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Abstract With the development of information technology, a variety of public opin-
ion information such as institutional research reports, financial news, and search in-
dexes have become important factors influencing exchange rate changes. By process-
ing unstructured public opinion text data through natural language processing (NLP)
technology, it can reflect investors’ behavior, sentiment, and expectation, and provide
a data base for exchange rate trend prediction. Based on NLP technology and deep
learning, this paper proposes a research method to predict RMB exchange rate using
various public opinion information, and for the first time uses research reports to
forecast exchange rate. This paper collects three types of public opinion information:
Research reports, news, and search indexes, and firstly, uses NLP technology and
lexicon-based text sentiment analysis to transform research reports and news opin-
ion text data into computable professional opinion indexes and social opinion indexes.
Finally, eight sets of “exchange rate-public opinion” forecasting combinations were de-
signed to forecast the RMB exchange rate using LSTM model. The empirical results
show that public opinion information can predict exchange rate trends; among the
three types of public opinion information, news opinion has the best prediction effect
on exchange rate, followed by research reports and search indexes; adding multiple
public opinion information significantly improves the prediction effect compared with
single public opinion information; in addition, compared with ARIMA, support vector
regression (SVR) and extreme learning machine (ELM) models, long and short-term
memory network (LSTM) has the best prediction effect on exchange rate based on
public opinion.

Keywords exchange rates forecasting; NLP; public opinion information; emotional
analysis
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HEATULEL, FHRBEE — MBS V4R {E poscount, 4 poscount=0 (&E— MR G A 2 A
—A poscount,‘*fﬂfﬁqﬂ¥§¥§§?4\$ﬂﬁ&ﬁgﬁgﬁﬂ,EW¥§%§4\ poscount); 3 E —/MH G BEYI4G
fH negcount, 4 negcount = 0 (F—MHRAE BEAH 2H —A negeount, —H)IFH#EH[ 2N
TH A AR, AT 24 negeount). 47 12 ) HAS I B4F B SRS <17, WEET T —
AR RGN B G, Wk e, 6 )i EAT IT .

2) #TE 1) FUCHE R B, iz 1E B N RIS BOR VR, 4 poscount+1; 2 i% 1
T P T S A

o EHTTHIRIVI MR FE G AL, AR FEE BRI, T poscount HOKANFI ) R %L FEPE

Fl TR v, TBOR ) AR B OK

o TR NS E ], 2415 & 1 MO AU, X poscount « (—1), HWAXF poscount
BT
3) #TE 1) FUCHERE BR], 2118 B i B S BRIV, 4 negeount+1; K # 1% 1%

o o
e AR L. poscount *= -1
03
—
e
poscount *= 4
i A R
i
ishdict

1
—
—

mOrediel ] negeount =2_|
RN FERZR A
il 53]
negcount *= -1

5 E GE
fer) AR AL —I negcount "4 |—

U

[
ox

poscount += 1

RO

R
poscount = 0 A2
negcount = 0

I
)

TR

negcount
RALER

wH

]

E 3 XABEREHESERIZE
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JR%AR] R RIS A
o AT THITAV AR BE ORI, ARHE AL ARl 20, X negeount JEORAN[FIH R %L, FEEE
EINEE T ST ONITE ¢ PN
o A TR N5 € 0], 15 & MU AT EU, X negeount  (—1), 75 WAX] negecount
HAT B

4) #HAE 1) FULECEESC S <0 2« IR R B 1S BIR] A7 AR I A, i A) 1)
poscount+2, 24 “I” HILLEH MR BRI AE 1) A - HR IS, IUGEHZ ) ) negeount+2.

o JBEH I SCAR BRI BUE poscount ANVH B IE BE negeount HHi, 15 2|46 H 2R
WAE JBAE Pos FILEVH B 15 IBE Neg;

o & Pos Fl Neg tR#4EGE H (1) A F) BT 2545 2P SR BB AvgPos FI-F- 33 Al 1
JE&{H AvgNeg;

o ¥4 Pos F1 Neg M43 H i SCAS ) BOUbR E 2215 2R AE EAR HEZE StdPos FHYH H 1 8%
FrifE % StdNeg.

i BRSBTS, o] LS R H SO I AR A B A AR A B E, SRS By
PTCRn B Wk 4. 25 8 H R A8 [ A 0t v] DU BRI A5 I8, R SO [ S bk &
B, ARERIX B () BEAE X 2 ey B o vy, DR AR S = BER H  H S AR AE EAE Pos AL
IS BME Neg tHHEAF H SCAREE G EAEEL, DU AL A SCARBER G K. 50D e &5
(2022) FRSC, IR RS ¢ HSCAREEE (R E) 15 484 Sentiment,:

1+ Pos;
1+ Neg, )

(1)

Sentiment; = In (

b, Pos, N ¢ HESCREEE (WHRECHE) SRS EUE, Neg, A ¢ H S TH G EE.

