc tir ma cia nhitng tir khong don w bang cach doc ndt dung
cua tor w, doc mot day cac tir don da biét cho dén khi doc dén tr ma chua théy bao

gid d6 1a C(w) tir ma tir khong don trong tir dién.
VI DU (Gidi ma tir dién)

T dién D; trong bang 2.1 ¢6 biéu dién nhi phan
C1(a)C1(b)C1(c)C1(d)C1(e)C1(a) C1(b)C1(c)Cy(abc). Pau tién doc tat ca tir ma cua tat
ca cac tir don a,b,c,d,e. Dung lai khi 1ap lai mot tir mé cua tir don xay ra, trong
truong hop nay khi ta thdy lap lai tir ma coa tir don a 1a C,(a). Trinh giai ma biét
rang do6 1a bat dau caa mot tir khong don vi thé né tiép tuc doc nhirng tir ma theo sau
cho dén khi gap mét tir ma chua thay trudc d6 bao gio Cy(abe) d6 1a tir ma sau cing

cua tir khong don abe trong tir dién.

Cho truéc mot tr dién, mot day duogc gidi ma bdi doc moi khoi ctia chuoi

nhi phan theo tir boi con tro. Moi khéi duoc doc nhu sau:

- Poc tir ma C(w) va tham chiéu dén tir dién dé nhan thong tin vé tir w.
- Néu tir w 1a mét tir don thi tiép tuc doc khéi ké tiép. Nguoc lai dung ma hoéa

Elias nhan |w|-1 khoang tréng trudc khi tiép tuc doc khdi ké tiép.
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Vi du sau ddy néi 1én cach 1am thé nao giai ma mot day
C1(abc)E(1)E(1)C4(abc)E(1)E(2)C4(d)C1(abc)E(2)E(1)C4(e) Vi su hd tro tu dien
D;.

VI DU (Giai ma mét day)

Trinh giai m3 dau tién doc Cy(abc) roi tham chiéu dén tir dién biét chidu dai
13 3 vi thé doc hai s6 dung ma Elias. Tiép tuc doc khéi ké tiép C,(abc)E(1)E(2) ciing
Vvé6i cach tuong tu ¢ ma hoa ving cua abce. Sau khi gap tir ma C4(d) tham chiéu dén
tir dién noi rang khdng cé khoang tréng theo sau vi thé trinh giai ma tiép tuc doc
khdi ké tiép voi cach twong tu nhu thé dé giai md ving cudi cing cua abc va tir don

e.
2.5. BAI TOAN TIM MAU NEN

2.5.1. Dinh nghia (Bai toan nén day) [4]

Ky hiéu gc(w) 1a tong chi phi cua mé hoa cac khoang tréng boi ma Elias cua
tir w trong ma héa C. Vay thi chi phi khoang tréng cho tat ca nhing tir don 1a 0.

Chiéu dai mé ta cia CSDL 6 ma hoa béi ma C c6 thé dugc tinh toan nhu sau:

LS(6) = X,cn(ICw)| = £.(w) + g (w)) (1)

E
= Zwep(log—=—* fo(w) + gc (W) (2)
few)
Ta ky hiéu LP( 6) 1a chidu dai cia CSDL 6 trong ma héa t5i wu Cj khi da
cho tir dién D. Bai toan tim nhitng mau nén duoc dé ra nhu sau:

Cho CSDL tuan tu 6, mot tir dién téi vu D* va m hoa toi uu Cp dé dung

nhiing tir trong ty dién D* ma hda CSDL 6 sao cho

D™= argming LL;,D( 0) .
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Dé giai quyét van dé nén mot diy ching ta can phai tim cing mot lic tir dién
t6i vu D" va ma hoa téi vu C'p va dung tir dién D* dé mé hoa CSDL 6.
2.5.2. Két luan

Vay qua nghién ctru cac thuat toan ta thiy rang do phirc tap cao cho nén khoé
thé dung phuong phap duyét hét moi trudong hop dé tim mau, vi trong mdi 1an duyét

nhu vay, khi td hop bung nd trong mdi mau ta phai tinh toan hiéu qua nén rat phirc

tap do d6 phai tim ra mot phwong phap tot hon dé tranh sy bung nd cua t6 hop.
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CHUONG 3
THUAT TOAN KHAI THAC MAU NEN

Nhu d3 trinh bay ¢ trén viéc khai thac mau tuan tu dong co nhiéu mat han
ché nhu gdp phai mau trung lap, t6i nghia. Dé khac phuc van dé trén trong doan nay
trinh bay hai thuat todn Heuristic 14y ¥ tudng cua thuat todn Krimp, bai toan khai
thac nhitng miu dung dé nén co so dit lidu. Ta nghién ctru hai thuit toan SeqKrimp
va GoKrimp, Seqkrimp 13 budc dém tim mau nén nhung thuat todn chinh 13 thuat

toan GoKrimp hiéu qua hon, tim ra nhirng mau kha dung va dé hiéu hon.

3.1. THUAT TOAN SEQKRIMP

Truéc khi trién khai thuat todn SeqKrimp ta nghién ctru cac thuat céc thuat

toan thanh phan can c6 dé SeqKrimp can goi.

3.1.1. Thuit to4an ldy miu tuin tuy dong GetCandidate()
GetCandidate() 1a thuat toan iy cac mau tuan ty dong theo mot do hd tro toi
thiéu cho trugc (minsup) rdi tir mau nhitng mau nay SeqKrimp s& chon lai nhitng

mau nén tot nhat va trich ra.
VI DU: (Khai thac mdu tuan tw déng)

Cho co s¢ dit liéu tuan tu nhu sau:
S1= (a,1)(b,2)(a,3)(b,4)(c.5)

S2= (a,1)(b,2)(a,3)(b,4)(c.5)

S3= (a,1)(b,2)(a,3)(b.4)

S4= (a,1)(b,2)(a,3)(b.4)

S5= (a,1)(b,2)(a,3)(b,4)(c.5)

S6= (a,1)(b,2)(a,3)(b,4)(c,5)

Dung ham GetCandidate() dé 1y tap mau tuan tu dong cho truéc minsup=4/6.
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Bang t6 hop cac mau va do hd trg

Mau |a ab aa ac b ba bb bc

Sup 6/6 6/6 6/6 4/6 6/6 6/6 6/6 4/6
Mau Cc aba abb aab aac bab bac abc
Sup 6/6 6/6 6/6 6/6 4/6 6/6 4/6 4/6

C4c mau duoc chon 14

nén tap tng vién mau tuan tu dong chi con lai.(Gach duwdi 1a con thuc s ma cing
supp)

C={aba, abb, aac, bab, bac} 1a tip mau tuan tu déng thoa support.
3.1.2. Thuit toan so khép véi chi phi toi thiéu MinGapMatch [4]

Vén dé chinh trong tha tuc nay 1a cho trugc mot ddy S va mot mau P, tim vj

tri ciia P so khép trong S c6 chi phi khoang tréng nho nhat.

