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PHAT HIEN MOTIF TREN CHUOI THOI GIAN
BANG CAU TRUC CHI MUC PA CHIEU

DISCOVERING MOTIFS IN TIME SERIES
WITH MULTI-DIMENSIONAL INDEX STRUCTURE

Nguyén Thanh Son
Truong Dai hoc Su pham Ky thudt TPHCM

TOM TAT

Motif trong co s¢ dit liéu chudi thoi gian la cdc chudi Idp lai nhiéu lan trong co sé dir liéu

chudi thoi gian hodc cdc chudi con Idp lai trong mét chudi thoi gian dai hon. Phat hién motif
trén chudi thoi gian la mét cong viée quan trong trong khai phd dir liéu chudi thoi gian.

Trong bdi bdo nay, chiing t6i dé xudt mot phirong phdp phdt hién motif trén chudi thoi gian

duwa vao mét cau triic chi muc da chiéu sir dung vung bao hinh chir nhdt nho nhat. Phuong
phdp do chiing téi dé xudt hiéu qua vé mdt thoi gian xik Iy lan khéng gian luu trik vi chi can

liew cde ving bao nhé nhdt ciia cdc chudi thoi gian trong bo nhé chinh va chi can quét qua

mot lan toan bé co sé dit lidu chudi thoi gian cung voi mot vai lan doc dit liéu gé'c tr dia dé
tham dinh lai két qud. Chiing t6i minh hoa tinh hiéu qua ciia phwong phdp dé xudt bang thire
nghiém trén cac tdp dir liéu thuc thuoc cdc linh vuc khac nhau. Két qua thuc nghiém cho

thdy phwong phdp dé xudt cé thé phat hién motif mét cach hiéu qua hon nhitng phwong phép
théng dung, phwong phdp chiéu ngau nhién.

Tir khéa: Chudi thoi gian, chi muc da chiéu, motif.

ABSTRACT

Time series motifs are frequently occurring but unknown sequences in time series database or
subsequences of a longer time series. Discovering time series motifs is a crucial task in time
series data mining. In this paper, we examine a search method for discovering approximate
motifin time series with the support of a multidimensional index structure based on Minimum
Bounding Rectangles (MBR). Our method is time and space efficient because it only saves
MBRs of data in the memory and needs a single scan over the entire time series database
and a few times to read the original disk data in order to confirm the results. We demonstrate
the effectiveness of our approach by experimenting on real datasets from different areas. The
experimental results showed that our proposed method can effectively discover time series
motifs as compared to the popular method, random projection.

Key words: Time series, Multi-dimensional index, motif

I. GIOI THIEU
Tim kiém motif trén dit liéu chudi thoi gian
(time series data) 1a mot cong viéc quan

bao ([5]).
Tuy thudc vao dir lidu co duge thu giam sb

trong trong nhiéu linh vyc nghién ciru khac
nhau nhu gom cum dir li¢u chudi thoi gian,
phan 16p dit liéu chudi thoi gian, kham pha
luat két hop trong di liéu chudi thoi gian [8],
phan tich cdu trac video [2][16], phat hién
bat thuong trong dit lidu chudi thoi gian, dy

chiéu hay khong, cac phuong phap tim kiém
motif trén dit liéu chudi thoi gian duoc phan
thanh hai nhém: cac phuong phap tim kiém
chinh x4c va cac phuong phap tim kiém xap
Xi.

e Cac phuong phap tim kiém chinh xac
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motif phén tich truc tiép trén dir liéu gde.

e Céc phuong phép tim kiém xap xi phan
tich dir liéu trong khong gian thu giam. Cac
phuong phap nay thuong dung céac ky thuat
xu ly trén chudi ky tw ma khong phan tich
tryc tiép trén dir lidu s6.

Do phuc tap cua cac thuat toan tim kiém
motif xap xi thuong 1a O(n) hodc O(nlogn)
véi mot s6 16n cac hé sb phai xac dinh trudc.
Cac phuong phap tim kiém motif xdp xi
thuong dua trén cac ky thuat xur 1y chudi ky
tu vi vay nguc‘ri ta thu(‘mg nghién ctru cac
phuong phap biéu dién ky tu khac nhau dé
chuyén d6i dir liu chudi thoi gian thanh
dang chudi ky ty. Tuy nhién cac ky thuat xu
1y chudi ky tu khong thé truc tiép phan tich
trén dir liéu chudi thoi gian dang so.

