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Industrial irregular multivariate time series classification based on an
enhanced multi-scale graph Transformer

GU Yan, JIN Feng', ZHAO Jun, WANG Wei
(School of Control Science and Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: Multivariate time series classification plays a key role in industrial state identification and decision support,
but irregular data formed by asynchronous sampling and random missingness severely degrades its classification
accuracy. Imputation-based methods are prone to introducing noise and artifacts, whereas direct modeling tends to
dilute or distort critical information. This paper proposes a unified “sequence-image-graph” modeling method based
on an enhanced multi-scale graph Transformer. First, enhanced multi-channel image Transformation encodes irregular
sequences into imputation-free RGB images, directly leveraging value dynamics, missingness patterns, and sampling
information. Second, dynamic sector graph construction maps image patches to graph nodes and adaptively builds
adjacency edges within local sector-based neighborhoods to cover cross-time and cross-variable dependencies while
reducing redundancy. Finally, adaptive multi-scale relative graph convolution introduces multi-scale difference features
into neighbor aggregation and combines attention weighting to emphasize critical neighbors, thereby alleviating over-
smoothing in graph convolution. Experiments on a blast furnace gas dataset from a steel enterprise and four public
irregular benchmarks validate the effectiveness of the proposed method under diverse irregular patterns.

Keywords: industrial irregular data; multivariate time series classification; enhanced image; dynamic sector

graph; relative graph convolution; graph Transformer
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FET- 3. PIOP AF AN REAR AL 34 ML IR B 10 60 /)N
INf P AR AS R SRR T R s, L 38803 MEAL, — T
25 T FR000 e LS . PhysioNet HH (69 A 5000 44 3=
BERYR T 44 T A A AL T I e R U RE, W0 A5
i 18 AT R, 5 BR] — T B A DL AN [
R 2 R 250 A7 A O 5 TR B 1] ) B AN 2 5 S 0 A
PAM™" % T PAMAP2 1] % 80 2 11 5 308 . 97 %
WRBHZAE SR EWEN G, TRk 8 K
I RAES, 3L 5333 MEAR, FAFEA K EE 600 1
HEARE M. T 0] o SR B B A SR AR A
7y % B B B AL S ie s RSB E N &=
SO, AR A R S A [ R (9 2K 5 800 A
5y, X e E i HA AR SR S I 5 s o 2
SR P, RE RS RS IR IR G A [R) $ a7 S 1 1
34 EBRTHRESRE

BT 45 LU BI7E PyTorch 1.9.1 HEZ2 R 528, Hf7F
Nvidia GeForce RTX5070Ti GPU _F #t47Il 25, 1t 4k
AN Adam. NI /NBEHLYEFZIR, BFG SE56 45 R 3%
RRSCHR [12, 16] B4t 72X, U S IR SEEG (1) 73 2
HEW % (Accuracy) M H AR 2 E 9 i & VF A $8 b
7E P19 A1 P12 b 3% i SCHR [12] 9 VF A5 48 bx, BP
ROC £ R # (Area Under ROC Curve, AUROC)
FIPR HELRFY AredUnderPrecision—RecallCurve AUPRC
VBN B B AR HE; X PAM U % A #E#f 5% (Accuracy)-
FEHi 2 (Precision). H [2] % (Recall) 1 F1 43 % (F1).
AR, A SCE G T AR 7 IEE (MiB). S8 &
(M), FLOPs(M). Il 5 It} [a] (s/epoch) 15 M i i} [H]
(s/epoch), VAAH R BE 1 26 14 T 12 17 R0R 5 B YR T
B S HOR B T, RN 500. BFG %4
AL K/ 20, % 20 25 0.001, 78 VU AN v
£ b f I &K/ o 1284 2431 0N 0.000 1, K
L = WWENBABLE. 5o ik s B 5 e SR —
2, 6T AL (U0 TP-Net), 1% B8 L 5L 4R 1%
THAEAS KU ] BB b AT 4 4 A 2R JS P A\ AR,
4 SEWHNESZ RSN
4.1 THRLBFS