Bai toan dit ra 1a tim nhimng vi tri so khép cia mau P = ay, ay, ..., & c6 khoang

trbng (gap) nho nhat. it la, lgys . 1g, 1a danh sach két hop voi nhimng tir ciia mau
P, phén tir thit j ciia danh sach 1, chira hai gia tri ky hiéu 1a I [j] va Ig [j] . Gia tri
thir nhat I [j] chtra vi tri ciia a; trong day S, gi4 trj thir hai I3 [j] chita chiéu dai ma
hoa Alias,so khép cham dut tai vi tri Ié:[]]

Thuat toan tim so khép voi tir P v6i chi phi khoang tréng nho nhit bang cach

duyét qua danh sach I, véii=1,2,...,k vatinh Iﬁi[j] bdi cong thirc sau:

g, ] = min, {1z [p] +E(lz[j1 - Iz, [PD} (3)

Trong do6:

L 01=0v6ij=1,2, ..,
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E 12 ham do chiéu dai cia ma hoa Alias vi du s6 3 biéu dién 011 vay E(3)=3.

o Doan ma gia [4]:

Thuat Toan minGapMatch(S;,P)

1: Input: Day S, tr P = ay, @y, ..., & va danh sach cac vitri Iy Iy ... g,

2: Output: So khép véi chi phi khoang tréng nho nhét
3 fori=1tokdo

4: for j=1to |l | do
6: endfor
7 endfor

8:  Tra vé so kh6p véi chi phi nho nhét

Vi DU MINH HOA:

Cho day S=(b,0),(a,1),(a,2),(b,4),(a,5),(c,6),(b,7),(b,9),(c,11).

S=baa bacb_b ¢ va mau P=abc. Tim mau P tai vi tri ndo c6 chi phi khoang tréng

nhé nhit.

EN N EN N nn

El KN B I Em ) - 3 ¢
—

== =

/E

Hinh 3.1 So khép khodng céach téi thiéu[4]



19

Céac budc cu thé cua thuét toan

Budc 1: I, chira ba phan tir I2 = 1, I = 2, [ = 5 chi ra vi tri clia a trong diy S. Dau

tién khoi tao gid tri thir hai ctia danh sach 12 [p]=0 ( p=1,2,3).

Budc 2: I, chira bdn phén tir [3=0,1} = 4,1} = 7,1} = 9 chi ra vj tri cia b trong diy
S. Theo cOng thuc (3) chung ta tinh gia tri thir hai cua danh sach 1 nhu sau, véi

truong hop 17 .
L, =ming {1 [P+ E(l; — I [pD }
=12 +E( —12)=3
V& mot miii tén ndi I, va Ip. Tuong tw nhu trén tinh 12 =3 va 12 =5,
Budc 3:1, chira hai phan tir I2 = 6, I2 = 11 chi ra vi tri ciia ¢ trong diy S.

Nhimng gid trj IZ = 6, I} = 8 duoc tinh twong tu nhu trén. Trong sd ching thi [2= 6

bits 14 gia tri nho nhat vi thé so khép cua abe trong S vé6i chi phi khoang tréng nho
nhat theo ving ctia abe trong diy S tai vi tri (2,4,6).

Két luan: Tim duoc so khdp abc trong S c6 chi phi khoang trong nho nhét tai
(2,4,6).

3.1.3. Thuat toan tinh hi¢u qua nén Compress [4]
Cho trudc mot diy S va mot mau P. Van dé 1a nén day S béi mau P va tinh

hi€éu qua nén cua no.

e Doan mé gia [4]:

Thuat toan Compress (6/P)
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1: Input: CSDL tuin tu 6 ={S.,S,, ..., Sy } va mot mau P
2: Output: Hiéu qua nén cta viéc thém P vao tir dién D

3: L% (6) « chiéu dai nguyén thuy cia dit liéu

4: for S;e6do

5: while S; c6 chira vung P do

6: s « minGapMatch(S;,P)

7. thay thé s bai con tré dén P trong ty dién
8: endwhile

9: endfor

10:  L(6 | DU{P}) « chiéu dai cua dit liéu sau khi thém P

11: Travé L% — L(6 |D U {P))

. Vi DU MINH HOA:
Cho day S=bacdbcacbadc va mau P=bac. Tim hiéu qua nén.

Giai: Ta c6 bo tir dién ban dau D={a, b, c, d}va thém vao mau bac duoc bo tir dién

D={a,b,c,d,abc} sau d6 tinh tan suat cua ting tur:

Tu a b c d bac

Tan suat 1 1 2 3 4

Vay ma Huffman:

Tu a b c d bac

Tur ma 000 001 01 10 11
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Qua d6 biét chiéu dai tirng tir ma va tinh hiéu qua nén: Vi c6 3 1an so khép giap mau

bac, lan dau hiéu qua 4=8-(2+1+1), lan hai la 2, 1an ba la 2.
Vay hiéu qua nén ciia mau bac, benefit(bac)=8.
3.1.4. Thuit toan khai thac miu nén SeqKrimp [4]

Trong phan nay, gi6i thiéu thuat toan khai thac nhitng mau nén tir moét CSDL
tuan ty twong tu thut toan Krimp cho dit liéu Itemset. SeqKrimp mé ta trong thuat
toan bao gdm hai pha. Trong pha thir nhat, mot tip hop cac mau tng vién duoc phat
sinh boi dung thuit toan khai thic mdu tudn ty déng mau tudn ty dong

GetCandidate().

Trong pha thir nhi, thuat toan SeqKrimp chon mét tip nhiing mau tét tir tap

cac ung vién co s¢ dya trén mot thu tuc tham lam ComPress.

o Doan ma gia [4]:

Thuat Toan SegKrimp(0)

-

: Input: CSDL 6

N

Output: Nhirng mau nén

3: C « GetCandidate()

4. D « X

5: while C = 0 Benefit (P") > 0 do

6: for Pe C do

7: Benefit(P) « Compress (6 | P)

8: end for
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0: P" « argmax p Benefit(P)

10: if Benefit(P") < 0 then

11: break

12: endif

13: D« Du{P}

14: C e« C\{P}

15: Dung thuat toan 1 dé thay thé tit ca nhitg ving ctiia P~ béi nhimg con
tré

16:endwhile

17:Travé D

. Vi DU MINH HOA:
Gia str co CSDL nhu trong [4], ta ¢6 cac budc thuc hién nhu sau:

S1=(a,1)(b,2)(c,3)(a,4)(b,5)(c.6)
S;=(a,1)(b,2)(c,3)(a,4)(b,5)(c.6)
Ss=(a,1)(b,2)(c,3)(a,4)(b,5)
S,=(a,1)(b,2)(c,3)(a,4)(b,5)
Ss=(a,1)(b,2)(c,3)(a,4)(b,5)(c.6)
Se=(a,1)(b,2)(c,3)(a,4)(b,5)(c.6)

Khai thac mau nén véi thuat toan SeqKrimp

-Trudc tién & pha thi nhat thuat todn GetCandidate() cho ta tap tng vién cac mau
tuan tu dong C={abc,cb,ba}.

