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TOM TAT: Dit liéu chudi thoi gian ton tai trong nhiéu ung dung thuc té, tir cc lanh vuc khoa

hoc ky thudt cho dén kinh té, tai chinh. Trong nhitng vmg dung nay, viéc tim kiém nhitng chudi con truy

van cé xudt hién trong co so dit liéu chudi thoi gian la mgt cong viéc rat can thiét. Su truy tim dwa vao

dé twong tw nhw vy la mét mé dun can ban trong nhiéu cong tdc khai phd dir liéu chudi thoi gian cao

cdp hon nhir gom cum, phan lop, tim mo tip, phat hién mau bat thuwong, kham pha ludt két hop va truc

quan hoa dir liéu. Mdc du co nhiéu cach tié'p cdn khdc nhau dé duoc dé xudt, hau hét cdc cach tié}) can

déu diea trén mét tién d@é chung la cac phwong phdp thu gidm sé chiéu va cdc cdu triic chi muc khéng

gian. Bai tong quan nay diém qua cac nghién cieu méi ddy va cho thdy nhitng phicong phép nay héi tu

vé mét khung thirc chung ciia sw rit trich ddc trung.

Tir khéa: Chuéi thoi gian, tim kiém twong tw, thu giam s6 chiéu, roi rac héa, rit trich ddc trung.

1. GIOI THIEU

Mot chudi thoi gian (time series) 1a chudi
tri s6 thuc, mdi tri biéu didn mot gia trj do tai
nhing thoi diém cach déu nhau. Nhimng tap dit
lidu chudi thoi gian rat 16n xuét hién trong
nhiéu lanh vuc khac nhau nhu y khoa, k¥ thuit,
kinh té, tai chinh, v.v...Tim kiém tuong tw
(similarity search) 1a cong tac can ban nhét dé
khai thac nhimng co s dit liéu chudi thoi gian.

Vai 4p dung cua tim kiém twong ti nhu:

- nhan dang nhiing cong ty ¢ kiéu miu ting
truong gidng nhau.

- Xé4c dinh nhiing san pham trong cong ty co
nhitng kiéu miu doanh s6 ban hang giéng
nhau.

- Xac dinh nhimng ching khoan c6 gia bién

dong theo mot kiéu cach giéng nhau.

- Tim xem mét giai di€u nhac c6 tuong tu véi
mot doan nhac nao trong tdp hgp nhiing ban
nhac d3 ¢6 ban quyén.

- Tim nhiing thang trong qua khr ma lugng
mua gidng nhu thang vira roi.

Bai toan tim kiém twong tw néu trén la
mdt thanh phan can ban trong nhidu cong tac
khai ph4 dit liéu chudi thoi gian cao cap hon
nhu gom cum, phan 16p, tim mo tip, phat hién
méu bét thuong, kham pha luat két hop va truc
quan hoéa dir ligu.

Bai viét tong quan nay nhim mo ta mot s6
tién by gan day ciia lanh vuc tim kiém tuong tu
trén dit liu chudi thoi gian; nhiing phuong
phap cho phép truy van hitu hiéu nhimg chudi
con sir dung nhitng d6 do twong ty mém déo dé
khong bi anh huéng boi nhitng phép bién déi
dir liéu hodc nhimg sai sot dir liéu. Bai tong

quan nay s& cho thy nhitng phuong phap nay
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hoi tu vé mot dang thirc chung cta sy rut trich
dac trung (feature extraction).
2. BAI TOAN TiM KIEM TUONG TU
TREN DU LIEU CHUOI THOI GIAN

D6i v6i bai toan tim kiém twong ty trén dix
liéu chudi thoi gian thi dit liéu dugc biéu dién
thanh nhimg diy sb thuc, thi du 7 = ¢,,...1,.
Cho hai chudi thoi gian X = x,, x,...,.x, va ¥ =
ViVa...Ve. Ta can phai tinh do tuong tu
SIM(X, Y) cuia hai chudi thoi giann nay.

