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Adbversarial Attack of Time Series Forecasting Based on Local Perturbations

ZHANG Yao-Yuan'?, YUAN Ji-Dong'?, LIU Hai-Yang®, WANG Zhi-Hai’, ZHAO Pei-Xiang”

'(Key Laboratory of Big Data & Artificial Intelligence in Transportation (Beijing Jiaotong University), Ministry of Education, Beijing
100044, China)
*(School of Computer and Information Technology, Beijing Jiaotong University, Beijing 100044, China)

Abstract: Time series forecasting models have been widely used in various domains of daily life, and the attack against these models is
related to the security of data in applications. At present, adversarial attacks on time series mostly perform large-scale perturbation at the
global level, which leads to the easy perception of adversarial samples. At the same time, the effectiveness of adversarial attacks decreases
significantly with the magnitude shrinkage of the perturbation. Therefore, how to generate imperceptible adversarial samples while
maintaining a competitive performance of attack is an urgent problem that needs to be solved in the current adversarial attack field of time
series forecasting. This study first proposes a local perturbation strategy based on sliding windows to narrow the perturbation interval of
the adversarial sample. Second, it employs the differential evolutionary algorithm to find the optimal attack points and combine the
segmentation function to partition the perturbation interval to further reduce the perturbation range and complete the semi-white-box attack.
The comparison experiments with existing adversarial attack methods on several different deep learning models show that the proposed
method can generate less perceptible adversarial samples and effectively change the prediction trend of the model. The proposed method

achieves sound attack results in four challenging tasks, namely stock trading, electricity consumption, sunspot observation, and temperature
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prediction.

Key words: time series forecasting; adversarial attack; adversarial sample; semi-white-box attack; sliding window; differential evolution (DE)

BN 1) 5 51388 AR 3 — A 4% R [ HE A i B AL S B s i U, B T AR T H O AR IR I AT 25l B TR A
224 2% (deep neural networks, DNNs) AWk &, W 58 # S5k 2y R 20N 7 51 b, i I8 12 M 4% (long short-
term memory, LSTM)PRI 5 35: AR 4822 4% (temporal convolutional network, TCN)P12& £ B 2l 7 F T+ i 7] 5 51 T
i) . LR X URE AR A B S, F 0N 53 R BV FE 25 > v [ 22 SO R 5 52 G URE A I T T B HE AR IE A
(I, X — 47 AR st e ™, 5 Gkt T sF 1) 2 50 2 SRS, =5 BRI FRRE AAS [0 (1) 2 S kA7 40 2R 1) g B 2
SRR AT R Y DGR f 2 — . AH OSSR ER R B, DNN s 75 I [8] /7 51 73 AT 55 Hpov B R R LR, &
FOH 5 52 B Bk f i T B B R A o 25

124 Rk, B IE] P FITRINAE 2 A7 M0 0 R JC o B, SRT AR DGR LI it Fu . i, Hh o7 B 2 =] 2xidid
B BE RGARYE 7 S R TN A = AEAS TR (8] B (R P B A L, AT A S E A ] B (BB A 2 166 F8E P R g B Air. X M e
R ORES P IR FE LR 3K, T ELBEAE 1944 i 20 BEIR. AR1M, M NI P EaE G 5, W Rk B R R G4 H AR
T AN T3 P L S AT R ER, T S R 2 S A X 45 R 1. DRI, et i e 47 ) F o 8 e 7 e i B2 1.

B A, S hu iy 2 B T BRI 43 28800k, Brd 77 v i s 3 G R I — AN B AME R RS BoRE
JRATHUREA O 52 3R BT A 22 5 31 (10 50 FRIBR A1, PR rh A A A5 3R 28 2 AR e e dun 280 0. AR, St i i) 52 1)
X FpE ST H R SR EAR R AR, 5 BGAE A S, WP B B LR T Wl A2 s BR TSV 2 5 R T Xl ey et
PR, BB B, A 1 BMGAE B & l 7 vE R R A TR S . B 1 S B R B U B A S
(fast gradient sign method, FGSM)!" )i i 1 i ] F 51 5000 fr) 51, 2 €2 il 28 0 S 0RO AR AN RE AR, 2 € il 28 s i
Peah o T BUREAR. Wl 1 B, ARUE R B A IR BN Ve FITE 22 R 2 41 b, AN 22 (R 4 JR S il B ot oK AL
FE 1, 9T 8 AL JR) 38 DX 3SR Bl 5 B 1T 5 A JR . 9] B2 €8 i 2 AE Ay JEL v — B RS  IXC 1) N SR S R AR R LR A 11
XT L, AE b AR X (A BN ECR, AR AT DL 5 S ui it A AR AN, O T A RaX — i) R, — A B A A2 3t A2 ik e 30
(X [E] R BT 5, A2 DX T 93 2 AR 5 B A1 11 T B 2 S B0 e R T . DRI, TR AR A 5 5% PR 5o BB A [
Re B8 DR AUFBLE I BUt BOR, =4S 7t 3 A5

) — IAREA
SHUREA
N
mo ]
=
&
¥ 0
#
@
2
-1
-2
0 20 40 60 80
T[] 2

BT B B B B )

AR SCHE tH—Fh R S B A 9 2 g A B Y 2R B &G 7 (local perturbation merged differential
evolution, AIMDE), & /] FGSM (1) Btk it 8032 ——FE A A 1 (basic iterative method, BIM)!'L 38T 44k & — R It
A IBREE, SRAFIRBNIE T — YR N, BONBRARIR . 5 R G 20 1 25 -4 I 18] 5 270 00 AE 2 1) o A 1l SR 350
WENFF, TR 3 B B AT Rk b A, FRATISR 2243 34k B3 (differential evolution, DE)!', 7E &4 4T
B bR X [ FIAE R 25 4005 BRI 0L SRR AR R Bt sih, B B 58 iR # X TE) N B e 30, i T4 shii gL, Bods
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F A] DU 3 R SR N B R i 7 B e .

