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Abstract: An adaptive tensor train (TT) learning algorithm for the online decomposition problem of high-order tensors in
single-aspect streaming model was investigated. Firstly, it was deduced that single-aspect streaming increment only
changes the dimension of temporal TT core. Secondly, the forgetting factor and regularization item were introduced to
construct the objective function of exponentially weighted least-squares. Finally, the block-coordinate descent learning
strategy was used to estimate the temporal and non-temporal TT core tensors respectively. Simulation results demonstrate
that the proposed algorithm is validated in terms of increment size, TT-rank, noise and time-varying intensity, the average
relative error and operation time are smaller than that of the comparison algorithms. The tensor slice reconstruction abili-
ty is superior than that of the comparison algorithms in the video adaptive analysis.

Keywords: adaptive learning algorithm, tensor train decomposition, single-aspect streaming model, ubiquitous data

stream

T J&, ZAEMSEIAS S ABHE AW A, R T
RYE R RE . (5 WAL B . V2 A2 BN S5 B Mt 7T
BB A% S B2 N A I YRR A B HESET AL S LT L (B ROR R .

jlll

ks HEA: 2023-05-11; fEEIHHA: 2023-07-16

BIE1EE: JMFE, xinglong@cqupt.edu.cn

EE&WB.: EHEESFRIMHESEBHE (No2019YFCI511300): [F K HRF ¥ HE &I HE (No.62201113,

No.U22A2006): H K il & SUF R TR G B BT H  (No.cste2021ycjh-bgzxm0072); 5 IR 117 0 ZE R E BRI 78 56 4 55 Bh T H
(No.KJQN202300625)

Foundation Items: The National Key Research and Development Program of China (No.2019YFC1511300), The National Natural
Science Foundation of China (N0.62201113, No.U22A2006), Chongqing Key Research and Development Project (No.cstc2021ycjh-

bgzxm0072), The Science and Technology Research Program of Chongqing Municipal Education Commission (No.KJQN202300625)



28 s A

palll3

L o044 %

EHFAFMEESAT M RE R T, A&
Y SN/ AE 2 KR B 3 S AL BRI TR SR AL T RFAR
BRORZSIT . BRI, KRS R A I 4
bRt 5 I TR RS G P AR R AR 2B 5,
I A5 25t 53 B 5 T R ) AT AR 2R (1) i R S AN K AR
FR, LG TR B I N AL FE A 4 1T 7T )
OSBRI, AR 5 I A A AR R R K L
R R BRI L TR AE R R A, IX ]
A I I AR 25 SIS SR AL B A Ok T HkKR . Bt
Ab, A BB YO R e A8 i T OB i R
didk, EETHHKENEREED . Wik, A
gk 1 2 AT I A DG R Ab B S 13 5 U B
NPT T B

TREMHFRORCAGR 7T IZMN A, BOufg
FAEE BT AL B AT ROTVES, IR SR
ZRpAOT kim0 A gl g L 4
I sk B R NG SRR, RESrEAEE
BERR gk i PRI B O A 2/ SE R K B il CP
(CANDECOMP/ PARAFAC)Z3i#!" /il Tucker 73!
1EREG BFK &7 15, 5k &9 R AE 2
(SVD, singular value decomposition) FJF . N
T fif R CP 3 fift R IR Ak T F M R 52 IR Tucker 23 i
PR 205 P e MEBR 25, Cichocki 28!S f2 T 2 Fhi
RAR) 2 ALK By TS, WPk B 4 AT T AT it
9. H, JkEEER (TT, tensor train) 4MEE Y230
H AL B TR R R KRR T, UM 2 4SS AL BRRTR
FUBLEAR 7 AT Uk A R i B 2RI, ARGk E
GrRETTESS A T REACBRTEE , FEASREXT B AR A T
)2 4E(E S IR AT b

I [7) 22 245 5 U0 2048 1 H 3 B 5 i 1) R
Nion 1 Sidiropoulos! "E4£ 4 CP 43 il ff) JE At F 32
7 T[RRI /s — e HE I 1) 2 P fi
W%, NS EIER K &5 2] EE B 5 A i gt
BEE T HGHEAN . BH/S, Mardani 2SR T —
T 5 T % Y 00 A 1 8 B0 A B /s — 3 v )
HILE 2 [RAd 1F 7 v, il BR BRI Rk 2% W) 48
T EER B S K . Zhou ZEMHRH T — M
R R B AR S 5 ) B, v SR R AR E I AU
HATKE CP 7 fif, BT ik EM O B & N
PR . Nguyen ZPOV: 0 84 ) = B K &
PR T R T A A/ VA S A ARt A b B
AT PGE FE R CP AR HIE o Kasai® V3 Hdis
FLTARRRZ M v 2 ), #2872 T5k&E CP &