MR 4 WU, AR SOR A B SO B 17 B2 IR S AR R, 10, 3R 4 ORISR 1 2% 46
5 2kiFA), SCARNE “INGR” “HRMIEY “PIE” <F g R “IREE AT S BLH BN R
PR IR, ELIX Y 2% 1 ) SR VAR A AR, TR AR S T B IR R e, BRI 17 R
{8 Pos, LG KAE AvgPos, FIRIEEARHEZ StdPos #RVIEAE, SIHHHIEME Neg,
FEIE AR IBME AvgNeg, AR BUEARHEZE StdNeg #04 0.

SILAR M, 5 2 FKIEA), SUANE CEIK” R4 WAE” SRR I B TE B
IR, ELIZPISRAR A vh A BN R IR, K] LR 7 T 50 S 15 R e, R AR A
Neg, ‘P THRIG MG AvgNeg, HIREBEIRMEZ StdNeg #OVIEME, SBRIGEME Pos, -1
BRI AE AE AvgPos, FRIRIE BMEARMEZ StdPos #4 0. MR 4 BRI EIH] LLE H,
AT A1 O M SRS AR G B, W] DA THE R L S R SN A B Pl SCA 1 Jfi

2.4 KIRERIZIZHEMLE (LSTM)

ASCEELT DIHLAS 5 2] 5 i B i K A e 2 N 5 A 2 (LSTM) Jy = B2 Tl A 2.
LSTM & H B [AIJE IR H 22 N 2% (RNN) ciodh ik, &5 #H Hochreiter and Schmidhuber
(1997) $2&tH. LSTM #EALHE I 5] Nic 12 B o KR RIS &, 7T DLy BRAE 1 42 10 25 Hh st
FEE AR RVASH P55 5 2R ) T ({55 RN 298 (2018)), IR Lk Y - B ] T B A K B A i SR R 1 1)
I 8] > 21 P
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® 4 XKBROTBREH

ot HTHE Pos Neg AvgPos AvgNeg StdPos StdNeg
1 AN e s s A m R A, 6 0 0.4 0 0.4899 0

T 5 AT B A AR
2 TR 2 455k /0 LRI K, BRSO 4 0 0.16 0 0.463

TR BR TR 455 4R, H T
Ml TEA SN ICRIAERIE .
3 ANRMXETHRCRHI T —ER 3 15 0.125  0.625 0.3307 0.4841
W AE, {225 E bR E R fmHL,
AR AR M SRR .
4 MICERTARE, SNCEHFBE 20 27 0.6452  0.871 0.7426  0.9067
FfatrEon, AR MICREE W EM
FHEAZ G TR, 7735 A AR
P 7 2 S s
5 ARESREFE. ARTE” 57 0 1.3902 0 1.3412 0
W5l Ji5E, B R AN A A PR S
N R TSRS B W R 2 R
BT, NRMICRJE BRI i
IR, X9 B A4

RNN 4% 0 JEAR R H [F] — P 42 I 28 30 AT 22 IS, G0 I S () o 48 D 2 A B (1 4 (A% 0
ZE A L A 18] 7 21 B ARFAE. {HH AT RNN G W0 8RB — 07T, RNN AF7ER6 W R S 16 B
FRJE v B0 AN T AS 8 AR i 1 200 1 A S SR ARFAIE PR R TR PR 55 5 — DT, iSRRI
SRR 2 TR E o, (R TESE B M DL B Zh 3R B S R 00 DB, X SeE A RNN 158
FA P

LSTM MTEAR 7 RNN [ EZEFE. LSTM £F RNN KEH T & — Mz o =4
TR & TR A g5 4, BAREFEICIZ3IT o ST i FT T on BT £,

BN @ BFEHE NS, e sigmoid FBUREMANIME, #E T tanh RECE B
B PR M E A BPIRE ¢, ARWF:

th = U(Wl . [ht—l)xt] + bz> (2)

