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TOM TAT— Céi thién do hiéu qua va tinh hitu hiéu cia mot phwong phap phan 16p chudi thoi gian 13 mét vAn dé rit quan
trong. Bai bdo nay trinh bay mét cach tiép cin t6 hop (ensemble) d€ phan 16p chubi thoi gian st dung cdc bd phan 1ép 1-NN
(one-nearest neighbor) két hgp véi nhitng d6 do khodng cach khéng dan hoi (non-elastic) va dan héi (elastic). Ngoai ra,
chung tbi song song hoéa thuat toan va hién thuc dwa vao GPU cho giai phap dé xuit nham cai tién tinh hitu hiéu vé thoi gian
cuia gidi phap nay. Két qua thwc nghiém cta giai phap dé xuit trén mot s6 bo dit liéu chudi thoi gian chudn cho thiy phwong
phéap dé xuit hiéu qua hon phuong phap 1-NN két hop d6 do Xoan thdi gian ddng (Dynamic Time Warping- DTW), 1a phwong
phap dwoc giéi hoc thuat lién quan xem la giai thuat hang dau (gold baseline) clia bai todn phan 16p chubi thoi gian va dong
thoi phwong phap d@é xudt dat hiéu qua ngang bang véi phwong phap EE (Ensemble of Elastic Distances), phwong phap t6
hop bd phin 16p 1-NN két hop véi tam d6 do khodng cach dan hoi. Bén canh d6, ching toi thye nghiém so sanh tinh hiru hiéu
cla cich hién thwe song song héa dwa vao GPU v&i cach hién thwe tuén tw cho gidi phap dé xuit. Két qua cta thyc nghiém thi
hai cho thdy trung binh cach hién thwc gidi phap dé xuit bing GPU thuc thi nhanh gip 48 Ian so vé&i cach hién thuc tuan tw
cho giai phap dé xuit.

Tir kh6éa— phan 16p, chubi thoi gian, td hop, 1-1an cin gan nhit, do do khoang cach dan hdi, dd do khoang cach

khong dan hoi, GPU.

I. GIOI THIEU

Phan 16p chubi thoi gian bao gom viéc huin luyén mot bd phan 1ép trén mét tip mau ma mdi mau la mot chudi
s6 thuc dwgc do dac tai nhirng diém thoi gian cdch déu nhau va mét nhan 16p. Phan 16p chudi thoi gian 1a mot
bai toan quan trong xuit hién trong nhiéu &ng dung thuc té.

Do nhitng dic diém riéng cta thé loai dit liéu chubi thoi gian, nhiéu gidi thuat phan 16p néi tiéng lam viéc rat
hiéu qua trén dir liéu théng thwong, lai khéng thé 1am viéc hiéu qua trén dit liéu chubi thoi gian. Trong nhitng
thap nién vira qua cé nhidu giai thuat dwoc dé xuat dé cai thién hiéu ning cla cAc mé hinh phan 1ép chudi thoi
gian tiéu biéu [1], [2].

Cac phuwong phap phan 16p chudi thoi gian dwoc phan loai thanh ba nhém chinh: nhém dwa vao ddc trung
(feature-based), nhém dwa vao mé hinh (model-based) va nhém dwa vdao khodng cdch (distance-based) [3].
Trong nhém phwong phap phan lép dwa vao dic trung, mbi chudi thoi gian dwgc bién d6i thanh tap vector ddc
trung (feature vector) va sau d6 duwgc phan 1¢p bing mdt phwong phap phan 1ép thong thwong. Phwong phap
phan 16p dwa vao mo hinh giad dinh ring tit ca cic chudi thoi gian thudc vé ciing mot 16p 13 dwoc sinh ra tir mot
mo6 hinh va nhu vy mét chubi thoi gian méi sé duoc gdn vao mot 16p c6 md hinh khép véi nd nhit. Sau clng,
phwong phap phan 16p dwa vao khoang cach 1a phwong phap st dung mot dé do khodng cdch (distance measure)
nao dé dé quyét dinh mot chudi thoi gian méi thudc vé mot 16p nao do, thi du nhw phwong phap phan 16p k-ldn
cdn gdn nhdt (k-nearest-neighbor-kNN).

D€ so sanh chudi thoi gian, da c6 nhiéu do do khoang cach khac nhau dugc dé xuit va danh gia hiéu qua thong
qua bai toan phan 16p chudi thoi gian [4]. Ching bao gom nhitng bién thé clia @6 do Xoin thoi gian dong
(Dynamic-Time-Warping-DTW), thi du nhw DTW Dan xuit (Derivarive DTW) [5], DTW véi Can duéi (lower
bound) [6], DTW c6 trong s6 (weighted DTW)[7], va nhitng dd do dwa vao khodng cdch bién tdp (edit distance),
bao gdbm dd do Chudi con chung dai nhdt (longest common subsequence-LCS) [8], d6 do Bién tdp cé hé sé phat
(edit distance with real penalty) [9], 40 do Xodn thoi gian véi bién tdp (time warp with edit) [10], va do do Di
chuyén-tdch-trén (move-split-merge) [11]. T4t ca nhirng dd do khoang cich néu trén déu la dé do khodng cdch
dan hoi (elastic distance measure). Ngoai ra, vai bién thé ctia @6 do Euclid cling dd dwoc dé xuit, nhw dd do
khoang cach Bdt bién dé phitc tap (Complexity Invariant Distance - CID)[12] va d6 do khoang cach Hé sé nén
(Compression Rate Distance - CRD) [13].

Do t6 hop bd phdn Iép (ensemble of classifiers) c6 thé dem lai sy cai thién vé dd chinh xac phan 16p, gin ddy mot
s6 cach tiép can td hop da dwoc dé xudt trong cac cong trinh nghién ctru vé phan 1ép chudi thoi gian, thi du nhw
phwong phap EE (Ensemble of Elastic Distances) ctia Lines va cac cong sw [14], phwong phap cia Tan va cac
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cong sy [15]. MOt cach tiép cln t6 hop tiéu biéu, dwoc dé xudt ndm 2015, bdi Lines va cac cong sw [14], 1a sy két
hop cac bd phan 16p 1-14n cin gin nhit (1-NN) ma chi st dung nhitng dd do khodng cach dan hoi.