NVFA EMGT A #%5 BEE f2 R, 78 57 20 R AT



FxH

B F K T385%A % R E B Transformer &9 Tk RALN % % 20 18] )5 5] o £ 7

MG — &, AT T RGN Al L5,

AFEREBEE L. WK S FiR, ML = 18, B
A f e R HL 5 25 B0/, EBHTE BFG 1X—
BRA A BR 0 Tl B 48 I, v 2 45 4 2 RE 72 70 Al
FI B EMIT 5 DSGC $#2 it (1 1 51 2o, B J2 51
TR o3 ST 2R 35 T A 3K ol T /N AU B0 2%
P 2R A S5 R T, 1B 53 s
P55 T BE 2 HOE N S R R H N, E IR R
TR R

[ Accuracy — =y
[ p—
F1.2
l == == >
0.8 1 ] F 100
0.6 | F0.75
0.4 4 - 0. 50
0.2 _| F0.25
0.0 0.00
1 2 3 4
WEEH L

&S5 AERH L Wtteen

AFE EMGT 284k T 500 5 IS 55 H 6] 52 4
EMGT (W3R, J-7E BFG R (1 5 25 RFE I A
) A 3R R AT S5, L A A IR SR A TR B 1 BN
220, ANFR PR (R oK FH 28 — R &, 45 Rk 2 B
TN, TESERERRY (1 A b, R B B B o 24,
Fa g AR R

®2 B EMGT BFEAFERERN TR RELLE

WIRES HHIFITAV ENEIELE ZHEM)
w/o-EMIT 0.892+0.009 0.821£0.011 0.272
w/0-DSGC 0.8734-0.008 0.816£0.010 0.272

w/0-AMRGC 0.831+£0.015 0.782+0.018 0.406
EMGT-GCN 0.89740.016 0.825£0.013 0.273
EMGT-GIN 0.913+£0.011 0.857+£0.015 0.406

EMGT 0.969--0.009 0.906--0.010 0.272

1) w/o-EMIT: #% & EMIT, ¥4 3 #b J (60 000048 1
NHUEIEIE.

2) w/o-DSGC: # & DSGC, K i £ 45 ) K it 4%
AP Af AT I

3) w/o-AMRGC: [ AMRGC, X f HiE = 5
WU EHGRFAEEAT AL 2.

4) EMGT-GCN: $ AMRGC # #i N K 35 F w2
W2% (GCN)™, il — B it S AR AL S B B A% 3.

5) EMGT-GIN: ¥ AMRGC % i Ay [&] [7] #4) /¥ 4%
(GIN)PL, 3@ 3 SR A1 ER & 5 MLP 5835 32 47 40 J& 45 4iF
A

15 AH [F) SR K 18] B F0AS 6] SR B 18] B R, wio-
EMIT [J-F 3558 £ 53 5l 29 0.892 1 0.821, %5 56 FE A
RL5y FIRRAR 7.7 1 8.5 AN E 43 m, UBH B 25| A AR
WME BXTPERE R E B,y fe SR AR B e T L.
KA 88 K AT A B ) wio-DSGC, “F- ¥4 5% K B#
£ 0.873 1 0.816, iX 7 W] 3l 25 Fol T 44 [ e 6 78 o

KR8 7T R HER JIHLEI w/o-AMRGC, %56 %
TR RE B 23 99 FAK 13.8 F1 12.4 AN 40 0, 3% 1 B R
T B EE AU = B A AR, 7N T
W s 45 b 5 5 80t A MY RE T B Ak,
AMRGC % #t 7y 1 4t & #0282 W 2% 45 ¥, EMGT-
GCN Al EMGT-GIN ()% B 43 54k T w/o-AMRGC,
BTG T 5e BB Y IX R W, B4 (0 2 A 22 4
FEAE ) IS . P o AP 2 A 22 (1 53 = I BUL
9 H OGR4 i, B AR R T AR R B AR B P
I B, AT FEAS B Tk 309 37 5 R R B B A T
i AR RE

EERETH, HFHEMASHREERFERE
A HLHI 5. 2% EMGT 754X 0.272M S48 & 1
A B m kg B, I T AEHERME 5 RCR Z (A R
UFPAT. 25 B RTIR, R SESSUE B T EMIT fRIUE T A
FU A 2R 22 Je 5 B 4N, DSGC 158 1 548 & 4K
3014 [ &5 My A, T AMRGC A RUZE o 18 31 2%
H G 2 RREIE. = P RIE A AE 1S EMGT RER81E
H AR TAVAKI MTS _EEUS B3