Kl 2 @7R T AIMDE (L J5) 5 FGSM (T 77) MIELahFE AT b, IRt i 8 R SR aa e A, 2B 68 il 42 0 B 7 V4R
FIRBNFEA. IE 2 17 H, AIMDE #3307 Bl - 828R X i e, an &l 2 -5 IR B R AR ATz, X b T4
JRYE XU A, AIMDE 5 5 G5 R A TE AR, 80 B 5 4 R SR80 7 V2 A b R B A, [RIB JRATDRE X Pk A
B N TR P TR e o 45 TR 5 B S TN 45 B 77 R 25 (mean square error, MSE) {F N ITHIbRE, MSE 2 {8 18 = i #H
oI AR SRR P AR, I 2 130 B B R kN

AL A

HLTREAS

CEWALE N R KA
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— AR
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w— AR A
— A

O, >SS, (| NSOy ) | MR || NN | MO | | SO . | NP '
i [ 25

2 AR R B ART s ] P

ME 2 FAT LA H, AIMDE M Tl 45 5 1 MSE ZAE 5K (0.0036>0.0033>0.0013). K 1tt, AIMDE 2 H & %
wIERA LR A.

1) BB ks T REA A S B) X 18] R 38 2 77 11 A6 ) R IR, 56 /> (3 3 1 e SE AN 5 U 5% sshar il K.

2) RiE{E: AIMDE F] LI d i B PR A5 BEAUAN ] (K3 3 87 1 /N RIEE SEAS R 2 IX 18], [RI i T2 70 ik ik
SRR IEFEE, AR X 18] T B BE2E AN R B RE A
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AT AR 77 A R R AR AR A FE AR 00 T, B B ZE I R 2% BR S 43 K2 (University of California
Irvine, UCT) H1 /784 ™), bRk /R 500 $5%0 (Standard & Poor’s, S&P 500) B Z24 i Kt g U, SR A H #%
ISR BHE S (Temperature)! LA Kz H 31 K BH 2B 7 H4li 4 (Sunspots)!'™_E Ik LSTM. TCN. Transformer!"”
A1 Informer™™, FE TR T .

D) —F AEBah ik, A& RSN RIS T, W& D e = B, s E H
EE A0, 9 R AT R e AR Bt A

2) Frig th i 2 5 1 AN I m) B G B s N 22 23 A0 SR AT IX TR S AR A R R R B 3l g .

3) 52 RPENMHE, AIMDE A B HURE ATE SR T 5 4R S AH ¢ 22 25010 ) B RIS 7 T J e B, DR
B ROR.

ARSCHS 1 AT B SR 0] PR 50 TR R AN AR S IS PURE AR A B 5. B8 2 A VRGBT BRATER T V.
53 TN A SCHR B D7 VAR SR bR A AR R ILEAT AL, JF S5 A0 SRR Bl T E O R AT Bk B 45 AR AT
Lb. 55 4 FT AT g FER SRk TAR AT R EE.

1 HEXITIE

AT B I T I 18] 7 51 T IR B 2 =) B DA S AR D Bt et LAE.
1.1 FEIFFFIFUNR E AR R

RIERBITE B ARG 5 A0 B DL K G R 51 S AT B AT T 25 K S8, 0 mT DA SREAT I 8] 79 %) TR, 2 B Y
AFHEERPZL ML (convolutional neural network, CNN). JEIRHZE %% (recurrent neural network, RNN). TCN F
Transformer %5, LSTM 5 7 [K 3 i % 2 5] K S0 K15 226 2R, %38 FH B 180 5 80 F50300 17 1. Fischer 25 A\ U0
P LSTM 7£ 4= @l i 37 Pl b B4 T B0 FO R [RIINE, LSTM th 792 B2 T KWL R SIH LRI A4 4 245 00 20, 1
T BT PR R K B AR A T P, e A, AT AR ONN B [RIREE A T Sxmbi 18] 5 21 (6 70 ). Dong 2%
N PR T — R T CONN TSR, oot b X H /3@ B4 /I (1 6k B AT T, TON & — g 284 1y
LI SR gt e st 160 70 0000 F) S92, LA b ) 3 5 T 2V A B RS AR POV AT AT B AT 1 e (s SR [tz
A, JE IR — 2 B S i TR AL, 4 Zhou 25 A Ui —Fl 3T Transformer 0 F - /5 51l s 18] /52 51 i 00
(A7 Informer, fROCFERE FHEm 7 RS, Wu 25 A PSR H T —Ff FH i 18] 5 51 WU ) Autoformer 5278, 1138
T2 50 PRI R DG, (AR B PRI AT 20 DL R e ffe 1 B B3 B4R T
1.2 FEFHFUUNAT RS

Szegedy 25 N PN vk T R T UG RBI B, AT 51 & 7 78N SO AN R AT L 2 B e . H
T AT 1 B s 77 2 B R R TR B B 47 By, W FGSM A BIM 78 BUR IR AT 55 Hh A 45 BT i Bk
RO AR AT IS ) B B A 7 v T B T B AR R A AR i, i, Su 2N PIR A48 B et T DA i
AR B 5 —AME 1A B R AR R UREAS. Papernot 28 N\ PO T — A A B AR R 1) W] B A M SRAE UL B A
R B ATk, IEAh, HE T4 s HUR 4 1) ANGRI Al UPSET A8 7 CUT DUt B W B A s 2 X 2% Sk A Jl i Bt A

SR, T 5 B 18] 32 20 AR X URE AR A2 )l 5 1058520 . Orregi 25 N B VRIE 92 I 18] 2 9 6 OBl il AL, RO AR AT R A
BRI 4 - 3E 4T 7 S8, (2 R REAS 0] s ol Bty K AR 4> 35 %%. Fawaz 25 A UVFI ] FGSM Al BIM %o 7% 2 ]
2% (residual network, ResNet) V47 207, BRI ResNet X i ] 41 23 K HERf 1. Rathore %5 A\ PG (L& 5 297 /8
) 5 IR [ 57 %) A 5o P A 2 5 e 1 oot Bt i o Karim 25 N P34 B B2 6 U A8 6 P 2% (gradient adversarial
transform network, GATN) A= Ji B A% & F1 2 A5 i 1) 5 51 B, 8 7 (5 S G PR ) R A B B 15 8, ok 2|
T RAR ZE R N 25 AR R At tof A 8] 3 30 S0 PR B oy A %220, Dang-Nhu 25 A PIEHER B B A TR R _E 32
T F T A TR 5 BT . Wea 25 N ORI P TS TR F s P A SRR Ml R A R L R R
A A &AL ROV, A, Govindarajulu 5 APPSR T Rl )y A7 08 AN LAR 1R A H AR A 2, i R
F TR AL AT 5 P .
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XTI S, A M A&XE A (W FGSM #1 BIM) 28 T84 7 5T IRE), 5B sl e A2 5 3 8 AT 2
iR BB 7 (U0 GATN) s E A St A JE S BRI SR B AR Y, X 238 s 225 () v RedE. T AIMDE
ML BN IR DI BTG ], SRS PUEA RS 1, I Ag il DE $50y2:38 50 22 O R T oy 305 18 2 AL e & L Bh R AR
1.3 RRFSHEEEMEREREZL