-0 pha tht hai, tinh hiéu qua nén khi dua tirng mau vao tir dién D= {a,b,c} sau d6
tinh hiéu qua nén ta dugc benefit(abc)= 20, benefit(ch)= -5, benefit(ba)= -5.



23

Mau abc ¢6 hiéu qua nén duong cao nhat dua vao tir dién.
D={a,b,c,abc}

Xba abc khoi co so dir liéu vay dix liéu con lai la:

S]_: ..................................

82: ..................................

S3=iiiiii, (a,4)(b,5)

Si= i, (a,4)(b,5)

S5: ...................................

86: ..................................

Lap lai qua trinh trén voi co so dir liéu mai cap nhat va tinh hiéu qua nén cia mau
ba va cb ta thiy khdng c6 hiéu qua nén duong nao, thuat toan dirng.

Két luan: Trich duoc mau nén abc.

Téc do thyc thi nhanh hay chdm cia SeqKrimp phu thudc hoan toan vao tdc

do cua Getcandidate.

Dé khic phuc tinh trang trén dua ra thuit toan GoKrimp, tw phat sinh mau

ma khong can nho 14y mau cua GetCandidate().
3.2. THUAT TOAN GOKRIMP

Thuat toan GoKrimp khoi dau 1a nhitng tir don F céc su kién phé bién, su kién nao
s& duoc chon dé tranh phai sy bung nd t6 hop. Pua ra mot ki thuat kiém tra su phu
thudc ctia mot su kién e vao mot mau P, su kién e goi 1a phu thudc vao mau P néu

thoa kiém tra ddu
3.2.1. Kiém tra sy kién c6 lién quan

Tinh hiéu qua nén cta lan m¢ rdng mau tiéu ton nhicu thoi gian bdi vi nhiéu

1an tim kiém cho so khdp khoang tréng nhé nhét cua phan néi rong trong co s dix



24

ligu. Vi the, tap hop cac sy kién chon d€ ndi rong mdt mau dugc gidi han dén tap
hop cua nhiing su kién c6 lién quan dén nhiing viéc xay ra cia mau da cho. Sau do,
su kién khi thém vao mau da cho c6 hiéu qua nén tot nhat dugc chon dé ndi rong

mau nay.

Dé kiém tra sy lién quan gitra mot mau P va mot su kién e ding phuong
phap kiém tra du (signtest). Cho m cip sé nguyén (Xi, Y1), (X2, Y2) ... Km Ym),

ky hiéu N* 1a $6 nhiing cdp sao cho X; > Y voii=l, 2,...,m.

v

...... C...a....b|....e...e.e..l....e............. |

L R

Hinh 3.2 Kiém tra si ki¢n lién quan

Kiém tra ddu duoc ap dung dé kiém tra su phu thudc gitta mdt mau P va mot

su kién e nhu sau. V&i mdi day S € 6 va mot su kién ¢ € P ky hiéu S(c) phia trai

nhit viing ctia ¢ trong S.

Xét khoang cach bén phai sau vi tri cudi cing cua S(c) nhu minh hoa trong
hinh3.1, khoang cach ndy duoc chia thanh hai phan bang nhau 1a L va R, ky hiéu
tan suét cta su kién e trong hai khoang con 13 L va R twong tng. Ta ky hiéu tan suit
ctia su kién e trong hai khoang con 13 L, va R, . Néu sy kién e 1a doc 1ap véi sy xuat
hién ctia S(c), ching ta ky vong ring e xuat hién ngiu nhién bén trai L va phai R 1a
nhu nhau. Vi thé sb ciia nhiing day trong do ta thdy L, > R, c6 thé duoc dung nhu
12 mot kiém tra thong ké trong kiém tra ddu cho viéc kiém tra sy lién quan cua su

kién e va mau c. Kiém tra dugc thuc hién véi moi su kién ¢ € P va su kién e duogc

xem nhu lién quan dén véi mau P néu nd vuogt qua tat ca nhimng kiém tra phy thudc
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ddi véi tat ca nhiing su ki¢n thudc vé P. Khi mot kiém tra dugc thuc hién ching ta

giit lai doan ma két qua phu thudc dung lai cho giai doan sau.
. Vi DU MINH HOA:
Gia str co CSDL nhu trong [4], ta ¢6 cac budc thuc hién nhu sau:

S:i=(a,1)(b,2)(c,3)(a,4)(b,5)(c,6)

S»,=(a,1)(b,2)(c,3)(a,4)(b,5)(c,6)

S3;=(a,1)(b,2)(c,3)(a,4)(b,5)

S4=(a,1)(b,2)(c,3)(a,4)(b,5)

Ss=(a,1)(b,2)(c,3)(a,4)(b,5)(c,6)

Se=(a,1)(b,2)(c,3)(a,4)(b,5)(c,6)

Cho trudc sb day thoa kiém tra N=4, néu L.=R. thi vuot qua kiém tra diu. V&i mau

P={a} thi su kién nao cé lién quan vaéi P?
Day S, sau tir a cudi cing ta chia 1am hai khoang L={b} va R={c} ¢4 b.
Tuong tu cho cac day sau, su kién b thoa kiém tra dau ca 6 ddy >N=4.

Két luan: sy kién b c6 lién quan véi mau P={a}. Tiép tuc nhu thé ta tim nhing su

kién co lién quan dén miu P={ab}...

