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Fig. 1 Machine learning-based sentiment analysis method flowchart
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A (sample entropy, SE) J7 kX451 F 51T 45

EiRP OB S EE XS = 5 7 I (A S | I <
T, LA /D R 2 it BRI, SE 5 gl it
THEAE S o s A8 i A3, i 6 1 0 0%
& P8 B A R0 S o A i 4 A R 5, R
AR, W0 P30 1 52 e M | [ 2 JR4R.
B3I OIS AR R A AR L
W E =B RE SASRI A L v, Py B
TR AR R AL, S HA R S SRy, VE N R
. T AR PR (3) XA IR A £
HEATIRAN. SRS, Jk T FEAS B0H B AT &5 SR g
WDWPS-SVR #58Y  IF 473K fift , LABRARCR Je AR 1
ALE I M R XA 2 R TP kI, AR AR
WDWPS-SVR #5514 3K figh 25 5 43 9 % v 431 1 91
AT G R BT AT 00 55 Je B4 TIPS
TN AE AR AR B, 75 21 R 0 T4 A 1) e ¢ Tl

3 SCiESHR
3.1 HEkRFESAE

K& B & 38 % Bt ( Dalian Commodity Ex-
change, DCE) /£ W ¥ 55 KK 2 62 28 5
JIT , ORI 5% 19528 &) R S 1 450 Sy e AL 43 .
DR, ABIFSE e85 19 DCE K I 5 ik B R4
ARERME. AP E 2 T 2017 41 H 4 H—
2024 43 J120 H Wi DCE M %5 (http://www.
dee. com. cn/) P% &5 0 H BE K & 1) 02 W 4y 3t
1 751 NEHRAVE BG4 (BB AT H ).
Hr EREASERT 80% 19 1 401 DNEHEME I Z:4E,
J& 20%119 350 EHEAE A  HARK 43155 O an
4 .

B4 KEHGEMNIERFT

Fig. 4 Soybean futures price series

A G B P B A Ry R S5 48 Ak 52 i TR 2R
JEHIH] Bi-LSTM AL H 55 A6 1% 8418, LAAE
SRR I BT A I A 17 AR . B IR AT
ARRAE.

1) B 2%, R F P28 € B R MK 342 7 58 &
JIT HVR 2R 7 0 TR TR IV 426 8 B N 2 3 4
A vl ke dE 2017 451 H 4 H—2024 43 A
20 HWIE BT & AT 6 074 2587 bR A 1 /b
TCIH I SCAE B4, A5 DL R 6
TR R A5 A G 0 oK 0 B A A OGS TR A S R
S AR ER AL B RS Al R8T AR AL, F AR H T
5 094 SRt AR, VR R 2 3 45 SRS RFTIR
AR SCAS AT BCH W5 TR N o3 il A 38 A= 1o B i
L.

2) VAo A [ A 3 BEE (htips :// github.

com/Embedding/Chinese-Word-Vectors ) It ¥ M 19
A R i] ] B4R Ry HEUE R Word2 Vee 528
K ATl A 38— A I o 23 [0 oy 45 30 AH
L PR o) i 3R R T KT P R R A Dy R
Te] 1 BRG]

3) B A, AT E BT IR A AR G R
Senta X Bi-LSTM BEAYFEAT BN L, LASR i Hooh R
SLI G I SOAS P TR I R R Y 27 ST RE ) ik
T Bi-LSTM A5 (i 175 Ja& 7 A7 45 2R 1) U D
[0, 1], BE MoK, R AR . SRS, R 22
AL YNZRAY Bi-LSTM A5 A Xof 37 ) b 0k A7 7 4>
e, A B M

ISR S S AR S A R B P S Y
BORRAE R A ST 1T  ADF £33  BDS A5 56
SRR AT G o A A A SRR R
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17, I HI BAT AR LR e AR R Sl e fE . oA 56
195 TR A DAy DR I B A A T ) B AR T
T AR FE X K S 0% A% Bl 5 17 TR A 1 4k
PEIEAT Johansen VML L. PMERIGZE R R, 4
B 2 A B E  E SETTEE R 10. 275, At
T 5% FHE 3. 841, iX IR ETE 5% I I8 EPEK
S b 4 T JEARR S At most 17, B K I B4
s 5 AR R ) B DA — A R MR C R
PR, AT 28 B 22 1 A R W1 A i/
KT HAGEANA TIOI 4) d A(ELELA T A7

