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ABSTRACT

With the progress of science and technology, China's stock market has been
improved day by day, and a large number of financial data have been retained, which
has laid a solid foundation for stock market analysis. In the stock market, high
returns are accompanied by high risks. However, reducing investment risks while
high returns is the goal that many investors have been pursuing. Therefore, how to
predict the stock price more accurately has become a hot issue. With the continuous
growth of machine learning and deep learning, researchers began to apply it to the
stock market. As a kind of deep learning, recurrent neural network (RNN) introduces
the concept of time series, which provides a new method for analyzing time series
data. However, RNN has some defects. As a variant of RNN, LSTM neural network
overcomes the problems of gradient disappearance and explosion in RNN, and has a
wider application field. At the same time, compared with other time series prediction
models, LSTM neural network has certain advantages in dealing with nonlinear data.
According to the existing research results, the stock market often shows nonlinear
characteristics. Therefore, this paper attempts to use LSTM neural network to predict
the stock index in order to get more accurate prediction results.

This paper selects the daily trading data of Shanghai stock index in recent five
years as a sample, and uses LSTM model to predict the closing price of the day by
using the opening price, highest price, lowest price, closing price, rise and fall
volume and trading volume of the previous day. Because LSTM prediction results
are easily affected by network parameters, this paper optimizes the network
parameters by PIO Algorithm. However, the PIO Algorithm is easy to fall into local
optimization. This paper first discusses and studies how to improve the pigeon
swarm algorithm. Then the improved PIO Algorithm is used to optimize the LSTM
neural network model, so as to obtain the combined model PIO Algorithm and
LSTM model, and predict the Shanghai stock index through the combined model.
Finally, the paper compares the prediction results, draws a conclusion and prospects
for further research.



This paper focuses on the improvement of PIO Algorithm and LPIO Algorithm
of LSTM prediction model. Although PIO Algorithm is proposed in a short time, it
has advantages in practical application. It has the characteristics of fast convergence,
simple operation and easy implementation. Therefore, the algorithm has gradually
developed into a popular swarm intelligence optimization algorithm. However, it still
has some shortcomings in solving complex optimization problems. It is easy to fall
into local optimization in the later stage of iteration, resulting in the decline of
optimization accuracy of the algorithm. In view of the shortcomings of the basic PIO
Algorithm, this paper attempts to improve the pigeon swarm algorithm. In the
process of improvement, we mainly consider the combination of PIO Algorithm and
other mechanisms, and finally form the LPIO Algorithm. This is also the innovation
of this paper. The improvement ideas proposed in this paper mainly include:

(1) In the geomagnetic navigation stage, Levy flight is introduced to help
individuals in the population jump out of the local optimum by using the jumping
nature of Levy flight.

(2) Using the ergodic characteristics of chaos theory to search the optimal
individual after each iteration can effectively improve the solution accuracy of the
algorithm, and improve the convergence performance to a certain extent.

For LPIO Algorithm, this paper selects five test functions to test. The test results
show that LPIO Algorithm can not only find the global optimal solution in complex
optimization problems, but also retain the good convergence performance of the
original LPIO Algorithm.

After solving the problems existing in the pigeon swarm algorithm, this paper
uses the improved PIO Algorithm to optimize the network parameters of LSTM
neural network, and makes an example analysis by using the combination model. The
following conclusions are obtained:

(1) When predicting the closing price of Shanghai stock index, compared with
the prediction results of ARIMA and BP neural network, LSTM and LPIO Algorithm.
LSTM has better prediction effect and less prediction error. It is proved that
compared with other models, LSTM model is more suitable for predicting the closing

price of Shanghai stock index.
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(2) The LSTM neural network with optimization algorithm is better than the
traditional LSTM neural network model. The prediction effect of LSTM neural
network model optimized based on LPIO Algorithm is the best, which shows that
using LPIO Algorithm to optimize the network structure of LSTM neural network
can improve the prediction performance of traditional LSTM neural network, and has

certain practical value.

Key words: PIO, LSTM, Stock Index Prediction, Parameter Optimization,
Combined Model
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ATTER TR CLZH KRN T FE RENF ANAE. NE RS
EH KRS, KENHEMBERZEHN TSR L RN Eee,
LA RE P R I Ao 2 ) 4% f R 1R O R a3EAT RSO BN 747 . (EFE AR 2 M 2% 2 40
BTH, ATEBEAANRERNEWN, FTERLSRUREREAS, NSHH
TR, SBEAEAFHORERNAER, MRS Z, RE %
Mt ARME. SRR, SREETUHITSERN, SRSHASHRIE.
Fib, AXEEBEEEENATIRARERMEMSE, HExHE SR e
fritfenud, CARAIRAEHEKBMEGE.