3.2.2. Thuit toan néi rong miu GetNextPattern [4]
Thuat toan dung dé tu khai thac truc tiép mau nén, thay thé cho thuét toan
GetCandidate() cua SeqKrimp().

o Doan mé gia [4]:

Thuat Toan GetNextPattern(0)

1:  Input: CSDL tuan tu 6 = {S1,S,, ..., Sn }

2: Output: P xap xi ctia miu nén tot nhat
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3: P « {0}

4: F < nhitng su kién phd bién

5: while ( True ) do

6: for e €F do

7: Benefit(e) « Compress(D | P,e)
8: endfor

0: e’ « argmax. Benefit(e)

10: if Benefit(e) < 0 then

11: break

12: endif

13: P e Pe

14: 6 « 6u6cluongdéne

15: F « nhitng sy kién phd bién lién quan
16:  endwhile

17:  TravéP

3.2.3. Thuit toan khai thac trwe tiép miu nén GoKrimp [4]
D4y la thuat todn trong tdm cua dé tai, sir dung nhitng ¥ tuéng, cac thuat toan
thanh phan d trinh bay phan trén.

o Doan mé gia [4]:

Thuit Toan Khai thac truc tiép mau nén GoKrimp()
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1:  Input: Co S¢ Dit Liéu tun tw 6 = {S;,S,, ..., Sn }
2: Output: T4p nhing miu nén

3: D « X

4:  while Benefit(P") > 0 do

5: P" « GetNextPattern(6)

6: if Benefit(P") < 0 then

7 break

8: endif

e} D« DU{P}

10: Dung thuat toan 1 dé thay thé tt ca nhirg ving ctia P~ béi nhitng con
tro

11:  endwhile

12:  TravéD

. Vi DU MINH HOA:

Cho Co s dit liéu tuan tu chira cac ddy tuan ty nhu sau:
1 2 3 4 5 6 7 8 9 10 11 12 13 14

S=  a ¢ a e b a d e a d b ¢ d e
S2= ¢ a e ¢ b d a b ¢ d e

S3=a b ¢ e d a ¢ b d ¢ b ¢ e
S4= d a e ¢ b a d b ¢ b d e
(a,b,c,d,e la cac tur don)

Xéc lap bang chir cai dua vao tir dién D={a,b,c,d,e}



28

Bang phan phdi x4c suat dé tinh chiéu dai tir ma [C(w)| ~ — lug@
C
a b C d e
Tan |11 11 11 11 11
suat
Chiéu | 2~log(55/11) | 2~log(55/11) | 2~log(55/11) | 3~log(55/11) | 3~log(55/11)
dai
e MauP=

e Nhirng su kién pho bién dua vao F

F={ab,c,d,e}

Khai thac truc tiép mau

N&i rong mau

Véi mdi su Kién X € F ta n6i rong mau dung thuat toan GetNextPattern(6)

* N61 rong voi x= a: Pat do sai khac kiém tra dau 1a 0.01 va s6 cap vuot qua kiém

tra diu 1a 4 cap.

° Su kién b c6 lién quan véi a do kiém tra dau

Su kién ¢ ¢6 lién quan véi ab

Vay ta dugc mau noi rong 1a abc.

Tinh hiéu qua nén

a b c d e abc
Tan suat |8 8 8 11 11 6
Chiéu dai |3 3 3 2 2 3




29

. Su kién e khong c6 lién quan véi a do kiém tra ddu
Tuong ty nhu thé ta néi rong mau va tinh hiéu qua nén
*N&1 rong voi x= b: khong co6 su kién lién quan

*No1 rong voi x= c: khong co6 su kién lién quan

*No1 rong voi x= d: khong c6 su kién lién quan

*No61 rong voi x= e: khong co su kién lién quan

Vay ta co6 mdt mau c6 hiéu qua nén duong la abc , mau cé hiéu qua nén tdt nhat
benefit(abc)=20 dua abc vao bo tir dién D.
D={a,b,c,d,e,abc}
Hi€uch inhl @i CSDL 6 theo m4u abc
X6éa ving cua abe trong Co s& dit liéu bang cach dung thuat toan qui hoach
dong mingapMatch, twong tu nhu thé tinh hiéu qua nén cua ac theo tir dién méi cap

nhat D={a,b,c,d,e,abc}

1 2 3 4 5 6 7 8 9 10 11 12 13 14
S1= a ¢ a e b a d e . d _  _ d e
S2= e a e C b 4 _ _ _ d e
S3= e d b _ ¢ b C e
S4= d a e ¢ b d b d e

Tuong ty nhu trén tinh hiéu qua nén benefit(ac)= 2 duy nhat dua ac vao bo tir
dién
D={a,b,c,d,e,abc,ac} thuat toan két thic.
Két luin

Mau duoc trich ra 1a abc, ac.
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CHUONG 4

THU'C NGHIEM VA KET LUAN

Trong phan trinh bay lai két qua thyc nghiém cia tai liéu tham khao [4]. Céc tac

gid s€ so sanh tdp nhitng mau dugc dua ra bdi SeqKrimp va GoKrimp doi voi

nhiing thuat todn co ban sau:

° BIDE: BIDE duoc chon bai vi n6 1a mot trang thai cua tiép can khéo léo cua

khai thac nhitng mau tuan tu dong. BIDE ciing dugce dung dé phat sinh nhitng tap

ung vién cho SegKrimp, ham GetCandidate().

. SQS: duoc dé xuat gan day boi Tatti va Vreeken[6] cho viéc khai thac nhitng

mau nén trong CSDL tuan tu.

o PGOKRIMP: 1a thé hé truéc cua thuat toan GoKrimp (ky hiéu la
pGOKRIMP) di duoc cong bd trude diy. Ta dung ca pGOKRIMP trong viéc so

sanh dé minh chtng hiéu qua cua sy duyét lai ma héa dugc 1am theo bai thuat toan

GoKrimp.
Bang 4.1 MAu tuan ty déng[4]

Phwong phap Mau

SEQKRIMP Support vector machin State art Compon alnalysi Solv problem
Real word Hight demension Sampl size Kernel kernel kernel
Machin learn Larg scale Supervis learn Model select
Data set Futur select Support vector Train set
Bayesian netword Experiment result Loss function Loss loss

GOKRIMP Support vector machin State art Neural netword Well know
Real word Hight demension Expirement result ~ Special case
Machin learn Reproduct hilbert space Sampl size Solv problem
Data set Larg scale Supervis learn Signific improv

SEARCH_SQS

Bayesian netword

Support vector machin

Independ compon alnalysi

Larg scale

Support vector

Futur select

Object function

Sampl size
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Real word Nearest neighbor

State art Decis tree

Data set Neural network

Bayesian netword Cross valid
pGOKRIMP Machin learn learn learn Result show

Algorithm Algorithm Algorithm Paper data

Data data data Problem problem

Data set data set Set set

Method method method Model model gener

Graphic model

Real word

Hight demension

Mutual inform

Result result

Machin learn

Perform perform

Paper propose

Machine kernel

Learn algorithm
Princip compon
Logist regress
Model select
Present algorithm
Such data

Learn learn
Show show

Function function

Nhiing mdu dwoc khai thac bdi SeqKrimp,GoKrimp,SQS va pGOKRIMP.

Mai bo dir lieu 1a mot co so dit liéu tuong trung nhitng ddy cac khoang voi

nhitng nhan 16p.