fife P AE 2R AR Rk 2 (R BR R BV . SCRR[17-2173 2
FEAEGE CP o) R FOJEA 13 70 1 3 B 5K & 0 i
J7, NTE R CP 2 i b R A 1 R, Liu 2022
BEXF TT 0 fRAEZE A1 T — PP & TT 22 31 vk A
T3 R U1 S I )3 48 4 5K AR AL, Wang 1)
BT T B 40 i T B sk B TT 5
Pio SR, bk 2 ek TT 2 AT RLA
gy U A B 2 ) 7k, Bz ik E T A A
P 0 B & RLA AR 77, I AR LR PR ER AR gk B
H B U 1)

N TR R ) AR B A R B gk R SRy
Frivg @, [FIBSfF e CP Rk B A HL A & 1 SR
BY R MIEL IR 1, AR T —M A
ERLTT %28k, ZEEEE W Bl DL B AT
B R 5K B AR, T R Y R R
F TT Bk B4t 2 TT A6 k% ok 8 5 5 i
Wi, g EL A 38 0 DAL - 0 I D 300 4 i RO A /N
T H bRk, FIAH B GR R % (BCD, block
coordinate descent) ] REEAK K AL1HHEF TT
SRR F TT AT, A SEBLX V) A
FNY) e 25 38 1 QST B 2504 1 B 3E A AT R AL . A
B R SEae b, R BEATLAE B 1 PO i 5k 52 4 331
U T BTt EVATESE /N ANF TT k. WEFS
558 55 B AR 5 B 4 R N T E A e, SR BRI
=Wk E AT T A T iR 22 R P 3558 I ]
X LS at o BhAh, Jd ik S AR AT B 30 E T £
it 32060 N AR A2 By G AIA S B 43 A 1) g
1 [O)REfEA
1.1 8% TT &SR

RS TT A, Gk X AT ARIR N —
AH =Wk (G, ), MR I R 8
AFREINPEREFE DL, K X FIAZ K= (G, )Y
R R LR AR

X=GxGx %G, O]
Hep, G eR M RRFEn AN TT ik,
nef{l,2,-,N}, x, Z/iKEAF mode- (n,1) 454
B, NREIKRER, ) R TT BEES, B
Wik =r,=1, BIGeR™, G, eR™,

TT 53 it =i ok 20 1) b 3 2 AA DU AR £
1) e IRsksE X, kel — K5 TT (G},
FTT B2 TT 2 fRZR; 2) MY CP &1



%5 8 W

DR AT R AR R B IS R KR 2 A <29 -

T ME R, TT J3fif v] LARRE A Rt Al TT ok &
3) TT SN Ebr sk &5t 7 — s WA RS
Ja, I HRes e IRk = A4 R R B AL SR
L4 TT o fffE T A s U R BEAESE, 7673 b3
7 H I8 SO I A A E T RO R AN 1 A )
o R, TEESE TT o3 Ek Al BT R RE
Qb PR AE R HOHE L B I N K B A A T vE B
(IR 8 2 Lo

1.2 BEiRiRay

HEZ ML g sh, HFRAN—MES
INf AR ) v B B8O R O3 i T 2 BT R B2 )
ek, KL N WY sk B R A T T
MRS R RBGK B A R — TR A B
R AR . AR — e, BBim ok & A i
JE— N ERE R AR, AR YERE Y E AR,
LUk B R R X e Rt Hodfr, 100N
TKEME NAYERE, BT RN AR,
I,,ne{l,2,---,N -1} Rox il N-1 EE 4L, %17
R TP FR A B ok S R B R A . 5 2
() 2% [ B AT U & e Rl ROR AL
A AN L A 1R I R B TR A, B
5K B OIS AR SEFE I n e {1,2,--, N} ¥ AT AL I 25
W BEAh, ARSCBER R R AR R R S 5K R
KO (0 43 M7V R IR AT, BN U R BN )
L 8 SORE T 46 3 B ) A5 2R (1 9K B PR R ) R
BOREE, NIRRT U A e )
GURR NI 7 3 &

EX 1 BFU AR PO (PR,
A I 2K B & e R g Y
YV =X'(o,n1) e RV RIREE ¢ M FFYI T
HI<c<I,. 31, I =11, &5k
sk ANV s ML -1 >R, 55 i3
Xk =N F U, BHATd N YVe

RV g gk 0 T (F — % 5
IR U VTV MR, B e A )
VY=V . R K Y A
i FE VGBI R, EDEEAE T 1 =,
I Fr R YN N Y. HAER, Bk
20T LS B 8 Sk 0 B 3 B ) 2
VISR 20 B 55 £ — 1 I 2 0B B X I 7 R
mAas,