AR EMIT 4%,/ 7 364F EMIT 1 RGB =l
T TTHR, LA SR EE T A BUR i 7 v A 5y, 12
477 RGB JEIE 4 il F1 5 AN 7] 18 G B 77 VR 15 L
S, fEARFRIG 82 DSGC 5 AMRGC ANVAEHI 44T,
2 EMIT 4wt 7 B e v A 1) B gt 7 v,
TE R A AR PR

1) 336 V9 &1 S 1 S 3R ik N K436 AR 23 AL B, 1
AT R IR 1 R 2 I DA VAR B 2T Ak

2) YLk M AL (R R B S (), SR AR
R (RO WL ) e ) 28 ) T 2, PR 2 AR T
P Rl A

3) AR I S AR B EOE G I ) R A%, 1
2o ik A A o Bk — 4k 7 51 Wi SR 4 E R A0 R R

4) H01 35 SR A I 1) B0 0) 55, 4R i ik
S B AR A A A B 2 T, T SAT R I ) A R AN
SRR R A 22 AR



8 = % 5

*OR

FxE

5) EMIT-R: ¥ f B8 £ {2 i E.

6) EMIT-RG: { B4 £ i Al i 2k i@ 1

7) EMIT-RB: {3 B (B A [A] (7] {5 3@ 1

SRR 3 PN, fERD RFERE T, U HUA
IEIE (1) EMIT-R 4 28K BE 5390 4 0.927 i1 0.842. 24
TN B 2K 38 i EMIT-RG “F- ¥ 8% 15 4 Sl 42 7+ 3.1 fn
4.1 /N 43 AL T B B R 43 A 3 5 T ) ) R
240 N\ 1) 7] B 38 1 EMIT-RB 78 AN [ ] [ 1% 1
SERIRE ST 3.3 /N EF 4 A, Tk BH BRF (] (7] B, 8 5 21 i
P54 B b BN IR TR] RS 22 . 52 8% EMIIT 13
Iy NG FEE— 25K 5] 0.969 F1 0.906, iX % B Bk 5
I ] [ B 5 20T 73 2 R J 52 T A I E 1.

R3  EMEMIT THESSREEXTHMRELLER
Jrid: HH I7 i AN [Fl 1 B

A 0.92540.012 0.83240.005

ek B AL 0.9560.006 0.86940.011
KEEH 0.93640.008 0.83440.015
il 0.90440.012 0.796-£0.005
EMIT-R 0.927-+0.010 0.842-£0.012
EMIT-RG 0.958-£0.009 0.883+0.011
EMIT-RB 0.951+0.011 0.875-0.013
EMIT 0.969--0.009 0.906--0.010

5O UG gD J5 240 B EMIT IR A T 5
R FH A NG BB, 10 A A2 A0 5 52 2= 1) PR T .
T A R T A IR AR N S R AS A 1 P B g 3 3 VR

, S0 KRR 2 AR A B 5 R B A, (AR AN
] 5] 37 5 NS N 2 0.832. ff1 3700 5 B4
XoF 55 T L B ) A A A AL 32 K 22 A B, 0 55 B A
B2 FIWRAE (R FR 2 5, AN AT BR R FE AR 0.796.
TR FE B 3 4 e (1 25 1 8 8 — X AT 8 0 4 B
Wb, AR I AR RIRE 2 P H R R A MU =X, A [
[E]RE 0.834. 42k I Ak AR OR BE IR [A) Bl T2,
R 5 ) ) [a) B A3 A3 R REE I SO AN 15 4 sh AR B,
BRI AR 44 e DA X 49 B SE B A 840 5 R A SR AL
i R AR, DR R (BB R ARV IS, N 0.869.
FELZ N, EMIT BAUE. SR 5 RAE R EES A
R. G\ B = Ji@3i#, AHN 1 LA AT 2 S {5 5 T X E B
B NBEAY ) M TE B2 A4 (W AN R [R) @ 3 5t R B
e, FH EEAT 2k IS AL ST 3.7 AN E 23 s

AR AMRGC 284K 45 IE AMRGC H = 284
SPRRAE (ZEME . 455 28 522 B0 1A 8, BeAll
7t BFG RGUERE Ll AT TRER N /. 03k 4 Fr
R, X T 52 AMRGC # PR AT — T AR 2 5 80k B
B, B BRI R RIE R S5 R R
F ARG T et K, Ul B AF 5 77 1) 288 A e A 1 0

KRN B L OL X 73 B R A S 0 SRR AN [R] I (] (]
BRE UL, A BUE RN 5 1R . 4axt 240 T B Ab
FEAAME AR IS, A7 ARG BUR AR VI, 4R
RN AAR R GG 1 7> DR RE T, © 5 ZEAE Y T 13 A5
FER EAN. A2 BIG Sk 1 AS [R5 AL e 2 18] (9 9 [
BRBNR AR, 2k s, oo T 2.