1.4 IRBEMNARAR

1.41 HARBEE

FHE TR A 45 8 i BT — B (8] K B 48 45 B R T — i TRl I B4 O 4 247 T
M7 R BRRBIRTN, AT LU B E R R E R, eI s s K
6, TH AT CAZIE SR T rEsiE R, AN EAKREEFNER. &
NEENABBWT:

BT ERRENREAS, BAF—ERN3EENE, FURERMNE -1
WERKE. WREN L2 RER —E Lt iae s, FrilasCRA
KIS 12 AZ M 0t B fa AT T . FERAERHCIZM%E S, SHOEENAR, &
TR KNGS R. ik, ACEENAGHEERFHI T, IRk
SRRV 0 %

MHEERITRER M MR RIERE, NASR T ZEXASE
BEARRYE: EREERDER, AHHI “BR” 0K, BRERER. 5
X ESBFE ARG AR, FXFANTHMAYH, S eeRERETEut. —7
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LSTM RRU L B H A BB R BT 5

1, FEMBESHBESIA Levy ©4T, FIH Levy WATAKH “BRERME” BB
AR, MR ESRIRBEEL; H—HH, EMESARMMER S BSIA
RAEERERE, SROENRE, FRRMELIEHER S ERRAEHHEH
TRMEHER, ZLEATLUIRIESOERE, ] R R AR

) P B B R R B KR IR Z M g 47 FAR,  FTLAMS B E nAER B
WS SEWEE, RABRKERIZIZME, WHRAEE T E LR
AR, AT AT DA SE A B T h A R O E 1

142 IRAE

AR KRR R IZ P g X R e AT T, iz A ool e B B AL Z
eI S HRTIAN, MRENNBRRERTMIESLY, &5, 2XFHAMETFER
AAERIBEAT TR, FEXTR-E A A T Rt AT A TR LL L. &K TR
.

B—E, HAERN T XENERRXNRAIE. RERXEER, E
WA ORI AT IR, N HEERSHITRERES. B, FEX A
M REEE. TRARURRICPHCIF BB T B4,

BE, NATERENETRIAERHE LK ZERE S 5B 5 —
G R N R0 22 4% () A SR 2 AT R

B8, XEREEHITHE . HSBEEENREMAZ, FIA Levy &
1T BOIRHAE RFTFILHINT Ee A B8 B SR AT Ui, FF 1% FH 4 SR 2R 053 U EE 5
SN 20 4 T AT 0T HIR, WE s ErE R SRR

BIYE, BN EEH TN LSTM MENEIHERBERLERAE
BRI EAEfR BB AT T KUt SRS EERNAT LSTM &, XK
SMSECETHAA, FRER LIERBBIEET SR, Bl S HAER X
RIESUH B R IEE LSTM B MR AR 1T IR E WM 21 81 .

BRE, FRERE. BETAXHFEERARR, FH3RRIFN 7=
BEAT B .

1.5 AXBHFRERE

FZEEXNE, ETEMQFSEBZERIALTHHE:
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1 &ig

(1) ASCX BB EHEAT T 8. P BEIEERB IR T OB “F
B, HISMEEMENER S, ERBESEPIINTHMISGENS: F—, i
S BTN Levy ¥AT, FHRELRSHHRITRE; £, EHESHH
RO B I NTR IR R g, T EALE R, REEAEERRERE.

(2) A 3CH S R RSB BV R T4k LSTM ME M % 54, LSTM 4
Mg TN R Z RSB AR, Bk, ASCR A S SR EE N S 80k
TiRAG, FEBAER KRS TR, M HE AR ) P 68

(3) A0 HUH SRR IR LR LSTM M2 M & R T IRIg Wi, R&
TR, ANRETMMAE T~ 7.

BRAHES THNHER, BNFEE—ENTE:

(1) 7fE%¢ LSTM BT B, (N TRaa BHMEni bl R %117 TH0
e, HeSHRRL XSk A#HET.

(2) FEXRIEHATINN, BB TR W& &t BIEe. 3
BRI EERER, BB ENEEAE, EFERLHITHA.