3.2 TMERSH

FRAE 3. 1 15 B R AE 40 BT, ] 1K S ot
Wb i B3 30 EL AT s B R 4 A S AR R R AE.
SRy REARR I 7 3 B A1 A P 370 R TR 3 (1 A2 e ) 5080
BRI FIH CEEMDAN J7 340 BPK: 96 3 4 f
10 3 H AR nE R 18 8. R 5, A H
SE ik 4 o i AT A AL B R{E R R 0. 1
0. 3. KREIHR M4 750 1953 fif AR S5 S an /&l 5
FE7R B3I R I T DCE K &0 52 i 4 110 2
A ARSI T K G G A (1) 24T 1
AV, AT 51 2 A R 3R 2 B i A 25 L.

Es5 XEHSERFIISBRENE

Fig. 5 Decomposition and reconstruction of soybean futures prices time series
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Fig. 6 Comparison of forecasting performance



— 230 — 1

2026 47 H

3.3 FMTTEX LS4

AAEFER S TR ZZ VP 45 55, RIS 25 48 5%
%22 (mean absolute error, MAE) ¥4 X% 15 43
HiR 22 (mean absolute percentage error, MAPE) |
TR & XF E 43 b 15 22 (weighted absolute percent-
age error, WAPE)  Xf %V 3% 48 XF B 43 LU iR 2%
( symmetric absolute

mean percentage

SMAPE) | 45 X} 1% 22 H 17 %8 ( median of absolute
percentage error, MdAPE ) #1 Diebold-Mariano
(DM A6 56 1 g 552 0 295 SR 9 37 AR A o250, %
S S AT X A AT S 2 S Y E A
% WDWPS-SVR A5 5 %6f ] 6 41 4% v A5 5 3 119 #00
BRES. 2 TSR B R ST N BRI BT
HEFIO b A . 5 = 20 52 50 B TR SR A BT 5T 93
D5 VEAE AL R0 P 4R I ) R
3.3.1 A S MBI TN M AR A 5
AR5 1 B SR A b N2 PR TR AR 3 1Y)
SO T IS =3 0 DR S B ks A S B 1) Hi
A HETT A UM SR 3 51 0 R 2 3 e
MR v VR AT T, LR 3 WDWPS-SVR £
RURY T30 1 g, o A RL 9 5] g QSSVR A
A2 KSVR AEHLS 20 S ARUMAL R /N 3 i (it-
eratively re-weighted least squares, IRLS) ™' L, 1EN]
FBIE1H (L, regularized regression, L, ) #5750 4%
St B HE T+ (extreme gradient boosting, XGboost )

error,

B AR B2 A 1815 (autoregressive inte-
grated moving average, ARIMA )& H4™  FfHLI7 &
(random walk , RW)#13)  =yRIEHCEHEE (Holt-
Winters, Holt) ™ L&) SCH [B1H £ 445707 22 ( gen-
eralized autoregressive conditional heteroskedasticity,
GARCH) R Horr | KSVR ML B R B E
AR I B PR, TRLS AR ) AR pR R 15 A “ o-
gistic” BREL. XF LS HANEE 2 7R, ]I CEEMDAN-
WDWPS-SVR JiiAAE R bR 32T e LAY T
DS L U] WDWPS-SVR #84 BEAE A 3 UK T
SRR RO (4 S R IR AL, S B — A
AR G F5 4 BE, LA CEEMDAN-WDWPS-SVR
Ve FARTT ik 236 HE S A T AR 7 ik PP A T
DM 5. A2 SR L0 76 10 % Y . 3 e L,
F g A R L U, Bl WDWPS-SVR AL
TR B A T HAD AR | B0 E 1 iR 1
AR R A FH .