2.1. Cac dd do tuong tu

Pi ¢6 nhidu do do tuong ty da dugc st
dung. Viéc chon mét d§ do tuong tu la tuy
thudc rat nhiéu vao mién tmg dung va trong
nhidu treong hop thi mot do do thude chuén L,
don gian nhu d¢ do Euclid 1a du tot dé dung.
Tuy nhién trong nhiéu trudng hop thi d6 do
Euclid t6 ra qua cmg nhéc vi khong thich nghi
dugc voi nhimg phép bién d6i nhu tinh tién
(shifting), co gidn bién do (scaling) hay xodn
truc thoi gian (time warping). Nhidu phuong
phap tim kiém twong ty méi hon dya vao
nhing d6 do twong ty mém déo va viing chic
hon nhu d6 do xoén thoi gian dong, chudi con
chung dai nhét.

Dé do Euclid

Cho hai chudi thoi gian Q =g¢;...q, va C
= ¢;...c, d0 do khoang cach Euclid giira hai
chudi thoi gian nay duoc cho béi cong thiic.

Z(Qi _ci)z

D(Q,C)=

i=1
D6 do khoang cach Euclid c6 wu diém la dé
hiéu, d& tinh toan, d& mé rong cho nhidu bai

toan khai ph4 dir liéu chudi thoi gian khac nhu

gom cum, phan 16p, nhan dang mo tip, v.v..
Nhung d6 do khoang cach nay c¢6 nhugc diém
12 nhay cam véi nhidu va thiéu sy mém déo khi
So trung.

Do do xodn thoi gian dong

Viéc so tring 2 duong biéu dién dit liéu
bang cach tinh khoang cach timg cap diém 1-1
(diém thir i cia duong thir I so véi diém thir i
cia duong tha II) 1a khong phu hop trong
truong hop hai duong nay khong hoan toan
gidng nhau nhung hinh dang bién ddi rat giéng
nhau. Nhu trong hinh 1, hai duong biéu dién rat
giéng nhau vé hinh dang nhung léch nhau vé
thoi gian. Trong truong hop nay, néu tinh
khoang cach bang cach 4nh xa 1-1giira 2 dudng
thi két qua rat khac nhau va c6 thé dan dén két

qué cudi cung khong gibng nhu mong mudn.

Hinh 1.(a) Tinh khoang céach theo Euclid (b) tinh
khoang cach theo DWT. (Tix ngudn [12])

Vi vay dé khic phuc nhuoc diém nay, thi
mot diém c6 thé anh xa véi nhiéu diém va anh
xa nay khong thing hang (xem hinh 1b).
Phuong phap nay goi 1a xodn thoi gian dong
(Dynamic Time Warping - DTW) dugc d& xuét
boi Bernt va Clifford, 1994. Chi tiét vé cach
tinh DTW, doc gia co thé tham khao thém
trong bai bao ([4]).

Phuong phap DTW c¢6 wu diém 1a cho két
qua chinh xac hon so véi d6 do Euclid va cho
phép nhan dang mau c¢6 hinh dang giéng nhau

nhung chiéu dai hinh dang vé thoi gian c6 thé
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khéc nhau. Phuong phéap niy c6 nhuoc diém 1a
thoi gian chay lau, tuy nhién gn day da c6
nhitng cong trinh ting toc do tim kiém twong tu
dung d6 do DTW.

2.2. So trung toan bd va so trung chudi
con

Mic di ¢6 nhiéu loai khéc nhau, nhung cac
yéu cau truy van trén dit liéu chudi thoi gian c6
thé chia 1am 2 loai:

So trung toan bd: (whole matching) Dbi
v6i nhitng truy van so tring toan b thi chiéu
dai cua chubi dir liéu truy vAn va chibu dai
chudi dit liéu ban dau 1a bang nhau. Bai toan
nay ta thuong dugc dung trong viéc gom cum,
hay phan loai dir liéu chudi thoi gian. Vi du,
“tim gia ching khoan cia nhitng cong ty nao
thay dbi giéng nhau”.