Bang 4.2 B¢ dir li¢u[4]

Tap dir liéu Su kién Day Lép
Jmir 787 75646 NA
Parallel 1000000 10000 NA
aslbu 36500 441 7
Aslgt 178494 3493 40
Auslan2 1800 200 10
Pioneer 9766 160 3
Context 25832 240 5
Skating 37186 530 7
unix 295008 11133 10

TOm tat cua nhiing bg diz lidu

Hon nita hai tap dit liéu ciing duoc dung dé danh gia nhitng tiép cin dugc dé

XUt trong giéi han cua viéc 1am sang to cac mau. Tap di liéu dau tién JMLR chira

787 ban tom tat cua Tgp chi nghién cizu may hoc . IMLR duogc chon bai vi né tiém

tang nhitng miu quan trong va dé dang lam dé hiéu. Tap di liéu tha nhi 1a dir liéu

tir tao v6i nhitng mau da biét. Voi tap dir liéu nay cac tac gia danh gia nhitng thuat
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toan dugc dé& xuat co so dua trén do chinh xac cua tap nhitng mau tra vé boi moi
thuat toan. Panh gia duoc thuc hién véi 4 x 2.4 GHz, 4GB Ram, Fedora 10/64-bit.

TOm tat, nhitng céch tiép can da dé& xuat duoc danh gia theo nhitng tiéu

chuan sau:

Tinh dé hiéu dé dinh gia mét cach khéng chinh thirc tinh c6 nghia va du thira cua
nhirng mau.

Thoi gian thuc thi do ludng tinh hiéu qua cua nhitng tiép can.

Do nén do luong muc d6 nén dir liéu.

Phan I6p chinh xac do ludng tinh hitu ich caa tap cac mau.
4.1. BQ DU LIEU THU NGHIEM

4.1.1. B dir liéu JMLR

Khai thac nhitng miéu ta cua mau thi khong giam sat duoc, rat khd so sanh
nhitng tap khac nhau cua nhitng mau trong trudng hop tong quat. Hon nita véi dit
liéu van ban n6 co thé 1am rd nghia mau trich ra. Trong viéc nay céc tac gia so sanh

nhitng thuat toan khac nhau trén tap dir liéu JMLR.

Véi thuat toan GoKrimp, mirc d6 dang quan tdm dung trong kiém tra dau
duoc dat dén 0.01 va s cip it nhat dé hoan thanh kiém tra dau 1a 25. Vi thuat toan
SeqKrimp, d6 hd trg nho nhat (minsup) 1a 0.1 tai diém ma 20 mau trén cung lay
dugc cua mdi thuat toan khong thay doi khi do hd tro nhé nhat dugc dinh nho hon.
Bang 4.1 biéu thi 20 mau trén cung c6 tir tap dir liéu JIMLR duoc trich ra bai thuat
toan SegKrimp, GoKrimp,SQS va pGOKRIMP.

Thuat toan pGoKrimp, 1 thé hé trudc caa GoKrimp tra vé nhiéu mau khdng
dang quan tam 1a do su phdi hop cua nhirng su kién phd bién. C6 su khac nhau trén
c6 thé 12 do pGOKRIMP ding cach ma hda khong trirng phat khoang tréng va né

khong xét dén tan sé mot mau khi gan tir ma dén mau.
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4.1.2. B dir liéu Parallel
Parallel 12 bo dit liéu tu tao bt chude nhiing trang thai tiéu biéu trong thuc té
noi dong dit liéu dugc sinh ra boi nam tién trinh song song doc 1ap. Mdi tién trinh P;
phat sinh mot su kién tir tap cac su kién { A;, B;, Ci, D, E; } theo thir ty d6. Trong
mdi budc, viéc phat sinh chon mot trong nam tién trinh gidng nhau mot cach ngau
nhién va phat sinh mét su kién boi ding cac tién trinh nay cho toi khi chiéu dai
dong dir liéu la 1.000.000.

Véi tap di liéu ndy, ching ta c6 mot nén thuc su tir d6 tat ca nhirng pha tron

cac su kién tir nhirng tién trinh song song khac nhau thi khdng 1a mot mau tot.

Ta nhan dugc 10 mau dau tién trich ra tir mdi thuat todn va tinh toan do
chinh x&c va truy hdi tai K. Do chinh xac tai K duoc tinh 12 ti sb cua sé mau thich
hop trong K mau dau tién dugc chon béi mdi thuat toan. Trong khi d6 truy hoi duoc
do luong 14 ti s6 nhitng kiéu cia mau thuc trong K mau dau tién dugc chon bai moi
thuat toan. Vi du, néu tap hop cua 10 mau dau tién chi chira nhitng su kién tir tap
{A,, B, C;, D;, Ei} vai mét i cho trude thi @6 chinh xac tai K=10 la 100% trong khi
d6 truy hoi tai K=10 1a 20%. Do chinh xac do luong tinh chinh xac cua tap nhiing

mau va do truy hdi do luong tinh da dang cua tap nhitng mau.

Véi bo dir liéu ndy thi thuat todn BIDE khong thé cham dut chay sau mot
tuan ngay ca néu minsup = 1.0. Nguyén do Ia tit ca nhiing to hop c6 thé c6 caa 25
su kién la nhitng mau pho bién. Vi thé két qua cua thuat toan BIDE va SeqKrimp bi
13i. Hinh 4.1 chi ra d6 chinh xac va d truy hoi cua ba thuat toan SQS, SeqKrimp va
GoKrimp khi K thay doi.

Trong diéu kién cua do chinh xac thi tat ca nhitng thuat toan déu tét boi vi
nhitng mau trén cung dugc chon tit ca thoa do chinh xé&c. Tuy thé, theo diéu kién
cua truy hdi thi thuat toan SQS xau hon hai thuét todn kia. C6 thé giai thich 1 thuat

toan SQS dung cach ma héa ma khong chap nhan ma héa nhitng miu dan xen. Vi
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bo dir liéu dic biét ndy noi ma nhitng miu dan xen dugc quan sat thuong xuyén thi

SQS lai thiéu ving.

4.2. THOI GIAN THU'C THI

Thue hién nhing thi nghiém dé so sanh thoi gian thyc thi caa nhitng thuat
toan khac nhau. Vi thuat toan SeqKrimp va BIDE, ta trudc tién dinh tham s6 do hd
trg nhé nhat dén gia tri nho nhit dwgc dung trong thi nghiém noi ma nhitng mau

duogc dung nhu 1a dac trung cua su phan 16p.