Mic du c6 nhitng nghién ciu gan day vé
phuong phap tim kiém motif chinh xac,
ching t01 tin rang cach tiép can tim kiém
motif xap xi van tiép tuc 13 lya chon tot nhat
trong nhiéu ung dung & cac linh vuc khac
nhau do tinh hiéu qua vé mit thoi gian va/
hoic khong gian ctia n6. Hon nita cach tiép
can tim kiém gan dung motif c6 thé phan tich
tryc tiép trén dit liéu chudi thoi gian dang sb
van con 12 mét thach thice kho khan. Bidu do
thic dy chung t6i nghién ctru mot phuong
phap manh va hiéu qua theo hudng tiép can
nay.

Trong bai bdo nay, ching to6i gidi thiéu
phuong phap tim kiém motif trén dir liéu
chudi thoi gian bang R*-tree dua trén ving
bao MBR. Phuong phap nay hi¢u qua vi chi
can mot lan doc qua co s¢ dit liéu (CSDL)
va mot vai lan truy cap chudi gbc dé tham
dinh két qua va trong bo nhd chi can luu
cac MBR cua chudi thoi gian. Trong thuc
nghiém chung t61 so sanh phuong phap nay
v6i phuong phép chiéu ngau nhién vi day
la phuong phap thong dung va thuong la
co so cho nhiéu cach tiép can khac nhau vé
tim kiém motif [10],[15],[17]. Hon nita, thoi
gian thao tac cua thuat todn nay c6 thé duoc
xem nhu chan dudi cua thoi gian thao tac
clia cac cach tiép can dua trén phuong phap

chiéu nay. Dé chimg t6 tinh hiéu qua cua
phuong phép nay chung toi tién hanh thuc
nghiém trén cac tap dir li¢u thuc thudc linh
vue khac nhau Két qua thyc nghiém cho
thdy cach tiép can nay hiéu qua hon so véi
phuong phép chiéu ngau nhién.

Phan con lai cua bai bao duoc td chuc
nhu sau. Phan 2 gidi thiéu vé cic nghién
ctru trude day va cac khai niém lién quan.
Phuong phép ching toi dé xuat dugc trinh
bay ¢ phﬁn 3. Két qua thuc nghiém dugc
bao cao trong phan 4. Phan 5 1a két luan va
hudng phat trién.

II. CAC NGHIEN CUU TRUOC PAY
VA KIEN THUC LIEN QUAN

1. Cac nghién ciru truwéc day

Trong phan nay chiing t6i trinh bay tom tat

mot sé phuong phap tim kiém motif trén
chudi thoi gian da duoc gidi thidu.

e Cic ky thuit tim kiém motif x4p xi
Céch tiép can chung cia cac phuong phap
tim kiém motif xap xi 1a dung cac k¥ thuat
xtr 1y chudi dé phat hién motif. Véi cach tiép
c4n nay, dau tién dir liéu chudi thoi gian gbc
dugc bién doi thanh chudi ky tu sau d6 dung
cac thuat toan khai pha chudi ky tu dé tim
motif.