LSTM =B i RE A BRIE R P a N R

2 BEEMNRTNIR R SR BETIA

BRI EH R URMRE T ARBHAEE FIRE. Bl ZEOANHER,
BIARW T 2R TEXN B RMEETR. EXRETHHTRROEY, FE
ET AT FERARN R ENR TN . ZFHEHENZHHI, #5
MEMBRARL FERANER, MEMELEREFFPRHEeZe 7
ZHIRE. AEZERNBREME TN AOARERTERTHA, REEET
AR B 5T B FE A

2.1 REMBIT

ERZENZEER, BEXZHEEHS BT, REMEHESIHERE
mE . EAREE, BARETRNBRRETHNZLNE, N
VEgeEE, REUE. AR, REMRNZRSILIIRT ZEMNMNXE. BE
BEFRIRAN, BETEER T WA T 1% BT ABARE 347

2.1.1 BEEE S

AT XFENARE DL, ZTEEENEHRENE RN ENE
FFEOR. TIRBL. AFSHEAABRENNEMEEREL R, HAREN
o BV IAT AR X BCR AR MBS BT — R R RIIRAG . EAT 047 7T LIRSS
NZATE: BEREFHH T . AT 247

EMET T T IE LT R RBURMME RS M. ¥ RNET
A EAESSE. BRERE. MER, LREE. Rz, BRIKME
RERA R MBOR. WEREE. BBBeE. PUIBoESES. ARSaEEs A
B SR W ATR . AT A BT R R ERRAEH RME. AF
BAUREERNERREGRBEEWRENRE, FLMSTMEER
SRR ABSHTE R T M EZER D T 17V aTFoxt Bt 9520 .

L ERTIR, TTUATE B AT 20 B AT LA BB A T A SR SRR I AR Bl Bk
1AW, (BETR AR RS R, FAREERIK.
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2 REMRTUNERR SRETE

2.1.2 HBARESH

BARE M SARBAR A, BT P L i X2 5 BAE#ATH AR, XTREK
A AT I . LR, BRI ERAERT L5 E BIEAT ISR,
FF A ERMARLH W BN H LSS, HTTNPRBRETSH 5 KAWL
e, xF B RR AR SFAT LA AN

HHREPBARE TR K ZAE50H, BT —R. —HA. —APBRHN
Kk, REER. FEEREFERR.

BARM it ERBCEZEBITRAL, BTN H R B E M 3L
O, EELTHANZREMZHMIANIL, BRZTEKERELE
PRAEHE, XT3 BRI AN B8 K I H e S

2.2 BRNKRETNGIHRE

BRI BRI T o AR R, X RT J7 vE  A BR i R
HEETPRER, £ SN EESReRAE ROt FRTRE
T FTHE TN ARIMA R,

ARIMA (Autoregressive Integrated Moving Average model) # % R N & 7
BABITFHEEAER, BI85 5 SR T 5 R —, ARIMA BRI
FRCEE T o B B2 FH SE B AR SR Ui BTz

ARIMA (p,d, ) B #3655 F EBHE LT JLA:

(1) SREXAFA]FE5) B4R . SREXIRS (8] /7 51 B T LR i skl o A R 13 3
. WA LR MZETHER T TR . X T HRE R8E, B TP M ma,
BEHEPRBFERITLAH S AEREHEHNER. E#FToITERIE
BHERAERRE, TR 7RG R IER .

(2) WEFFIBERTAE. FEHBEERN, FERTHEFRERR.
XFT ARMA #88, BREE LA LRGPt HIE A st R
FREESEMMENIETEFEE, HHEIHFERMEXE#TRR. i
FEER EEHRERFE, ERRERK. Mk, HHEXEEW LHEMNESR, #H
SERREND, BEMAEF. AOEXN N FE BT EA N R ERHE e HxE
BATER PR, NTREHERBTRTREE. XTI FRldHE, T
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LSTM #EB (L R B ERIEFTN R AR R

BB TE S L E R ITFRERR, BRI FRAIE. AldRER, Z50
RERREBT ARIMA 230d FIBUE. —Bk¥, E00REHEE, RIKE
BE7ES, BFAREFREBEZHIT. HATEBRESHIEPHSER —
WA ERHAME, SEMESTRERARIRR. EHik, £—RENHERE
H, EEREZSRIRERET 2.

(3) HMAEW . EHETZNNREE, CE#—SHeEENS K p M
q. XFHASEMFE, °TLLRA BIC #ENRAE .

(4) BEE, BEEWE, EBaIHEABITRN, HH#HiTEEERS.
MERBSEFSHEAEE, FENSEHITRAE.