Thuat toan SQS thi tham sé tu do trong khi GoKrimp ding tham sb chuan
nhu d3 gi6i thiéu véi kiém tra dau vi thé thoi gian chay cua nhirng thuat toan nay
chi phu thudc trén kich ¢& dit liéu. Két qua cua thi nghiém duoc minh hoa trong
bing 4.3.

Bang 4.3 Thoi gian thuc thi va s6 mau trich[4]

Thei gian thuc thi (gidy) S6 mau

Bo dir Bide Segkrimp SQS  Gokrimp Bo dir Bide Segkrimp SQS  Gokrimp

ligu ligu

Auslan2 0.85 1.0 1.0 0.40 Auslan2 128 4 13 4
Aslbu 74.3 972 277 28 Aslbu 14620 52 195 67
Aslgt 73.7 1344 58501 1842 Aslgt 3472 56 1095 68
Poineer 114 65 15 9 Poineer 5475 21 143 49
Skating 67.3 183 123 85 Skating 3767 24 140 49
Context 309 402 86 44 Context 6760 15 138 33
Unix 1055 47111 84869 1824 Unix 28477 75 1070 165
Jmir 10 232 890 93 Jmir 4240 23 580 30

parallel U/N U/N 2066 342 parallel U/N U/N 17 23
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Qua két qua trén thiy rang SeqKrimp ludn luén cham hon BIDE béi vi n6
can mot tha tuc phu dé chon cac mau nén tir tap cac tng vién duoc tra vé boi thuat
toan BIDE.

Thuat todn GoKrimp xép thtr 1 hodc 2 theo do nhanh hon SeqKrimp hay
BIDE. Thuat toan SQS thi rat nhanh trén tap di liéu nho mac du van con cham hon
GoKrimp, tuy thé van nhiéu 1an chdm hon nhitng thuat toan khac trén tap di liéu
I6n nhu Unix, aslgt. Bang 4.3 ciing bao s6 cac mau dugc tra vé boi mdi thuat toan.
Thuat toan BIDE ludn tra vé nhiéu mau phu thudc vao tham sé do hd trg nho nhat.
Khi tham sé duoc dat thap thi s6 mau tra vé c6 khi 16n hon kich ¢& cua dit liéu. NOi
mot cach khéac, SeqKrimp, GoKrimp va SQS tra vé mot vai miu thich dang. Va

téng sé nhitng mau tra vé dudng nhu chi phu thudc trén kich ¢ dit ligu.

4.3. PO CHINH XAC PHAN LOP

Phan I6p 1a mét trong nhiing 4p dung quan trong nhat cua nhing thuat toan
khai thac mau. Trong phan ndy, cé4c tac gia thao luan két qua cua viéc dung nhing
mau trich ra clng vai tat ca nhitng tir don, nhu nhitng thudc tinh nhi phan cho thao
tac phan 16p. Pua ra mot céach tiép can dung nhitng tir don nhu 14 dic trung cua
nhitng tir don. Thuat todn nay cung véi BIDE dugc xem nhu 13 mot vach bién

ngang trong viéc so sanh.

Tat ca tham s duoc dat & gia tri mic dinh. Nhitng két qua cua sy phan 16p
thu duoc baoi trung binh cong do chinh xac phan 16p trén 10 phan doan xac nhan
chéo. Trong thuc nghiém, c6 hai tham sé quan trong: gia tri d6 hd trg nho nhat cho

BIDE va SeqKrimp va thuat toan phan 16p dung dé xay dung nhitng sy phan loai.

Vi thé, ta thuc hién hai thuc nghiém khac nhau dé luong gié tiép can dé xuat
khi nhitng tham sé nay thay d6i. Trong thuc nghiém tht nhat, nhitng d6 hd tro nho
nhat dugc dinh téi nhitng gia tri nho nhét va duogc trinh bay trong bang 4.4. Trudc
tién, tham s6 K duoc cho 1a khéng gidi han nhan nhiéu mau khi cé thé. Trong céch

lam d6, chung ta nhan duoc tap nhitng mau véi kich ¢ khac nhau va nhitng mau
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nay duoc xép thir tu giam theo thir hang dinh nghia boi mdi thuat toan. Dé tao su so
sanh cho du c6ng bang, nhitng mau tai diém cudi cua tip mau duogc xoa dé cing sb
lwong mau va bang sé mau nho nhat c¢6 duoc cua cac thuat toan. Hon thé nira nhitng
I6p khac nhau dugc dung dé lwong gia do chinh xac khi phan 16p. Diéu nay gidp ta
chon phan loai tét nhat cho thuc nghiém tiép theo. Bang 4.4 biéu thi nhitng két qua
cua thuc nghiém tha nhat. TAm cach phan 16p phé bién thuong dung duoc chon cho
su phan 16p. Gié tri s trong mdi 6 chi ra phan tram d6 chinh xac phan 16p cho mdi
truong hop. Cot cudi cling cua bang ndy tom tat két qua tét nhat, nghia 1a sé 16n
nhat cia mdi dong. Hon nita, voi mdi & cua cot nay, gia tri cao nhat theo két qua
phan 16p tét nhét trong tap dit lidu cling duoc td sang 1&n. Nhitng sé sang mau trong
cot cudi cung 1a s6 nhitng mau trén cung duoc tra vé bai SeqKrimp va GoKrimp thi
dé du doan hon nhitng mau tra vé boi BIDE. Trén mdi bo dit liéu thi SeqKrimp va
GoKrimp dat duoc két qua tét nhat. Ngoai ra, nhitng s sang trén mdi dong chi ra
rang phan I16p linear support vector machine (SVM) la tiép can phan Iép tot nhat

cho kiéu dit liéu nay n6 cho két qua tét nhat trong moi truong hop.

Bang 4.4 Phan lép[4]

Dir liéu Algorithm Naive | Random 148 VFI Linear RBF Kstar 1B1 Best

Bayes Forest SVM SVM
BIDE 22.50 29.00 25.50 22.50 26.50 23.50 25.50 25.50 29.00
SEQKRIMP 22.00 30.50 26.50 24.50 28.50 22.50 24.00 27.00 30.50
Auslan2
GOKRIMP 20.50 29.00 26.00 24.00 29.50 23.50 26.00 26.00 29.50
SINGLETONS | 22.00 29.00 27.00 23.50 29.00 22.00 25.00 26.00 29.00
BIDE 48.07 58.27 50.56 31.06 59.18 50.34 59.41 59.18 81.82
SEQKRIMP 52.15 60.31 51.02 26.98 59.86 52.07 59.18 57.59 82.27
Aslbu
GOKRIMP 52.38 54.87 50.34 24.26 59.86 53.28 59.18 58.27 81.90