Nhiéu thuit toan tim kiém motif trong dit
liéu chudi thoi gian da dugc gidi thiéu tir khi
bai toan dugc xac dinh vao nam 2002 [8].
Trong [8] Lin va cac cong sy dinh nghia bai
toan phat hién motif trén chudi thoi gian dua
vao mot ngudng R va mot chiéu dai motif m
do ngudi dung xac dinh. Theo d6 hai chudi
con ¢, bat ddu & vi tri i va ¢ bat dau & vi tri
jco chidu dai m trong mot "chudi thoi gian
c¢6 chiéu dai n (m << n) tao thanh mét cip
tvong tu khong tdm thuong (non-trivial
matching) néu do do twong tu gitra chl'mg
DISTANCE(C C ) < R va ton tai mot chudi
con C, bét dau tai vi tri £ ma DISTANCE(C,
Ck)>Rval <k <jhodcj < k <i.Khainiém
tuong tu nay sau d6 dugc mo rong thanh bai
toan phat hién nhitng motif bac k hang dau
trén chudi thoi gian, trong d6 motif bac nhét
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trén chudi thoi gian 1a chu01 con ¢, ¢ sO
chudi con twong tur khong tam thuong nhiéu
nhit. Motif bac & 1a chu01 con ¢, €0 sO chudi
con twong tu khong tam thuong nhiéu thir k
va thoa DISTANCE(C, C) > 2R, v6i moi
I<i<k.
Trong [3] Ch1u va cac cong su dé xuat giai
thuat chiéu ngdu nhién dé phat hlen motlf
trén chudi thoi gian theo cach tiép can xap
xi. Gidi thudt nay dya trén ky thuat bam
bao toan tinh ldn cdn (locality preserving
hashing). Ky thuat nay su dung phucmg phéap
roi rac hoa SAX dé biéu dién cac chudi con
trong chubi thoi gian ban dau va mot ma tran
dung d6 co ) dong va cot 1a s6 chudi con
duoc trich tir chudi thoi gian ban dau. M&i
vong lap, thudt toan s€ lya chon ngau nhién
mot s6 vi tri trong biéu dién SAX dé 1am mat
na va duyét qua danh sach biéu dién SAX.
Néu hai chudi biéu dién SAX tuong tmg voi
hai chudi con i va j giéng nhau thi 6 (i, /)
trong ma tran dung d¢ s€ dugc tang 1én mat.
Sau khi tién trinh trén duoc 1ap lai mot )
lan thich hop, cac 6 co gia trj 16n trong ma
tran dung do s€ dugc chon lam céc ung vién
motif. Cudi cung dir liéu gdc tuong Gmg voi
cac ing vién motif s& duoc kiém tra dé thim
dinh két qua. Hinh 1 1a mot vi du minh hoa
mot chudi thoi gian c6 chiéu dai 1000 diém
va biéu dién SAX cua cac chudi con ¢6 chidu
dai n = 16, chiéu dai bo ky tu SAX 1a a = 3,
s6 chiéu w cta chudi con sau khi thu giam
theo PAA 14 4.
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Hinh 1. Vi dy minh hoa mét chudi thoi gian T
va biéu dién SAX cua cdc chudi con cia T
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Hinh 2 1a mot vi du minh hoa thyc hién lan
lap thir nhit cia phuong phéap chiéu ngau
nhién trén cac chudi SAX dugc minh hoa
¢ hinh 1. Trong vi du nay hai cit mot va
hai dugc chon ngiu nhién (hinh phia trai),
dugc dung dé tao ma tran dung d¢ (hinh phia
phai). Trong vi du ta c6 hai cip chudi con
gidng nhau 1a (1, 58) va (2, 985), do d6 hai
6 tuong tng voi hai cip chudi con ndy trong
ma tran dung do dugc tang 1én mot. PO phirc
tap ciia thudt toan nay 14 tuyén tinh theo do
dai cua tir SAX, s chudi con, sd 1an lap va
s6 lan dung do [10].
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Hinh 2. Vi du minh hoa lan Igp thir nhdt cia
gidi thudt chiéu ngdu nhién.

Thuét toan nay da duoc str dung rong rai dé
phat hién motif trén chudi thoi gian tir khi no
duoc gidi thiéu va co thé dugc dung dé phat
hién tat ca motif voi xac xut cao sau mot s6
lan lap thich hop ngay ca trong trudng hop
c6 nhiu. Tuy nhién, né van c6 nhitng nhugc
diém sau: (1) dé thuc hién thuat toan, nhiéu
tham s6 nhap can phai duogc xac dinh trudc
bo1 nguoi st dung, (2) do phuc tap cua thuat
toan nay s& trd thanh bac hai néu sy phan bd
ctia phép chiéu khong du rong, nghia 1a c6
mot s6 16n cac chudi con ¢ cung két qua
chiéu [10].

Trong [15], cac tac gia su dung SAX cho
truong hop dir liéu chudi thoi gian nhiéu
bién bang cich dung phuong phap PCA
(Principle Component Analysis) dé bién do6i
dir liéu chudi thoi gian nhiéu bién thanh mot
bién. Sau d6 st dung phép chiéu ngiu nhién
dé tim kiém motif.