TEJURAS [ ) e B30 5800 S0 ) e 75 125w, A
BT HAb S P L TG 07 ik B W 45 2R, CEEM-
DAN-QSSVR, CEEMDAN-KSVR #1 CEEMDAN-
XGhoost 75 % BTN 12 22 B4, H b nl WL, 252 48
AN T R S B A0 % i T, it PRI A T
GEit Iy ik 2 A A R AR AR TR S 4 6T
A7 H AT AR L RN MR AE, 15 ST
T3 EME LA B U L5 SOR

R2 RETNERERE SR

Table 2 Comparison of model forecasting performance test results

b= Ty vk MAE MAPE/ % WAPE SMAPE/% | MJAPE/%
(1) CEEMDAN-QSSVR 65.757 1.405 1.427 1.400 0.007
(2) CEEMDAN-KSVR 65.603 1.402 1.424 1.398 0.008
(3) CEEMDAN-IRLS 815.766 18.414 17.705 16. 688 0.178
(4) CEEMDAN-L, 84.564 1.834 1.835 1.842 0.013
(5) CEEMDAN-XGhoost 71.320 1.545 1.548 1.539 0.010
(6) CEEMDAN-ARIMA 73.231 1.565 1.589 1.560 0.010
(7) CEEMDAN-RW 107. 592 2.314 2.335 2.304 0.016
(8) CEEMDAN-Holt 456. 475 10. 546 9.907 9.859 0.096
(9) CEEMDAN-GARCH 304. 865 6.265 6.617 6.555 0.060
(10) CEEMDAN-WDWPS-SVR 63.222 1.345 1.372 1.341 0.007

3.3.2 AT EMBERALE

AFTKEHET Bi-LSTM . CNN Fl SnowNLP [
OB BIVE A QSSVR KSVR (IRLS Hl WDWPS-
SVR Y {4 B AR 28, o K S 3 5 A 4% e A A
HEAT TN

e 3 AT AR AR R SCAE A M 5 i, 1T
AR LG IR0 732 K] 43k DU 2K R BT SCAR 1 Ik
IMT 26 BT Bi-LSTM SR B 43 7 28, 3k F
CNN SCAE A HTEE T T SnowNLP SCAS I &
SR, LIE BB AR Ry iy A & B T00 5 125 1Y)
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FLE KGR o T2 18 D7 S A A% B 0 7 2. o
ST Y 7 ) SCAS S5 A 235 4 A 08 RE 8 Sy R K23
BRSO (S A R AR R, ko T
TAE AR AR TN 4SS R A A A P I R T
S 1 T B Rk, 7 2 A T IR
Brr ik (14) Tk (19) AR 25 PR 48 Ar i T
RFBIEM AR T (4) , BIrik (17) By B
REWFE T I (2) R TE T R &5 A R
AR TS T T 45 R A A e P e = Fh

ST AR SCARE IR HT B 000 5 2 %t b e, 53
T Bi-LSTM SCAH IS B i) 0 77 VA AR b, 5T
CNN Fl1 SnowNLP SCAE 83 At (8 $0000 77 7 1 o]
WERAE R, fr s nl 241, Bi-LSTM nf LUK Y | F 3¢
I 2R, ARIBCHT ] SCAR B T U L, DA
SR b R B P8 SV A R 8 0 I TR A
PE. S3A0 FERTA N H 7 i AR SO vk (10) 58
LT S A TOORG B2, 1 — 2D BB A B ST £ 1 1) A
BRI TIO i A AR B TR .