BRI f TR E—E5H by FRAETIHIN 2, HHREI—ANE 0. 1 Z (8
BUH S, IERAE A AT AR S, 23T

fe=0(Wy - [h—1, 2] + by). (3)
SERTIThREAR SR IR APIRES, B ooy HE ¢, AT
Cy = ft cCi_1 + ittanh(WC . [htfl, LL‘t] + bc) (4)

BT o FO N AR T REUE S AR BEAT A . 5, A sigmoid bR A 2 A
24 20 A AR 3 BRPIRA, LR, R AR B el — 1. 1 ZIAIAME, 5%t 0 A
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ofe, AR BUE, AW

0p = 0(Wo - [he—1, 3-1] + b,), (5)
hy = o - tanh(cy). (6)

z At BZIEIN R, Wi Wi Wes W, RIERZIBEFERE, bis brs bes by NI
)&, hy N LSTM Z#ith A &.

LSTM £ su4i & 4 Fion (Graves (2012)). iciZ ¥ o FAEEMZTORE, BN
PLESH T B2 B IE S8, s TH TR L —3 oS EE R,

A

e

4 LSTM #WETHEHE (Graves (2012))

2.5 1N IEFR
ARSCRELT “/KE F<Tg1a1 BN 5 TR R TS B 14 B8 A VP At A v K P TROIIAS 5 7
Wb EIE P4 NRZE (MAE). $37R1%%E (RMSE). P45 H 7y kiR % (MAPE). H
H, MAE. RMSE fl MAPE B &R/, ARF TR 1R 22800, B FR0I0RCRBRAr. 7K-F 7 ks
FEVEM FE bR 2 T
Z£1 |yz - Z)z‘

MAE = == (7)

S (i — 9:)?

m

RMSE = : (8)
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100%

MAPE =

(9)

ZFT5 RIS VP Fa bR, ASCEREL T J7 IR RRYE (DS). DS AB#OR, AR
R, BT RCR . T A B BN 4R bR A R

1 " 1, if (yi —vi—1)(@i —vi-1) =20,
DS: 00% Zd“ Where Di:{ (y Yy 1)(y Yy 1) (10)

m 0, otherwise.

i=1

Ho, m REARECR, y NESE, g NTINME.

B, ASCERE DM it E kit — DI UERRL A R, DM 56 A5 3 P A A AL 0k 31
PN AT RE S AR, BRI ARSCAE ) DM v &R AN [RS8 (1 7K F- 1l 2 77 (Chen et
al. (2015), ZFHENNSE (2016)).

3 LR

A E SERF T, RFCLAR 4 AR 1) SGUF B E S RE T T R a5, 2) #R5%
ZREEEET (TR Ao B KA, WE— SR EEE BVEZ M52 5K, XL
P TINRCR B ; 3) S E A B — BRI, AR A 2 P B A5 BNV ZE I P R S
Uf; 4) BSR4 H TR 28 e P 2R

RJERFELTNM AR, A SCEEC T LSTM A ZE LAY FRAR PR DA 5T Tl A 2 1)
I, T HoAth = Fh P R AR B BRI R S ER A, s ARIMA. SVR. ELM, Jf
KM MAE. RMSE. MAPE F1 DS £ 9 T 15 22 B PEAN F5 50 A5 28 1) 500 8O R 1547 %o Bl A
PEA.

3.1 HEKIFESLIE

X T E R Y, AR SCHE T B AE B N R il 3R g AT Fll, VA B RIE EL 2020 4F 11 H
2 HF| 2022 % 9 H 20 EE@%%%J\%FBE’JIEKEIT“%E HE KV T Wind BHEE. [FH
A SR IR HL T = Fh B B, T BEAE (S B oR B AR 07 W W 2 AR AR B, @it Python
B, Bl %F Selenium &WLETE Scrapy, JLICHL T 15042 J 75 MUBF I ) 476 22, 44
SEERYE R AT Wind 208 PE, 72 0 B 2 3R Fh R AR DG 3T |, JRIEE T 1945 5% Hr iE
(RIS, R Ak BELAR B e Y 1 ok i) “ AR “ ARz 1A M REE, & “RMB”
“Chinese Yuan” Z#EH N RE. BAESIRIFWER 5 Fis.

FESRBUT AR5, LASE TG i N R T i g sy Ze 50 bt 1 B M5 B TR R oS L
H PUA i H 3 s B0R08 H fa TAE H RS — R, {3 B 2o -5 710 28 25 i ) — 2.