Mot k¥ thuat tim kiém motif x4p xi khac duoc
gidi thiéu trong [6]. Pau tién, thuit toan nay
bién ddi cac chudi con trong dir liéu chudi
thoi gian thudc linh vyc Proteins theo dang
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bicu dién SAX. Sau d¢ thudt todn tim kiém
motif bang cach gom cum céac chudi con va
mé rong mdi chidu dai motif thu duge cho
t6i khi do do twong ty nhé hon hodc bang
mdt ngudng do ngudi dung dinh nghia.
Nam 2010, Castro va Azevedo da gidi thiéu
mot phuong phap phat hién motif xap xi,
goi 1a MrMotif (Multiresolution Motif) [4].
Thuét toan nay dua vao phuong phap roi rac
hoa iISAX [14] va thuat toan tiét kiém khong
gian [12]. Y tudng chinh ctia thuat toan nay
nhu sau: bat dau tir biéu dién iSAX ¢ mirc
phan gii thap ctia cac chudi thoi gian, sau d6
mé rong dan 1én cac mirc phéan gidi cao hon.
O mdi mic phan giai, thuat toan tién hanh
gom cum cac chudi theo biéu didn iSAX
gidng nhau. S6 chudi trong mdi cum sé& giam
di khi mdi cum ¢ mirc phan giai thap duoc
chia thanh nhiéu cum ¢ mirc phan giai cao
hon. Tai mirc phan giai cao nhét, cac chudi
trong mot cum s& tuong ty nhau nhat. Thuat
toan nay cho phép phat hién motif ¢ nhiéu
mirc phan giai khac nhau va co thé ap dung
cho dit liéu dang ludng. Tuy nhién, phuong
phéap ndy van phdi trai qua giai doan roi rac
héa ma chua thé lam viéc that tién loi trén dix
liéu chudi thoi gian dang sb va & mdi mirc
phan giai khac nhau s& cho ra két qua phat
hién motif khac nhau vi do chinh xac cua
biéu dién & mdi mirc phan giai 1a khac nhau.
e Ciac k¥ thuit tim kiém motif chinh x4c
Céc k¥ thuat tim kiém motif chinh xac bo
qua giai doan ky tu hoa dit liéu chudi thoi
gian bang cach phan tich tryc tiép trén dir
lidu gbc. Nam 2002, Oates dé xuat mot thuat
toan tim kiém nhiing mau lip lai trong dit
lidu chudi thoi gian nhidu bién dugc goi la
PERUSE [13]. Thuat toan nay phan tich truc
tiép trén dir liéu gbc bang cach dung cira sd
truot quét qua toan bo dir ligu va lap trinh
dong dé tim motifs. N6 co thé xu 1y dit liéu
dugc 14y mau ¢ cac tan sd khac nhau va cac
mau l3p c6 chidu dai bat ky.

Trong [11] Abdullah Mueen va céc cong su
dé xuit mot thuat toan tim kiém chinh xéc
motif, goi 1a thuat toan MK. Cach tiép can

nay str dung céc diém tham chiéu dugc chon
ngau nhién va y tuéng tir bo sém viéc tinh
toan khoang cach Euclid khi téng tich liy
khoang cach hién hanh 16n hon khoang cach
clia Ung vién motif tot nhat tai thoi diém
dang xét. Qua trinh phat hi¢n motif ctia thuat
toan nay dua vao thong tin heuristic dugc
xac dinh bdi thtr ty cia khodng cach gilra
d6i tugng dang xét véi cac diém tham chiéu
ngﬁu nhién. Hinh 3 14 mot vi du minh hoa
y tuong st dung diém tham chiéu. Hinh 3a
la mdt tap cac ddi tuong chubi thoi gian hai
chiéu. Gia st ddi tuong sé 1 duoc chon lam
diém tham chiéu. Cac ddi twong khac dugc
sap thir ty theo khoang cach ciia ching t6i
diém tham chiéu s 1 trong khong gian mot
chiéu (Hinh 3B va 3C). Cac khoang cach nay
la cac chan dudi cua cac khoang cach thuc
tuong tmg ctia chiing trong khong gian gbc.
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Hinh 3. Mot vi du minh hoa y tuwong su dung
diém tham chiéu.

Thir tu cua cac ddi tugng trong khong gian
mdt chiéu cung cap thong tin heuristic hitu
ich huong dan viéc phat hién motif. Néu hai
d6i tugng gan nhau trong khong gian gdc,
ching ciing phai gan nhau theo thtr ty trong
khong gian mot chidu. Nhung nguoc lai thi
khong ding, nghia 14 hai ddi twong c6 thé
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gan nhau theo thtr ty trong khong gian mot
chiéu nhung lai rit xa trong khong gian goc
Thuat toan dung mat bién BestSoFar dé luu
khoang cach cta mot cip tmg vién motif tot
nhat tinh dén thoi diém dang xét. Khi thuat
toan duyét qua thtr ty trong khong gian mot
chiéu, néu c6 mot cap chudi co khoang cach
nho hon BestSoFar hién hanh thi BestSoFar
duogc cap nhat lai theo gia tri méi. Gia tri
BestSoFar nay cung véi biéu dién thu tu
cac ddi tuong trong khong gian mot chiéu
theo khoang cach cua chung t6i diém tham
chiéu s& giup loai bo phan 16n khong gian
tim kiém.