SINGLETONS 51.24 54.89 50.79 25.17 58.50 51.24 59.64 57.14 81.04

BIDE 96.87 95.62 94.37 93.75 99.37 95.62 98.12 98.75 99.37

SEQKRIMP 100.0 98.75 99.37 93.12 100.0 100.0 90.37 93.37 100.0
Pioneer

GOKRIMP 100.0 99.37 99.39 95.12 100.0 100.0 99.37 99.37 100.0

SINGLETONS 100.0 96.67 99.37 95.12 100.0 100.0 98.75 99.37 100.0
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BIDE 60.75 57.73 54.33 50.37 63.77 57.33 48.49 47.6 63.77

SEQKRIMP 73.58 73.58 72.45 66.03 74.15 74.33 64.52 61.69 74.33
Skating

GOKRIMP 67.54 59.81 62.45 57.92 67.54 66.98 53.58 52.64 67.54

SINGLETONS 61.88 58.67 55.09 51.69 64.71 58.67 49.24 61.25 64.71

BIDE 77.50 70.83 75.00 71.25 74.56 70.41 70.41 61.66 77.50

SEQKRIMP 79.58 72.91 77.91 74.58 76.25 73.75 72.08 65.00 79.58
Context

GOKRIMP 80.83 75.41 80.00 77.91 82.08 78.75 74.58 72.18 82.08

SINGLETONS 78.75 68.33 71.40 74.16 76.66 74.16 67.50 61.25 78.75

BIDE 42.15 72.15 71.25 29.08 74.05 44.43 67.71 63.36 74.05

SEQKRIMP 54.80 73.81 72.09 37.48 74.26 45.90 70.25 65.85 74.26

Unix
GOKRIMP 54.09 73.88 72.05 37.70 74.33 45.87 70.39 65.87 74.52
SINGLETONS 57.77 73.90 72.05 38.06 74.52 44.43 70.77 66.35 74.52

Nhitng két qua phan I6p véi nhing mau diweoc ding nhw nhirng thuge tinh nh; phan.

Sé nhirng mau dung trong mai thudt toan thi can bang.
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Két qua phan 16p véi tuyén SVM khi ding di nhitng mau va minsup thay doi
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Hinh 4.1 Két qud phan lép[4]
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Trong thuc nghiém ké tiép, tham sé minsup duoc bién d6i dé thay két qua

cua su phan 16p bién d6i nhu thé ndo. Bai vi tuyén phan I6p SVM cho nhiing két
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qua tét nhat trong hau hét nhirng bo dit liéu, ching ta chon sy phan Iép nay cho thyc
nghiém. Hinh 4.1 chi ra nhitng két qua. Vi nét dic biét cia GoKrimp va Singletons
khong phu thudc vao cai dat minsup, két qua cua nhirng thuat toan nay khong thay

d6i du minsup khac nhau do d6 biéu dién 1a duong thang.

Két qua chi ra rang, trong hau hét cac bo dir liéu, them mau vao tap céc tur
don thi t6t cho két qua cua phan Iop. Tuy thé, hiéu qua caa viéc thém nhiéu mau thi
rat nhay cam véi minsup. Pac biét nhat 13 né thay doi dang ké tir tap dir liéu nay véi
tap dir liéu khéc. Cach chay cua BIDE c6 dac thu 1a khong 6n dinh, Vi du trong bo
dir liéu aslgt va skating thém mau, nghia 1a thap minsup, thuc té chang minh két qua
phén I6p cua BIDE. Hon nita trong bo dir liéu auslan2, aslbu, context va Unix thi
hiéu qua cua thém maiu toi nghia. Cach chay cua thuat toan SeqKrimp ciing rat
khong on dinh khi né ding nhitng mau trich ra bai BIDE nhu 1a cac mau Gng vién.
Vi thé can phai diéu chinh tham sb. Mic khac, két qua phan Iop cua GoKrimp
khong phu thudc vao minsup, nd tot hon tiép can Singleton trong hau hét cac truong
hop. N6 ciing tot hon BIDE trong nhiing b dir liéu day dic nhu 1a context, aslgt va

unix.

4.4. TINH NEN

Viéc tinh todn hiéu qua nén cua tap nhitng mau tra vé bai mdi thuat toan. Dé
so sanh cong bing, tap tit ca nhitng mau phai cing kich ¢& va bang s nhitng mau
nho nhat dwgc tra vé cua tat ca cic thuat toan. Vi thuat todn SeqKrimp va
GoKrimp nhitng hiéu qua nén duoc tinh todn nhu 13 tong hiéu qua nén tra vé sau
mdi budc tham lam. Vi nhitng mau dong, hiéu qua nén dugc tinh toan theo thu tuc
ma hoa tham lam dling trong thuat toan SeqKrimp. Véi SeqKrimp va BIDE, d6 hd
tro nho nhat duoc dat tai gia tri nho nhat theo thuc nghiém. Hiéu qua nén do luong
nhu 13 s cac bits duwoc luu khi ma hoa dir liéu nguyén thuy ding tap nhiing mau
trong tir dién. Vi thuat toan SQS dung ma héa khéc cho tap dit liéu trudc khi nén
nén khong thé so sanh tinh nén dugc cua thuat toan nay. Hinh 4.3 chi ra nhiing két

qua nhan dugc trong tam bo dir lidu khac nhau (két qua cua thuat toan trong bo dix
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licu parallel duoc bo qua béi vi ca SeqKrimp va BIDE cip do véi kich ¢ cua tap
dir liéu nay). Nhu ky vong, trong hau hét nhiing bo dit liéu, SeqKrimp va GoKrimp
c6 thé tim nhitng mau nén tét hon BIDE. Bic biét, trong hau hét nhirng bo dit liéu
I6n nhu 1a aslgt, aslbu, unix, context va skating thi sy khac nhau gitra SeqKrimp,
GoKrimp va BIDE rat dang ké. Thuat toan GoKrimp cd thé tim nhitng mau nén voi
chét luong twong duong nhu 13 SeqKrimp trong hau hét cac bo dir lidu tham chi tét

hon trong vai truong hop nhu la pioneer, skating va context.
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73281 700307 700229 caia 6719
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skating context unix jmlr

Bide Segkrimp GoKrimp

Hinh 4.2 Hiéu qud nén[4]

Hiéu qud nén (sé bit) khi nhitng mdu trén ciing dwoc chon béi mai thudt todn dé nén
dir liéu.