R3 BREEMFENQBERIL

Table 3 Comparison of test results for explanatory power of sentiment variables

YR IVIRES T 7y 2 MAE MAPE/ % WAPE SMAPE/% | MdAPE/%
(1) CEEMDAN-QSSVR 65.757 1.405 1.427 1.400 0.007
(2) CEEMDAN-KSVR 65.603 1.402 1.424 1.398 0.008
AT SR AT (3) CEEMDAN-XGbhoost 71.320 1.545 1.548 1.539 0.010
(4) CEEMDAN-L, 84.564 1.834 1.835 1.842 0.013
(5) CEEMDAN-WDWPS-SVR 63.222 1.345 1.372 1.341 0.007
(6) CEEMDAN-BIiLSTM-QSSVR 62.297 1.327 1.352 1.322 0.006
(7) CEEMDAN-BiLSTM-KSVR 63.214 1.349 1.372 1.345 0.007
T Bi-LSTM (8) CEEMDAN-BiLSTM-XGboost 69. 560 1.497 1.510 1.493 0.009
A AT (9) CEEMDAN-BiLSTM-L, 83.472 1.815 1.812 1.822 0.014
(10) CEEMDAN-BiLSTM-WDWPS-SVR
N 61.484 1.310 1.334 1.306 0.006
(AXFMFE)
(11) CEEMDAN-CNN-QSSVR 62.674 1.333 1.360 1.329 0.007
) (12) CEEMDAN-CNN-KSVR 64. 662 1.376 1.403 1.374 0.008
F:F CNN A
» (13) CEEMDAN-CNN-XGboost 69.810 1.506 1.515 1.501 0.009
RV - -
(14) CEEMDAN-CNN- L, 85.548 1.863 1.857 1.872 0.014
(15) CEEMDAN-CNN-WDWPS-SVR 61.879 1.317 1.343 1.313 0.007
(16) CEEMDAN-SN-QSSVR 63.611 1.354 1.381 1.351 0.007
(17) CEEMDAN-SN-KSVR 66.328 1.415 1. 440 1.414 0.008
HF SnowNLP
N (18) CEEMDAN-SN-XGhoost 70.102 1.512 1.521 1.507 0.009
SCARE AT
(19) CEEMDAN-SN- I, 86.251 1.884 1.872 1.893 0.014
(20) CEEMDAN-SN-WDWPS-SVR 62.257 1.328 1.351 1.324 0.007

3.3.3  KXTAMF ik SR A T

R T B UEAR S ik ) e 6 = A
SRS VAT B TS Y A B LA ADLA A P
A AR RE R (5 S s L. AR 1 0,
TR A B A I AR HE2E . SR AR AR
I7i] 23 A= B IR M [R] 1 25 2 A A Mg s e Hevk
W25 Ve ST AR GBI , A AN R SR s 45
A S AR Y f il B A . A5 R IRLS (L,
XGboost \KSVR Fll QSSVR 1E A i A4 | 43 51l ic
Sk T i 1 TR ik 2 R ik 3 Sy
4 RN Ty 5. R AR AR ik M AR

SCPUI 52 %58 K T3 B2 M b v ARSI 1A 7 T
HHER 4 35 FI3R 6 I HN, 218 B i 4 Al
FRUEZ A HE R 10% .20 % 1 30 % i, T 5
3 7k 4 T vk 5 RN AR SCHUI Ty 2k 1)
SRRV R AR I WoR AL 2 R SRR E T
Plassf I BALELA RAF iz A 3t e e i b
M P ) O A | Y B e I H A 1) T 4 e [
i, Bl LR T B (A AR o 22 i 3 m , 3t
0 BN S IS R I N ) N ¢ S 0 A R NN
SCTUI 5 1) FoU IR B B 3 o 1 LA % B O vk
22 S 1 B 3 3 ) AR pRBIORERCHE A EA T IRARL
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Table 4 Comparison of robustness test results of forecasting method based on Bi-LSTM sentiment analysis