FE = FhEAR B b, Ll B E R i S A 2 BELRS J0CHR B [) B O SO Bl . AR SO SO
HHE R FH 2 — 5 BT () AL 38 R AR 1K AT D32, W R AT T SO AN e A R R 17 Jk
# Ln(Report emotion) F15T [ 1% 45 %L Ln(News emotion). X KA B H, A SCHK G4
W CNRM? “ANRMICER” FEEH R, & “RMB” “Chinese Yuan” & #EHAIHE R A
5, DU/ B 1A 4 2R FA 2 A — A0 JE AN B AR X 2, SR15E % 51 #4840 Ln(Indicator
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x5 KIEKIR

e S R e 1) Ho=
ARMICE  Wind £&fi44 (USD/CNY) 2020,/11/02-2022/09/20 461 K
oL EE R & -5 TR 2020/11/02-2022/09/20 15042 %5/ 550 K
Fhox B Wind [ FE-22 W B £ R 2020/11/02-2022/09/20 1945 &5 /541 K
HAH I
RAREELE TR AT “ARM  2020/11/02-2022/09/20 /
L B “RMB” “Chi-
nese Yuan”

emotion) FTARTE KA BIE B, o TIEAEE, 430036 70 5 N REHITE AR B 280 4, 3k
5 F T F5000 ) g SR Z 8 Ln(USD/CNY).

3.2 HiEMIA LI 50K

TR AT, 200 s sEAT R . B mRR v gi vt WAk 6. 3% 6 A B R AR I
(R fiE X R B G BE SR A AN G IEAS 70 A, Jarque-Bera fiedh— PR TIX—45 2, 1%
KIGTE 10% F1 1% MR BIEL T IES MMM E k. AT Dickey and Fuller
(1979) ¥ it Dickey-Fuller (ADF) BA7 R AG S0 30 k2048 1)~ ek, 45 Rk 7 s, &
R I, Ln(Report emotion) F1 Ln(News emotion) i 1% 3235 MK AL, PR
i /)37 4. 1 Ln(USD/CNY) Al Ln(Indicator emotion) NP, 7EXFIX #4751 3EAT — B
ZorIa, BT, RoRAN RS I 1% B9 MK A S, P AR K TR R .

D G 6 BEL R K 0V Z AT T A5 ATAT, AR SO SR R B 5 = SR B 3k AT
T Johansen PHEERTES, Wiu g RUNEK 8 Fin. WhEER G 45 B W m ¥ A Bdm gk 47 — B 2 55
J&, D(Ln(USD/CNY)) 5 D(Ln(Report emotion)), D(Ln(USD/CNY)) 45 D(Ln(News emo-
tion)), D(Ln(USD/CNY)) 5 D(Ln(Indicator emotion)) 2 [A]#[ 2 h8E(r), KN R il %
5 =PSB < AT B OC R, BRI, ATH R B IM BERAE, Al F = B 2t
X N B T 2R AT 0 2 AT AT ).

* 6 Mg
Ln(USD/CNY) Ln(Report emotion) Ln(News emotion) Ln(Indicator emotion)

YA 1.874 0.904 1.304 0.314
HRALEL 1.867 0.86 1.285 0.292
S PNE] 1.948 6.506 6.889 0.717
B/MA 1.842 —4.673 —5.402 0.018
PRtz 0.023 1.506 2.232 0.109
i & 1.049 0.276 —0.231 0.377
E35° 3.473 5.314 2.832 3.977
Jarque-Bera 88.822%** 108.701*** 4.637* 29.268%**
FEAHL 461 461 461 461

TR o RORAE 1% RRFMACH EIRAR B, * Roc(E 10% KR F AT IR R{RBE
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= 7 ADF BRI

AR Augmented Dickey-Fuller t-Statistic ~ Critical values (1% level)
Level 1st difference

Ln(USD/CNY) 0.851 —20.364 *** —2.57

Ln(Report emotion) —6.179 *** —2.57

Ln(News emotion) —3.164 *** —2.57

Ln(Indicator emotion) —1.176 —15.284 *** —2.57

T R FRORTE 1% HR KT IR AR

* 8 hEKI
Cointegration between D(Ln(USD/CNY)) and D(Ln(Report Emotion))