F4 AMRGC RIEBHEXTHFHEATERL 4T

AMRGCA /4 AR (BT RS AT 18] B ZHE (M)
w/o-Z 1. 0.964-£0.009  0.900-£0.011 0272

w/o-4axt ZEAH 0.96240.010  0.895-0.012 0272
wio-Z Al 0.957+0.011 0.892-0.013 0.272
AMRGC 0.969--0.009  0.906-+0.010 0.272

42 HEREVHE S HE
N T VAL A SO ) EMGT 8 A U ol i
8] Fp 5 o SRR B VR BE, R L5 11 R S AL 347 42

M L #, @ %% GRU-D”. mTAND"". IP-Net",
SeFT!", Raindrop[]z]\ WarpFormer[lS]\
MTSFormer'" ContiFormer™", WaveGNN'

PatchTST"™ I iTransformer™. H ' PatchTST !
iTransformer ¥ F - MTS #iill (] SOTA 77 vk, H4&
N T TS ASELN MTS 432800 777,

1) Tl #ds S re VE A

BARMEREPRAY. 5 5 401 T 7E BFG 41 = Fp
ASHEAE R (50 K B2 Forp, B R ECE,
FH R RAE (B B8 v B R 2 25, AN [FRAT1A] B R 28—
KA A, BEHLER B T E R R E N 20%. 57
H#i% GRU-D 1 mTAND 2 i ik %% Ja 55 i (1] 48
N ZI AN A DU A 2 A R R Y B A e i []
Rt — ¥ R B85 AR 8 b 5 B R MLHR B I, M
RE I 2 B S, S Bl S JH 0T 5 A 8 RS 5 o R A8 A
SR AT AN 78 53 T AR 4 b 2R AR & AN B T
12 IP-Net M1 SeFT 114 2 5916 F0 2 41 i s 2% 55 R A
() B BT 485 77 B FU A R R, P BB RS Z ). 5] %
55 X6} 5% 34 538 (A5 78 Raindrop F11 WarpFormer #E % 75
—EREFE BTN 5 T BRI, ABAE Sk
B[R] B 22 S 532 25 N, AT AT R A2 BR T A O AR L (1)
R R 7R 2 R, LU E L%, EMGT
FE =AU T S5 A B A Ve e, 7EAH [F) R AT
6] B T 3& 21 0.969, I 78 B L Bk 2k 37 5t R A5 IR #F
0.897. AR TR TR WL IR ik 2K A5 = 5 1 (7] 8] B
VERN HAMS B3 AT B & RAE, (088 7E ) 7)) i 3R 145
B 7843 B 2R AR IR 7E DU B e /N IXURS: 2 SO, 3X Fof
R FAE A SRR AR RE T, Rf
A BT 00 B RFENLEI BT N R s 2. [F] I,
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HeF B S R I B A2 TR B A RO AR I 5 AL B A 1
KA, R 57 20 5 B LI T A7 W] B 4 3K,
MR TE X R R 3 5 RAE 22 K S R ik S Ak

®S A HNENR TR RELER

WRES MFRFEAES  AFRFER G BaEALGR R
GRU-D 0.842+0.018 0.758+£0.021  0.775+0.020
mTAND 0.807-0.020 0.743+£0.023  0.7140.024

IP-Net 0.782+0.022 0.715£0.025  0.6520.026

SeFT 0.72340.025 0.664£0.027  0.608+0.028

Raindrop 0.883+0.015 0.802£0.018  0.784=+0.017
WarpFormer  0.904+0.012 0.836£0.014  0.829+0.013
MTSFormer  0.9384-0.010 0.873+£0.011  0.857+0.010

EMGT 0.969--0.008 0.906--0.009  0.897--0.008

R R SHEPLER T 2R ATB R )RR
VPG, B 6 i — 20 R TEANFERE P K R
ZAF T S AR RE AR A R A TE B R AR
(B 6(a)~ (b)), B KHFE DK IZWTHE K, B LAY
K BE3S) 2R B 35, X 2 T PR 4 & R AU
AN 5 1 388 o BT . A G T 3 ¢ BT B R AR 1
EAE R KM T PERE TR JL N B &, W mTAND
e KT 2 RS B RIE .