Trong nghién ctru nay, ching toi dé xuit mdt phwong phap méi dé€ phan 1ép chubi thoi gian bang mot td hop st
dung nhirng d6 do khoang cich khac nhau vé thé loai. Phwong phap nay cé vé twong tw nhw hai phwong phap di
truée cla Lines va cac cong sw [14], va cia Tan va cic cong sw [15]. Tuy nhién c6 hai diém chinh ma phwong
phap cua chung t6i khac biét véi hai cong trinh di trudce ([14], [15]).

e  Ching t6i sit dung mot t6 hop gobm 6 bd phin lép 1-NN ma két hop véi ca nhitng dé do khoang cach
khong dan hoi va dé do khoang cach dan hoi, khac véi t6 hop nhitng bd phan 16p 1-NN chi dung 8 do6
do khoang cach dan hoi nhw trong [14], va [15]. Phwong phdp dé xudt c6 tinh téng quat hon va dua
vao td hop tinh da dang (diversity) nhdm cai thién do hiéu qua va tinh hitu hiéu cho viéc phan lép
chudi thoi gian. Ching t6i mudn kiém tra xem liéu viéc thay thé mot s6 dd do dan hoi bang nhirng do
do khong dan hoi co6 thé cai thién tinh hitru hiéu vé thoi gian cia phwong phap t6 hop ma khong anh
hwdng dén do hiéu qua phan 16p.

e S hién dién cta nhitng d6 do dan hoi trong t6 hgp thwdng lam gia ting chi phi tinh toan cta té hop.
Do d6 ching t6i thiét k&€ mot cach hién thwc dwa vao GPU nhdm cai thién tinh hitu hiéu veé thoi gian
cho phwong phap dé xuit thong qua viéc song song hoda.

Nhw viy y twdng chinh ctia nghién ctiru nay la két hop mot giai phdp vé phan mém dé nang cao d6 hiéu qua véi
mot giai phap vé phan cirng dé nang cao tinh hitu hiéu thdi gian ciia mdt phwong phap phan 1ép chudi thei gian .

Két qua thuwc nghiém trén nhiéu bo dit liéu miu chuin cho thidy phuong phap dé xuit trong nghién cttu nay vuot
troi hon vé dé hiéu qua so véi phwong phap 1-NN két hgp DTW, 1a phwong phap dwoc gidi hoc thuit lién quan
xem 12 gidi thudt hang ddu (gold baseline) ctia bai toan phan 16p chudi thoi gian [16], va dong thoi dem lai hiéu
qua phan 1&6p ngang bang véi phwong phap t6 hop EE st dung 8 dd do khoang cach dan hoi [14]. Ngoai ra, viéc
so sanh tinh hiru hiéu ctia cach hién thyc song song héa dwa vao GPU vi cach hién thuce tuin tw cho gidi phap dé
xudt cling dwoc thwe nghiém. Két qua ctia thye nghiém thi hai cho thiy trung binh cach hién thuc giai phap dé
xudt bang GPU thuc thi nhanh g4p 48 1an so véi cach hién thwc tuin tw cho giai phap dé xuit.

Phin tiép theo ctia bai bdo dwoc t6 chitc nhw sau. Muc 11 giGi thiéu vé mot sd khai niém cin ban va cac céng trinh
lién quan. Muc 11 mé ta phwong phap t6 hop dé xuit dé phan 1ép chudi thoi gian. Muc IV trinh bay cach hién
thwc song song héa dwa vao GPU cho phwong phap dé xuit. Muc V twong thuit két qua thwc nghiém danh gia
hiéu qua clia phwong phap dé xuit va tinh hiru hiéu cia cach hién thwc song song héa dwa vao GPU cho phuwong
phép dé xuit. Muc VI néu mot vai két luin va cac hwéng phat trién cta dé tai.

II. CAC KHAI NIEM CAN BAN VA CAC CONG TRINH LIEN QUAN

A. CAC KHAI NIEM CAN BAN

Phwong phap mét-lan can gan nhit. Phu'o'ng phap moét 1an can gan nhat (1- NN) phan 16p mot mau méi bing
cach tinh khoang cach gitra mau nay v&i moi mau trong mot tap mau di dwgc gan nhan 16p. Phwong phap nay sé
phan 1é6p miu méi vao 16p cia mAu trong tap huin luyén ma gin véi miu nay nhat.

P06 do khoang cach. Hau hét cac bai toan khai pha di liéu chudi thoi gian thwong dung nhitng do do khoang
cach nao dé dé dinh lwong mirc dd twong tw hay khac biét vé thoi gian clia hai chudi thoi gian. Nhivng khoang
cach ma so sanh diém thi¥ i ctia chudi thoi gian ndy véi diém thi i cia chudi thdi gian khac dwoc goi 1a nhitng dé
do khdng dan hoi (non-elasic measure), thi du nhw d6 do Euclid. Nhitng d6 do ma cho phép 4nh xa tir mot diém
dén nhiéu diém (one-to-many), thi du nhw d6 do DTW, hodc cho phép 4nh xa tlr mot diém dén nhiéu diém va tir
mot diém dén khong diém (one-to-none) dwoc goi 1a nhirng dé do dan hdi (elastic measure). Nhirng dic diém
chung ctia d6 do dan hoi 1a ching 1am viéc trén mién thoi gian va c6 thé bu dip cho sw can chinh 1éch cuc bd
(localized misalignment) thong qua sw diéu chinh c6 tinh dan hoi. Hinh 1 minh hoa sy khéc biét gitta d6 do
khoéang cach khong dan hoi (d6 do Euclid) va dé do khoang cach dan hoi (d6 do DTW).

D6 do Euclid. D6 do Euclid 1a d6 do thong dung nhat trong khai pha dir liéu chudi thoi gian. Cho hai chubi thoi
gian c6 cung chiéu dai: X = x4, xz,.., X, and Y = yy, y2,., yn, khodng cach Euclid gitra X va Y dwoc dinh nghia bing

cong thirc sau day:
Dist(X,Y) = [3(x - y,)’ @
i=1
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(a) P do Euclid (b) b6 do DTW
Hinh 1. Sw khdc biét giita dé do khodng cdch khéng dan hoi (a) va dd do khodng cdch dan hoi (b).

P6 do Xoan thoi gian dong. DTW 1a d6 do khoang cach giita hai chudi thoi gian ma ching ta c6 thé 4nh xa mot
diém dit liéu cta chudi thoi gian nay dén nhigu hon mot di€ém dit liéu trén chubi thoi gian khac. Nhdm do ludong
su twong tw veé hinh dang, DTW 1a d6 do thwong dung d€ gidm thiéu sw vin xoin (distortion) trén truc thoi gian
[17].

Gia str chiing ta c6 hai chudi thoi gian Q = q1, g2, -y iy« Gn VA C =1, C2, .., Cjy - Cm. DE tinh khoang cdch DTW
gitra hai chudi thoi gian ndy, chiing ta xAy dwng ma tran c6 kich thwéc n x m, dwgce goi 1a ma trdn xodn (warping
matrix), véi Dy = d(qi, ¢;) 1a khoang cach giira hai diém q; va ¢; (thi du: d(qi, ¢;) = (qi- ¢))?). P& tim mot anh xa tét
nhdt gitra hai chudi, chiing ta phai tim mot 16i di xuyén qua ma tran sao cho cuc tiéu héa khoang cach tich liy
gitra hai chudi. Mat I6i di xodn (warping path) W 1a mot chudi tuan tw cta cac phan tlr trong ma tran ma dién ta
mot 4nh xa gitta hai chudi Q va C. L8i di xodn nay c6 thé dwoc tim ra bang cich st dung quy hoach déng (dynamic
programming) dé tinh quan hé truy hoi (recurrent relation) sau ddy ma dinh nghia khodng cach tich liy (i, j)
béng khoang cach d(i, j) tim thiy tai 6 hién hanh cong véi tri nhé nhit ctia khoang cach tich liiy tai ba 6 k& can:

AL J) =d(gi ¢)) + min{{(i-1,)), A1, j-1), Ai-1,j-1)}
£0,0)=0; /i, 0)= {0, )) =0;i=1,2,ym; j=1,2,ym 2)

trong d6 (i, j) bang d(i, j) = (¢ - ¢;)?, binh phwong khodng cach giira g; va ¢j, cdng véi khoang céach tich Ity nhé
nhit ctia ba 6 1an can véi (i, ). Khodng cach DTW giira hai chudi thoi gian Q va C 1a cin hai ctia khoang cach tich
liiy tinh tai 6 cudi cing (m, n).