So trung chudi con:(subsequence
matching) Trong truong hop so tring chudi
con thi chiéu dai cua dir liéu truy van ngin hon
rat nhiéu so véi chiéu dai cua dit liéu ban dau.
Vi vdy, nhiém vu chinh 1a tim nhitng doan
trong dit liéu ban dau twong tw véi dit liéu truy
van. Mot s6 g dung ciia bai toan nay la tim
nhitng mau thic dit liéu quan trong hay nhiing
thay d6i bat thuong trong dit liéu ban déu.

3. CAC PHUONG PHAP THU GIAM
SO CHIEU DUA VAO PAC TRUNG

Dit liéu chudi thoi gian thudng cuc ky 16n.
Tim kiém tryc tiép trén nhiing dit liéu nay s&
rat phtc tap va khong hitu hiéu. Dé khic phuc
van dé nay, ta nén 4p dung mot ) phuong
phap bién d6i dé thu giam d6 16n cua dir lidu.
Nhimg phuong phap bién dbi nay thuong dugc

goi 1a nhing kj thudt thu giam sé chiéu

(dimensionality reduction). Phuong phép téng
quat dé thu giam sé chidu co thé tom tit nhu
sau:

1. Thiét 1ap mot do do twong ty d

2. Thiét ké mot ky thuat thu giam sb chidu
dé rut trich mot dac trung co chiéu dai & (tic 1a
mot ddc trung g?)m k gia tri), voi k ¢ thé dugc
xir Iy mét cach hitu hiéu nhd mét cu trac chi
muc khéng gian (da chiéu).

3. Cung cép mot d6 do tuwong tu d; trén mot
khong gian dic trung k chiéu va chimg to ring
n6 tudn tha didu kién sau day: du(X’, Y’) <
d(X,Y) M

Diéu kién (1) c6 nghia 1a ham khoang cach
tinh trén khong gian déc trung (hay khong gian
thu giam) ciia hai chudi thoi gian di dwoc bién
ddi X7, Y’ tir hai chudi thoi gian ban ddu X, ¥
phai chan dudi khoang cach that gilra chiing
trén khong gian nguyén thiy. Diéu kién (1)
thuong duogc goi la diéu kién chan dudi.

C6 hai nhém phuong phap chinh @ thu
giam s chiéu 1a phuong phap bién ddi sang
mién tan s§ va phwong phap xap xi tuyén tinh
tung doan.

3.1. Cac phwong phip bién dbi sang
mién tin s6

Phwong phap bién déi fourier roi rac
(discrete Fourier tranform — DFT):

Phuong phap bién ddi roi rac Fourier do
R. Agrawal va cong su d& nghi ([11,[21,[7]).
Trong phuong phép bién déi Fourier thi duong
dir liéu ban dau dugc biéu dién boi cac duong
can ban. Nhung duong can ban trong truong

hop nay la duong sin va cosin.
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C@t) :2": (4, cos(2zw, 1)+ B, sin(27w,1))
k=1

Ngoai kha nang nén dir liéu, vdi cach tinh
khoang cach dua trén khoang cach Euclid thi
phuong phap Fourier cho phép so sanh gian
tiép 2 chudi X, Y thong qua khoang cach ciia 2
chudi X, ¥, da dwoc bién do6i. S& di phép bién
dbi Fourier roi rac 6 tinh chat trén 13 vi:

D(X,Y) >aD(Xt, Yr)

(trong d6 a 14 hing s6)

Vi véy, phuong phéap bién ddi Fourier da
dugc str dung trong nhiéu mg dung va mét sb
phuong phap 1ap chi muc nhu F-index, ST-
index ... da dugc dé nghi ([11,[2],[7]). Uu diém
cua phuong phép DFT 1a thich hop vdi céc loai
dudng biéu dién dit liéu khac nhau va giai thuat
dé bién dbi dir liéu chi c6 d6 phirc tap O(nign).
Tuy nhién, nhuge diém 16n nhat rit khé giai
quyét néu cac chudi thoi gian c6 chiéu dai khac
nhau.