FGSM i85 3K B 2 s AR oR ORI R T RS B 5 N AR 2, 9 DL g il 7 1, AR ORIk 4. RS i3
SEE I BB AR R, XA IG B R O BBk AR B R A R A S R

n=g-sign(V. Jp(x,y)) (1

XY =x+ny )

Hor, g, BRI SRR, v, RN TSR 18] 7 51 x BIBREE, y A IERARIARAE, & RoaniEHIHRaN IR
IS EL, 2 2B 75 R Bike A,

BIM J& FGSM [t 52, T FGSM RAE SN # N B 58 K/, BRaE 0 #8232 3 R RN S), A
S BB MPLshEE. Bk BIM @it % H B/ MDA AEAR SIS, M 75 = 4= 58 5 5 HUAt A 1 [RI i £
WERE RS AR B2 TERI N, 598 1 B T BIM MSEILP IR, © R EA 3 NMESH: RRE 1, B0 1P shig
& o R KILBNNESE & . BIM AR SO0 HURE AT 3600 SR URFEAR, a0 it 28 TE A,

5K 1. BIM {EI 8] P 1 00 i 2t S0,

N JEURET AR5 x AV IAREE y, EARIKEL T, BB IR o, S RIRBNIESE & ;
B STHUREAS xdv

L xie—x;

2. while i =0 < /do

3. p=a-sign(VJ(xM,y)) ; HIEIEEE RS R AL A B/

4 xp=xitn;

5. xV=min{x+e,max {x—e,x%}} ; ORI BNELS E V6 1 N */

6. it

s

7. end while

14 ESHEEE
FE AL 2 A SR B R B R IR AL SR AR A, e —Fh I TR B 2 Ak s e X5 71, BT bl
fRRZ AR, AR KB E L1 BN, e oh, S5 7T DA FREe 560 BAR B AR 1 2 Rk, AT B
B O B T R R AR R T RN A R S A Y SR VAR, DE AT 3 MEME: B R X AEE. K 3
M R LRHE DLW T DE Sk ppLE]. A o@id DE Bk i E s e R AT F:
View = Xpo+ F-(Xpg— Xpap), i £ 71 #£72 # 73 3)

Horh, Vo XA F 23 i ARRAR AN SCRERTERGI IR 7. i AR R R 58 0 AN r1 r2 B3 SR BEHLMA; g R
R g A, BRIV, gy A1 X, S8R XIS WTT
{ Vjv"g*,], if rdj,,- <CRor ] = jrd
Ujigr1 =
: X

g

@

otherwise
Ho, j RANBIRARINES j L. rd,, — DN T ORI 1 Z A IBENUE. CR KR X HIMEE. j,, 2 — BN
B U SRR, AELE PR BE, Un 5 A OARRL ¥ 5 BE S8 407 (R0 R, DR B FE AL 50, fREE SR, i A 5 0R:

X { Uigrts if q(Uien) < 4(Xi)

¥ (&)

i¢»  Otherwise

o, g FROARVRA A B 103 LR R £
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F_ ___________________________________________________ e |
| I S N P st it #E :
! il |
| _h__q"*:_:.. |
| % 2 % M\M »./J-h |
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7R 75, 100 125 ;150 (175 ) 200 |
{ [_Y_j iﬁq l_'_f I

- |
| T M |
O / OO | i o SO J
. ET R w2 o R
i%ii o e (Y I (I g ¥
S § T KX X)) = & ' ?iﬁﬁi B -
D ¥ il Mssmtatomiiee ¢ BIF € 1 i 1 ! 0/051 x
Ll X, X X, ) VBT | Xeo X Ugn } (Ugn X! (Tl ILrirL
A RAR X prikes iR

K3 X idos K
2 ETREMHEETRUNFEERERE

FEARTT AR, B B AL ) R ) T R . S8 5 A3 a0 AT SE P B B s
2.1 ([GIERIEIA

e Bt T AYE B Er e B A vy ) B ARIE LY DL I FRAE S, anS 8, 48 3R RO S5 85090 55, DRtk mT LA
FIE AR ZRAEAE NS0 AR E BB FE A U R AR, AR, TE R BT, Bk SRR H AR AL E R, R B
13 2 B A FE BUMEZ A 105 B AR, A5 BEATLAE B0 B8 SR 1 MR AR, IR AR R 1 AR 25, AW iRk
A BB A5 P8 AN 56 RS SR B ik . AN SCHR HH I 24 1 R ks g 2l i B — R 2 Py o A B R L 4 R PR B
A, DIV BNE O 3615 B JCVRIRE, AT LAYE B O P 3R 43 F SR i o R B AR i Ao

WA= K HURE A SR B B 1] P 40 T8 B 5 ST A2 04 ook 7 v AT DA T SR 29 SR AL 1o . £ R 3R B bR A
BLSEHF R x = (.. 0x,) , FEFGATCR AL S BRI BUE. B2 AR 8751 x 9 xon , W f TS
1) MSE 1 f (x) . Z50Hh, W E L XA 1 (1 < n) LRSI LRI R & e (x).

TEJG B AR B s, Boasa LA il 3RO Ak it o 7

{lgggﬁ Jori( + €(x))

s.t.le(ll <L lle@llo < &

(6)

A, Jle o) lly 1 [le (o)l 43 BIFER € (x) 10 Lo 1 Lo, T50 X REWRE B IR 215K B AAG FARBE R T (19 MSE, 4
2 T J /M JEURE A () T v i .
ST RIS, )7 SRl KRR BRI A 5E BV o, (T MSE {B. P4k i AL
{rggg)p Fuav = fori(x + €(x))

s.t.le(ll <L llell < &

@)

o, fg, AR EARTUNME R MSE, 1% 2 b5 B s MU B R TN ) MSE 5 H bx MSE B 2R,
22 &R
AR B U5 vk B TR R IR L SR A B RIS R T A RO URE AR Rkt AR ST R] 5 270 TR R A 2
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tH BIM ek 4561 3l & 1R 22 20 A B I 2 B & Bt 77 vE——AIMDE SRtk EsR 29 oA A ) B 127570 3 2
SX NP BARFREEIE B E O RN S, 2 SR 2 00 HEA SRR AR i A PR A.