2
L=17"+J

He, B, ®RRKEN NS ER.
—RCRUL, NP E Y WTURRA
V=L +oN' (3)
H, £ FRREPIEREMKER Y, N RS
sk, o RoRMEFEGRE . AT L ATLA RS, 5
e, ik ESEAERR, BRI N T HAS M
o L5 LRTR, FAU K R R R AT AR IA
WIR: FE56 ¢ P 245 78 I PP 39 8 ' F0 X! (R S i
(R BEEKER T, W FEE KRR E
X' =Xx""8, Y BB
1.3 Bi&MN TT £ fEiEE
TR B o, ST 5K 8 X 7 5 I R R
B TT R R N
X’:gl’xlzgéx;---xivgfv+a./\/t C))

% TT 124G, )\ A A s AR 218, AT R
oA MR QR B FEE %
L=G %G x Gy, Gy eR™ RRHENAD
TT Bk B 7 HIN e e IR TR, LG 78 =1
(LT 2% 1y < LIRS, #ORT F g, BN R 1)
B, BT, HEHMEY THS5H
V=G < G XX G o N . T BN E R
TT SRR AR R AERE /7, 2EJERT e TT Rk
X omE B o om A mo, R
(G) " ={g e steh, s gm
FTs (D) Fomm s, RS (g .
2 N=3 I, TT sKERSMRREWE 1 s N
K1 ATLAEH, % N TT KR G e R AT LA
gy FIG, k. BIGL =[G G,

{Xt — thl EHN yt

. 1
X e Rl,xilxig' y« e RIv glr e R gzr e R7ix2n g}H c Rr;xl{ G; e R™

H_),
g; c R

X

——
X eRVPE L =0 4T

1 TT skERASERE

WHE EAHF G =[G, G | 1S
?_:?50 é'\utzgltxlz"'xi\/,lg]t\/,l%%ﬁﬁ*ﬁ}&%7



30 A

palll3

L o044 %

(G} BRI~ |20 X XERIAG TT A%
et WU TT #2{G, || A SR BB I =
R, AT = U, BITUE LI
SR ¢ 2RO R U I ARG . BRI, T
SENTPIEES 48 290

Xt zut ><IN g’f\f =thl HHN yt —

(L gy ) B, (U %, Gy )=

u' < (g5 6y (5)

1 L ARSI, LB R SR
OB FHERE Gl e RV, BERT BAASEIS ¢ I %000
g, e RV TR E X G e R
HEATHE L. SRR LI | 3 G S AT
il TP LT B A B TSR IR DR,
(SO I S0 S 0 38 T Gy AT A R
HEREIE PR TR HUMEAE SIRA R R (LA
TR AL EERUE, 110 LA RS IS TR )
R 77 2
2 BRRER
21 MREBRES

TR SRR AT O I A AR TR,
GAILACER TT S 7 A5 T B A B RV HR A7 7
WA RS, BT A AL AL
BB 9 18 BB SRR AW Iy ik 7E B R TT
IMIREZES, BRSKRE A R RT TO A A% r
PRI R, M TT Bk (g ) o SRR
CUIE P

. 1 1 1
argr?m”)(’ —G Xy Gx X, G

o),

AR 20 (2) A1 R S 20T Lok R (6) B
b BB A R BORCE B R a2, %
™A

(6)

2
F

12
. e . : 2
argmm{Zpt ’"y‘ -G X, Gy x X\ G, ||F +
{gé}'v i=1

n=1

N-1

"y,

k=1

q—qﬂ§ %)

H, pe(0,1]RpBSHET, 815U E

R BEL5 IO, B FE B A0 55 1 BB
pARIENMEBHL, B R BIRIAR R SE N 20
TT AR 2 p=1 H =01, R@O)FR(7)
i 2 A R B RS
22 HIKREESIHR

SRR b MO — A L A
TR P e A b e 5 5 5 /3% 0 T
T K IR EBR B EO R 2 T, B
SIS A TT SRR SRR . AT
o R A A 75 S5 R AR [ — 9 2, R
AR, HERBRERAE, KI5
S8 KA, SR AE B RAR AR [ 8E L 36T BCD
S SIHESE, BRI T S R AT DAY NP
D) TR TT B G+ 15 CURIRT £~ 1 2000 40
TTH (G ") LR, fHEF5 (I e TT 8
g, =[G G| HEOLRUHHG, . 2) T
wETT MG (g Mg, i
B AT ER S O ZIGET N -1 TT e