Phwong phap bién déi wavelet roi rac
(discrete wavelet transform - DWT)

Phuong phap thu giam s6 chiéu bing bién
dbi 101 rac Wavelet toi rac do K. Chan va W.
Fu dé nghi nam 1999 ([5]). Phuong phap DWT
cling gibng phwong phap DFT, tuy nhién
duong co ban cia ndé khong phai 1a duong
luong giac sin hay cosin ma la duong Haar.

Puong Haar dugc dinh nghia theo cac cong
i
thite V7 nhu sau:
Vi _w(@ x-i)

i=0,...2"-1

1 voi 0<t<0.5

voi (1) -1 véi 0.5<t<1

0 cac truong hop
khac

Ngoai stt dung duong Haar, phuong phap
Wavelet c6 thé sir dung cac dudng co ban khac
nhu duong Daubechies, Coiflet, Symmlet...
Tuy nhién, Haar Wavalet da dugc st dung rat
nhiéu trong khai pha dit liéu chudi thoi gian va
1ap chi muc ([14]).

Phuong phép bién dbi Wavelet roi rac rat
hiéu qua bdi vi nd6 mad hoa don gian va nhanh.
Do phrc tap ctia viée ma hoa nay 1a tuyén tinh.
Mot wu diém cta phuong phap Wavelet 1a n6
hd trg nhiéu mirc phan giai.

Khi ap dung ky thuat thu giam s chiéu
bang DFT hay DWT, thu tuc so tring chudi
con dugc tién hanh bang cac budc sau:

1. V&i mdi vi tri trén chudi thoi gian ban
dau, ding mot cita s6 truet (sliding window)
¢c6 kich thudc w, va tao ra mot dac trung chiéu
dai k (mot diém trong khong gian thu giam k
chidu). Mbi diém nay s& gin véi diém di trudc
vi noi dung cia cira sd truot thay dbi cham.
Nhitng diém trong dit liéu chudi thoi gian ban
déu s& duoc bién ddi thanh mot vét (trail) trong
khong gian dac trung.

2. Phan doan vét thanh nhing vét con
(subtrail). Luu mdi vét con trong hinh chit nhdt
bao nhé nhdt (minimal bouding rectangle-
MBR) da chiéu.

3. Luu cac MBR trong mdt cdu tric chi

muc khong gian.

Trang 74



TAP CHi PHAT TRIEN KH&CN, TAP 14, S0 K2 - 2011

Dé truy tim nhimg chudi con tuong tur voi
chudi con truy van Q c6 chiéu dai w, ta chi cin
ra soat tat ca cac MBR ¢6 giao véi hinh cau da
chiéu (hypersphere) c6 ban kinh  (r: 1a ngudng
sai s6 cho phép) bao quanh diém dic trung Q’
ma thé hién chudi con truy vén Q.

Céac cdu trac chi muc khéng gian thong
dung dé hd tro tim kiém twong ty trén dir liéu
chudi thoi gian c6 thé k& nhu ciy R* ([3]), cdy
M ([6]), v.v.

3.2. Cac phwong phap Xép xi tuyén tinh
tirng doan

Phuong phap xip xi tuyén tinh timg
doan

Phuong phap xdp xi tuyén tinh timg doan
(piecewise linear approximation- PLA) do E.
Keogh va cong sy dé& nghi ([8],[9]). Trong
phuong phép nay ta s& biéu dién dir liéu ban
dau bang chudi cac doan thing tuyén tinh. Mdi
doan thing tuyén tinh ndi cip diém & hai dau
doan thing xdp xi tét nhit (best-fit) nhimg
diém co trong phan doan chudi thoi gian do.
Céc doan thing nay c6 thé roi nhau hoic lién
tuc. Cach biéu dién nay rat truc quan va né phu
hop dé nén tit ca cac loai dit liéu chudi thoi
gian.

Phwong phap Xf,lp xi gop tirng doan
(PAA)

Phuong phap xdp xi gop ting doan
(piecewise aggregate approximation) do E.
Keogh va cong sy d& nghi nam 2001([10]).
Phuong phép nay rat don gian, ta tuan tu xap xi
k gia tri lién k& nhau thanh cing mot gia tri
béng trung binh cong cua k diém d6. Qua trinh

¢t tiép tuc nhu vay tir trai sang phai.