AL e B S RUIWR7S
AR EE H R T By i 1 Bk | BOrEE3 | BUWOTEE4 | SNOTEE S ARSI 7 1

MAE 352.129 82.929 66.293 62.654 62.054 62.203

MAPE/ % 7.511 1.801 1.425 1.339 1.320 1.323

10% WAPE 7.642 1. 800 1.439 1.360 1.347 1.350
SMAPE/ % 7.688 1.806 1.421 1.335 1.314 1.317

MdAPE/ % 0.069 0.013 0.008 0.006 0.006 0.006

MAE 342.528 78. 645 65.592 62.868 64.519 64.730

MAPE/ % 7.328 1.675 1.406 1.340 1.375 1.381

20% WAPE 7.434 1.707 1.424 1.364 1.400 1.405
SMAPE/ % 7.445 1.662 1.403 1.336 1.370 1.375

MdAPE/ % 0.070 0.010 0.008 0.007 0.007 0.007

MAE 392.018 86.688 70.568 68.037 66.972 64.631

MAPE/ % 8.368 1.871 1.534 1.455 1.430 1.378

30% WAPE 8.508 1.881 1.532 1.477 1.454 1.403
SMAPE/ % 8.646 1.866 1.525 1.451 1.424 1.373

MdAPE/ % 0.082 0.012 0.010 0.009 0.008 0.007

MAE 389.335 115.346 71.774 70.712 71.243 68.016

MAPE/ % 8.294 2.549 1.559 1.518 1.527 1.455

40% WAPE 8.450 2.503 1.558 1.535 1.546 1.476
SMAPE/ % 8.639 2.581 1.550 1.517 1.524 1.450

MdAPE/ % 0.083 0.020 0.009 0.010 0.010 0.008

MAE 348.332 106.013 72.050 72.682 75.077 68. 694

MAPE/ % 7.474 2.250 1.544 1.557 1.604 1.468

50% WAPE 7.560 2.301 1.564 1.577 1.629 1.491
SMAPE/ % 7.541 2.223 1.537 1.554 1.599 1.464

MdAPE/ % 0.071 0.017 0.009 0.010 0.010 0.009

MAE 359.039 87.272 79.873 78.215 80.304 73.461

MAPE/ % 7.697 1.901 1.755 1.699 1.734 1.574

60 % WAPE 7.792 1.89%4 1.734 1.698 1.743 1.594
SMAPE/ % 7.834 1.906 1.740 1.701 1.731 1.568

MdAPE/ % 0.073 0.012 0.012 0.011 0.010 0.010

MAE 329.850 154.246 83.797 82.352 83.286 71.106

MAPE/ % 7.068 3.455 1.855 1.760 1.804 1.524

70% WAPE 7.159 3.348 1.819 1.787 1.808 1.543
SMAPE/ % 7.192 3.513 1.839 1.756 1.792 1.517

MdAPE/ % 0.069 0.026 0.012 0.012 0.012 0.010

MAE 492.604 217.555 87.408 86.553 87.212 77.267

MAPE/ % 10.553 4.893 1.931 1.880 1.891 1. 655

80% WAPE 10. 691 4.722 1.897 1.878 1.893 1.677
SMAPE/ % 11.213 5.040 1.918 1.883 1.882 1.648

MdAPE/ % 0.113 0.043 0.013 0.013 0.014 0.010

MAE 396. 000 192.775 95.151 92.59%4 90.777 82.091

MAPE/ % 8.498 4.063 2.100 2.007 1.993 1.760

90% WAPE 8.595 4.184 2.065 2.010 1.970 1.782
SMAPE/ % 8.765 3.964 2.075 1.999 1.980 1.756

MdAPE/ % 0.086 0.033 0.015 0.016 0.015 0.010

MAE 316.234 228.972 100. 843 97.002 95.796 84.969

MAPE/ % 6.817 4.888 2.259 2.141 2.127 1.819

100% WAPE 6.863 4.969 2.189 2.105 2.079 1.844
SMAPE/ % 6.777 4.740 2.229 2.119 2.105 1.812

MdAPE/ % 0.062 0.046 0.017 0.016 0.016 0.011
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Table 5 Comparison of robustness test results of forecasting method based on CNN sentiment analysis
7 IR T S b T J5 i
FbRifE 2 L3 T T I ik 1 Bk | WMOrEE3 | BIJEE4 | TINOSEES AR SCIRI 7 1