Eigenvalue Statistic  Critical Value Prob.**

None * 0.24736 157.2913  12.3209 0
At most 1 *  0.06255 29.13303  4.12991 0

Cointegration between D(Ln(USD/CNY) and D(Ln(News Emotion))
Eigenvalue Statistic  Critical Value Prob.**

None * 0.22891 149.1997  12.3209 0
At most 1 *  0.06774 31.70484 4.12991 0

Cointegration between D(Ln(USD/CNY) and D(Ln(Indicator Emotion))

Eigenvalue Statistic  Critical Value Prob.**

None * 0.25791 227.2567  12.3209 0
At most 1 *  0.18134 91.23955  4.12991 0

T % RRAE 5% R KT AR JRARBE
**MacKinnon-Haug-Michelis (1999) p-values.

3.3 FUMAREY ML IR

AT RIAEE N Matlab2021a, #1E &R 48 Windows10. N 7 3G UEA SCIEEL LSTM
PR (TR BE, ASC L ARIMAL SVR. ELM {EAZEAERBR (TSR S H05% B 3k 9 Bt
), S EREHR AT IR AT 1 R $RAT 3 RARRT 6 RATM, FEic FARFR I 1 fe i+
PREUE. 3R 10 JBon T AR AR AE I T 1 . AR 4 TSSO PEREFR bR MAE.
RMSE. MAPE. DS, #A1H M0 K

1) LSTM A2 (1 T 68 7748 T Hok = FpBAd . Sy A SRR LSTM B JHLAEHE AT
1 K. AT 3 RAIRAT 6 KATINSS B MAE. RMSE. MAPE J845#5/) T[R4 ) oA
[ =P AL, DS Fabs KT HABBAY, 7E3RT 1 RTGNZ, ARIMA ] MAE {H& LSTM
(1) 18 fi%, ELM A1) MAE {H2& LSTM #AY[H) 1.5 %, fEFEHT 3 R4, 1X—Z FHHUK,
ARIMA B8 MAE & LSTM BRI 24 £, ELM B[] MAE 52 LSTM B 2.2 fi%.
TEFEHT 1 KR\ 3 R\ 6 R, nTRUKIL LSTM 1) DS fH#8 s T 3R =M.

2) G EA T E AN TS ARIMA AR (1) F0I0RS B R 72 . ARIMA B [r)7K
SETRAS B VPAN e b 5 A =P B A DG TR AR A BB g L ZE R, R DA R 2 T A
XF IR TR 8 J 1R 22, M DAZI i 2R (1) 9% B RFAIE .
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*9 TUNERSKRE

R 24 g 775 U
ARIMA AR Tk 1/3/6
I ADF 2
MA EAH O B 4L 2

SVR EMfL RS e PSR [1, 300]
WNESHL g Mgz (278, 2%

ELM LN T -
Re a2 17 3L WL 8
i ik
B KIEARIREL T 200
LSTM LTI T -
Rel 217 s 4L R 200
v s 1
BRIEARIREL s 200
A2 TR Sgdm
Batch size Tk 30
B HR R 0.005

#F 10 AFEHERIFUAMEELLE (MIKE)

PEREfRPR  ARIMA SVR ELM LSTM
MAE  0.059792 0.003604 0.005041 0.003271
RMSE  0.066405 0.003863 0.006652 0.004167
MAPE  3.119187 0.188012  0.26216  0.171026

DS 57.6087  75.65217 67.56522 82.91304
MAE  0.084725 0.004123  0.0079  0.003459
RMSE  0.094863 0.005099 0.009972  0.004653
MAPE  4.418776 0.21503  0.411235 0.180267

DS 57.6087  61.08696 60 76.73913
MAE  0.043527 0.015405 0.013544  0.003634
RMSE  0.047336 0.019046 0.015771 0.004743
MAPE  2.272112 0.801676 0.705673 0.189471

DS 57.6087  48.56522 61.91304 68.91304

PEAT 1 R

FEHT 3 R

FEHT 6 T

3) SVR BLAL () RIS A AR e, G B 5 $ AT T00I0 R 25 B i oKl R . SGT B AT
1 RTRMAL, 7T LRI SVR B [ % TiFe 0K T LSTM #%, SVR FiR[) MAE {H{X th
LSTM #AI K 10%, i8] SVR HAZESRAT 1 R IUINA B B (o P vE a3 aT 6 K
TRIZE AR, SVR. AR () TR0 RS 55 7™ 55 R B, H MAE {i bk LSTM #iR1K 424%, WHH SVR %
TN A S0 TN P 00 5 8 R e e, AE SR AT TN A [R) S 5, SVR AT () TS i e S %