(5) BRERK . BAGHE, FER - SHEMPHRERTARER
B, FREEBRBEZANAESE, WHAZEHENEEEENRIKER Y. &
RIRHRERAORS, NFEHTH—BFE,

FHREFEFY. G dRESE, ERFFREFN Ny, WA LK
ARIMA(p,d, B R A
Ve =CH+ WY1+ MgVt +WpYip + &+ Q181 + @282 + PgEr—g (271D
K, c AES, pa B RE, o B FHEIARE, e NEREFF,
p AEEAERNE, q ABINTFIEME.

RAE ARIMA(p,d, BT, WUEHZEMNBMERESF ZISH
p- dfl q M. 28 d TEREFRERE KT, T p. q I EHEXT K
HRESR. BRAECHEZEFE p. qHE, HEFBATHERRK, £
ERIBTERE. A, ARIMABERTHMEFHREE, SREBEREE
FmENHESEHTERAE, BRTZEMMNEARE, FBIFHZIE
2 aa R =E R

2.3 #MZMLEIEL

BEE AT EaeRB L, MEMKEETRERRE, HEMEETHN A
EEZ . N TR EFSIEENTM R, 2&HOTHZAERPEMRER
REHR. BRBAEE N FIBIEN RN IERE — AL, THEME
FE—ERE LR R R IR RE, XAMENSNATRIETRNEGM T
AR WRATHREBUNHZMZETA BP A, RNN SR K LSTM &1,
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2 BENMETNIES SRR
FHEAK 3 FHAL R BT T AIRA A,

2.3.1 BP &M &%

BP #1425 M £% 2 i Rumelhart 71 McCelland 4 8 FI5} 5K 7 1986 £ 5 RIR
0, HREYEMEREIEINGNZ BaHMNLg . BP 14 M & IEME P 4R R
T EE, UMRGFRAEIELERER S, SHNABARZHATIR. BP
EMBERAEZNREENNG, BEE5EZ BT ERE, ME—EZ R
SUAERE, HEASHIE 2-1 fin, £E-BARAR, BE—ERHHE,
HEH S ABREE, HATUKRAREE. BREETEHEEZAANES, BF
HEMIFREES, MEABRABRRANEREE M GEETURANER.

£ BP MM RIGE RS, BBEE NRABRIREE, BMARERED S
HERIEMAFLRE, BEERERBN AR IE. HEHRDT: BAN
R IERERNINT N BERBIMEE, HFirELhRRH SHENH
PHRERAD. BREZEEBK, WHFEABKAAEN R, REZBHHIAA
iR, SE4EEBEMAIT, MATERIER MR ZEEXEENE MR EiH#
TRE. X2—NEhAIRE, B ARUEMRME, F5% HIREAR Bk M
BIRZEEIL AL B W E A EREBERIKEE, 83 T —1 BP MR,
A] LA AR B 47 A R TR0 . 187 58 2 A A R R 2 U 48 AN R 04 v 2 4 L
WIEEERE, RERHXSEEE BTN,

Cx
O
O
O
B 2-1 BP #AREERLGN

BP HAMBZMHEZESREEMFEUT = B, REFRARNE, HEE
HBER I BAR AT N AL B, R —4b. FAIGREMIRE. Hik, &
3L BP AN BN SHIRE, TECERAR. RBBRE ML ENHET
ML FER, WHERERBRKERXESE. &5, BRHNGELEEIZ BP
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LSTM #HE ik R EERIEFM BRI A
HEM, EREIMEELE, RNREEEHTIR, AR ZERK
PERE .

BP MK EMHAEETRAURESMSA, BETURBAUTILL: B
—, ARLRIEBRETEE /158, A EISIEH=ERMHEMNLE H AT U L ERR BT
AR LR M ELE R B, IX BRI — 1 AT B0 BP P M4 B AT LA I 5 2% (KR 8 1)
B %, BP WEMBHRBRNE ¥, WU HE 0% H B AN
ZIAKIREE B, PR BERILRAERES; F=, BP ML LASEMLL
HEMIZTHER, ARERNGERIMTAEE . RT EH/LSS, BPHE
MEIE BREERB MM, BAER. SE8EEERA.

BP MK E IR R TN BN A EEENEL /BT =2
RN A . EHBEEFARIRA, BP HEMKWRERY T —BBANAE. TEF
U IN-E

(1) WSEREE. BP HEMELEMAMEIELERKAE, EHLEE
08k LB, FAE—EFHEXE, Xy, SUERZRNR/D, ERRMEIRET
FRFK AR IREEL, WNEERLFLTERRE.