HRAR U =1 AT BME L, BRI TR G 1
S

. ; . 2
G, =argmin|Y - U’ x}, GN"F (3)

Gy RV

FEREAER E, B G AR FE TT kit
(G} s vy B3R Ny

G =argminY" o[ ~ AL 5, G, B ©)
1

{gk}k: i=
Her, AMBAERTKE, 25 5E SN
{Ak” =G/ i, G

i -l L 1 -1 1 i
Bk = gk+1 Xpa2 " XN ngl Xy GN

(10)

SEAL, Rk SR i AR AR e 1) TT
1% AG, 3o FE 1 — 1R ¢ 1X 2 ANIEBEI 2 SRR AN,

B (g} = (g o) TT BRI ), £, R

NEAZRH], Hrhr = =1,
2.3 BRSE

23.1 fEitE A TT#G,
L EN FPok & Y ATk E U™ LT,



5 8 3] DR AT R AR R B IS R KR 2 A +31-

G, PTAES(®) LAt _Eon LE I I it 75 3O o, BRI

G, = argmin ||y’ U %, Gy "i 1[G,y "i (1D

Gy RN
HAr, argmin

2 . N
Vt —UH ><1N GN”F ERAN" ﬁ% t i /ZIJ
Gy eRN-1

SRTUI 5 A 0 F METR 2, > 0%
FENKBREE, 9|6, [ BTEw RS
R NTETFAN. RO ATBCS MERE- R
R,

G}, = argmin
Gy eRN

Hodr, ¥y eR"VI R UT e RYI e 3 G R OR
V' AU B RITHERE .

PRl W LR K2y PR Gy 19 T A8 i
FRI T NV, Fom A IEN /s —sfergiEa, H

Gy (/)= =argmin]y; ~U"g [ +nlg [ (13)
g RN

Y -U"'G, ||j +nl6, [ (12)

Hrr, gt e RV RIRFIE G, e RV HIH j A5
B, y=Y'(, ) e RV RIRFERE Y e R
8 iANHIEE, el . WERA3) S fE AT
G\, )=g, =[U)' U +nI, "Wy, (14
EULIERE B, B TT #Zik&E g, vl Lld ik
G, =[Gy Gy | RIS B S A
WEHARX NP G, RIFTEEG, , A BELIH
Gy G T ORRURBLLE 2k e 4 A AR 1 AR g Ky
R TSI A FE R R T
232 fRAtSEERA TT (G

WU AT HOREF TT G, BT MER(15)
RUCEFRAT N -1 MERF TT #{G) . #
RN

t
. e ) P
g :argmm{ > p' ’"3)’ -A'x G x}{HB,é”F +
N-1

G Uim

i} (15)

Ko, peONTrBERT, wFrENLS
o NP, RS EE AR, T
RN

/U”gk - /:71

G, = argmin { t o ”Yk’ -
1

G, eRm-1L | -

(g ea ) ule-af | ao

Hrf, G eRWI FIY) e R aliaha 4351y G
MY MR HEE, 2 w=B4" , N
A7 e R {1 B e RN I Zy il 7 AT A
B [ EFF AR

TR N -1 TT EHEREER G, e R
i, 1 Ckefl,-,N=1}) ZMEEAR, WALl
KIS THE G BB, @i G xR &
MrmE g, =G (m:)eR™" (mefl,-,1}),
BEMAFEIN -1 G« HRAO)BEN G, 5 m MT
a5 g, M EARRE, WL AN

8. = argrmin { ,1 o i - g Wi+

e E]Rlxrk"kfl

i=

|§ } (17)

e, oy, =Y (my) o LRADMERE Y 0, ATHES
g, B

~ T
gl ={(ut, , vsi) [ulel) vrL ) as

H ||gk,m - g/t;rln

Sob, B R S  SL, = o W (W)

i-1
1
R, =Y Wiy, o BAh, EEE S, R, B
i-1

R 2E T R, W ST HE N AT LR R N
S, =pS W (W) FIR,, =R+ Wy,
HAERA8), g, WEH MM AR A
8 =8 (AL + prdg),)-
(ut,, +S.,)" (19)

s Ay, =V, — 8 W D8 =8 — &l
Kbt , AR B AR 2 18] 2 2% 5 Py ot U o DU [) 20 B 3
HFEG, ATULRRN

4 T -1
G =G +[(Ay,;W,;) + pUAG! }
(ut,, +8)" (20)

HA, AY =Y/ -G W/, AG'=G' -G . %



©32 A

L o044 %

Ja, K5 30Q20) 45 2 AR ARy = B sk B A X,
Eﬂﬂ'[ﬁg*ig&% {g;}iv;ll e R’/HXIJ(X’} ’ ;E;EP l/b :1 o )I%‘

N-l o, |

9 ¢ YRR TT Rk {g) " e

5+ POEREHE T TT K& G RN, 1K
VAT TS TT &k . 2 Bk, FrmET
AR EIEN TT 2 ) Sk itk &0 %
W1 FiR.