4) BEAE T TN R A 3G 0, JUF A R TR R AR I R RS, LU LSTM A
B, WHEFT 1 R BIERT 3 KT, H MAE B80T 5.75%; MIERT 3 KA 42 i
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66 AT, = MAE EIENT 5.06%. SVR [ MAE X R INE 5518 14.4% Fl 273.64%;
ELM ) MAE Xf N8B 2> 51N 56.71% 1 71.44%. {HASFE K, ARIMA #R IR RT 6
RACETRIKE BEHe bR LA AT 1 K $&AT 3 REBE/, ULRAILEEAT 6 RITM M RE . @it
HASCRIBA M ARIMA REFLEFRIEIRAT 6 R4, Yiilix—g5 R 5.

i 5 =R IR ARIMA. SVR. ELM RURTEL, A0 & E LSTM 558 i Fim 14: B
FERE 6] 5 N 1) £ BT 2 e DL . BRI AR SC A LSTM. AR RS F ) i - B 5 R A AT R TE .

3.4 ETERFEEN ARTCERNT

B LSTM B () = RS 5, A ikl LSTM BERUERRT 1 K. 3 K. 6 KXt 8 4L
DAL AHEATIRM. %2 11~13 B TIRAT 1 K. 3 K. 6 RTINS, RASH] T 0 N5

1) SRUERT 1 RA TN R THERT 3 K, R T80T 6 K. I bbiEER 11~13, 1]
DA IR TR 2H A5 P A7 6 55 5 B T000 BF [0 384 0, Fo00Rs BEvs /NS LAY 2R 481, S AT
3 KK MAE {ELL#ERT 1 K MAE {5 5.81%, $#201 6 K MAE {HHH2ET 3 K MAE
fH 4.91%; 0% + Fa%4l, X MAE 428550008 7.37% M 7.46%; L% + Wk + ¥
] + FEEUH, KR MAE $&m& 0508 4.73% M1 6.94%. RyEFERT 1 K. 3 K. 6 R4M DS
18, T LA AN [ 2H 2 18] (4 77 1) SROIUA P35 1 A7 7 B S RO B B O 2R B T R 53 o, 7 1) T
DK P 3255 980/

2) BIE(E S 0T LAV B TN S 5 BB (5 BN OLAL TIE 3Pl ks 2. DASR 11
rRET 1 R TRINGS B9, R AT MAPE E7E K, S 0.17103, 1 & BLE (S B4
A MAPE {E#/N T1X—40fE. 7E5E0T 3 RIS R F, X —IGKIHBA &, 427
M RMSE K, @ T2 AR + F850H 4.73%. TEHERT 6 KBTS R 458K
IH, 1E55 A B 5 05 75 XTI 5 o R B2 M R i 46 /h. mT LR Bl R T 4 Ay % +
W I + il JEF + 8541 MAE. RMSE. MAPE $({f & N5l

3) th o B B e PR M e TIINRG P, LMl B LR, AR BRI oG FE R B2 i RS A 2
AN BURRRT 1 RTRINGS R, XTI R + OHk 0% + a5 + S5 2 M B
FEIE, ATCURBCER + WHR I3 + B E K TR B e bn /0, V% + 50K,
HI MAE ERFIER + #HE4 3.31%. fEFAT 3 KA 6 K 1T 45 F ot a7 DL B
ghit. [EHERIR, L% + FHRASITR + B 2400 TR 5 5 B 2 T, BB &l
BEUE 1AL 2 BELRS ST 25 F0I00 52 1 2 58 T 12 i 00 R A AN ). AT A 2 B e R4 i
2 [P TIIRE BE 1 S R T, A O N R 28 (03 [ M5 B SN iz s i 35 2 5 2%,
e A YN IO e ANE e 2 ] IRPAS v 11132 L b <3, ]

T M B AT LB R N L5 M M 45 8 3 R B, 0 S e KA P 2R e Bl A B
Ay BB ER W] LA )52 mail28 e 5, SO R AR ELS, & —MoshE S48 R E M OB, AT
P ZE TN RS FEE 5 M AN G iy e o BRI A5 U