Vi phuong phap nay, thoi gian tinh toan
rat nhanh va cach biéu dién ctia né hd tro nhiéu
d6 do khoang cach.

Phwong phép xép xi hing sb timg doan
thich nghi

Phuong phép xdp xi hdang s timg doan
thich nghi (adaptive piecewise constant
approximation —APCA) do E. Keogh va cong
su dé nghi nim 2001 ([11]). Phwong phap
APCA gibng nhu phuong phap PAA 1a xp xi
dit liéu ban dau thanh nhimg doan thing nim
ngang. Tuy nhién, nd khac vdi PAA 1a cac doan
nady & PAA co kich thuéc bang nhau, con &
APCA thi kich thudc cia cac doan 1a khac nhau
tly theo dit liéu. Nhilng ving ndo trén chudi
thoi gian c6 bién dong nhap nho nhiéu thi duoc
phan thanh nhitng doan ngin, con nhitng ving
nao it bién dong thi dugc phan thanh nhimng

doan dai hon.

4. CAC PHUONG PHAP ROT RAC HOA
Trong phwong phap roi rac hoa
(discretization) thi tir dit liéu ban déu, ta s& chia
thanh nhimg doan dir liéu nho hon, rdi sau do,
tuong tmg v6i mdi doan nhé nay ta s& ma hoa
chung boi nhitng dac trung cia doan va tap
hop nhiing dac trung ctua nhitng doan nhé nay
s& lam thanh mot trang ky hiéu biéu dién cho
dir lidu ban dau. C6 mét sb phuong phap roi
rac hoa di duoc dé xut, tiéu biéu nhét 1a SAX
va iISAX. Loi ich quan trong cua viéc roi rac
hoa dit liéu chudi thoi gian 1a didu nay cho
phép st dung nhitng ciu trac dir liéu va giai
thuat vén c6 trong lanh vuc xir Iy chudi ky tu
nhu cdy hau tb, ky thuat bam, mo6 hinh xich

Markov,v.v...
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4.1 Phuwong phap xap xi gop ky hiéu héa
- SAX

Lin, Keogh va cac cong su ([13]) di dé
xuit mot phuong phap roi rac hoa c6 tén 1a xdp
xi gop ky hiéu hoa (symbolic aggregate
approximation — SAX) ma dya trén phuong
phép thu giam s6 chiéu PAA va gia st dit liéu
thu giam s6 chidu di duoc chuan héa. SAX 1a
qué trinh 4nh xa biéu dién PAA cua chudi thoi
gian thanh mot chudi ky tu 1oi rac. Goi a la
kich thude ctia bg ky hiéu ma dugce dung dé roi
rac hoa chudi thoi gian. Dé ky hiéu hoa chudi
thoi gian ching ta phai tim thay cac trj (diém
ngit) sau dy:

BisBoresBis ygi B < Po << By

Str dung nhitng tri ndy, chudi thoi gian

T=t,..t N :
Pr%w g8 duge roi rac hoa thanh trang

L a x. . . N
ky hiéu C = ¢/c;....c,,. MoOi doan 7 s€ dugec ma

hoéa thanh ky hiéu ¢; dung cong thirc sau:
¢ L <p
¢ = ca ZLi > lgafl

¢ P <t;<p
@
Hinh 2 minh hoa phuong phdp ma hoa

SAX.

|
!
|
|
1
0 K
X #
|
|
|
|
!

1 \‘ a
-1.5 A | a

1.00 21.00 41.00 61.00 81.00 101.00 121.00

re

ra

Hinh 2.Mbt chudi thoi gian duoc bién d6i PAA roi ma
hoéa thanh céc ky hiéu SAX. Chudi thoi gian duoc ma

hoéa thanh baabcecbe.