BiE1 kENTHPER

WA BIFIREY . WkEUT .
o BERT o ENSE u gy

MWt P TT 5K E G, MEHER P TT 2k

g

st bR T Rk gl

TT &

fort=1,2,3,
D) i TT #Zik & G,
forj=1:J
R ) TR j AT R0 R B 46
MGG ) s
end for

WG, =[G, G, |BENF TT#G,
2) WHHAENF TT Bkt (g))
fork=1:N-1
HRAER(19) M 558 k MLk BRI AR
Bm TR g,

HRAE R Q0) T H REFF A G,

{6 G B S W kR L B
i eree

end for

3) KE R AR TT Bk {g))

VENEE t+1 YORREHDIR DN, =E
FRSBEEIRLIL,
end for
NT TR EIE I E R R, ARk
RV N -1 gE A B RRgi e, Y =1, A
TT B {3 =7 o flTHE T TT k& G, FaER 7
TT&%%%@E%HﬁE%EﬂH%%%%%
OUI" P YMOWN =DIY'rty , MR 5
BRI AR RN O max{J,(N - 1)r’}) « %4

1

LRTR, fETRELERE N A TT # r BE s T,
I 1S ORI D SR AR B AT R
UbAh, M TFAEGRUAREE TT 70l 75 Z 05 N B4t
P, TR N -1 e R R, B
G R FE AR R A
3 KSR
3.1 ERIEREGE

N BRI BT 4R SRR v B o R O R B i
IRy IS A o ECEE | S B S [N
FhER/N ANE TT Bk M o AT AR 50 2 48 A
JEE RN P B L R T L . AU  BLR FH B
HLAE B DU B ok B B4R, 09 X e RI
TT #iC N {rnnt, WHFEBETURERN
V=G x,Gx G x,G +oN'. H, G eR"™ .
G, e RV [ G e R¥S 53 I RAEN 7 TT 5K
&, G, e R" Forif ¥ TT 5K & X B (I EATH IS .
IeAh, FEAER R TT A5k & BRI A2 In) BLS3 7
X F N G=G"+eD . G =G+eD. .
G, =G, ' +¢&D;, FFR AN iR 7 N VE AL 5K &
M HERA T, B
‘h—i
|l

EX,X) =

- e2))

Hor, X FE X AR SRR &R,
VLIS KR BRI IR ES . BIER R EARE
JIsR, RZ IV BLAN, BT B BAE
MATLAB2019a b7, iFHALEE N Intel(R)
Core(TM) i7-10710U CPU @1.10 GHz 1.61 GHz,
RAM Jy 16 GB.

A VUMK R 4EEE 10 15 20 1000], H
B e — A YRR AR, AT RR NI T S, TT
FREE NS 5 5], WA EERE RN =107,
A5 50 B [E E N e=10", 8 K/DNDHN
J=1{1,53,1} , FFAEM T RECH 550 B3GR AR
T4, RIZIMRAR R R 1. AR—HtE, %
T2 B BUA & A SCRIF 90 IR 5 0 9 25, s e B
RAEFEHBEERET p=0.5, EMLSH =1,
w=1, BB S5 R F v IEAR 30 RSP ME .
A PRSAE TS, WA/ EEERE R S 2
Fro~o BB 2 B, BEVEAE J =1 EUAE J ={7,5,3}
IR ) AH X % 22 e SR B2 B AR HAR A R ZE /N . Bl



5 8 3] DR AT R AR R B IS R KR 2 A +33-

I 3 A (R I 0, K AR A R R 2 WA S
g RAIRERE AR, WU TIREIAEL
B )BT OV RE IS AT SR TE . BEAh, PR
FERDL M sk B Y BRI IR, TR H
TN B 0 O AL B ) BRSO AR SR 3
KHKED R J= 1A E.