Thuét toan MK 1a mot sy cai tién cta thuét
toan brute-force bang cach sit dung hai
ky thuat trén dé giam thicu thoi gian thyc
hién cua thuat toan. Mueen va cac cong su
da cho thiy rang thudt todn nay c6 thé thuc
hién nhanh hon gap vai ngan lan thuat toan
brute-force khi tim trong co s¢ dir liéu 16n,
du trong trudng hop xau nhat do phirc tap
cia thuat toan 13 bac hai. Nhuoc diém cua
MK 1a: (1) do str dung d6 do Euclid tryc tiép
trén dit liu tho nén giai thuat MK dé bj tac
dong boi nhiéu, (2) do MK dua vao su vét
can cua giai thuat brute-force két hop voi
mot s6 k¥ thuat tang tdc, tinh hitu hiéu cia
MK tuy c¢6 duogc cai thién nhung van chua
cao nhu mong muén.

2. Céu tric chi muc da chiéu

Céu trac chi myc da chiéu thong dung cho
chudi thoi gian 1a R-tree va céc bién the clia
no ([7], [1]) Trong mot ciu tric chi muyc
R-tree, mo1 nut trong cay chua tor m den M
phan tr trir khi ntt d6 13 nat gbe (nit gde co
thé c6 it nhat 2 phan tir). Chan dudi m dugc
stt dung nham tranh su suy bién cia ciy.
Khi s6 phan tir trong mot nat nho hon m, nat
do s€ bi xo6a va cac phén tir cia nut s€ duoc
cap phat lai cho cac nut ké can. Chan trén
M nhdm muc dich dam bao m&i mot nut c6
thé luu trit dugc mot trang dir li¢u dia (disk
page). M&i phan tir trong mot nat khong phai
14 chtra mot ving bao chit nhat nho nhat
(Minimum Bounding Rectangle — MBR) va
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mot con tro dén nht con cia nd. Mot MBR
tai phan tir trong mot nat 1a mot ving nho
nhit bao cac MBR ctia cac nut con ciia no.
M3di phan tir trong nut 1a chira mét MBR ctia
chudi thoi gian va mot con tro dén ddi tuong
dir liéu nguyén thuy dugc bao boi MBR.
Diém yéu cua R-tree 1a cac MBR trong cac
nat trén cing mot mirc c6 thé phu lap nhau.
Su phu ldp (overlap) nay c6 thé lam giam
hiéu qua thuc thi cia viéc tim kiém dua
vao chi muc. Hinh 4 minh hoa cac MBR va
R-tree tuong tng.
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Hinh 4. Minh hoa R-tree.

Tac vu tim kiém trong R-tree twong tu nhu
tac vu tim kiém trong B-tree. Tai mdi nit
ndi, cac phan tir cung v4i nut con cua nd sé
duoc kiém tra xem MBR cua phan to do co
giao v4i ving bao MBR ctia chudi truy van
khong.

DPé chén mot chudi méi vao R-tree, giai
thuat s& chén ving bao MBR cuia chudi va
con tro téi nd vao cay. Giai thuat sé duyét
cay doc theo mot 161 di tir nat géc dén nat
14. Tai mdi mirc, giai thuat lya chon phﬁn to
cdn mo rong ving bao it nhat khi chén MBR
ctia chudi méi vao. Khi dén nut 14, néu nut
con du chd tréng giai thuat s& chén ving bao
MBR ciia chudi va con trd dén nd vao nut.
Nguoc lai, giai thuat s& tién hanh tach nut.
Tién trinh tach nut co thé duoc lan truyén
nguoc tir nut 14 1én trén néu nit cha cua nat
bi tach khong con chd trong.

R*-tree 12 mot bién thé cua R-tree, do
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Beckmann va cac cong sy dé xuit nam 1990.
Céc tac gia da cai tién tac vu chén thém déi
trong m&i vao cdy cia R-tree bing cach
su dung k¥ thuat tach nit dua trén céc tiéu
chuén t6i wu hoa [1].