Chung ta chu ¥ rang dit liéu chudi thoi
gian thuong ¢6 phan bd xac xuat Gauss. Dé co

mot xac xudt bang nhau (1/a) cho mdi ky hiéu,

ta phai chon tri diém ngdtﬂf dua trén bang xac
xuét ctia phan bd Gauss.

Sau giai doan ma hoa SAX, thi bai todn so
trung chudi thoi gian trd thanh bai toan so
trung chudi ky tu. Pé thuc hién viée so trung
nay nhanh chéng thi cau tric cdy hdu t6 (suffix
tree) hay tdp tin VA (vector approximation file)
6 thé duoc str dung lam cAu triic chi muc.

4.2 Phuong phap iSAX

Phuong phap roi rac héa iSAX (indexable
symbolic aggregate approximation) dugc Shieh
va Keogh dwa ra nam 2008 ([15]). Phuong
phap nay la s md rong ctia phuong phap SAX
ma thay vi md hoéa mdi phan doan chudi thoi
gian thanh mét ky hiéu nhu 1a chit hay sé
nguyén, iSAX ma hoéa n6 thanh s6 nhi phan, thi
du “00”, “017,710”,"11”.

V6i cach nay, iSAX c6 thé ma hoa chudi

thoi gian thanh chudi bit va nhd d6 tiét kiém
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dugc rat nhidu chd by nhé Iuu trir. Ngodi ra,
iSAX con hd trg kha nang biéu dién da mirc
phdn giai (multi-resolution) dya trén kha nang
da murc phan giai cua cac muc roi rac hoa.
Bé’mg viée két hop véi mot cAu triic chi muc
cdy phan cdp (hierarchical tree) véi phuong
phap iSAX, ta c6 thé truy vén nhanh trén co s&
dit liéu chudi thoi gian véi kich thude 16n 1én
dén hang terabyte.
5.KET LUAN

Bai viét nay diém qua nhimng nghién ctru
gén ddy cua lanh vire tim kiém tuong ty trén dit
liéu chudi thoi gian. Nhilng nghién ctru nay hoi
tu vao phuong thirc tim kiém tuong tu dua trén
cach tiép can rat trich dic trung dé thu giam sé
chidu. C6 2 nhom phuong phép rit trich dic
trung chinh duge trinh bay: cac phép bién dbi

sang mién tan sb, va phuong phap xép xi tuyén

tinh timg doan. Cudi cing, cic phuong phap
11 rac héa nhdm ma hoa chudi thoi gian thanh
chudi ky hiéu ciing duoc trinh bay.

Mic du lanh vuc tim kiém tuong tu dir
liéu chudi thoi gian da thu hat duoc sy quan
tdm cua gidi nghién cru va 1a mot lanh vuc
tuong ddi truong thanh, nhung van con nhiéu
van d& can phai duoc nghién ctru thém. C6 bén
lanh vie nhu vay co6 thé ké: (1) nghién ctru so
sanh bang thuc nghiém hiéu qua cia cac
phuong phap tim kiém tuong tu da dé xuat, (2)
nghién ctru so sanh bing thyc nghiém hiéu qua
ctua cac d6 do tuong tu khac nhau da dé xuét
(3) @& xuét cac cdu triic chi muc hitu hiéu hon
cho dit liéu chudi thoi gian va (4) ing dung clia
cac phuong phap nay trong cac lanh vuc khai
phé dit liéu chudi thoi gian (time series data

mining).

AN OVERVIEW OF SIMILARITY SEARCH IN TIME SERIES DATA

Duong Tuan Anh
University of Technology, VNU-HCM

ABSTRACT: Time series data occur in many real life applications, ranging from science and
engineering to business. In many of these applications, searching through large time series database
based on query sequence is often desirable. Such similarity-based retrieval is also the basic subroutine
in several advanced time series data mining tasks such as clustering, classification, finding motifs,
detecting anomaly patterns, rule discovery and visualization. Although several different approaches
have been developed, most are based on the common premise of dimensionality reduction and spatial
access methods. This survey gives an overview of recent research and shows how the methods fit into a
general framework of feature extraction.

Keywords: time series, dimensionality reduction, discretization, feature extraction.
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