(1) I 1) 7 Z T AR G 1] 3 PR HE h BT, 32 R AR AR e 0 — BN B AR (L, 2, ) S AT 2R 25 T
MR 1) — BRE B W 8] T (1, 642, (+T) FIECE, 2805 20 (0 T30 B2 43 S S5 (0 T i (8] B b AT 18] 3 ZL (AR
PRI T ik T 0 B 1) SEARL, R RV B0 B SR A A F00 T [ B, AR I [ P 0 T (05, — A SE 3R 3)
X ] 252 55 K 000 ) e 1) s 2L S ) DX )G B8 g B A8, 3K AR B 0% (R IE J=5 S A0 2l 159 5 1t 531 38 BE A I [ o 47 93 00 4 SR
o, BT LLIE SN F R/ W LLESB K S RO 2

W+S=%,k=1,2,... ®)

(2) Hik 2 ULBA T /2 TC H AR BUE N X HUREAR AR S AR, 1508 id BIM W k38 & R B REAR (BB 1 1T),
BEESR A R FEA N 352 T DL R AW ) i 1 2T BIM B R4 AE. 82 FoRARAE A0 (8) &5 &AL 3
TR S5 F75 B A& NS & DR (BB 2 4T). BATIEIE BN & 1A I L RO — A B &R, 2= 2t 5k
BEAT B, SE M B R R ] 3 B AE BT, B RN A 1 40 A5 B AL B0 R A R DR R R A R R 2 A
—Z 5 (58 4-84T). B FORERG— BB, £ F#02 th - — AR REHAE R AE Xa Pe A 1, FR it 49 B s 3 b
A 0 K01 F A, T 58 BG4 B FEAS IR SE B, FR3EAT MA I TR MSE B £ 1T 5, JRR 45 RAE MR IS
RLFE. AT AT B BEART &, TR 4E R MSE E8m B R, &R bl o, 2R nT AR E 8 T —1R (3B
9-19 7). AR AR R RE 25T 2 B 50 h 3E4T 0 AN 1 R B0 3454 BIM 1R N ELVE I (B8 20-28
A7), 2y B 0 R M FT T 5 A AR 8 O R IEFE ARSI, 2y B 1, R 450741 55K A BIM 2 R B FE AR st B2 471
U, FrCASr BEER L h B4

0,0<x<0.5
y={ : )

1,05<x<1
5 BERR BATAE [ SR IS A A R PP B A 75 W ek i AT 0 W, TS 8100/ e Y L ) ). L R AEORIE T
T AR AT 0] U R K, A 1 el ) AR A D SR ) = 0 SRR DLEAT AU, b 0.5 1R DU E R t BILAE 73 B R B
T, 2 x20.5 I, y BUES 1, R HT ARG /UL, 2 x<0.5 1, y BUE S 0, 241 18] 77 871 s At O B i
U, A2 R BBy, DR, 0 Bk B 1 R K 22 20 i A A5 2 1K) AR A A2 5 060 P 97 i A AT 2t i) 0-1
FeB, 2 Ja S IR A A AR AT 7 A B RE A AT & N BE 55
SAEBA VR T AU LA 1 B, (ELAS a1 SR P R B d (A D77 8. Sk b R 08 AR iy, 7 2402
AT e Bk 2 i E [ 22 70 BEAL SR I BEAL KR, 2 J5 735 1 e L AR B O IR B FEAR,, 4 i fIe 1A F) TN
HERf Ik BB 5 1R Ty (B8 21-23 4T), 2 Ja QRSB0 AR T X 18], BRI 52 B X Tk 713 (5 28 17).
WNRGEA BRI, e 0 B T A 5K T S T EAT A g 1) H AR MSE I, WAy 2 e e 2.

UK 2. 4270 HARIGE T AL O TR AR,

BN I )7 9B AR Do AT VR FE 22 ST M, & PRENIRT- KA
B XEUREAS.

1. glb_adv list — GetGlobalAttack( Dy; , &, M); /*iBIT BIM B Tk 15 2 4 Jm B b e A +/
2. W« FindingWindowSetting(M); /* 183 X BB 1 A 45 218G B & 1 1K/ h*/

3. adv list — {};

4. for each x,; in (glb_adv _list or D) do /*BENLAE SATEEAL FhEEAN A/

5. fori=1,2,...,nin population do

6 €'= init(W, &) ; I*HILE*/
7. end for

8. forg=2,..., G generation do
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9. fori=1,2,..., nin population do

10. VS Mutation(€*™"); /* AL 5/

11. ul — Crossover(vé,e") 5 1*38 X ¥/

12. i foi (o H()) < fori (Ko +h(F")) then

13. PRI I 53 B R AU A I ) B R AT L S TR/
14. B ek s N

15. else

16. e;"<—ef_l ;

17. end if

18. P fori(Xorth(€)) ;

19. end for

20. & i e 3 [ IRBIEE A

21. if argmaxf, (x(,n+h(3 ))— convergence then

22. Xaay & Xor +h(e") 3 /* HARER IR ) MSE iR BCEL, WMLt sty */
23. adv_list.append( x4, );

24. break;

25. end if

26. end for

27. end for

28. return adv_list

3 KBS

S B 5 48 P UCT $04fE 2 vh i B D 308 2 Electricity™ . @47k S&P 500 B 2247 4% St 42 DL K ke
B Kaggle #0451 SR A AR SR Bdli 4 Temperature! 1 H 745 K B 2B T $dia 45 Sunspots! ™, FELH P %5
FIZSAESR 1 W, 4 FHk B B )3 0 T 40 ts v 22 4 PR B 55 SR R A s B9 A7 b, AR 0 Tl B9 ot A 15 S ok
Al 25 72 b BE % R AR R0 DA AT A 87 140 87 e 4 . K P 2B 7 BOK BH B3 AR B 72 4E, 5 — Sl KRS
9 HH 35 A O, o) L TR BE 4% 7E — e R R b AR B A 283G B DL R Aol k. it b BV 7 T, BAT 1 AIMDE 5
FGSM. BIM VL& BIM Jilidh A7 b, PR ARAE 55 7R 2 MSE. “FIZ4E%}5% 2 (mean absolute error, MAE)
FAHR R