(2) ZFaANREERM. BP HEMZRANRHE THEE, ERREREL
YeiE R, B RBERANEERE, SRR EBANRSRES, B
FHNZRRM . BP ML X H146 FIBUE FIRE LB BUR, SR A R IR E
RENZME, &ESESBIARAKRBIRES, X2 BP HEMZ G
ERERFR.

(3) BP WEMBHMENIEERZE—. BP HEMBHNEHERZESBES
—HERER, —BRBLKRHE. FHERSEETEERE, EEWAHT
HEHEIR, FBREMNERRE. SHRER/DNTESBOERARS.
HEMBZEMFEFEEYWMBRMNME, FEi, EEIENNEHERE
BRRHEEH .

2.3.2 BIFHERLE

7£ 1990 5, Jeffrey Elman 2 H T 5 — /N2 &K RNN EIRHE M4, B
Elman M%%. 5 BP 12 MBS AL, RNN EMEREESHAE. R
BEERBmBE=54%, Wl 2-2 fin.x 2 —MHE, RnPRBAEFTBARE.
u R EMABRIRBENNELERE. s AROBBRHENE, t2—1I HE.
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2 BENETNEL SEBER
v AR —MUERE, BrREEIRHEENERNK . o RME, RKRHEH
. XBwig—MEERE, KREEEBKAD, BARR KR A EBREHF
ARE—EBNH—ENHUE, ML —REERHKEHZNE. )\ RNN H
P2% S5 F BT LLE tH, RNN 48 M 45 4 % 2 5 s A 31T 1042 35 BL A Bl £ 0 %
Hiz®Ed, ML HREEZ MY SAERLEREN, MEREREN, R
ERMMANMAERAZNRHEEEE L —REEENR L.

MM PSR EIEAN BPTT #ik, 5 BP MK, BPTT Hik
HEBERFREAE=APR: —RiTRitESMMExmmtfE:; & kMt
HEMMETHREDE; “RIHESMIZSTHEE.

E 2-2 RNN #HEMEEKLEH

RNN #1428 B IR AT LLAL BB F] RS HIE B, (R HALIZBIRIIE R
AN B R A RN B — 245 B . BT B 5 K58 B 2 B I 18] I HERS A2 Al
KR5S, XBtiEREAT ARG BERE b RS — SHEER, E15%
H 45 SRR T 307 A SR (5 B o RININ 148 I 28 Xt 1 B[] ] B 22 32 1) S50 48
FREXMEILIZ, FHIKAREE RNN B— 1 BaskS. RN, £ BINGEE
#1, RNN A G &7 A6 BE TH SR ANAR BE R 35 R AL, RNIN FyIX SR B i 42
P 7E R RRI N A F P ERERFARE, BRIBERERE T AMTRRE.

2.3.3 KIERHBIZHMZ 4

LSTM (Long Short-Term Memory) #£8 /X 45 L FR A 5 B 1cfZ 140 8 M 2%,
#= B Hochreiter A1 Schmidhuber 7F 1997 £ HRIR B I A EH, £+ —1tHLH]
WO RBHRATHREEIR BN —M. FAR, LSTM WREEHFMEMLH—
p, {HLSTM Rk T —REAHAEMLE (RNN) HKHMKHE a2, G880 Xd i [a]
F-51) v ) B FH 238 B B] JE 8 B0 B4 S A RO b BT, R, KRR D
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LSTM #RBUL R B RIEFRA DRI RS

ZHEMEEBRES LOHE., FEVE. R 50K A& T SURE A Frid
B

YEH RNN # 2 M &I —FfhAg/k, LSTM FAET LB FHI5E. M T
RNN M%%, LSTM MR AARFRIRBET 3 Fi 144, 4328517, ATk
BT, LSTM RedidiX 3 M IMEHREFEEENAMGH, KW TEEMN
HiEE@ED, #mESZEE AR KBICZE. RN, LSTM N7 —Ms 8
FEICIZE TG, 5% T B EE RABIERR. LSTM #4& M4 B & 2-3
B

& 2-3 LSTM #HERERE AL

RIE LSTM A MM E, THHFHAN TH— T &E5r0ITE.