AL 2T, Raindrop. WarpFormer 1 MTSFormer
BE %5 B 7 2% MR aX — il A, H 47 H BT R R O
EMGT 73 & T EMIT #2 £ 1) 2 I (5 B N\ £ R, 45
% DSGC 5 AMRGC 7£ & 45 58 & o0 ¢ B 22 7 4 F
fEfaRAL, TEANFDD K IR 4R R i sk 2, H R [%
g /0N, 2 B AN BB Z1 AN KU B 45, 3 e 7E Mgk
TR SRR L. FEREHLE R (] 6(c)),
R EEBI AN 10% BB HEINZE 70% B, B4 54 R A
TN &ALAHRG P2 B B 2K 22 T v i PG, HAG T =
R FERRE R, Hod, GRU-D Al mTAND R %% i i
TE PR BT B3 R ST AR 2 23 R — s P,
{ETEGR R Z I 50% 5 4G FE T B B 2. WarpFormer
H MTSFormer T B % 2 REEEBREJ), BARR I
TR R e, BANAEAE —EERE k. AHEL Z T,
EMGT TE# 5 23815 738 KRG DL N AR R B = b
JE, AR B FRIE B 0% I A4 HE B & 5.

2) B BRI VR REVEAL

SGCC & EMREVPAE. 5 6 451 T 1E SGCC
il 4 b EMGT 5 HAth SOTA J7 i il 1 B b 4 45
B H i PatchTST 5 iTransformer 5 2% ] 7] $1 0 5%
B (RIS 18] 77 5 FDNAT 45 . Rk 3 FH - A SR AS R0
278 B 41 JO0F L, E SR AN A DU U0 36 e A A 1
TN 55 B 48— I (8] IR A%, LR 45 Ji G B 2% &5 14 AN AR 1)
BIHE T, AT B T =k JF 4 N & 50 253k (b

1.0
=
o
s
5 0.6
3
< —o—EMGT —»— Raindrop
0.4 MTSFormer —v—GRU-D
—o— WarpFormer —s— mTAND
0.2%4 : * * :
HE1 HE2 HAE3 HE4 HAES
PREAEIEEIES
(a) AFERIFR
1.0
0.8 -\
)
:e -\l—\’\-\—-
5 0.6f
S
< —— EMGT —»— Raindrop
0.4 MTSFormer —v—GRU-D
—o— WarpFormer —s— mTAND
0.24 : . . :
2 4 6 8 10

KFEDK
(b) AHFIAVEE
1.0

s \\‘Q.\\\
0.6
0.4+ > EMGT —« Raindrop

MTSFormer - GRU-D
—o— WarpFormer —s— mTAND

Accurary

0.2+
10 25 40 55 70

BRIRE ) %
(c) FlALERZ

Elo SERAFSHENERAET ZMARNRKXAI LT

o+ 34 R 2R, AT S5 I 28 7 R IR
FLL . EMGT 18 = i f8 br L 35BS &AL, H P
F1 5 AUC #5888, Xt A SO A 2
368 Ik R 4R 1 45 5 0 92 1 Recall, X T SGCC 1%
Tt SR B AU AR B 4 AT A B HE  Patch TST 1
iTransformer X 2 ) b 5] 73 1) 003000 - 16 Fod Ak 3
I 25 T FE R O ST DR KB Mg 7 AR T g [ 2 ) 4
HNE T ZE AR EMGT R85 B R FHLMME ., Bk
a7~ 5 A 8] B, DR AE AUC bW infa e . 7E
F1 R BARS. dhah, 535 T A R0 75 54
tt, EMGT 15 2 B0 A5 55 =y 1 14 B8, EMGT AN 5
G Ge—He NG RAE, 7 I J5 SR 1 9% R R
SROCHE P B 2 B PRI, A 457 R SR B 2% 11 57 FA:
b e S =7