MAE 335.434 84.772 65.682 64.074 63.585 63.498
MAPE/ % 7.103 1.840 1.398 1.365 1.355 1.352
10% WAPE 7.280 1.840 1.426 1.391 1.380 1.378
SMAPE/ % 7.261 1.842 1.396 1.362 1.351 1.348
MdAPE/ % 0. 066 0.012 0.007 0.007 0.006 0.006
MAE 325.234 86. 066 65.343 66.195 65.499 65.310
MAPE/ % 6.929 1.838 1.398 1.413 1.398 1.393
20% WAPE 7.059 1.868 1.418 1.437 1.422 1.417
SMAPE/ % 6.997 1.826 1.395 1.411 1.394 1.389
MdAPE/ % 0.064 0.012 0.008 0.008 0.008 0.008
MAE 319.925 102. 888 68.161 69.443 68.442 68.205
MAPE/ % 6.782 2.266 1.472 1.479 1.466 1.461
30% WAPE 6.943 2.233 1.479 1.507 1.485 1.480
SMAPE/ % 6.913 2.282 1.465 1.479 1.462 1.457
MdAPE/ % 0.062 0.016 0. 008 0.009 0.008 0.008
MAE 364.207 98.064 69. 040 70.583 69.859 67.946
MAPE/ % 7.682 2.137 1.489 1.507 1.491 1.443
40% WAPE 7.905 2.128 1.498 1.532 1.516 1.475
SMAPE/ % 7.958 2.143 1.483 1.505 1.490 1.439
MdAPE/ % 0.074 0.015 0.009 0.009 0.009 0.007
MAE 343. 847 114.822 70.920 73.307 71.920 69.354
MAPE/ % 7.270 2.535 1.531 1.574 1.533 1.488
50% WAPE 7.463 2.492 1.539 1.591 1.561 1.505
SMAPE/ % 7.478 2.550 1.522 1.573 1.533 1.485
MdAPE/ % 0.070 0.017 0.009 0.010 0.009 0.009
MAE 391.205 109. 197 75.445 75.851 74.944 71. 069
MAPE/ % 8.300 2.358 1.656 1.621 1.618 1.516
60 % WAPE 8.490 2.370 1.637 1.646 1.627 1.542
SMAPE/ % 8.497 2.350 1.644 1.617 1.611 1.511
MdAPE/ % 0.080 0.016 0.009 0.010 0.010 0.008
MAE 375.326 143.679 77.170 77.692 76.927 71.335
MAPE/ % 7.940 3.201 1.697 1.669 1.664 1.520
60 % WAPE 8.146 3.118 1.675 1.686 1.670 1.548
SMAPE/ % 8.209 3.240 1.686 1.668 1.655 1.516
MdAPE/ % 0.078 0.024 0.011 0.010 0.011 0.009
MAE 319.626 153.165 82.778 82.283 83.538 76.844
MAPE/ % 6.830 3.231 1.824 1.792 1.808 1.654
80% WAPE 6.937 3.324 1.797 1.786 1.813 1.668
SMAPE/ % 6.860 3.168 1.809 1.783 1.802 1.653
MdAPE/ % 0.062 0.026 0.013 0.012 0.012 0.010
MAE 408. 807 181. 662 85. 605 87.793 86.595 80.566
MAPE/ % 8.656 4.078 1.891 1.905 1.894 1.724
90 % WAPE 8.872 3.943 1.858 1.905 1.879 1.749
SMAPE/ % 9.110 4.172 1.876 1.897 1.880 1.722
MdAPE/ % 0.083 0.034 0.011 0.013 0.013 0.010
MAE 349.431 109.457 92.251 91.040 91.778 83.025
MAPE/ % 7.502 2.383 2.043 1.968 2.010 1.804
100% WAPE 7.584 2.376 2.002 1.976 1.992 1.802
SMAPE/ % 7.492 2.380 2.018 1.948 1.996 1.805
MdAPE/ % 0. 066 0.015 0.015 0.015 0.015 0.011
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Table 6 Comparison of robustness test results of forecasting method based on SnowNLP sentiment analysis
7 IR T S b T J5 i
FbRifE 2 L3 T Ty 1 Bk | WMOrEE3 | BIJEE4 | TINOSEES AR SCIRI 7 1