3. Cac dinh nghia lién quan

Trong phan nay chung t6i trinh bay cac dinh
nghia vé motif dugc dung trong nghién ciru
cta chung toi.

e Pinh nghia 1. Motif trong CSDL chudi
thoi gian D 1a mot cip chudi thoi gian khac
nhau {T T} i #J, trong D c6 khoang cach
nho nhit. i.e. Vx, y, x £, Distance(T, T) <
Distance(T, T)

Dinh nghia 1 ¢6 thé dugc tong quat hoa bang
dinh nghia k motifs du tién va cum motif.

e Dinh nghia 2. k motifs dau tién 1a mot tap
co tP& twS={M, M, ... M} gdm k cip
chudi thoi gian khong giao nhau trong CSDL
D,ieM={T T}, i#i,MNMN..NM,
= @ trong do Dzstance (M) < Distance (M, )
< ... < Distance (M,) va Vx, y,x # ), T, TI
D {T,T} ¢S,Distance(M, )SDlstance(r Tv ).

¢ Dinh nghia 3. Cum motifvéingudng [ 1a
mot tap S ¢6 s6 chudi thoi gian 16n nhét thoa
diéu kién: V T, T €S, Distance (T, T) <20
andV T € D- S Distance (T,T) > ([11yp
Cac dmh nghia cho truong hgp motif 1a cac
chudi con twong tu ¢6 chiéu dai m trong mot
chudi thoi gian ¢6 chidu dai n (m << n) chung
to1 sir dung nhu nhitng dinh nghia dugc trinh
bay trong [11].

III. PHUONG PHAP DE XUAT

Trong phan nay chung t6i trinh bay giai thuat
tim kiém motif xap xi trén dit liéu chudi thoi
gian do chung t6i dé xuit. Cac thuat toan
trong phan nay dugc thiét ké dé tim kiém
motif trén dir liéu chudi thoi gian duoc xac
dinh trong dinh nghia 1. Cac bai toan tim
kiém & motifs, cum motif va tim kiém motif
trong trudng hop chudi con co thé duogc giai
quyét mot cach tuong tu.

Y tLrO’ng co ban cua thuat toan nay la su dung
ciu trac R*-tree dé tim kiém 1an can gin
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nhat. Vi mdi chudi thoi gian ¢ chidu dai
n trong CSDL, chiing t6i tao mgt vung bao
MBR trong khong gian m chidu (m << n).
Sau do6, TSD dugc chén vao R*-tree dua vao
vung bao MBR cua né.

Dé tim 14n c4n gan nhat ctia mot chudi s bang
cach tim trén R*-tree, chung ta can mot ham
tinh khoang cach DS R) giita chudi s va
vung bao MBR R két hgp v&i mot nlt trong
cdu triic chi muc sao cho Dregion(s, R) < D¢s,
C), “C dugc bao trong MBR R.

e Dinh nghia 4. Cho mot chudi thoi gian s
¢6 chiéu dai n, mot tap cac chudi thoi gian C
va vung bao MBR R tuong ting cua C trong
khong gian m chiéu (m << n), i.e., R = {R »
R,..R},

Trong dO R - {( jmin® y/mm) ,( jmax’ y/max)}
vung bao chu nhat nhdé nhat trong khong
gian hai chiéu.

Ham tinh khoang cachD_, (s, R) gilta chudi
s va MBR R dugc dinh nghia la:

Drﬁgfo" (S’ R) = Z] Dregionj (S/. > R])
j=

Trong do,

N
Dregiunj (Sj > R/) = le d(sj > R/)

2
Vjmin —=8;)" if S, < y]mm

2
d(Sji’Rj) = (S./i _yjmax) lf Sjl yjmax
0 otherwise

N 1a chiéu dai cua doan thi ;.

Bo dé. D_,..(5 R) < D(s, C), VC
duogc bao trong MBR R.

m N

Vi D(s,C)=Ji<s,-—c,->2 =JZZ<S,- -¢;)’

=1 i=l
Churng minh:

Theo dinh nghia cia MBR cua mt nut U
trong cau truc chi muc va dinh nghia cua
ham D__ (s, R), V6i bat ky chudi C nio

thudc nat U va vang bao MBR R ctia nat U,
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1,=j
I =X

Vi=1, ,NVj=1,.,m

yjmin - cji — 7 jmax’

Nghiala Vj=1,..,m
(s,,R))<D(s,;,C))

regwn

trong do

D(s;,C;) = Z(sﬂ )

vi vay
reglon(S R) <D(s, C), VC thuoc MBR R.