R HEEERR

i te S H R Bl K SR KAE
Electricity 370 1 32304 ¥
S&P 500 1 6 2522 ¥
Temperature 1 2 3650 ¥
Sunspots 1 2 2820 ¥
1) ¥R %, MSE & 4h30 J5 Tl i 45 5 '5&%@5’]%%, T FR:
MSE = Z (o = Xi00)’ (10)

FH, xion (o) Fon R AR CRHHT) IR 7 50 A5 § A TCER. MSE i, Ui 25 Fe 0 B9 FE BE K, Ok R iy, 5
AR, SHUREAS 5 B SCREA R] () MSE ), ] B P AR
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2) VYRR 2, MAE BT 2 Psl J5 PN 45 R 5 R S B 22 1) BE 28 (1 2204, 40 F s
MAE = % ; |xi,ori - xi,advl (11)

MAE 875, U 45 0 B RE RS K, BT BORIELT. 7 oh, X HUREAR 5 B SEREAR (] 1) MAE J8/0N, Al AN MR Ak,
1 I NP Fa AR (MAE R MSE) 9 E B2 78 20 56 IR A A £t b k.

3) M RE Y, WP IR BN AR S SRR AR Z 1] AR . 0 R R

1 <« Cov(X; oris Xiaav)
Mo Xa) = Z ML (12)

Hr, Cov BB x;00 T x40 VDTG 22, Var R CE NI 2. RENFEAR S IR IAFEAR A SR EOHK, B sfE A S
JEGERE ARG, BUts OB MR, 2 Tl B 2.
3.1 ZWIMES5EE

SEE %R LSTMP!, TCNPL Transformer! 7 BA J% Informer! WE N H AR Brafi A7 . TCNPIE CNN E:Al E 38
TSRO, B WA S B e NN B 25 B AT gD R T ARSI N R R, Z JE IR 1 2
A RNN . FH L CNN, TCN B35 TH R0 B 0] PP S 5005 (1, By LI B2 5E 2 0E (1) TCN BEAL3EAT 5256, Transformer
A Informer A2 T 4F SRR H ) SEHE I 1] 5 51 TS 7. S84 Y Adam D04k 28 VB A B BR VG S 800 255, LA
B /AMEAE SCR R SR P3N 9 BRI e T3 s B IR/, TR R d 2B K k. S g8 R i B I 2R, R Bt
WL, B sh i H 5 BRI m 1 E {1, 2, 3. ARYEES ) 50 T 4 050, 1B BN DR/ S5 K 2 F S B IR
F T X [A) B L. 6FF BIM Mo B e AR 50 WK, BRRIER AR 1) 2%. Bhabh, SEBhmEFE & FEEUL N
B, HXTBGEER A HE R, I8 o 130 Bl E 9{0.02, 0.04, 0.06, 0.08, 0.10}. Xf T DE B8, ¥ A (3)
I FRIAT (4) ) CR 38 UM BN EBRE. PhOEERI A A0 BRI 3 T L 7 MR A, MR R/ NE B
9 600, T RKIERIRECH 60. 286, W76 H AR, 16815 BTk B B B Ax MSE JaFE A 5, ik ieni s
KR R 2 FRGHT A REL RIS

®2 ZHRE

Bl 18 Eipa
k {2,4} R I¥) 7 70 T X ) 5 3 3 RN R B K 2 fZ L
m {1,2,3} WENE DN Z
£ {0.02, 0.04, 0.06, 0.08, 0.10} P ahme
G 60 DE i KA EL
P 600 DERJFPHEAR /N
F 0.5 DE E A7) A7
CR 0.1 DERJAE X A2

32 B¥ S

B 4 R TERAEIRET, A kA m X LSTM SR Yoo 8 A (1) 4 sl AR A B0k 25 R g2 st i B
HERNE, FHEETNL R MSE RATEeY KW FIR, (X PR S FRIGFE A Z B 2R/, 2
AR MSE FEATREBEA. AF LATRINGE 5 MSE SHREAS 18] MSE 22 18] i FUAB S R AT RS, D 4 FRa] DL B H,
k1 3 ANAFIBUE T, FBEE DT (RD m=1 &) HE S e, BRI T m (EUE R 2 %€ N 1. 7E m [\ 1 ST,
TR R R, B Lk BUE N 2.

Bl 5 JEon T A FRSIIEE ¢ BIUETE B BB E B RE AR I3l DA S TR0 25 5 (9 g ). 7 CRAIE AR A 2 (]
1) MSE RE/MARTIR TN, (EF0M S R MSE 52K, SNE BTN 45 R MSE 5842 ] MSE Z{H & KM ¢ BUA.
MEBRNICA 0.06 B, ZEFR IR, RILERATI E & FIHUE A 0.06.
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AR 5 KT By 3rdhsh o it 18] 7 21 T 2T e o

MSE S5FEAR MSE 2.t

451

T

B4 AFE kA m RTINS R MSE S EEA ] MSE

bl gt
3.3 SCIgxdtk

- =1
- m=2

521

9

FEAK) MSE

0.04 = TRIMSE R MSE
0.03
$3]
S 0.02
0.01
0 b J ; } )
0.02 0.04 0.06 0.08 0.10
&7l FIE NG
B 5 AREPLSRE ¢ Mg E

1T FGSM Ml BIM BLJ 5245 B W45 (4 G Boedi 77 0 D0kl AT B AR Beete, BT UAA SCE ZEREAT 6 H b it
NS B BATFEA [F) SEBRFREE T, A8 FAR ] 0 5 i SRR, FEAR R 2 B0 e e T &/t sl ik, Rsishs
A AIMDE #EATXSLE. 3% 3 A3 4 h 7y Bl Jom i 7 JURMRLIAAE LD B . IR a4 . IR B 4R DLROK B
BT HEEE LT B EE R MSE M MAE BXS ECE L. 7] IR AR 52 0t 1 RO T 45 SR MSE/MAE TRAE i Je R