P12, P19 Al PAM H{E 4 LHERRIPAY. £ 74
H T & J7VETE P12, P19 5 PAM =AM 4E L
Ae. 1F P12 I, 5% 5% ) MTSFormer, WaveGNN #f
b, EMGT HIfL 3 AE AUPRC b5 B 5B, 56 B Hoxd 1F
FERE A R B E R . AE P19 L, EMGT A %t
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* ﬁi BxH

%6  TEGEE SGCC HiRsk FMMEREELER MTSFormer Fl WaveGNN £ 28 52 TH 1@ & AH XS 8/,
77k AUROC Recall Fl-Score BT Z 8N, AE R i S A R PR T 3% T 4 ) 5E
PatchTST 0.84140.006 0.705-£0.009 0.637+0.013 FasE. PAM %% J7 384k 4y #0855 B, EMGT 758838
:Jran;former 0.852-£0.008 0.708-£0.018 0.64240.006 VLT[ X ALY /N B T 308 B 250 St 2 ok 2
Comtome ossseons  omwsoms  ogwsoon D IIKHAIE I 5 LI, BMGT
WaveGNN 0.84740.005 0.703-£0.017 0.63940.017 i EOR B A IS B B AR AL AE P12 A
MTSFormer  0.857+0.017 07060021  0.64240.014 P19 X Mk 2l mr HAR S 4570 In IR AR B 13
EMGT 0.876£0.011  0.712:£0.014  0.658-:0.012 5, B JE S S5k o0 R S D] BB A 3 5 N OC g 1
FRFE.
R7 AFREFFATE P12, P19 #1 PAM #iEEE EAIMERELLE
= P12 P19 PAM
ik AUROC AUPRC AUROC AUPRC Accuracy Precision Recall F1-Score
GRU-D 0.81940.021  0.461+0.047  0.839+0.017  0.469+0.021 0.833£0.016  0.846+0.012  0.8524+0.016  0.848+0.012
mTAND 0.84240.008  0.482+£0.034  0.844+£0.013  0.506+0.020  0.746+0.043  0.7434+0.040  0.79540.028  0.768+0.034
IP-Net 0.8264+0.014  0.476+0.031 0.846-£0.013  0.381+0.037  0.743+0.038  0.75640.021  0.779+£0.022  0.766+0.028
SeFT 0.73940.025  0.311-£0.041 0.812-£0.023  0.419+40.031 0.67140.022  0.700+£0.024  0.6824+0.015  0.685+0.018
Raindrop  0.828+0.017  0.44040.030  0.87040.023  0.518-+0.055  0.885+0.015  0.899+0.015  0.899+0.006  0.899+0.010
WarpFormer ~ 0.8354+0.019  0.451£0.035  0.87740.032  0.534+£0.064  0.935+0.010  0.94540.009  0.94040.009  0.942+0.008
ContiFormer  0.81240.008  0.4394+0.030  0.79240.023  0.358£0.023  0.890-£0.010  0.900+0.008  0.91040.009  0.902--0.008
WaveGNN  0.839+0.012  0.49440.015  0.880£0.009  0.57120.047  0.956+£0.011  0.95740.011  0.9560.011  0.956=0.011
MTSFormer  0.849+0.014  0.51140.037  0.8884+0.015  0.57740.044  0.968+0.009  0.973+0.008  0.969+0.006  0.97140.007
EMGT 0.854+0.010  0.527+0.031 0.897-£0.012  0.585+0.027  0.974+0.008  0.980+0.006  0.977+0.005  0.978-0.006
43 HEEXRE O(LnK D?). £ EMGT H, ¥iE4EE D, MG ZH L,