Hinh 2. minh hoa 16i di xon (warping path), dwoc td dam, trong qua trinh tinh khodng cdch DTW giita hai chudi
thoi gian Q va C.

Hinh 2. D€ tinh khodng cdch gitra C va Q, mot 16i di xodn P, gém nhitng 6 mau den, dwgc hinh thanh.

Coéng thirc quy hoach déng ctia @6 do DTW lam cho viéc tinh todn khodng cach nay rat tén chi phi thoi gian hon 1a
khoang cach Euclid. P phirc tap tinh toan cia DTW la O(n?) trong khi d6 phtrc tap tinh toan cia d6 do Euclid la
0(n) véi n 1a chiu dai cta hai chubi thoi gian. Luu y rdng néu chiing ta giéi han viéc tim kiém 16i di xoan trong
tAm mot ctra s6 xodn (warping window) [6] thi ching ta c6 thé 1am gidm dd phirc tap tinh todn cia DTW xudng
thanh O(nr), véi rla kich thwéc clia clra s6 xoan.

P6 do DTW Dan xuit. Keogh va Pazzani, nim 2001, dé xuit mdt cai tién ctia d6 do DTW dwoc goi la d6 do DTW
Dén Xudt (Derivative Dynamic Time Warping -DDTW) [5]. D6 do ndy trwéc tién bién déi chudi thoi gian géc
thanh chudi thoi gian hiéu bac nhit. Cho mét chudi thoi gian t = {t,t, ..., tm}, chudi thoi gian hiéu cta chudi t 1a
chubi t'= {t'1, 'y, tm1} VOt dwoe dinh nghia la trung binh d6 déc gitra ti; véi t;, va t; voi tig, tire 1a:

t'i=((ti - ter) + ((tie1 - t1)/2))/2 (3)

véi 1 <i<m. DTW Dan Xuat dwoc dinh nghia dé 1am gidm dnh hwéng ctia nhiu trong chudi thei gian d6i véi do
do DTW.
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Do do DTW véi Can dwéi. Mot cach tiép cin dé ting tdc viéc tinh do do DTW la thay thé phéan 1é6n nhitng tinh
toan khoang cach DTW phitc tap bing nhitng tinh toan cin dwéi don gian hon. Mot ki thuat tinh todn can duwéi
ndi tiéng 1a cin dwdi LB_Keogh (dwgc dé xuit boi Keogh and Ratanamahatana, nam 2005 [6]). Trong ki thuit
tinh can dwéi cho DTW, can duwéi cia @6 do khoang cach DTW giira hai chudi thoi gian Q va C, ky hiéu 1a LB(Q, ),
phai théa man bat ding thitc: LB(Q, C) < DTW(Q, C).

Gia st best_so_far 1a bién Iwu khoang cach gitra hai chudi th&i gian ma tét nhat (nhé nhat) cho dén hién gid, néu
LB(Q, C) > best_so_far, thi DTW(Q, C) > best_so_far va do d6 chung ta khong cin tinh DTW(Q, €) ma van c6 thé két
luan rang hai chudi thoi gian Q va C khong thé twong tw véi nhau.

Do do Bit bién dd phikc tap. Batista va cic cong sw [12] dd dé xudt d6 do Bdt bién d6 phitc tap (Complexity-
Invariant distance - CID), 1a mot dd do khong dan héi. b6 do nay dung thong tin vé nhitng khac biét dd phirc tap
tinh todn ctia hai chudi gian nhw mot hé s6 diéu chinh cho dd do khoang cach hién cé. Cho hai chudi thoi gian Q
va C, do do khoang cach CID giira Q va C dugc tinh bing cdng thic:

CID(Q, €) = ED(Q, C)xCF(Q,C) (4)

véi ED(Q, €) 1a khoang cach Euclid gitta Q va €, va CF 1a hé s8 diéu chinh d¢ phitc tap ma dwoc dinh nghia nhw
sau:

max(CE(Q),CE(C))
min(CE(Q),CE(C))

CFQ,0) = ()

trong d6 CE(T) 1a gia tri wéc lwong d6 phirc tap ctia chudi thoi gian T, ma dwoc tinh bang cong thitc sau.

— -1

CEQ = (S - g @
Cht y rang vi d6 do CID dwa vao dé do Euclid, nén dé tinh d6 do CID cda hai chudi thoi gian, ching ta gia dinh
rang hai chudi nay phai cé cling chiéu dai.
Do do Hé s6 nén. Vinh va Anh ndm 2015 [13] da dé xuit dé do Hé S6 Nén (Compression Rate Distance -CRD), 1a
mét do do khodng cach khong dan haéi. Y twéng chinh ctia d6 do khoang cach nay l1a dwa vao nguyén ly Chiéu dai
mo td téi thiéu ( Minimum Description Length (MDL) principle) trong ly thuyét théng tin. Hé s6 nén giira hai
chudi thoi gian cang cao thi hai chudi nay cang twong ty nhau.
Cho hai chudi thoi gian Q = q1, g2,..., @n va C = ¢y, C2,..., cn. P& do CRD gitta Q va C dugc dinh nghia nhu sau:

CRD(Q,C) =CR(Q,C)* xED(Q,C)

v&i CR1a hé sé nén (compression rate), a 1a dé Iéch (bias) ma 1a mot s6 thwe 16n hon hay bang 0, gia tri a cang 1on
thi 4nh hwdng cta hé s6 nén 1én khoang cach cang nhiéu, va ED 1a d6 do Euclid. Hé s6 nén CR dwoc dinh nghia
nhw sau:

B DL(Q-C)
CRQ.C)= min {DL(Q), DL(C)}+ & !

trong d6 &1a mot tri cwc nhdé nhdm tranh phép chia zero, va DL 1a chiéu dai mé td (description length) ctia chudi
thoi gian.
Chiéu dai mé ta DL ctia mdt chudi thoi gian T1a tong s6 bit cAn dung dé biéu dién chudi thei gian.
DL(T) =w x E(T) (8)
v&i wa chiéu dai ctia chudi T va E(T) 12 entropy cta chubi T.