SR ) R HE.
# 3 AR AVET L R0 MSE 8
Jiik Hif e FGSM BIM JAHBIM AIMDE JE A6 TR
S&P 500 0.0010 0.0010 0.0014 0.0015 0.000 3
LSTM Electricity 0.0036 0.0073 0.0077 0.0078 0.001 5
Temperature 0.0054 0.0054 0.0064 0.0084 0.008 3
Sunspots 0.0053 0.0026 0.0051 0.0128 0.0119
S&P 500 0.0007 0.0011 0.0002 0.0004 0.000 2
8 Electricity 0.0019 0.0020 0.0022 0.0027 0.001 6
Temperature 0.0096 0.0067 0.0069 0.0105 0.0071
Sunspots 0.0003 0.0004 0.0007 0.0039 0.003 6
S&P 500 0.0014 0.0014 0.0009 0.0009 0.000 1
Electricity 0.0017 0.0017 0.0017 0.0028 0.001 6
Transformer
Temperature 0.0143 0.0143 0.0145 0.0149 0.0106
Sunspots 0.0102 0.0076 0.0073 0.0106 0.008 7
S&P 500 0.0002 0.0009 0.0007 0.0007 0.000 2
Electricity 0.0022 0.0024 0.0023 0.0028 0.002 0
Informer
Temperature 0.0033 0.0030 0.0032 0.0064 0.004 2
Sunspots 0.0053 0.0054 0.0052 0.0054 0.005 6

Wik 3 MK 4 frow, AREBIRAER B S 5k 5 45 LSS SR (MSE/MAE) (W5 KA8. 1E Electricity $54E
I, AIMDE 1 4 FA T TN () MSE F MAE i T AR b . 5 R G TS b, AIMDE 7732 F [ Tl 25
B MSE 58 BIR T, R R E LSTM B8 b, 515 MSE M LLRIETRMIE T T 4 %5, MAE 32 7+29 1.2 f%. £ S&P
500 B EEHESE b, BR T LSTM KR, 4 /B 8035 (40 BIM M FGSM) 32 21 F B0 ik SOR BT 3% 2 | T 2278 3
A B BEHLE R, VIR RO 5 22 IRV B T3, TR 4 R S sh A X Rl ol N R BLE 4. 5341, ST Transformer
A Informer #%4, S&P 500 FI Electricity 444 AIMDE 542)5 BIM #8045 5 69 MSE M ZEA K. AHFEREAR
{0 & [ 1t 5 T, AIMDE B B0 T HAh Bk 75 5. 7E Temperature 2045 % L, AIMDE X T 4 Sk 51 15000 45 5
MSE/MAE i& 38 K, 2 H Bt O fetE. %+ Sunspots ¥4, (% T AIMDE, H:4x 3 #hBrad 7946 LSTM.
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AR 2024 5 35

A 11

TCN A Transformer A58 _F J- B0 2 B0l R, S i TN 25 R (1) MSE/MAE $UEAR PLJE G B P A, G531 7 Hodfa i
SRR, (HAZAE Informer B I, 4 FhI b JE ARG B, 403 5 Pz, AIMDE “E BRHO UREAS 5 IR FEA )
HH O REAE TR b R SR IS /2 i AR 1, 3X BB AIMDE 7ERaFE P EHUR T 2 2 1ok, A 22 5 i) B A R
B SR 3.4 AT R,

® 4 ARV T BINEE R MAE {8

Jii: EICE S FGSM BIM JAFIBIM AIMDE JE g T
S&P 500 0.0306 0.0306 0.0375 0.0379 0.0173
LSTM Electricity 0.0462 0.0658 0.0677 0.0683 0.0296
Temperature 0.0562 0.0562 0.0640 0.0730 0.0727
Sunspots 0.0705 0.0477 0.0693 0.1116 0.1078
S&P 500 0.0235 0.0304 0.0132 0.0172 0.0119
TCN Electricity 0.0294 0.0300 0.0375 0.0376 0.0269
Temperature 0.0839 0.064 8 0.0642 0.0864 0.0657
Sunspots 0.0131 0.0151 0.0219 0.0605 0.0573
S&P 500 0.0342 0.0342 0.0266 0.0270 0.0103
Electricity 0.0352 0.0353 0.0332 0.0459 0.0280
Transformer
Temperature 0.1096 0.1096 0.1103 0.1120 0.0888
Sunspots 0.0997 0.0858 0.0844 0.1021 0.0923
S&P 500 0.0123 0.0209 0.0184 0.0167 0.0123
Electricity 0.036 1 0.0373 0.0379 0.0412 0.0437
Informer
Temperature 0.0507 0.0464 0.0503 0.0726 0.0590
Sunspots 0.0660 0.0633 0.066 6 0.0668 0.0700
x5 ANFETNERXHREAR S FIBFEAR A K RE Gt &5
T Ktk FGSM BIM JRFBIM AIMDE
S&P 500 0.8917 0.9474 0.9750 0.9792
LSTM Electricity 0.9084 0.9128 0.9427 0.9674
Temperature 0.8746 0.8694 0.9392 0.9697
Sunspots 0.9346 0.9391 0.9637 0.9770
S&P 500 0.8413 0.8116 0.8745 0.9412
TCN Electricity 0.909 1 0.908 5 0.9385 0.9649
Temperature 0.8456 0.8619 0.9302 0.9748
Sunspots 0.9554 0.9516 0.956 1 0.9708
S&P 500 0.8737 0.8737 0.8826 0.9101
Electricity 0.8638 0.8644 0.9372 0.964 6
Transformer
Temperature 0.8561 0.8561 0.9373 0.960 6
Sunspots 0.9135 0.9324 0.9613 0.9711
S&P 500 0.7793 0.7890 0.8136 0.9273
Electricity 0.9583 0.9502 0.9616 0.9790
Informer
Temperature 0.8984 0.9180 0.9392 0.9679
Sunspots 0.9017 0.9195 0.9550 0.9797

TEFR 332 5 MEIR CRE T, AT IX 4 M k10 2 5 AT Friedman RZIEL, G0 6 Fiow, Tk 18]
U S Xk, IR B PR AN BE AR BB VR ZE . o] 6(a) FHIET 6(b) Z3 7%t 2 1) 2 Mo BVETE MSE I MAE
THIZFMEIR, AIMDE 5H 42 3 MrikE S XIEE /N, i AIMDE 5 3 M7 EEHBHE AR BRRES.
P& 6(c) WL B AEAS [F) B il BAEAERT UL AR 5 IR A R AR A 06 R & I 2 R PE e 7R, AIMDE 5 53 BIM Rk 42350
Y ES, W HER MR S, 4 AIMDE 5 BIM fl FGSM JLFi%7 S, £ AIMDE [ E M E 2

TIXPR AT
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FRHAR 5 AT B3R 3 69 B 1) A 51 FRm A du ok 5221