4) AR —BEE (S R, R 2 PSS B A B TR e T kS B, ELUR A B
FIEHRZE ) TS A AR T . DABRAT 1 R TUINEE SN, mT LUK BLBE A A (S BRI Y
I, YEZRTIKS A B AR T, VDA MAPE {824 0.17103; 307 — I B (5 20
o AR I + B ICE + BN MAPE (&m0 0.16283, /NT-A0C R Fi; H#
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& 11 281 1 KNSR (UikE)
MAE  RMSE MAPE DS

b 0.00327 0.00417 0.17103  82.91304
ICE + Wk 0.00308 0.00414 0.16087 83.47826
L& + FriE 0.00302 0.00416 0.15761 87.82609
L& + 8% 0.00312 0.00431 0.16283 85.65217
3+ W + HriE 0.00278 0.00388 0.14525 88.91304
L& 4+ Wk + $83L 0.00294 0.00396 0.15362 87.82609
CE + i + 184k 0.00293 0.00409 0.15274 88.91304

I+ R + ¥E + 183 0.00275  0.00391  0.14386  86.73913

& 12 12H1 3 RIUNER (UIKE)
MAE  RMSE MAPE DS

LR 0.00346  0.00465 0.18027 76.73913
L&+ #Fk 0.00306 0.00416 0.15939  76.73913
L+ i 0.00322 0.00436 0.1678  75.65217
L&+ 8% 0.00335 0.00444 0.17442 73.47826
CE + Wk + HrE 0.00289 0.00398 0.15109  77.82609
L& 4+ Wk + F84L 0.00296 0.00412 0.15459  76.73913
L&+ FiE + 83 0.00298 0.00413 0.15528  74.56522

TR + WKk + 378 + 8% 0.00288  0.0039  0.15015  75.65217

% 13 297 6 KIWER (WitE)
MAE RMSE MAPE DS

LR 0.00363 0.00474 0.18947 68.91304
TLZ + FR 0.00351 0.00467 0.18315  67.82609
CE + HriH 0.00346 0.00473 0.18025 64.56522
L& + 8% 0.0036  0.00489 0.18759 70

L&+ R + 0.00346 0.00462 0.18024 67.82609
L& 4+ Wk + F83L 0.00315 0.00431 0.16405 67.82609
L&+ FriE + $84L 0.00332 0.00427 0.1734  88.91304

ICE + WKk + 378 + 850 0.00308  0.00427 0.16055  68.56522

T DRSS B RTEE + R + BT 0% + Bk 4+ B8 3R 4+ FE + R
MAPE fH# =9 0.15362, /NTHI0 T — W5 B R s/ ME; IEE + BHk + B + 18
AR MAPE B /. 9 7 S EU T Af 3G I B 100 B Hi00] V0 28 000K B2 i $2 AR R, FRATT
XPARCZR TR B0 — T, PRI, =TS B MAPE {85 5 HUH N 391E, 3 2E 5 5
79 0.17103+ 0.16044. 0.15054. 0.14386. FEFEHT 3 KA 6 K HITMI&E b aT LUK 584K A
B 3.
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3.5 DM #&1§

AR, AT =FhIEAEREA ARIMA. ELM. SVR FIFRATE A LSTM 5 )
MgE FHEAT T DM AR, ASCMEH T H#751% 2 MSE /£ DM Gt ik k3L, 3+ 5%t
$EHT 1 R\ 3 R\ 6 Rif47 DM fulk. DM iR )4 RmRER 14 . AR F 458

1) ARSCHTIE AR LSTM #5815 H A = Fh i IR ) DM A 5645 B35/ —1.03709, Fr
XL p MELRKZHE/NT 0.01, R LSTM 5 SVR Ti/MF 0.05. 33X 35 B A< SR ) TN A
RAE 95% MEEKFETGT 540 =FhEE MR, BIIA SR LSTM B ER F B 5 B X
T ZR TR RS P () 42 v A2 ).

2) KIERAT 1 K. 3 K. 6 RAT, 24 ARIMA {E AR, HAb =M LSTM.
ELM. SVR ] DM #3645 Ba#m/ N —12.5, H p /T 0.01. XIS ARIMA #
BTN PE Rz 22 T HoAh =AY ) FE R, nTREE ARIMA (1 28V TR0 4R P A DU B2 A
B TV 2 (1) B e M AN R 2R PR RFAIE.