—H—J=7
—A-J=5
—%x—J/=3
—o—J=1
107!
*®
x
N
102}
107 200 300 500

o} P i B
B2 R/ e SRk P RE AR

[ 7 i) 3 3G R P Y R, EE TT #R il
[2 2 2].[4 4 4.6 6 6]HM[8 8 8], H
REIW A ASIOAAS . TT PRI R 52
WK 3 foR. HE 3 AT, M TT A 8 81,
FTHR SR AE I 5 5878 i H B T o LA SR s v,
BRI TT B FREI TT 7 AR RRR AL BE
UEAh, 2 TT BB/, Bk B AR SO FE PR F
BIRENH AP E K. Kk, ZiA % RN SCHEE
MFa IR ZW TR R, TT BREBCR B it K ek
b/, FEARAE TR R R N IR R, WO
PESL PR TT NS 5 5],

10°
—%—[222]
—B8-[444]
10! _e_[é 6 6]
—~7—18 8 8]

102 [

EXX)

1073

10T

10

0 200 400 600 800 1 000
I B

3 TT B S RE AR

N T ISE T ENE BTG, J3 e O 7R R
o ={107",10",107,10"} FATEHNESLLS, HR (T E
FMRISHAAR . R X R R IR A 4
Fizme P 4 AT, JRENT) 4 AN g SR
SCEEEFZMAK, IS ZEREA . H o =10
i, LR IR W AR AR K, LR
MR GRE N o = (107,107,107} IR SR Bl 1
WP EFETE. AN, TR IO e 7 5 o A
I, MR SR RN SRR AR LAN K, AN
M P R VR AE SR RS SO Bt At

I OU
—¥—o=10"
——0=10"
e —&—0=102
—+—0=10"!
*®
;{ 1072
s
I 073
10 . .
0 200 400 600 800 1 000

I R
4 DGR RO SENE REAO MR

[i] 5 S5 (R H AR T H RN SHL, 43 )i Bt
AT e ={107",107,1072,107"} WilE Fr i Bt .
A% 58 B O SRV A BRI s A P S B . BT S T
ki, WARSREERCK, BERIfRSIRZEMEOR, HAE
AR 5 USRS B B A2 R I AR R,
e=10". He={10",10"} i, FIEMITERE LR
AW T EE PR AR AR 2 H & N K

IR SR A T )

10°

1041 L Hhﬂ l | !| | | "
0 200 200 00 800 1000

o 13 i 8K
5 I ARR X SEE RE R

107}




©34 . A

e a4 5

RSEEG A MIEE RN TT FRIEEL, e o
JEE R AS S B JLANJ5 I WA T PR SR ke, 5
Foks 4 B EE RN IK BT IEAE R LR, 35
PARAFAC-RLST!, PARAFAC-SDT!"", TeCPSGD!"®
A1 SOAPRY, SR/ MM LA R I E LR =B sk & . Hor,
FRELEEEN[150 200 12007, P s o 5 A AR i 5
VI N107, BhE T =1, 7ERFSECN 600 1
AT, BXFHRIEIRSSN 10, Frigfikm
TT BN[10  10] . 5 FhESAl T 5K B I AR 225
tbanl 6 Frs. HIE 6 Al%l, PARAFAC-RLST #
PARAFAC-SDT HA MBI Ss FE e R 2, R
e IR A IR ZE S AN ERAR, (H AR AT 5 U SIOR P
tho TeCPSGD WSlH g, HERSRERK, H
U SN A . SOAP 7E R AR £ M 5
PARAFAC-RLST # PARAFAC-SDT HHUhi Bt
RE, IR JEARX R ZE LT, B SOAP J1iEA
& T AEAE AR B S DT B8 (5 5 A BE R o AR
FXF L, Fr e R R R T R AT
WCBIOH R iR 2

10?

—O-PARAFAC-RLST
—B-PARAFAC-SDT

10 [~7TeCPSGD
—A-SOAP
<Rk

0 200 400 600 800 1000 1200
I B

6 5 A A TR R A X R RS H

AN [R5 A B AR RO 1P Y SRR Ty an fe) 7
fic. BB 7 %1, PARAFAC-RLST “F-¥yiz B
B % &, K5 5N TeCPSGD . SOAP Al
PARAFAC-SDT, PRk F-3ia B ) e ad, it
] BCD 2] S p (N b B B 3 386 5 11 7 SAAE SRk
EEE T R AR . 4 ENR, AREF A
EAREALFE =P ok &, e EE R A FEAT B L
sk G BLAh, ZRA 5 REAEXT R ZE R AR AT
BEE AT, AR AL RN T TT 5k &M
AT 5 2] SRS AN B W 4 i B S [, i HL ]
DAIR BCRR g A oM fE