Véi méi chu01 thoi gian S, trong CSDL
ching ta can tim chudi l4n can gan nhét véi
no trong cac chudi da dugc xem xét trude do
bang cach st dung R*-tree. Khi tim téi mot
phan tir trong nit 13, chudi gdc twong tng
voi no, S duoc khoi phuc. Dzstance(S S )
dugc gh1 lai nhu khoang cach tot nhét dén
thoi diém hién tai (best-so-far) va vi tri clia
hai chu01 S, S duoc ghl lai nhu cap ung vién
motif t5t nhit tinh dén thoi diém hién tai.
Sau vong lap ke giasu S, S, la cap chudi
tuong tu nhat, néu Dzstance(S S ) < best-so-
far thi Distance(S, S ) duogc ghl lai dé thay
thé cho best-so-far hlen tai va vi tri cia S,
S, dugc ghi lai nhu la cap tmg vién motif
¢ nhét. Tién trinh dugc lap lai cho dén khi
khong con chudi nio can dugc xem xét.
Distance(S,, S)) dugc dung trong bai bao nay
la khoang céach euclid. Hinh 5 trinh bay thuat
toan tim kiém cap motif xap xi ciia chung toi
vOi sy trg gitp cia R*-tree dya trén MBRs.

Thuit toan: Tim kiém ciap motif xap xi
vOi su tro gitp cua R*-tree dua trén MBRs
//S 1a CSDL TSD
Procedure  (/, 1,) = Finding_Motif(S)
BestSoFar distance = INF
Forj =1ton

Find MBR of d.

If (R*-tree != null)

x = Nearest neighbor(j, R*-tree)
if (Distance(sj, s ) < BestSoFar_Distance)

BestSoFar Distance = Distance(sl., s)

Add(MBRJ , R*-tree)

//Tim 1an c4n gan nhét cua chudi j
Nearest neighbor(j, R*-tree)
Duyét R*-tree bat dau tir nut gdc
Tim nut 14 m ¢6 MBR gan nhit véi dj
For i = 1 to s6 phan tir trong m
Tim phan tr y c6 MBR géin nhét véi dj
Return y

//Chén TSD j vao R*-tree dua vao MBR]

Add(MBRj, R*-tree)

Chon cé’y con sao c6 MBRs can duoc mo
rong it nhat.

Thém phén tir méi.
Néu nat 14 day

Tach nit theo tiéu chuan: t6i thiéu hoa dién
tich cua hai vung bao cua hai nut sau khi
tach.

Tién Frinh tach 1’11:‘1‘[ duoc 1dp lai cho cac nut
cha néu nut cha day do viéc tach ntt con.

Hinh 5. Thuat ton tim kiém motif xap xi
bang R*-tree dua trén MBRs.

IV. KET QUA THU'C NGHIEM

Chung t61 thuc nghiém so sanh thoi gian
chay va do hiéu qua cta thuat toan dé xuat
s0 v6i phuong phap dugc sir dung phd bién
1a phép chiéu ngau nhién. Giai thuat chiéu
ngau nhién dugc lya chon dé so sanh vi thuat
toan nay da duoc sir dung rong rai dé phat
hién motif trén chudi thoi gian tir khi no
dugc gi6i thiéu, nd c6 thé phat hién motif
trong thoi gian tuyén tinh, day ciing 1a thuat
toan duoc trich din nhiéu va 1a co s& cho
nhiéu cach tiép can hién nay cho bai toan
phét hién motif trong dit liéu chudi thoi gian.
Céc giai thuat dung trong thyc nghiém duoc
viét bang ngdn ngit C# va chay trén may
Core 2 Duo 1.60 GHz, 1.00 GB RAM. Do
hiéu qua ctia thuat toan 14 s6 1an goi ham tinh
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khoang cach Euchd cua phuong phap dugc
ap dung chia cho s6 1an goi ham cua thuat
toan brute-force. Mién gia tri cia do hi¢u
qua thudc [0,1]. PO hi¢u qua cua phuong
phép cang nhd thi phuong phép cang hi¢u
qua.

Trong thuc nghiém ching t61 st dung céac
tap dir liéu thuc thudc ba linh vyc khac
nhau duoc iy tir nhiéu nguén khac nhau da
dugc cong bd trén internet la: Stock, ECG,
Consumer and Waveform. Thuc nghiém
duoc thuc hién trén cac chiéu dai motif khac
nhau (128 — 1024), kich thudc dir li¢u khac
nhau (10.000 — 30.000). Véi phuong phap
dung R*-tree chiing t61 xay dung vung bao
MBR bao céc chudi thoi gian theo ti 18 32:1.
Vi phép chiéu chung t6i thu giam sé chiéu
theo ti 1¢ trén va bién doi thanh tir SAX ¢
bd ky tu 1a 5, s6 vi tri duge dung lam mat
na che duogc chon nge:tu nhién tir 2 dén 20 dé
dam bao sy phan bd ctia phép chiéu du rong
nham tranh d6 phtic tap ctia phép chiéu ting
thanh bac hai.