Vi chigu dai ciia hai chudi thoi gian bang nhau, nén hé s nén dwgc x4p xi bang céng thitc sau day:

_ E(Q-C)
CRQO=Tn {E(Q).EC)}+¢ ©)

Entropy E(T) ctia mét chudi thoi gian T dwoc dinh nghia nhu sau:
E(T)=->_P(T =t)log,P(T =1) (10)
t

véi P(T = t) 1a xac xudt dé tri t c6 xudt hién trong chudi thoi gian T.
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Cha y rang vi do do CRD dwa vao do do Euclid, nén dé tinh dd do CRD ctia hai chudi thoi gian, chiing ta gia dinh
rang hai chudi ny phai cé cling chiéu dai.

Vinh va Anh [13] thuc nghiém d6 do CRD vao bai todn phan 1ép chudi thoi gian véi 45 bo dit liéu mAu va so sanh
v&i ba @6 do thong dung khac 1a d6 do Euclid (ED), @6 do Bit Bién Do Phirc Tap (CID) va dd do Xoin Thoi gian
déng (DTW). Két qua thuwc nghiém cho thiy dé do CRD vuot trdi hon do do ED va do do CID trén phén 16p cac bo
dir liéu mau thir nghiém. Bén canh dé, d6 do CRD c6 hiéu qua phan 1&p tét hon dd do DTW trén 2/3 téng s6 bo
dit liéu duoc thir nghiém.

B. CAC CONG TRINH LIEN QUAN

Lines va cac cdng su, ndm 2015 [14] di dé xuidt mot phwong phap t6 hgp dé phan 1¢p chudi thoi gian bao gom
tdm bo phan lép 1-NN két hop véi tam do do khoang cach dan héi: do do khoang cach Xodn thoi gian dong
(DTW), d6 do DTW Dan xuit (Derivative Dynamic Time Warping -DDTW) [5], d6 do DTW Cé trong s6 (Weighted
Dynamic Time Warping - WDTW) [7], d6 do DTW Dan xuit c6 trong sé (Weighted Derivative Dynamic Time
Warping - WDDTW), d6 do Chudi con chung dai nhit (Longest Common Subsequence -LCS) [8], d6 do Bién tap
c6 mirc phat (Edit Distance with Real Penalty -ERP) [9], d0 Do xoan thoi gian bién tip (Time Warp Edit Distance
- TWED) [10] va do do Di chuyén-tach- gdp (Move-Split-Merge - MSM) [11]. Céc tac gid xay dwng mbi bd phan
16p thanh phan mot cach ddc 1ap va ap dung chién lwgc phiéu bdu ti 1é thudn (proportional voting scheme) khi st
dung cac két qua phan 16p tir cac bd phan 1&p thanh phan. Chién lwec phiéu biu ti 1€ thuin gan trong sd cho tirng
b6 phan 1ép thanh phan dua trén dd chinh xac phan 16p dwoc danh gia bang kiém tra chéo (cross-validation) ma
dwoc chudn héa qua s6 Ian thwc nghiém. Diéu d6 cé nghia 1a cic trong s6 dwgc gan dén cic bo phan 16p thanh
phin dwoc tinh dwa vao hiéu qua ctia ching khi lam viéc trén tip huin luyén trong qua trinh kiém tra chéo. Két
qua thuc nghiém trén 46 bd dit liéu mAiu ldy tir kho dir liéu mau UCR cho thdy phuong phap t6 hop nay co6 hiéu
qua vuot troi phwong phap 1-NN két hgp do do DTW, mdt phwong phap phan 16p chudi thoi gian ma di dugc
danh gia 13 “khé bi danh bai”(“difficult to beat”). Phwong phap t6 hop gdbm 8 dd do dan hoi néu trén (dwoc ky
hiéu 1a phwong phép EE), 1a phwong phap phén 1ép ddu tién hiéu qua hon phwong phap 1-NN két hop véi do do
DTW.

Tan va cac cdng sw, ndm 2020 [15] dé xudt mdt bién thé cai tién cho phwong phap t6 hop dwoc dwa rabdi Lines
va cac cong su [14]. Bién thé cai tién trong [15], dwoc goi la phwong phap FastEE, dinh nghia cac can duéi méi
cho cac d6 do WDTW, MSM va TWED, va ap dung mét phwong phap hiru hiéu [18] d€ wéc lwong kich thwéce cira
s6 xoan (warping window) cho c tAm dd do dan hdi nhdm cai tién tinh hitu hiéu thoi gian cho phwong phap t6
hop & cong trinh [14]. Thoi gian huén luyén cia phwong phap FastEE nhanh hon gan 10 14n so véi phwong phap
EE & cong trinh [14].

I1II. TO HO'P BO PHAN LOP VO'1 CAC PO PO KHOANG CACH KHONG PAN HOI VA PAN HOI

Trong nghién ctru nay, phwong phap té hop dwoc dé xuit gom 6 bd phan 16p 1-NN, mdi bd phan 16p két hop véi
mot dd do khodng cach khac biét nhau. Sau dé do khodng cach dwoc dung trong phwong phép t6 hop nay la do
do Euclid, d6 do DTW, d6 do DTW Dan Xudt [5], 46 do DTW véi can duéi LB-Keogh [6], d6 do CID [12] va d6 do
CRD [13]. Trong sé sadu do do nay, do do Euclid, d6 do CID va dd do CRD la ba dd do khéng dan hoi (con dwoc goi
12 dé do khéa tirng budc (lock-step measure)) trong khi ba dd do kia 1a nhitng d6 do dan héi. Luu y rang cac do
do khong dan hoi thwong dé hién thwc va hitu hiéu vé thoi gian tinh todn hon 1a nhitng d6 do dan hoi. Dé tién loi,
chung t6i ky hiéu sau bo phan 1¢p thanh phin nhw sau: ED (1-NN két hop dé do Euclid), DTW (1-NN két hgp do
do DTW distance), CDTW (1-NN két hop dd do DTW dung cin duéi LB_Keogh), DDTW (1-NN két hop do do
DTW Dan Xu4t), CID (1-NN két hop d6 do CID) and CRD (1-NN két hop do6 do CRD).

Giai doan huin luyén: Trong giai doan nay, phwong phap dé xuit sé tinh toan va gan trong so cho tirng bd phan
16p thanh phan dwa vao ti 1& phan 1¢p sai cia mdi bd phan 1&6p. Nhung ti 1& phan 16p sai ciia mdi bo phan 16p
thanh phan phai dwoc chuin hoa theo cong thirc sau:

error_rate;
> i_jerror_rate;

vGin1a téng s6 bo phan 1¢p thanh phan trong td hop.
Tilé phan 16p sai (error rate) duoc tinh theo cong thirc sau:

Errorrate=n/N (12)
v&i nla téng s6 miu bi phan 16p sai va N 13 téng s6 mAau trong tap huin luyén.
Toan bd qua trinh cta giai doan huin luyén dwgc mé ta & Algorithm 1 nhw sau.