60
50 b
L, dof
=
=
g& 30t
b
&y
£ 20f
10}
0
<
S % S\
&P C‘%Q S &
Rl & N\
P
F R A

B 7 RS A SRR (0 PR S [
3.2 EMEESIE

H WA A5 5 PR g Sz K 3 56 Sk ok
HATERE, B B 44 N celi_wavel IR AT
E N BEER K REEZENRAGS . Hd, MR
PEEFE. BER KRN Ss, WIFEA 25 frame/s, i
sy 144, WIRSEE N 180, FEAMERAIAL
BN 24, MK A RGB24,  TUIREAR A H i
BN 125, N T AP IEREMERE, B
T UBCHE S 2 RGB BRI I e oy 7k 1 114
WO NAZ 5 (1 4 BE R 144 x180x 125 o 4 AR i/
N PR B, AN [R) B A AT K 1 T 24 A
WEWE 8 frax. MK 8 Al %1, PARAFAC-RLST
WAL SICHE A p, ELRE 6 iR 22 8K s PARAFAC-SDT
WSSO S B8, 7R 90 MU AC A A WS P d B
PERE B AL F o e vk, H k2 SOAP Al
TeCPSGD. XLt 6 nJ &1, Sl £ i i A7 5 fE
/N, DRI T SR I e il 28 3 sl B
LB (R o 5 2 B S AR 7

10°g

—6—PARAFAC-RLST
—e—PARAFAC-SDT
——TeCPSGD
—&—SOAP

& i
g ......
o B~ 5 o—8
10! o—6——%
<
0 20 40 60 80 100 120

RESg T
8 AN[FIFIEAL BRI BT S A R 2



%5 8 W

DR FET PR R B & R K R o) Bk +35-.

ARtk EHS FREE R KRS 80 M
BEAT AT, N ARisshil o AR M R AmiE, T
MAC IR BN &L 9 Bl o BT S0 s A ) AT AL AR
JEE P55 SR A WA 149 A0 P8 [l dpe Bl AT DA
HNAEESET . 1 SOAP HEIRE R AR EL,
HMECAHEMEVEIRES, R 3 Fionf B BE TG K
BIRZE  1 9 IR S5 R 5 B 8 FR R 2R T HEXS I,
B IR 2 & > 107" I, E I R 5K R 0 i S50k A
sk EY)A ATRAC AN AR, LRI A ARSIE, A
REMLH] F N AKIZ2h B G/ SE I 70 e BEAh, P
SRLVEAE SE AP A ) Se 36 R B T A0 T 0 B
SR E D) A EHA R

(a) JRUARUS i K &l (b) PARAFAC-RLST (c) PARAFAC-SDT

T .1*

(d) TeCPSGD (e) SOAP

9 5 80 M) AT ALAL IR FE I

() PR 5%

4 ZERIE

W2 A M SE {5 5 /40 K 2 S s 4R 1,
e 25 1% Gt A 2 5K B3 A 5 12N 2 B SO 1 1) B
NSRBI IR R PR, RIS T T
BT RS @ N TT 215k, il i
FL AN PR X TT BRI, sk e
D9 PP RIEEI PP IS, FFAAIE AR N (K H b e 20RH
BCD 7 2] S 73 il Al vF BB o SERR M, e ik
e AL EE =B A DU B AR SR, AT R RI RS iR
A1) 38 SR 1) J7 TG T-0f L SR, ELAE ARSI v
STt 7R B TR E R BT e R L. B,
FEDUAT TARSEAli B FUEE T 2 (R AR B 1) 0 B
SREA RS T D EARAT M.

Bk

[1] KOLAJO T, DARAMOLA O, ADEBIYI A. Big data stream analysis:
a systematic literature review[J]. Journal of Big Data, 2019, 6(1): 1-30.

[21 BAHRI M, BIFET A, GAMA J, et al. Data stream analysis: founda-
tions, major tasks and tools[J]. Wiley Interdisciplinary Reviews: Data
Mining and Knowledge Discovery, 2021, 11(3): 1405.

[3] BENGUAJ A, PHIEN H N, TUAN H D, et al. Efficient tensor com-

pletion for color image and video recovery: low-rank tensor train[J].
IEEE Transactions on Image Processing, 2017, 26(5): 2466-2479.

[4] SIDIROPOULOS N D, LATHAUWER L D, FU X, et al. Tensor de-
composition for signal processing and machine learning[J]. IEEE
Transactions Signal Processing, 2017, 65(13): 3551-3582.

[5] DEE FEE, MRS, 5 TSRS RS HEREAG T
FL[I]. A5 KR, 2022, 43(11): 35-43.

MAB Z, LI G J, XIANG C L, et al. Underdetermined mixing matrix
estimation algorithm based on tensor analysis[J]. Journal on Commu-
nications, 2022, 43(11): 35-43.

[6] THANH L T, DAO N T A, DUNG N V, et al. Multi-channel EEG
epileptic spike detection by a new method of tensor decomposition[J].
Journal of Neural Engineering, 2020, 17(1): 016023.

[71 CONGF, LIN Q H, KUANG L D, et al. Tensor decomposition of EEG
signals: a brief review[J]. Journal of Neuroscience Methods, 2015, 248:
59-69.