(1) BE=I

LSTM MA@ BRI TREENMBREST EFEHAER, E-RE—T
sigmoid M4 ELIMAT, ARSEHLIHERTMAEE . by 2 BT
BISIA, 83T sigmoid EBE, REIMZ—NMNTF 0 1 ZEKE. FEEO, N
RAMZERZELR. HRIE L, RN EZREZER. BSIRNERRES
B LSTM MZH ML EEFERE, BEFEFESH,

(2) AT

MATARAEEEARRESTFEF2HER. LEERLEHAHL:
B %, Tanh MR SAE AT LARNBIARRENAMEC,. HIK, sigmoid
P& 2 HE R 58RI, ACHHE MERE - T 0 L ZEAEE,
DA R ke EEHMERAE, UAMEEHNER., EX—d8d, FES
EIX ML R R ER SR B E.

(3) HHI]

ET LEAMBIMFNARRES, FEACERBMI4EE. @8, &g
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2 BRENRANIEL SREEE

sigmoid [ 45 2 4| it B R L B 3 A LRSS, R JE B AREE I tanh M
#®R, HRERE sigmoid /= KM AT, Xt % ) R 5 B H e 6 1Y
.

(4) HILHMREEH

FERTERMN TRIRESNTHTRERTREZINER, BATTARRE
REEH SRS, EXWEREM, NFEERIDNHREEF 9
FERET, BC,_(EHAC,. HIBKPRASTRLLS,, BEITRESCHNES, &
HoRkal EEN EEHEL « G ERIME T HEBRS.

2 bikidRE, WA RS RESNFNAETRS, FRdE~E
& RIEBEI T —HZl. BR=ANTEESS T EERAR, BERELES
MR — B, #RIEIT sigmoid M4 E AT RS B A0ERE, @i tanh
W% R BT HERE BHERT, BMESSER, hRSHRLHHR.

LSTM fEATHEMZ R —Fr, W LMREFRIME R E R AR R, Fr,
FMET RNN, ZRAAEG—EHETPHEMAT “I1” g, XE/RREE
e iEd, LREHLE, BAXREBRETEHRNIAR. Fif, £ LSTM
MeMmgt, LIZEBRE THETEEERPRERTFRHE, BT8R
R R . Rk, AR R AELL B (8] e 3 BE e B B8

2.4 FENG

2 2 N RE AN TROU A A S ER A AL, o R R AR A T A — e ik
177 VRE4EHIE IR . ARIMA HERE 9% R RO () R P FUAR R, R H 5 T
KB, ESHHELRRER, RER T/ R FFIEEE TR . FasM
MR R A, BP MR BARFFHS, AN FFEIEMA —EBIRH .
RNN #£ M BRI TR FR8E, EiE RIS 77 R aREE.
LSTM £ P48 7E RNN IR AT “I7” B4, MR T HEEM KK
R, FEACEE R E R S SRR B —E U .
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LSTM B B E AR T R s R A At 52

3 BUERSEEE

FETM G, PIREE - EHMLFEEHEMF B IR 0HER. HRREER
RIEE EZWNUEA M SECERE M. TR LSTM BRE TR E, £&X
Fxt RS HOET I . TR BRI EIE A — R e e %,
HEAFE RS BRELRBERA, EEEATSHMMASR. A CEREEE R
PACE B B R RIS FIE RN LSTM RS, HH, AERKD
REEEBE T OO, UMEE N LSTM BAGE TS, REEENHETH
FRIKEE .

3.1 SSBEA

AP 5 — YR B AT R A LN, B2 AT MR Le3h )
MATH, SEH—ERNMNMENERE, HABHMEMIOETR, XERREKR
AR R E S, B XEEETUBREFEFRT —LAE, B —EHN
MABX . BTEBRAUMNEEBRAMNAEEF TRAARER, XERMAT
BTHREERKRET. 2014 FREBIEFAX SR MTHET THHN, R
H T RSRESEIE, TFARN PIO B

3.1.1 RSEFEERMIEE

PIO BARITERE RMNMTZN—F, REETHEFHRIT AR
ERTRITHERES, ETEFINMERSEMEHN TR, 202K,
HERBSZ AR . AR ATH B, BESEARSMTANSISET Wr. F
FERN, EETHEUTHIRES, EEKE-FMBILEREEHSMTA.
ERIT—BNA)E, SHZESMIA, HLHIARR TR, FUeinga
HEATHRAMBIE. M\ TRXMEFIR CTTN, PIO BEPAMNHTHMHET
B, M TR AR A,