Algorithm 1
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Input: D is the dataset,
Output: The array weight with weight[Cj] for each classifier C;
Divide D into two subsets: Train and Test
Divide Train into six subsets, termed as Train;
sum =0
forj:=1to 6 do
compute ER[(]] for each classifier (; in the dataset Train;
// ER[C] is error rate of classifier C; using Eq. (12)
sum = sum + ER[(]]
endfor
forj:=1to 6do
weight[Cj] = ER[C}]/sum
Luu y: Algorithm 1 cé thé dwgc cai bién khi st dung trong cho viéc ki€m tra chéo k-phan (k-fold cross-
validation).

Giai doan thir: Trong giai doan nay, két qua phan 16p clia méi mau trong tap thir dwoc quyét dinh béi mdi bd
phén 1&p thanh phin va dwgc téng hop lai tir nhirng quyét dinh ctia moi b phan 1ép thanh phin. Trong phwong
phép t6 hop clia chung tbi, két qua cudi cung dwgc xac dinh dwa vao trong sé cia mdt bd phan 16p dic biét. Doi
v&i mot mau thir ¢, két qua cudi cing F(t) ca mau thir t dwgc tinh nhw sau:

F(t) = fi(t) | weight[(]] 1a nho nhit (13)
Tirc 13, két qua cudi cing ciia mau thir dat dwgc tir bd phan 1¢p (thir j) ma cb trong s6 nhé nhat.
Qua trinh ctia giai doan thir dwgrc mo ta & Algorithm 2, dworc trinh bay nhuw sau.

Algorithm 2
Input: Test is the test dataset,
Output: classified Test set
for each x in Test
forj:=1to6
obtain the predicted label as y(x) = fj(x)
//fi(x) is the predicted label obtained from C; for x
endfor
determine the final outcome, F(x) by using Eq. (13)
endfor

IV. HIEN THU'C SONG SONG HOA DU'A VAO GPU CHO PHU'ONG PHAP TO HO'P PE XUAT

A. SONG SONG HOA DU'A VAO GPU

DPon vi xtr ly d6 hoa (Graphics Processing Unit- GPU) 1a mot cong cu tinh toidn dwoc thiét ké dé xir Iy nhirng tinh
toan déng thoi va song song [19], [20], [21]. Cac cong cu GPU dwgc thiét ké véi kién tric tinh todn song song cao
cip ma tao diéu kién cho nhirng cong cu nay thwc hién rat nhiéu tinh todn mét cach déng thoi, va 1am cho ching
thich hop véi nhitng tac vu tinh toan song song.

D& van dung song song héa dwa vao mdt GPU, tai cong viéc dwoc chia thanh nhiéu ludng (thread), la nhirng don
vi thuee thi cidn ban. Nhitng luéng nhw vdy dwoc gom nhém thanh nhirng khdi (block), va nhiéu khoi nhw vay hinh
thanh nén mét Iwdi (grid). Mbi ludng dwoc gdn mdt dinh danh (identifier) don nhat, cho phép né xit Iy mét phan
chuyén biét cta tip dit liéu mot cach doc lap. B xép lich GPU quan ly sw thwc thi cia nhitng luéng nay, vin dung
mot cach hiéu qua kha nang xt Iy song song ctia GPU.

Song song héa dwa vao GPU c6 nhiéu wu diém. Mot 13, n6 cho phép xtr Iy httu hiéu nhitng lwong di liéu 16m bing
cach song song hoa, dem lai mot sw cai thién hiéu niang dang ké so véi viée xir 1y tuan tw lwong dir liéu nay trén
mot CPU (Central Processing Unit). Hai 13, s6 lwong 16n cac 16i (core) tinh toan trén mdt GPU tao diéu kién cho
viéc thuwce thi nhiéu ludng mot cach dong thoi, cwc dai héa hiéu ning tinh toan. Ba 13, cdc GPU dwoc tdi wu héa
mot cach chuyén biét cho cic tai cong viéc c6 tinh song song, lam cho ching dic biét wu viét d6i v&i nhirng bai
toan c6 qui mo 1én vé dir liéu va cé cac phép tinh toan toan hoc phirc tap.

Trong ngit cAnh ctia phan tich chudi thoi gian, song song hda trén mot GPU rat hitu ich cho nhitng cong tac nhw
phat hién b4t thudng, phap hién motif, phan 1&p, gom cum va tim ki€m twong tw. Bdng cach van dung kha ning
tinh todn song song ctia GPU, cic cong tac tinh toan nhw vay dwoc thyc thi hiru hiéu hon, dem lai mdt sy phan
tich dit liéu nhanh hon va ci tién hiéu ning toan cuc.
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B. HIEN THU'C SONG SONG HOA DU'A VAO GPU CHO PHU'ONG PHAP TO HOP PE XUAT

Viéc xy dwng cac bd phan lép thanh phan ctia phwong phap t6 hop dwoc thwc hién mat cach tuin tw. Mdi bd
phén 16p thanh phan 1-NN lai c6 thé dwgc thwe hién mot cich song song thong qua viéc song song hda cic buéc
tinh toan dd do khoang cach trong giai thuat 1-1an cin gan nhit. M6i bd phan 1ép 1-NN hién thuwc dwa vao GPU sé&
gan cac ludng dam nhiém viéc tinh cac d6 do khoang cach mot cach dong thoi rat don gidn: méi ludng trong GPU
dam nhiém viéc tinh d6 do khoang cach gitta chubi thoi gian thir va mdi chudi thoi gian trong tap huin luyén.

Dic biét khi dd do khoang cach 1a d6 do DTW va dd do DTW Dan Xu4t, do méi quan hé truy hoi va tinh phu thudc
dir liéu (data dependency) gitra cic phin tir (ctia ma trin xodn) trong qua trinh tinh toan, chiing ta phai phan tich
tinh phu thuéc dir liéu trong giai thuit tinh todn va thiét k€ moét chién lwoc cai tién mirc dé song song héa. Ky
thuit song song héa ma ching tbi 4p dung trong nghién ctru nay 1a dwa vao chién lwoc song song héa Dang Séng
(Waveform) danh cho GPU dwgc dé xuit bdi Belviranli va cac cong sw, nim 2015 [22]. K§ thuat nay dwgc mo ta
chi tiét nhu sau.