#* 14 DM #IE

T LSTM ELM SVR
ELM  —5.09250(0.0000)

AT 1 AT SVR O —3.63327(0.0302)  —1.03709 (0.0005)
ARIMA  —13.1491(0.0000) —13.07850 (0.0000) —13.05790 (0.0000)
ELM  —5.83605(0.0000)

AT 3 AW SVR  —6.15748(0.0000)  —4.98757 (0.0000)
ARIMA  —12.5947(0.0000) —12.54490 (0.0000) —12.53010 (0.0000)
ELM  —8.02387(0.0000)

AT 6 AT SVR —6.42664(0.0000) 3.72494(0.0003)
ARIMA  —14.6176(0.0000) —13.76670 (0.0000) —13.51910 (0.0000)

4 i

ASCHEH T — PR T 2 P EEAEE B R IS . B, ASCE TR
RN B TV 2 R ORI (5 1Y) BER A5 5., R NLP $52 R B 3 T3] Mt (1) SOAS Kt A7 8 4
J5 1, U AR AL AT T B Al B A A S B S R B Ok, ASTgs A T R
FOI N NRMICRERIEL, W 7 BB #5545, ACEdH#am 1 K. 3 K. 6
R, Fr % BT DU AR TNV e P AR R () TN 9t Al A I N B T Y e A () A
B LSTM. f)a, ASCHE T 8 M I Z-EfE” 4, H LSTM fAAERT 1 K. 3 K. 6 K
TN B TR a3, I6 bl B A5 B 6T IR B2 32 v O R

MRAE SAER IR 1 25 RIRAVE B LU R Z58: 1) AT 1 K. 3 K. 6 R4, FAEHM
LSTM #5755t MR A2 P 7K T TN B2 8 b R0 7 i) FO0MUAGS FEE 8 bl i S A 1. i IR AE X — 74
J 25 31 (1) IR 265 &5 KA T A SRS oA b 1) e K SB35 0 T A B v o 40 T 2 0 e TR A 25 A
b AL S 2 ) Sk, KRB LSTM B ZI -k s, 2) HomFIEE R, B
FRMIINTT LR R SR RS . E5RAT 1 R 3 R, 6 KW, ARAFAAE A 2 Tl
R P B ARoX — 45 3. (ELJ2 Bl 2 B2 A T R B (39, BELR A5 S0 FUARS 3 1 2 v R P S 4
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/N, BT DRE T S AT N R B G0 3 B T B A5 TR R B B, AT PRI
THREEE. 3) ERATMIER 8 4 “YLR-BAS” W4l &b, BEEEEIH ML, JCR A
FEE . EARVERMR, B30T 1 R, 3 R, 6 R4, bEE EAEE SIUHE MG, Tk
FEA R ARI5ETE, mefedd sl R IR B2 “IEE + Uk + B + /%80 H. K
JARFE T 285 75, dhar. KSR, W DLSE 4o H 2R 48 3 20 1 2 98 50 1 3 sh A sl B
=, WM FEILR TR, 4) 0 TR R e, BATA A B KT 5 Ik B,
BV ERTE R T KA. HAER LT, HaBIEe Uz it 2 A R, HiEK S
BUR AL S — REVR N AL 1L M B R DLR A 00 < Rl LA B0 L B 98 3 1) ok
S, AR B NI R A, KA AR I R BBl SO, RBLERE A
B B S5 I B R b RIS 1 = B o Y 2 R0 P R i 2 AN [ £ Jm) T
5) Wi $ BTN R K B RGN, VAR TN B RS HERE R IR S . AT R B SR TS BEAEAE AR
PR 1 REONHER, JTRT 3 REEAT 6 K, ILRTMAKEZ 23 T &%, B RRET
T30 R AN 5 S S AR AT R e B ARG (1, 5 5 IR 8] RO o, A DG4S R AR A R
VEFITFAGTH B BRI A, FE TR ZRIN, B I R 5 B A e NI ZRde, A&
BN 19055

ASCAEH 7R Wi SRR (E 2, 5, I pHeEm o &
PRI AZBAEF BASOIFR TN W] DUR S #2215 B AR VSR (5 2 0 — R NIC R
T 24 A, TS E T e 1, AT CAEN AR 705 1. S iR, A SCEIE A Z 5
1B A5 2, B Ml SR FUOAS BE SR AL 17— Ffr AR A Ay A0 R8s, 0F 335 B8l i 3 S 4 3t B2 A SN
37 M IR RRATLAR, X6 AR RS ) 5 AT 37 2 5 3 o SR 38 B X
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