BT 438, BEAS I MTS £ EMIT %4515
) K/NNH x WE’J RGB E 1%, B & 5 R~k K
FEA PG B L — R 2R Tk S 15 21 4 R
DU £ G, ST 8 o 65 5 B =
EMIT = B AL 45 — @ 38 44 1& UL I patch 2% 28 14 e 5,
FLomwy IQE*EZ’UEO(HW%—TLD). LE H,
EMIT {8 JiliE H &5 — IR, Kt HE
TN T G SR EAE R, DR e R R 4 R rpRT DL R
ZWE. 7E DSGC H, AT 2575 90° i JE X 3 Y 14 5
A 18R LKA @I = AN 1) B SOk s i 3k, Bt
jC/EIK S I PR N A SN SV b v Gl o s
e fEREXFES NE, W E R LN
|E\ 3K n. X RRAMBIE R 75 EE T — X D 4ERK I
PRSI AT B A E, lﬁt*@@ﬁ@ﬁ#lﬁﬂﬁfﬂ%ﬁ?ﬂs
O(|E|D) = O(nK D). 1 AMRGC ', Xf & % i1
(i, 7) T v 5 2 RO AH SRR AE hyy € RAP, ﬁui%‘%
& MLP 15 2033 277 73 3, F6X05 40 B R AR EAT AL R
£r; B JE R AN RUPRAT — IR 4 1 A 4 R i 45 1Y) 4%
B, B2 AMRGC ) B 8] B 2% Al B K
O(|E|D? + nD?) = O(nKD?), ¥ & LIZ )5, Hi&
N %2 KR B B Transformer [t M B 8] B 2« F o~

h X w,

DA S AR HE KN by, w2 [ e 5 4, Witk nb
HW BUE B, BRI ) 5 2% B0 T n 22 VEIG K.

# 8 L HL BFG. P12, P19 {E N EHE IR £ 5
TH T & IR AR F AR S5 T RIS AT R0 5 R IT
B, HAR IR AR N T R IS R TS
AT TR IR, A S RHCEY, BAF 5 (A, &
RRE, EMGT 1£ =B a4 LR $F 1 AR )
PRI 5 1 4. UL BFG A1, EMGT (1)U fE
BAFAL A 520.342 MiB. I ZR AN AR I 53 501
2.480 F1 0.941 s/epoch, H. % 5 = 4 B &4 % . BL 4,
EMGT /] 2 % & 1 0.272M. . £ & FLOPs N
1.233M, 1A I H B B A A 3. 7 24 10 batch W& T,
58— B 1 R AN T 1R, FE SRR N A
FEANPEA [ HE BRI (] 22 FE /)N,

BFG RGUEATRASTE LR A8 5 R H o P R
BN HT, BN 1 min BEUSCHT 808 IF 4t — JOIRAESHR
25, DR, AR B TSR R I S VAR Ay B
HHE AL B A BRI 28 8N T 60s, I i85 5 EAL
HUIZ TR A8 5. SR 2% 8 (W45 S HES, EMGT A
FEAR I HERERT 20 /N T Z BME, B A& 2 7 8
FELAR I I 78 /R AR L



2 xH B F K T385%A % R E B Transformer &9 Tk RALN % % 20 18] )5 5] o £ 11

#R8 BHEAEHERBEEHTHEITEERSRREFHEIL
Ei=tan SIS GRU-D mTAND Raindrop WarpFormer ~ ContiFormer ~ WaveGNN MTSFormer EMGT
BFG 533.839 589.555 1094.819 1520.433 3094.245 568.842 547.102 520.342
AR S 77 (MiB) P12 1274.055 1355621  8858.365 13453.078 7458.246 13133.448 10406.773 8533.176
P19 775515 992.383  2404.293 11084.037 4972.473 5267.339 4370.364 3583.612
BFG 0.216 0.089 0.027 0.041 0.267 0.823 1.344 0.272
SR (M) P12 0.263 0.089 0.094 0.064 0.279 2.101 13.246 0.423
P19 0.259 0.089 0.089 0.063 0.273 2.003 13.189 0.415
BFG 1.206 2.767 1.083 1.774 1.493 2.902 9.651 1.233
FLOPs (M) P12 56.141 99.729 11.361 101.483 56.802 157.994 48.114 25.838
P19 15.453 6.543 3.057 64.370 16.112 106.113 35.041 14.354
BFG 8.383 3.246 8.675 3.360 2.456 3.784 6.584 2.480
YIZEFERT (s/epoch) P12 33.734 61.842 22.151 23.628 7.124 63.386 15.125 7.453
P19 17.982 4.792 10.088 5.319 4.031 35.625 8.806 5411
BFG 1.175 1.025 1.165 1.033 0.913 1.812 1.876 0.941
ARFERT (s/epoch) P12 2.518 2.138 4.077 3.756 2.896 3.057 3.967 2.844
P19 1372 1.228 2.368 1.079 2.498 2.248 1.984 1.624
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