Hinh 3 minh hoa tinh phu thudc dit liéu trong khi tinh todn d6 do DTW. Trong ma tran xon, mdi 6 biéu dién do
do DTW gitra hai diém. Viéc tinh to4n tai mbi 6 phu thudc vao két qua tai cc 6 bén trai, 6 bén dwdi, va 6 chéo bén
dwéi. Tire 13, dé tinh 6 (i, /) trong ma tran D, gid tri tai 6 D[i, j] phu thudc vao gia tri tai ba 6 D[i-1, j], D[i, j-1], D[i-1,
Jj-1] (xem cong thirc (2) & tiéu muc ILA).
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(a) Sw phu thudc tinh toan (b) Cap nhat ma tran theo nhitng dwong chéo

Hinh 3. Thi tw cdp nhdt ma trdn tinh do do

Trong gidi thuat DTW c6 dién, qua trinh tinh to4n c6 thé thuc hién theo thi tw hang hoic thir tw cot. Nhitng 6
trén cing mét hang hodc cing mot cot sé dwoc tinh mot cach tudn tw. Tuy nhién, khong hé c6 sw phu thudc dir
liéu giira cic 6 & trén cing mot dwong chéo nhw dwgc minh hoa trong Hinh 3.b. Do d6, nhirng 6 nay cé thé dwoc
tinh mot cach song song (mic d song song bic hai). C6 sw phu thudc dir liéu giira hai dwong chéo ké can nhau.
Nhuw vay, tai mét lic, ching ta c6 thé tinh dit liéu trong ciing mot dwdng chéo. Trong Hinh 3, mii tén biéu thi sy
phu thudc dir liéu va hwéng tinh toan.

Dwa vao quan sat trén, ching toi di d€n mot chién lwoc song song nhw sau. Qua trinh tinh toan bat dau tir 6 thi
nhat (6 & vi tri (0,0)), roi cdp nhit cac 6 trén dwong chéo gin véi 6 nay nhit. Vi nhirng 6 nay chi phu thudc vao 6
th& nhit nén ching cé thé dwoc tinh song song. Sau d6 qua trinh tinh todn dwoc chuyén qua dwdong chéo ké cén.
Béang cach cip nhat ma tran theo cach thirc nhu vay, sw phu thudc dit liéu dugc tén trong va mot mirc dd song
song héa hop ly da dwegc thuc hién.

V. KET QUA THUC NGHIEM
Muc nay mo ta cac thwc nghiém trén nhiéu bo dit liéu miu dé danh gia hiéu qua ctia phwong phép t6 hop dé xuat
cho bai toan phan 1ép chubi thoi gian.

Cac phwong phap phan 1¢p ddi sanh dwoc hién thwc bang ngdén ngir R va C++ va tién hanh cac thyc nghiém trén
may tinh c6 cdu hinh Intel® Core i7-6700k 4.00 GHz CPU, 32 GB RAM PC. D€ str dung cong cu GPU, ching toi st
dung NVIDIA GTX 960 GPU. Bang 1 m ta cic thong sb ki thuit ctia NVIDIA GTX 960 GPU.

Cac thwc nghiém nhdm so sanh cac phwong phap ddi sanh dwa vao dd chinh xac phan 16p va dd httu hiéu thoi
gian.

Chung to6i str dung tf Ié phdn I6p sai (classification error rate) lam tiéu chi danh gia vé do chinh xac phan lép
trong cac thwc nghiém.
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Cac thuc nghiém dwoc tién hanh trén c6 bo dir liéu miu 18y tir kho dir liéu miu vé phan lép chudi thoi gian cia
UCR (UCR Time Series Classification Archive) [23]. C6 tat cd 14 b di liéu mAu dwgc dung trong cac thwe nghiém
nay. SO th tw, thé loai va tén cla tlrng bd dir liéu dwgc cho trong Bang 2.

Bang 1. Cdc théng s6 ky thudt ciia Nvidia GTX 960 GPU

Nvidia GTX 960
SMs 8
CUDA Cores 1024
Memory Size 4GB
Peak Performance (single precision) 2.644 TFLOPS
Peak Performance (double precision) 82.62 GFLOPS
Memory Bandwidth 112.2 GB/s
Bang 2. Cdc b dir liéu thir nghiém
S6 thit tw Thé loai Tén bo dir liéu
1 Image ArrowHead
2 Spectro Beef
3 Image BeetleFly
4 Simulated | CBF
5 Image DistalPhalanxOutlineCorrect
6 Image Fish
7 Motion GunPoint
8 Spectro Ham
9 Image FaceFour
10 Sensor Trace
11 ECG ECGFiveDays
12 Traffic Chinatown
13 HRM Fungi
14 EPG InsectEPGRegularTrain
Bang 3. Chi tiét vé 14 b¢ dir liéu thir nghiém
fg th | rap husnlugén | Tapthir | S§16p | Chidu dai
1 39 175 3 251
2 30 30 5 470
3 20 20 2 512
4 30 900 3 128
5 600 276 2 80
6 175 175 7 463
7 50 150 2 150
8 109 105 2 431
9 24 88 4 350
10 100 100 5 275
11 23 861 2 136
12 20 343 2 24
13 18 186 18 201
14 62 249 3 601

Mobi bd dit liéu dwgc chia thanh hai tp con: tdp huin luyén va tap thir. BAng 3 md ta s6 lwong mau trong tap
huén luyén va trong tip thir cing v&i chiéu dai cia moi mau (1a mot chuoi thoi gian) trong moi bo dir liéu.
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D& danh gid chat lwong phan 16p clia phwong phap dé xuit, chiing tdi st dung ky thuat kiém tra chéo 10 phdn
(10-fold cross-validation) dwgc mé ta nhw sau. Tai lwot 13p thi k (0 < k < 10), tap thir bao gdbm phin muwdi thi k
cta tip dit liéu va tit cd nhirng phdn mudi con lai dwoc dung cho tip huln luyén. Qua trinh thyc nghiém thuc
hién 10 lan thir nghiém v&i 10 tip huidn luyén va tip thi khac nhau d€ danh gid hiéu qua phan 16p. Hiéu qua cudi
cung duwgc tinh bing cach 14y trung binh 10 ti 1& phan 1ép sai ctia 10 1an thir nghiém.

Thuwc nghiém 1 so sdnh phwong phép t6 hgp dé xuit véi 6 phwong phap phan 16p: 1-NN két hop véi mot trong
sau do do khoadng cach. Ching t6i ky hiéu nhitng phwong phap phan 1&p nay nhw sau:

ED: gidi thuit 1-14n cn gin nhit véi dé do khoang cach Euclid.
DTW: giai thuit 1-14n cin gin nhit véi dé do khoang cich DTW truec tiép.
CDTW: giai thuét 1-14n cin gin nhit véi d6 do khoang cdch DTW c6 dung cin dwéi LB_Keogh.
DDTW: giai thuat 1-14n cin gin nhit véi do do khoang cach DTW Dan xuit.
CID: giai thuat 1-1an cin gin nhit véi dd do khoang cach B4t bién do phirc tap (CID).
CRD: giai thuét 1-1an cAn gin nhit v&i do do khoang cach Hé sd nén (CRD).
Phuwong phap t6 hop dé xuit dwoc thwe hién dwdi hai dang thire, dwoc ky hiéu nhu sau:

ENE1: phwong phap t6 hgp gom 5 bd phan 1ép 1-NN véi 5 d6 do khoang cach (ED, DTW, DTW_LB, DDTW,
va CID). Nhw vay, trong ENE1, c¢6 hai b6 phén 16p véi dd do khoang cach khong dan hoi (ED, CID) va ba do
do khoang cach dan héi (DTW, CDTW va DDTW).