MAE 376. 808 88.234 63.477 64.037 64.592 62.408

MAPE/ % 8.330 1.926 1.356 1.365 1.379 1.329

10% WAPE 8.178 1.915 1.378 1.390 1.402 1.354
SMAPE/ % 8.085 1.935 1.354 1.363 1.375 1.326

MdAPE/ % 0.074 0.013 0.007 0.007 0.007 0.006

MAE 372.534 91.690 65.471 66.419 65.399 64.293

MAPE/ % 8.215 2.001 1.400 1.426 1.395 1.372

20% WAPE 8.085 1.990 1.421 1.442 1.419 1.395
SMAPE/ % 8.022 2.006 1.396 1.423 1.391 1.368

MdAPE/ % 0.072 0.013 0.008 0.008 0.007 0.007

MAE 390. 129 95.775 69.795 71.270 68.630 68.305

MAPE/ % 8.636 2.049 1.495 1.537 1.470 1. 466

30% WAPE 8.467 2.079 1.515 1.547 1.490 1.482
SMAPE/ % 8.345 2.035 1.492 1.534 1.468 1. 464

MdAPE/ % 0.076 0.015 0.008 0.009 0.008 0.009

MAE 433.058 167.346 73.118 76.856 75.086 72.732

MAPE/ % 9.529 3.738 1.589 1.650 1.616 1.557

40% WAPE 9.399 3.632 1.587 1.668 1.630 1.579
SMAPE/ % 9.286 3.794 1.585 1.645 1.611 1.552

MdAPE/ % 0.085 0.028 0.010 0.010 0.010 0.009

MAE 516.027 152.739 78.166 82.459 78.927 76.243

MAPE/ % 11.494 3.219 1.721 1.784 1.718 1.643

50% WAPE 11.200 3.315 1.696 1.790 1.713 1.655
SMAPE/ % 10.704 3.156 1.706 1.783 1.704 1.639

MdAPE/ % 0.096 0.025 0.010 0.011 0.010 0.009

MAE 404.705 197.705 84.433 87.377 86.302 82.459

MAPE/ % 8.950 4.161 1.854 1.886 1.875 1.770

60 % WAPE 8.783 4.291 1.832 1.896 1.873 1.790
SMAPE/ % 8.606 4.045 1.836 1.889 1.869 1.770

MdAPE/ % 0.076 0.036 0.012 0.012 0.013 0.011

MAE 415.086 123.562 88.000 90. 443 87.098 83.809

MAPE/ % 9.156 2.715 1.929 1.960 1.897 1.802

70% WAPE 9.009 2.682 1.910 1.963 1.890 1.819
SMAPE/ % 8.869 2.729 1.909 1.962 1.884 1.800

MdAPE/ % 0.083 0.020 0.013 0.013 0.014 0.011

MAE 441.623 167.542 97.440 100.278 94.922 89.612

MAPE/ % 9.767 3.566 2.146 2.179 2.091 1.934

80% WAPE 9.585 3.636 2.115 2.176 2.060 1.945
SMAPE/ % 9.304 3.511 2.118 2.179 2.070 1.934

MdAPE/ % 0.082 0.028 0.017 0.013 0.015 0.012

MAE 453.126 234.189 99. 690 109.740 98.076 89.858

MAPE/ % 9.954 5.320 2.175 2.402 2.161 1.936

90 % WAPE 9.834 5.083 2. 164 2.382 2.129 1.950
SMAPE/ % 9.715 5.495 2.147 2.410 2.131 1.936

MdAPE/ % 0.093 0.044 0.016 0.017 0.015 0.014

MAE 425.924 256.526 101.770 111.429 105.079 92.401

MAPE/ % 9.324 5.748 2.258 2.419 2.336 1.968

100% WAPE 9.244 5.567 2.209 2.418 2.281 2.005
SMAPE/ % 9.227 5.876 2.228 2.411 2.304 1.966

MdAPE/ % 0.085 0.047 0.017 0.019 0.018 0.014
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Fig. 8 Variation of prediction error based on Bi-LSTM sentiment

analysis method dataset
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Fig. 9 Variation of prediction error based on SnowNLP sentiment

analysis method dataset
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Robust forecasting method for high-frequency futures price based on senti-
ment analysis
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Abstract: Commodity futures prices exhibit high nonlinearity, non-stationarity, and volatility. The sentiment
polarity extracted from news texts has significantly improved the timeliness and accuracy of forecasting. Howev-
er, massive news texts contain a significant amount of noise information, which severely impacts the stability of
forecasting. Therefore, sentiment analysis is conducted on news texts related to futures prices, and a weighted
double-well potential surface support vector regression ( WDWPS-SVR) model is proposed to improve predic-
tion robustness for commodity futures prices. The model generates a quartic double well potential surface to
conduct regression on the data in the original feature space, capturing the complex data characteristics in high-
frequency data. Besides, the weight of each training sample are calculated using a weight function to assess
their importance in the fitting process, reducing the interference of news texts noise in parameter estimation.
The model is applied to predict soybean futures closing prices on the Dalian Commodity Exchange from 2019 to
2022. The experimental results show that: 1) Sentiment variables extracted from news texts effectively explain
high-frequency price volatility, improving prediction timeliness; 2) The WDWPS-SVR model’ s strong nonlin-
ear learning ability enhances prediction accuracy by fitting fine-grained price fluctuations; 3) A weighting ap-
proach reduces noise from news texts, boosting model robustness and prediction stability.

Key words: futures price forecasting; kernel-free support vector regression; robustness; sentiment analysis;

noise data