AIMDE [ AIMDE [ P S— AIMDE [ JR——
¥ BIM o ——————— ¥ BIM | ——————— JA# BIM | —
BIM | —————— BIM | ————— BIM | ————
FGSM | ﬁf N N N FGSM | ﬁf N N N FGSM —.0—. X X X
1.0 1.52.02.53.03.54045 101520253.03.54.045 0o 1 2 3 4 5
He44 1 He44 18 4 MH
(a) Friedman 53¢k % (MSE 18) (b) Friedman 15 #4656 (MAE 18) (c) Friedman iS5 (FH2% 5D

K6 AEBd 7 Friedman 1RG50 45 51

BEAE, FRATTH S LU RIPLBNIE T & % MSE [52m. Wi 7 FoR, 24 e BB K, 3 ot b S0 1T MSE 15
2 FFHE%, M AIMDE 5 J5#8 BIM A1 4= BIM [8] ) 2 R 1284 K. T AIMDE 2T )5 ##k3, S8 EK
FEARS FLSUREAR Y MSE #/0, TR, 24 & MAE DL R (Bl 0.02), ATMDE ()30 380G0 35 R 2 8 Bt 4 /b ah.
T B REPER DE Sk, AT LU 0 Rk AR B LA B R e A i 25 M SS9 PR BN IE L i/ s e, (R R B it
(2%, InE I Zr 6 dH.

FETR, AR e BUEXT IR Z 20, 1] 8 Fros, BEAE T8 /N B BUAs, 3 Fi B0k (1 i) 1B) B 38 WA .
1784k, BRlith, AIMDE Bdi 732 AR i 2 — 2 3 B B (R AR A0 AN 2 % B ] R %6 7= AR Rg . 53 4%, BT =38 BIML 72
724 R BIM (OFERE F T3 T 2h & D3t sh, AIMDE 76)5# BIM KRS 385t DE 51k 33k Bt Bods s,
= FHIBATHENHET N BIM > J&# BIM > AIMDE.

0.045 ¢ BIM 08 L
JRi# BIM
0.040 ¢ AIMDE 07 b
g 0035 206 TOM
E = -~ J7ii BIM
o 00308 % 0.5 | AIMDE
\:—; ‘\v
Z 00} 0 o4 L
0.020 | 03 + .——‘\_.’/‘
ool L 02 |
0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
& MHH WEIEE &
B 7 AFRPNEE e Xt MSE f2miR el & B8 ANEHLBNESE & X247 B R] 1 5§20 7 451 P

34 RIS

WA B g R AT T b, &R B . BB A AIMDE fOSZI IR EE DA A A R E AL BT SRR
B k11757555 AIMDE 785256 1 J0id e 4 B R A B 5 AR i, I B S I 45 A7 LR,

Bl 9 JEoR TIEsARRBNIESE ¢ BUCA 0.06 150 T AT E AL AR 43 X ) 4 R it b, B e et 2 R s R,
WA N FIEFEA, r RRME IR IAE DG R AL L8  AIXTHL T 4 R B BIM, J=i Bt BIM #1 AIMDE Jii4
BRI HURE AR, MR T (6 f BE AT LR HH, JCIRTE B B A3 B I AR SR M & R ah e A o, 3 17E—
AN S, FEUEE TR SR8 R ZRAE 9 skt L3R BA RSP Bl 2= B AR (SE R, (AR T B BUR. KT
AIMDE T &, RN AL EEAR TP E ], W HE 30 a1 5 S i) 22 20 AL B ORAE T B 80 k4
AIMDE 7E B 7848 B IRRS s v L e SR A IR, 302 R TSR 2 AE I SR AR gt AT T A, D9 fRAUE Tl
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K LT AR T BNV, AEBR R — e OV FE A ATER N, R BEAEAT BRI ZC e vz Pl 9 RS RT e KBk o, DAORAE el

0 0
S5 ¢ 0.65 |
Euu L o
R 2 05 |
BIM = 040 t £ ol
£ 035 | & 030 F
R 030 | 2 045 |
2 025 | = 040 |
020 | . . . . ' . 035 |
0 25 50 75 100 125 150 175 0 100 20 30 40 50 60
A 8] 1 ] 25
(a) 2 0.946 0 ()7 0.837 1
0.60 :
o 8?(5) L - o 065
= . r ] = 4
o= 045 | I = 822
FE & 040 | ! € 05
BIM & 035 | = -
R 030 | gk 045
B 025 | & 040
0.20 | 035
0 25 50 75 100 125 150 175 0 100 20 3 40 50 60
o [ 251 ] 5
()71 0.9720 (d)r: 0.938 3
055 F T o e ——————— | mame oo
0.65 F Y} 3
@0.50- +um0~60-/rv“ ll 5 !
S 045 | S [ § 4
= 3055 i
040 | = Vit R f
AIMDE 7= 35 | iz 030 - e
E o0 = 045 | an
= 030 | k i i I
B 025 | g 040t L84 "U}
020 | o 035 | . . . . -
0 25 50 75 100 125 150 175 0 10 20 30 40 50 60
o [ 551 )] 25
(e)r:0.981 1 (f) :0.964 0
UCI M A3 4E S&P 500 fi5 ZZ ¥t 45

B9 DA R X B AR (6=0.06)

K10 J&oR T AERIRIRBIIEE & HUM 0.06 500 T AR HUREA O TINS5 R 18 20 (2 S ARRARZE IR S S,
OO FIR AN BB LSTM P A5 B T, 2R a2 25 0 2R PR3 BIM FEA N FIRE 4 75 2 ) Tt
{8, 3 EOESE R B ST BIM FEAR A BB (9 FNE, 58 (k5 AIMDE A= S JE s A i A SR v i
DA X T UCT # 8 di, Sl AR ENTT [ 4 SISt 45 R8T, B G R HE b & e, 4R Gt ARy s 2 i
(Y45 B EGE BARSE A IR, P37 19 LB —, 1 AIMDE a#id 1 2 87 1 #8022 70 AL i ¢, fRIE T Bt
M ZHES RAEE.