ENE2: phwong phép t6 hop gom 6 bd phan 1ép 1-NN véi 6 dd do khoang cach (ED, DTW, DTW_LB, DDTW,
CID va CRD). Nhw viy, trong ENE2, ¢6 ba bd phan 16p véi do do khoang cach khong dan héi (ED, CID, CRD)
va ba b phan 16p véi dd do khoang cach dan hoi (DTW, CDTW va DDTW).

A. THU'C NGHIEM 1
Thuc nghiém 1 nhdm muc dich so sanh do chinh x4c phan 16p ctia 8 phwong phap phan 1&p chudi thoi gian néu
trén.

Bang 4 va Bang 5 trinh bay ti 1€ phan 16p sai, st dung cong thirc (12), cia 8 phwong phap phan 16p trén 14 bd dir
liéu mAu. Nhitng ti 18 phan 16p sai nhé nhat sé dwoc in dam.

Trong s6 14 bd dit liéu mAu dwoc diung trong thuc nghiém 1, ¢6 7 bo dit liéu trung khép véi nhitng bo dit liéu
dwoc dung trong thwe nghiém chinh cda cong trinh nghién citu b&i Lines va cac cong sw [14]. Do d6, ti 1é phan
16p sai ciia phwong phap t6 hop ching toi dé xuit sit dung 6 d6 do khac nhau (dan héi va khong dan hoi) c6 thé
so sanh v&i ti 1€ phén 16p sai ciia phwong phép t6 hop EE & cong trinh sir dung 8 dé do dan hoi [14] va két qua so
sanh dwoc trinh bay & Bang 6. Nhirng ti 1é phan 1&p sai nhé nhit trong Bang 6 sé dwoc in dam.

Tir nhitng k&t qua thwc nghiém trong Bang 4, Bang 5 va Bang 6, chiing ta c6 thé rit ra nhirng nhin xét sau day:

e 1-NNvéido do CRD (d6 do khong dan hoi) vwot troi hon 1-NN véi dé6 do DTW (d6 do dan hoi) trén 11
trong s6 14 bo dit liéu mAu. Nhan xét ndy chi ra ring khong phai do do dan hdi nao ciling vwot troi hon
moi d6 do khong dan hoi trén moi bd di liéu khi phan 16p chudi thei gian.

e Phuwong phép t6 hop dé xuit (ENE2) dem lai ti 1& phan 16p sai nho nhit (tirc 13 d6 chinh xac phén 16p
cao nhit ) trong s6 8 phwong phap phan 16p dwoc so sanh trén 14 bo dit liéu mau.

e Phuwong phéap t8 hop dé xuit (ENE2) vwot troi hon phwong phap 1NN véi @ do DTW trén 14 b dir
liéu mAu. Sy kién nay ham y ring phwong phép t6 hop chiing tdi dé xuit ciing dat dwoc ciing muc tiéu
ma phwong phap t6 hop EE cua Lines va cac cong su [14] dat dwgc: 1a phwong phap phan 16p chubi
thoi gian dau tién thdng duwgc phwong phap chudn vang (gold baseline) 1-NN két hop DTW.

e So sanh két qua thwc nghiém ctia ENE1 va ENE2 cho thiy viéc thém bd phan 16p thanh phin 1-NN véi
d6 do CRD (la d6 do khéng dan hoi) vao phwong phap t6 hop ENE1 dé hinh thanh phwong phép t6
hop EN2 d3 cai thién dang ké do chinh xac phén 16p cha t6 hop trude do, 1a ENEL. Diéu nay néi 1én sy
déng gop dang ké ctia bd phan 16p 1-NN két hop dd do CRD déi véi t8 hop bd phan 16p ENE2.

e Phwong phdap t6 hop dé xuit (ENE2) c6 do chinh x4c phan 16p t6t hon phwong phap t6 hop EE (Elastic
Ensemble) trong cong trinh [14] trén 3 trong s8 7 bd dit liéu mAu (xem Bang 5). Piéu nay cho thiy do
chinh x4c phan 16p ctia ENE2 gan nhw ngang bing véi do chinh xac phan 1ép ctia EE mic du EE bao
gbm 8 bd phan 16p véi 8 d6 do dan hoi trong khi ENE2 chi gom 6 b6 phan 16p véi 3 d6 do khong dan
hdi va 3 do do dan hodi. Diéu ndy ham y ring nhitng dd do khong dan héi van cé thé déng gép tot vao
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cbéng viéc phan 1&6p ngang nglra véi sw dong gop cla cac dd do dan hoi trong khi nhitng d6 do khong
dan hoi thwong cé do phirc tap tinh todn thip hon nhitng d6 do dan hoi.

Bang 4. Ti I phdn I6p sai ctia 8 phwong phdp trén cdc bg dir liéu 1-8

Bodir | Bodr | Bodi | Bodiw |Bodkr |Bodi | Bodi Bo dir
libul |liéu 2 |litu 3 |liéu4 | liéus liéu 6 liéu 7 liéu 8
ED 0.200 | 0.333 | 0.250 | 0.148 | 0.283 | 0.217 | 0.087 0.400
DTW | 0.366 | 0.533 |0.350 |0.077 | 0333 |0.874 | 0.293 0.457
CDTW | 0.474 | 0.500 | 0.350 | 0.179 | 0464 | 0.697 | 0.153 0.457
DDTW | 0.446 | 0.367 | 0.150 | 0.661 | 0.254 | 0.857 | 0.033 0.590
CID 0.177 | 0400 | 0.300 | 0.437 | 0.283 |0.857 | 0.087 0.448
CRD | 0.206 |0.333 |0250 |0037 |0.261 |0206 |0.047 0.486
ENE1 | 0.106 | 0.156 | 0.096 | 0.070 | 0,156 |0.061 | 0.076 0.170
ENE2 | 0.095 | 0.135 | 0.091 | 0.016 | 0.135 | 0.055 | 0.029 0.141

Bang 5. Ti I¢ phdn I6p sai ctia 8 phwong phdp trén cdc bg dir liéu 9-14

B6 dit | BO dir | B6 dit | B0 dir | B6 dir | Bo dir
litu9 | liéu10 | ljéu 11 | liéu liéu liéu 14
ED 0.216 | 0.240 0.203 0.047 0.172 0.000
DTW | 0.159 | 0.040 0.322 0.044 0.253 0.000
CDTW | 0.455 | 0.250 0.178 0.023 0.339 0.000
DDTW | 0.409 | 0.060 0.321 0.160 0.371 0.281
CID 0.148 | 0.150 0.233 0.047 0.172 0.000
CRD 0.193 | 0.010 0.211 0.029 0.134 0.000
ENE1 | 0.106 | 0.027 0.110 0.026 0.131 0.000
ENE2 | 0.094 | 0.007 | 0.102 | 0.014 | 0.093 | 0.000

Bang 6. Ti Ié phan 16p sai ctia hai phwong phdp ENE2 va EE trén bdy bg dir liéu

Phuwong phap dé | Phwong phap [14]