TEHLRE S IR B, AR AT LARRIE B S Xt Hu /RN, K ] ZE 0 R 2Rl 7E
i, ARG FARIE KPR EH AR A A T R BT E . R B A, XS
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3 BUARSEEEIA
TEMKBIERT . EHFRIHMER, ESTRERS BN, 2% S0
TR RMAR. HETFREZAMMARKAE, FEE CAIRETE
Hio FEHSTXTMARA EASE, e RRERLABITHIS T AT,

T ERR ST X SR EEN B S RERTELL. 'R, iR
TR, BRETINAEN—ME, BSRETIURAMEMERERAEER
KEX. BEEDHEEN, HENABTHR DB, I X=(X,
Xogs vy X)), V=(Vq, Vo, oo, Vi) s XK, VARIRERN RS FHABMER. K+,
%1 RS TFHRAEMERES BN (3-1) f (3-2) #r (=1, 2, -, ND.

Xi= [x,-l, Xi2s e xw] (3-1

Vi= [v,-l, Vizs wos vw] (3-2)

EFF RS, FATEHAAXMBASHNVENER (=1, 2, =, N;
=1, 2, -, D)o

x;j = lb + rand(ub — lb) (3-3)
v; = rand (3-4>

FHep, b Ax; K TR, ub Jx;# EIR, rand 2 071 FEE A K — M REYLEL.
G, XA EEITRL. EESHETER, 8T HETHEE AN
B E—RERI R REEFRE, CEZRNAEMN LT EVCENEZW.
BRABTHEERANEEHRF AR T:
Vi =V;*e R + rand (X gpes: — X;) (3-5)
Xp=X+V; (3-6)
Hrp, RAKRMWHET, t ALATAEBRERIKREL X gpese B BT —IKIEALTE
heRRUNETRENMLE. MBS BARIREEKER, Fih
B AR AT B
BJE, BTSSR, AR, X -1 Frrn, 8IEA
— K, SHNBERSHNERA . XRRAEEAERE T REFHS T
RHERRE, RBREFNSH VTEBE, FURE 7 TR MABLREENS
TARBMER, KEANBERRS, HEpERE. B TRO8EEH, 205
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LSTM Bk R E A RRIETN P AR

OREAHR, BEh OB, MR (38) A (3-9) FiR. EERIR
KRS, AR SABRFILT .

N' = N/2 (3-7)
__ I Xfitness(X;) _
Xe = N<Y fitness(X;) (3-8)
Xi' = Xi + Tand(Xc - Xl) (3"9)

Heh, X RBHEEREENTLMLE. fitnessX)RHE i RS TFHRENEHE.
3.1.2 SHEZNSR

BRERAEN HIRREON f(x), CERREN NC, SEEENEES R
T

SR SEYIEN, XESEMBERN, MBET R, B FAIKEINC]
AMAR S AR NC2, H NCI>NC2.

HB;2: FIAAR (3-3) 1 (3-4) WHILFEE, HFHBERBTHENE
B, &N EEBRIF RS TIE X gpest o

B3 HATHRESN. Bk, NERBTHRMEMEEHITEN. A5,
T EER BEEIF X gpes ALIBR BAE LR, 3 XA FE R B AR T X jpesc A3E
RLREME, W2 Xgpese = Xis BN, REEX gpese T

ST 4 FERKENCONCL, L SFFERSES. B0, BRb
=3,

BB HATHAR SN, B, XATE NS TREBEREEX/METHRF.
g, HEAKX -7 B¥, HFiIHEHINSTFHPONLEX.. B, REA
X G-9) BEFBFHIMNEHTELAIMEREREE. 5X jpes L HER FE
TR, HABRBEHX jest

IR 6: #F NCONCI+NC2, M{F LR FRIH MBS R. BN, HESE 5.

3.1.3 REEZENMES

EHEREREEMI, PIOHEZEFUTHRA: B—, FEABNSHD.
BHER. SR ARGRUARE, BRTERKE. HERAESVLEGERM R
% B0 1 N JRE bR BB A T Bl Al A %, (R T LAZS B A B AR R B B AR
B, BENR. B, WEEER. AT, SREEERRHKSEE,
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3 BUfMSREEL
fe % FE S AT RUE L T BT .
RERFEARIIR MOV R R AL 1R AR A T BT B R, /BT RN, A
BEEBTARIRN, BRRENGRENAZHZERIFERE R, ERRERN
feiE RS, SRR E SBAZIRERRL, HESHEESRRAREENRILE
FiE, MR T BIERREE.