K 10 A e — S B oR T BSR4 2R, T ISR IE 5 BT T, D 1 ORAEAS 2R 000 1) 5 Rk,
I FURH R ok 5 RN S AEAT B, B EAE T CLILEE 2, AIMDE J i S 8 Tl s 1 B B50f 42 R s 9
i, X AE LU BN 2 . AR LS B SR R 2 Dy 1 SR i R, R S O — 0 B Ve RO AR 7 R
e R TF RO B A T VIS [, 5% ATMIDE 2 4E HU R BSPRBI ROCR S AF IO RTAR T, IS FT REsa 42 Jm PR sh 4

K11 J&ox T AIMDE (T 75) 55 R DAl 75 (177) BISE R L. B b G e 26 2 (i 0 AR R L AR FE A
(L) MU FUREAS (L), A7 03 PR it 28 A QR S ARAE Ay A 2R P TN 28 R ot 28 (20 €8) ROXT U AR S AR TR )
T a5 R 2 (). N H, AIMDE fEXT HUREA IO BS EE 1E B BORSET, R S BOR B R Ad e . LS4k
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EELA I, AIMDE 2 S B A VA i £2, LI R Ll SRy 2 il i 4

3.5 BT

XTI 18] Py 5 G A A E ARG, e AN RIS R 19 J=) S M0y MSE O A2 &, KU R, AIMDE AJ BLfE— Vi
WHHTA H s, et g Rk 12 fos, RBIsh RAERIIE Y 10% LR, BEA S IRSE f, IR & W
TR SRAE e B P PR A B R R A, IR AR R A AI R AT AT 77 5, AT DU T RS X A DL
ISR L, AR IX R 2 3 B0 R AT 5, S RN ) vl E .

0.60 [
055 |
050 |
045 |
040 F\ \
035 b\

030 |
025

055 |
0.50 |
045 |
0.40 f
035 [\
030\
025 |

P B0 AR T 45 SR P& e SUMIESEN
0.55 emeesemy | 0.450 -
1055 | ) 0425 j
. E 0.50 | 0.400 | i
\ i0.45 I 0.375 - i
' 0.40 0350 | . ;
035 [ 0325 | |
030 f 0.300 | \ |
0275 w \. 4

0.25 r

S —
h h h L

0 05 1.0 1.5 20 25 30 35 40

1050 |
1045 |
1040 |
"l 03s [y

0.40 r
035 1

0.50
045 ¢

7 ,

I

20

— A

10 A RISzl J5 9 R T 5 SR b o i

0 5 10 15 20

030 [ N 030 ¢ ‘\_\ ,
05 | 025 | \
s 0.20 -

0 05 1.0 15 20 25 3.0 3.5 40
— Wil — BIM JAIH BIM

— AIMDE

SRR B AT

ARG T |

2L RE R REA
R A i € R AR L
AIMDE \ |
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I
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|
|
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K 11 AIMDE FIZRER B SLit g Bt R B K
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5 10 15 20 25 30
JA il BIM TINS5 9 MSE B ARIEIE (%)

K12 A HARBGEI R IR G A

3.6 BRtETEE

HPF FE X LIk 0 I Hll—— o1 0 SRS A A BB (1, FRAT TR FE A LI 4 2 Ry 7 A S . 1 2R i LSTM JA: i
STHUREAR, I FIBI MSE, Z Ja B ikt A ZIZrde b, AT ISR, Wk 6 Fion, SHiFEAN MSE 1R
FEAR, 15 W B B8 SRS A A0 TSP AR B 4k ST A )R Mok . JRl i LA AIMDE By, 45 B 7R 4 = Bodi A
JREB YRR ANE, RO IX R 7R B RaE T, B L 2. 1 ATIMDE 7348 BUS B8 i Boa 50U, 1t B
LBV S I A e Xt AIMDE Bioh Bk 32 m s A (S 1, R 9] AIMDE A PiAt AR B 2Rt 5 Wt
SEPE.

AIMDE I\ T Z 4 B EE, FER 3 — /NI sh & O P93 0 B0k s A2 BEALIE BRI, BRItk AR B iR oRE AR B
RN, AT S ECHTT U ZREE0E e 2. — AN 0o P ) S 2 22 ST B A 25 1), B % vk 3 45 A O U RE AR, )
F Xt BURE A AT B X B SR, Aeis T ot il i K E XS BURE A RN VR 2 BEA LG B 18] 25 ARG, B4, B
TRAEN N R I BB AR, —SedL 47 A I B R s A AN 2 R AR B AL, SERENLE R TER A SRz, ZE
SR 231 BROK B I B R AR, 1T SRl s g0 kAT .

W 13 B, r I PIREARS R, (8 A U 8RR AE TR BNIR B KN 0.6 15 T AR MBI T LA
W, ST PURE A RIA F] 30 LI, £ AIMDE B 19 B R CL4 AT 2%, 1 HL 30 IREVE IIE AR AR BOFAS
S 18 ROR B I TR AE. R X B 4, AR5 2 19 22 516 B I SR B A8 7 v e kT X AIMDE B i3k AT
Bt

£ 6 AR TTVERS Bl SR g5 R 0.00325 [¥
e HUCGHEBU B LR B R 000300 | 0%
i RMSE MSE FMMSE § 0.00275 |
BIMXili 0.0033 0.0015 0.0018 g "QO0Z 508 °“’3':“wza
JRHBIMETE 00030 0.0011 0.0016 g 0.00225 |
AIMDEX(H  0.0036 0.0012 0.0035 & 000200 F
0.00175 | o
0.001 50 \GWE~¢LW¢1.-9mu--”'5

10 15 20 25 30 35 40 45 50

r

13 ANFEDSSUREA SR T 45 R0 Hos &

NHHEAT AIMDE By R B 2 BT ISR A SR 2 1 B IS PR A S, FE EEH X FGSM, BIM AR
BIM BEAT MG MR i 2 BT SE 38 M S 80 B, SR g R W3k 7 for, 18 2 EXHiPEIZR)E, LSTM A
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RAEA 5 AT BEdE s o4t i) B ) TR A 4L & 5225

B &R ENT T 3 RIS B B B0 VR EE AN AR BT, (HX FGSM Bk B B RE 7180 22, A FGSM B4
Bt RS BIM ANE], Todi i 6] S BUS AL E A 1 BIM 595, 2 I 2 803 4T 7 R 8 Medi s >, i
PLERS BIM Al S &8 BIM B A 58 47 16 57 A

RT ZENGONRIEENE

MG TR X ZRHT M MSE WG TR MSE
FGSM 0.0028 0.0024
BIM 0.0033 0.0016
JRERBIM 0.003 1 0.0014

4 ERAARRBTAE

ASCHEHY T — R A G R R A SN A 7. 5 i T A RS IR T R, ASCHE T B i DM ZE )
AL SR SR B Bh, Sodi i 18] Fp 91 R L 2 SRR . Sit 45 RAR WA, T die t i S50 AT LA A4 UCT A
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