[8] NION D, SIDIROPOULOS N D. Tensor algebra and multidimensional
harmonic retrieval in signal processing for MIMO radar[J]. IEEE
Transactions on Signal Processing, 2010, 58(11): 5693-5705.

[91 CHEN HY, AHMAD F, VOROBYOV 8§, et al. Tensor decompositions
in wireless communications and MIMO radar[J]. IEEE Journal of Se-
lected Topics in Signal Processing, 2021, 15(3): 438-453.

[10] NAKATSUJI M, ZHANG Q P, LU X H, et al. Semantic social net-
work analysis by cross-domain tensor factorization[J]. IEEE Transac-
tions on Computational Social Systems, 2017, 4(4): 207-217.

[11] FERNANDES S, FANAEE-T H, GAMA J. Tensor decomposition for
analysing time-evolving social networks: an overview[J]. Artificial In-
telligence Review, 2021, 54(4): 2891-2916.

[12] HARSHMAN R A. Foundations of the PARAFAC procedure: models
and conditions for an explanatory multimodal factor analysis[J]. UC-
LA Working Papers in Phonetics, 1970, 16: 1-84.

[13] TUCKER L R. Some mathematical notes on three-mode factor analy-
sis[J]. Psychometrika, 1966, 31(3): 279-311.

[14] CICHOCKI A, LEE N, OSELEDETS 1, et al. Tensor networks for
dimensionality reduction and large-scale optimization: part 1 low-rank
tensor decompositions[J]. Foundations and Trends in Machine Learn-
ing, 2016, 9(4/5): 249-429.

[15] CICHOCKI A, PHAN A H, ZHAO Q, et al. Tensor networks for di-
mensionality reduction and large-scale optimization: part 2 applica-
tions and future perspectives[J]. Foundations and Trends in Machine
Learning, 2017, 9(6): 431-673.

[16] OSELEDETS I V. Tensor-train decomposition[J]. SIAM Journal on
Scientific Computing, 2011, 33(5): 2295-2317.

[17] NION D, SIDIROPOULOS N D. Adaptive algorithms to track the
PARAFAC decomposition of a third-order tensor[J]. IEEE Transac-
tions on Signal Processing, 2009, 57(6): 2299-2310.

[18] MARDANI M, MATEOS G, GIANNAKIS G B. Subspace learning
and imputation for streaming big data matrices and tensors[J]. IEEE
Transactions on Signal Processing, 2015, 63(10): 2663-2677.

[19] ZHOU S, VINH N X, BAILEY J, et al. Accelerating online CP de-
compositions for higher order tensors[C]//Proceedings of the 22nd
ACM SIGKDD International Conference on Knowledge Discovery
and Data Mining. New York: ACM Press, 2016: 1375-1384.

[20] NGUYEN V D, ABED M K, TRUNG N L. Second-order optimization



.36+ g

4

1k

44 %

(21]

[22]

[23]

[24]

based adaptive PARAFAC decomposition of three-way tensors[J].
Digital Signal Processing, 2017, 63:100-111.

KASAI H. Fast online low-rank tensor subspace tracking by CP de-
composition using recursive least squares from incomplete observa-
tions[J]. Neurocomputing, 2019, 347: 177-190.

LIU H Z, YANG L T, GUO Y M, et al. An incremental tensor-train
decomposition for cyber-physical-social big data[J]. IEEE Transac-
tions on Big Data, 2021, 7(2): 341-354.

WANG X K, YANG L T, WANG Y H, et al. ADTT: a highly efficient
distributed tensor-train decomposition method for IIoT big data[J].
IEEE Transactions on Industrial Informatics, 2021, 17(3): 1573-1582.
KUEHNE H, JHUANG H, GARROTE E, et al. HMDB: a large video
database for human motion recognition[C]//Proceedings of 2011 In-
ternational Conference on Computer Vision. Piscataway: IEEE Press,

2011: 2556-2563.

HEZE BT

OEF (1990- ) , B, wdvigi A, 4
+, FERIEEKFHIT, EEFARFTRA
BESE. EEFR. JEo. ALH
A%,

ZEEZE (1978 ) , B, WHIEMAAN, #
+, ERICHE KRZHZ. BEAESH, F
BRI 5T 7 16 9 4 45 PR R AL TE 4608

515 %.

MEE (1979- O , 5, WEREN, EX
WS E R 2 iR g AR, 32 B 5 U7 1A Sl
{EM 2 5EEX .

MESR (1989- ) , %, HEHRA, i+,
EWN N 30 B2 6 S -0 W L DAY )

SEEER

G ACEL SRR RS A



	03-230296-lšý