Do gioi han cua bai bao, chung t6i chi trinh
bay mot sé két qua thuc nghiém tiéu biéu.
Hinh 6 trinh bay két qua thyc nghiém vé thoi
gian thuc hién cua hai giai thuat trén tap dir
ligu Stock véi chiéu dai motif khac nhau. S6
chudi duge chon ¢ dinh 1a 10000.

—+—R*-tree —m=—Ran. Projection

Thoi 350

gian 300
chay 59
s} 00

150

100
50
0 T . T 4‘ .4‘—|
128 256 512 1024
Chiéu dai motif

Hinh 6. Thoi gian thuc hién cua hai giai thudt
trén tdp dir liéu Stock véi chiéu dai motif

khac nhau

Hinh 7 trinh bay két qua thuc nghiém vé do
hi€u qua cua hai giai thuat thyc nghi¢m trén
tap dir liéu Stock véi chiéu dai motif khac
nhau. S6 chudi duge chon ¢ dinh 1a 10000.

Tap Chi Khoa Hoc Gido Duc Ky Thudt (28/2014)
Trwong Pai Hoc Sw Pham Ky Thudt Tp. H6 Chi Minh

ER*tree QORan. Projection

0.08

2]
higéu 0.06
qua R
0.04

0.02

0

128 256 512 1024
Chiéu dai motif

Hinh 7. Do hiéu qua cua hai giai thuat. Thuc
nghiém trén tdp dir lieu Stock
véi chiéu dai motif khdc nhau.

Hinh 8 trinh bay két qua thuc nghiém vé thoi
gian chay cua hai giai thuat trén tap dir licu
Stock véi kich thuée dit liéu khac nhau chiéu
dai motif duoc chon ¢6 dinh 1a 512.

2000 4 —+—R*tree -—m—Ran.Projection

Theri
gian 1500 -
chay

) 1000

500 4

+—o—o

10000 15000 20000 25000 30000
S6 chudi

o 4

Hinh 8. Thoi gian thuc hién cua hai giai thudt
trén tap dir liéu Stock
voi kich thuoc dit liéu khac nhau.

Két qua thyc nghiém trén cac tap dir lidu
thuc cho thiy phuong phap d& xuét hiéu qua
hon so v6i phép chiéu ngdu nhién vé ca hai
mat thoi gian thyc hién va d6 hiéu qua.

V. KET LUAN VA HUONG PHAT
TRIEN

Trong bai bao nay ching t61 gidi thiéu mot
phuong phap méi dé tim kiém motif xap xi
trén dit liéu chudi thoi gian. Phuong phap
nay thyc hién phan tich tryc tiép trén dir liu
s6 ma khong can phai qua giai doan bién
d6i thanh chudi ky tu nhu cac phuong phap
tim kiém motif xap xi da cong bd trude day.
Phuong phap nay hiéu qua vé mit thoi gian
vi n6 chi can mot 1an quét qua toan b CSDL
va mot vai lan truy cdp chudi gbc dé tham
dinh két qua. N6 ciing hiéu qua vé mat khong
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gian vi chi ¢ thong tin vé ving bao MBR
cta chudi thoi gian duge luu trong bo nhd.
Két qua thuc nghiém vai céc tap dir li¢u néu
& phan 4 cho thdy phuong phap do ching t6i
dé xuit hiéu qua hon so v6i phuong phap
thong dung 13 phép chiéu ngau nhién vé ca
hai mat: thoi gian thuc thi va d6 hi€u qua.
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Gidi1 han cua phuong phdp dua vao R*-tree
1a R*-tree c6 thé khong thyuc hi¢n tdt voi dix
lidu chudi thoi gian ¢6 sé chiéu cao. Chung
t6i s& tiép tuc nghién ctru thay thé R*-tree
trong phuong phéap cua ching toi bang mot
cdu trac chi muc da chiéu thich tng tét hon
v6i dir lidu c6 s6 chiéu cao, chéng han nhu

chi muc duong chan troi [9].
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