Sau cuing ta thuc hién mot thuc nghiém khac dé so sanh GoKrimp véi SQS
dura trén ti 18 nén tinh toan boi su phan dit liéu trude khi nén va sau khi nén. Diéu
ny quan trong va noi 18n rang ti 1é nén phu thudc nhu thé nao vao kich ¢ cua dir
liéu chwa nén va cach chon ma hoa khoang trong. Vi thé dé cé su so sanh cong bang
cua ti 1€ nén ta tinh khi dung cung kich c& cua dit liéu chua nén dai dién. Tuy nhién

c6 nhirng van dé thyc té khac dé so sanh nhu sau.
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Cai dit hién thoi caa SQS dung ¥ twéng ma hda chiéu dai cac khoang tréng.
NG tinh tan suat cia mot khoang tréng va mot khoang khong tréng roi gan chiéu dai
mi dén khoang tréng va khoang khong tréng boi tinh vat Iy caa khoang tréng va
khoang khong tréng. Khi sé nhitng khoang khdng tréng troi hon, truong hop thuc té
trong thuc nghiém véi bo dir liéu cua ta, mot khoang khong tréng duoc gan chiéu
dai mi 1a 0. Pay 1a mét ¥ twang bai vi trong thuc té nguoi ta khong thé gan chiéu
dai mot tir ma 12 0. Nguoc lai, GoKrimp thuc té ding ma hda Alias cho nhiing
khoang tréng. Vi thé co dua ra thuc hanh so sanh hai thuat toan mot dua ra ¥ tuong
chiéu dai ma hoa va céi khac thuc té ma hoa chiéu dai cho khoang tréng. Vi thé voéi
GoKrimp, ta tinh todn cho y tuéng chiéu dai ma hoa mot khoang trong n 1a log n,

két qua cua trudng hop nay sé duoc dua ra 1a GoKrimp  trong thuc nghiém.

Bang 4.5 chi ra ti 1€ nén cua ba thuat toan trén chin tap di liéu. Thuat toan
SQS cho théy ti 1& nén t6t hon cho hau hét truong hop ngoai trir bo dir liéu Parallel
khi khdng khoang tréng khong pho bién. Doi voi tap dit liéu nay anh huong cua y
tuong chiéu dai ma hoa thi khong hiéu lyc. Bang cach nao ma thé hé caa GoKrimp
V6i ¥ tudng chiéu dai ma héa cho khoang tréng vai ti 16 nén tét hon SQS trong hau
hét cac truong hop. Nhitng két qua nay chi ra rang su bién doi cua viéc tinh chiéu
dai tir ma anh huong dang ké ti 18 nén. Vi thé, su rd rang cua nhiing két qua ddi voi

ti 1& nén thi rat kho d6i véi nhitng truong hop nay.



Bdng 4.5 So sanh ti I¢ nén[4]

41

SQS GoKrimp GoKrimp*
Auslan2 1.571 1.428 1.907
Aslbu 1.555 1.123 1.284
Aslgt 1.308 1.156 1.450
Poineer 1.302 1.171 1.243
Skating 1.880 1.629 2.095
Context 2.700 1.706 2.698
Unix 2.230 1.638 1.880
Jmlr 1.039 1.008 1.008
parallel 1.070 1.135 2.042

4.5. HIEU LUC CUA SU KIEN LIEN QUAN

Trong phan ndy, céc tac gia hoan thanh mét thuc nghiém dé minh ching
kiém tra phu thudc duoc dé xuat vai thuat toan GoKrimp. Kiém tra phu thudc da
dugce dé xuat tranh hoan toan sy lwong gia tat ca nhirng néi rong cé thé cua mot
mau. Khi kiém tra thuc hién, két qua duoc giit cho lan sau nhu thé trong truong hop
Xau nhat s6 t6i da cia cac kiém tra thi hau nhu bang kich c¢& cta bang chir céi
alphabet. Hon nira tap hop nhitng su kién c6 lién quan dén mét sy kién cho trude thi

hoan toan nho hon kich c& cua bang chir cai vi thé kiém tra phu thudc ciing giup

cho thu nho s lan luong gia phan néi rong.

So sanh t7 ¢ nén cua nhizng thudt toan khac nhau
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Bang 4.6 Ti Ié nén véi kiém tra dau[4]

GoKrimp vai Sign test GoKrimp khdng Sign test

Thoi Gian Tilé nén S6 mau Thoi Gian Tilé nén S6 mau

Auslan2 0.40 1.428 4 1 1.420 3
Aslbu 28 1.123 67 7414 1.169 117
Aslgt 1842 1.156 68 10293 1.158 79
Poineer 9 1.171 49 822 1.214 88
Skating 85 1.629 49 384 1.662 59
Context 44 1.706 33 251 1.802 33
Unix 1824 1.638 165 U/N UIN U/N
Jmlr 93 1.008 30 537895 1.018 182
parallel 342 1.135 23 2296 1.135 23

Ti 1¢ nén cua nhifng mau véi thugt toan GoKrimp véi c¢d va khong cé kiém tra dau

thi hau nhw twong dwong nhung cé sign test thi GoKrimp hiéu qud hon nhiéu.

Bang 4.6 chi ra thoi gian chay cua thuat toan GoKrimp véi cé va khong co
kiém tra phu thuc. Quan sét thay rang thuat toan GoKrimp cé nhiéu hiéu qua hon
khi kiém tra phu thudc dugc ding. Quan trong hon, ti 1é nén hau nhu twong duong
trong ca hai truong hop. Boi vay kiém tra phu thudc giup ddy nhanh téc do
GoKrimp mot cach dang ké trong khi van bao quan chat luong ciia tip mau trong tat
ca nhiing bo dir liéu. Két qua nay phl hop véi truc giac rang ding mau véi nhiing

su kién khdng lién quan cho viéc nén thi s& khong cho ti 1& nén tét.

4.6. KET LUAN VA HUONG PHAT TRIEN

Cac m6 hinh khai thac chudi tuan ty nén thudng duoc thyc hién trén cac co
s& dir lidu khac nhau trén thé. Tuy nhién, hau hét cac co so dit lidu thé gioi thuc cap
nhat véi tién bo cua thoi gian. Qua nghién ctiu mot sb thuat toan khai thac mau tuan
tu nén SeqKrimp va GoKrimp ta nhan thay, thuat toan GoKrimp di dat dwoc nhiéu
cai tién vé mat thoi gian thuc hién cadc mau nén va cac mau nén duoc trich ra to ra

hitu dung hon, giam thiéu kha ning tring 1dp cua cac mau két qua. TAc gia luan vin
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cling da hiéu va xay dung duoc cac vi du cu thé cho ting thuat toan nham gidp
ngudi doc dé tiép can cac thuat toan hon.

Tt nhitng nghién ctru bude dau ndy, trong thoi gian téi tac gia luan an sé tiép
tuc nghién ctru cac thuat toan khai thac mau tuan tu nén méi hon dé tir d6 co thé cai
tién va xay dung cho minh mot thuat toan khai thac mau tuan ty téi wu vé mat thoi

gian va két qua nén.
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