B0 di liéu xuit (ENE2) (EE)
Beef 0.135 0.367
CBF 0.016 0.002
Fish 0.055 0.034
GunPoint 0.029 0.007
FaceFour 0.094 0.091
Trace 0.007 0.010
ECGFiveDays | 0.102 0.178
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Hinh 4. Ti Ié phdn Iop sai ctia 8 phwong phdp trén bé div liéu CBF
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Hinh 4 minh hoa két qua thwc nghiém ctia 8 phwong phap phan 16p trén mét bo div liéu dic biét: CBF. T ti 1&
phan 1ép sai ctia 8 phwong phéap trén bo dit liéu mau CBF, ching ta c6 thé rat ra hai nhan xét sau day:

e Vi bo dir liéu didc biét nay, bo phan 16p 1-NN véi hai dd do dan hoi: INN+DDTW va INN+CDTW dem lai
hiéu qua phan 1&p kém hon hai d6 do khong dan hdi: INN+ED va 1NN+CRD.

e Vi bo dir liéu dic biét nay, bd phan 1ép 1NN + CRD t6t hon tit ca cic bd phan 16p 1-NN véi moi do do
khong dan hoi va dan hoi khac (ED, CID, DTW, DDTW, CDTW).

B. THU'C NGHIEM 2

Trong Thuc Nghiém 2, d€ kiém tra thoi gian thuc thi cda viéc hién thwc phwong phap dé xuat bing GPU, chiing
tdi do dac thoi gian thwc thi cla hai phién ban CPU va GPU cta phwong phap t6 hop ENE2 trén 14 b6 dit liéu
mau.

K&t qua thwc nghiém (tinh bing gidy) dwoc trinh bay & Bang 7. D¢ tdng téc (speed-up) ciia phién ban GPU so v&i
phién ban CPU trén tirng bo dit liéu miu dwoc néu & cot thir tw cud Bang 7. Ching ta c6 thé thiy trung binh cach
hién thuc giai phap dé xuit bing GPU thyc thi nhanh gip 48 lan so v&i cach hién thuwc tun tw cho gidi phap dé
Xuit.

Bang 7. Thoi gian thuc thi (tinh bdng gidy) cta hai cdch hién thwc (CPU va GPU) ctia phwong phdp ENE2

ENE2

B6 dir liéu -

CPU GPU Do tang toc
1 304.56 6.63 46
2 85.92 2.14 40
3 43.46 1.38 32
4 662.39 12.59 53
5 2640.23 45.88 58
6 3091.88 38.30 81
7 208.03 5.41 38
8 1007.54 14.28 71
9 137.75 3.63 38
10 505.07 8.36 60
11 487.16 11.87 41
12 50.70 3.34 15
13 125.08 2.90 43
14 2039.23 38.40 53
Trung binh 48

VI. KET LUAN

Sw déng gép ciia mot do do khodng cach vao hiéu qua cta phan 1¢p chudi thoi gian tiy thudc vao dic diém cta
dir liéu trong mot mién rng dung cu thé. Ngoai ra, tinh da dang cta cac do do khodng cach trong mot phwong
phép t6 hop c6 thé gép phian 1am cho phuong phap nay tré nén téng quat hon va cai thién dwec hiéu qua phan
16p hon. Pwoc goi cdm hirng tir hai y twdng trén, trong nghién ciru nay, ching t6i dé xuit mot phwong phap t6
hop cho bai toan phan 16p chudi thoi gian ma két hop cac bd phan 16p 1-14n cin gan nhat véi cac do do khoang
cach dan hoi 1an do do khoang cach khong dan hoi. Chiing téi con song song héa giai phap va hién thuc dwa vao
GPU cho phwong phép t8 hop dé xuit.

Két qua thuc nghiém trén 14 bd dit liéu mau cho thiy phwong phap t6 hop dé xuit vwot troi hon phwong phéap
1INN+DTW ma dwoc xem 1a phwong phéap “khé danh bai” va dong thoi dem lai dd chinh x4c phan 1ép ngang bing
v6i phwong phép t6 hop EE cia cong trinh [14] ma st dung 8 d6 do khoang cach dan hoi. Nhan dinh nay ham y
rang mot phwong phap t6 hop st dung cd d6 do dan hdi va d6 do khong dan hoi cé thé dem lai mot hidu qua
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phan 16p ngang bang véi mot phwong phép t6 hop dung toan dd do dan hdi trong khi cac do do khong dan hoi
thwong dem lai chi phi tinh toan thap hon cac d6 do dan héi va khong doi héi nhitng nd lwc d€ wéc lwgng cac
tham sd lién quan. Ngoai ra, chiing t6i so sanh tinh htru hiéu cta cach hién thwc dwa vao GPU cho phwong phap
d@é xult vGi cach hién thwce tudn tw cho phwong phap nay. Két qua ctia thwe nghiém cho thiy trung binh cich hién
thwc gidi phap dé xuit bing GPU thuc thi nhanh gip 48 lan so v&i cach hién thuc tudin tw cho gidi phap dé xuit.

Trong twong lai, chung tdi dw dinh s& danh gid bing thwc nghiém phwong phap t6 hop dé xudt ENE2 trén nhiéu
b dit liéu mAu hon nita va so sanh v&i mot s6 phwong phap phan 16p chudi thoi gian khac. Ngoai ra, ching toi
dw dinh (i) 4p dung mét phwong phap hitu hién dé wéc lwong kich thwéc cira s6 xoin cho cac do do dan hoi nhw
trong cac cong trinh ([15], [18]) va (ii) 4p dung hai ky thuit d€ t6i wu cac tham s6 trong tirng bd phan 16p 1-NN
thanh phin két hop véi mot do do khodng cach nhw trong cong trinh [24] dé cai thién hon nita tinh hitu hiéu vé
thoi gian clia gidi phap t6 hop dé xuit cho bai toan phan 1ép chudi thoi gian.
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GPU-BASED TIME SERIES CLASSIFICATION THROUGH ENSEMBLES OF NON-

ELASTIC AND ELASTIC DISTANCES
Duong Tuan Anh, Vo Dai Duong, Pham Minh Tri

ABSTRACT— Improving the effectiveness and efficiency of time series classification is a very important task. This paper
presents a new ensemble approach for time series classification in which each 1-NN (one-nearest-neighbor) classifier is
coupled with a non-elastic or elastic distance measure. We also design a GPU-based parallel implementation for the
proposed ensemble method to improve its efficiency. Experimental results over a collection of benchmark datasets showed
that our proposed method remarkably outperforms the 1NN with the Dynamic Time Warping measure which has been
considered in the literature as “difficult to beat” and brings out the same classification accuracy as the ensemble method
which uses eight elastic distance measures (the Elastic Ensemble method). Besides, we compare the efficiency of GPU-based
implementation to that of sequential implementation for the proposed method. Results in the latter experiment showed that
on average the GPU version can run faster than the sequential version by about 48 times.

Keywords— time serie, classifition; ensemble, k-nearest-neighbors, elastic distance, non-elastic distance, GPU.
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