3.2 MutREg

PIO BRI SUEER . BHLI. TEFEBKSHED, IRSHAEER
T HRTENER, BREBRANAR WA TR RE K. ERTHK
ENHOLUFREH T SRR A, X0 PIO BikHIsut R4 T =M,
B SRERIARA R, ASCRE THAMHLE], THEZEHR T IXBEFLE KR
H. ERAULSIAZIEA SR EIREET R ERIEDR,

3.2.1 Levy ¥{T

Levy YATRFENEFEN —F, HHIARY, REEVIEHHPLTH R L
levy ¥iTHI. Levy ®ATEREF KB KHEE Levy 01, HFEREH MK (3-10)
FioR:

L(s)~[s|*™#, 0<B<2 (3-10)
AH, s A Levy BK, Bl Levy(B), s ABHHEARN:
5= (3-11)

AR -1 1, BHB—KEBERN 1.5, SHu. vIIRMESHAME, BISHn
HIIER 0, TTENo2, B8 v RNER 0, TERN2 RN, o, o, FRT
%A

o= sin (+B/2)+T(1+B)
B Lr@+p/2)«px2B-1/2
o,=1

Levy WiTRIAIZ —FREVLIRZS, B 3-1 R T BHT 500 RBEHL Levy &
TR RS TSR, WEPRITUEN, Levy WITRKIAEERER 518
REKHEEERIRE, XA “BAER” M T BN R E R T aeE, #
T3 7 BIERREE -

1
I (3-12)
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LSTM BRI R B A RIETUN BRI AR

5 ¢l ot | }
{1 t t | {3 \ |
! ¢ - i Ml b b L
¢ O l" f W ‘]‘“T’"""!“""'ylt'.“."rxv': 'yl"""‘l""l “"’\"‘ ekl
: i | 1 {
Y 5 | i
> i |

B 3-1 500k Levy T4

A0 Levy WAT SR HIBENUEK SN B RS BE SRR ST B, %t
BB AMARHTEY, FIASKEXH PR, RBEBRBEESBAR
AR B IG . ANMEERH T RA:

Xt = X; + a®Levy(B) (3-13)

a = ap * (X; — Xgbest) (3-14)

Hef, i=1, 2, =, Ny N AFBEEME; XF= (b, b, oo xh) A5 Levy
TYITREHEIMMERAME; X, = (xq, Xigr o Xp)REAMBELHEITH
MESMEFEBRMNEALE: Xgpes = (Xghest1r Xgbestzr - Xgbestn) I ZAHY
ENEERREMEREME; oA KER, XX Levy SKFITHERT,
e NATIBE; Levy(B) R Levy KITHRAIMNKITEHK; QNARKS.

Levy YTERMER A BINT . £ PIO BB E T+, FIAR (3-13)
AR SR MEX T EEHERXE, i1, 2, -, No HXHERIER
EERTXARENEE, WEFLHX, B4X, =Xk G, REXAZE,
Levy YATHIBINE R T EEMERBRES, TUERELRBANRTRRT.
3.2.2 BiEER

B —MOUEETIAR, BELMENL, HEE—SHRE. BT LidE
4k, REERFBGME, RETEFULHBHXEAMAERSE, HESR
PRET(E P, BEEE R RIEBRAHIRERARR . A3 KA Logistic BT 2
REE RS

Kt+1 = #Kt[l — Kl’]’ Kt € [0,1] (3_15)
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3 BURRSBEEE
X, phs#, BYETCHEE3.56 Fl4 2 H; HJu=4 HO<K(0)<1HK, A
FEATRHURA .

YRR Y 17 388 7 A A AN T F 4 A5 2L BT RS — R4 L SI N B Bk P TR
Mg, #H—BR T EENRBERE, MRTHEENRSCEE. 308
REMERIIAZME SRR AN B, SN EFERERTRES R
AME, BIMBEEEHITEALIEER:

Xpest(t) = Xgpese + b * H;(£) (3-16)

A, b ARETSH: HOREL 1 XAHRZERRA RN, K,
SRR TFHEBER.
SINBIERRAGSRNT: $xBE AR E F eI ESB 2
KB, BAR B-T) BATRHEER, WEHBEN N pesy FH 5 X gpes 23T
RLRIERL A AT LB, MBI H P ENE RN E, FEFX gpese. FIFHTRIE
BEBTHRNREBER, TUAERRERENRE, BRERRIE.

323 MUHSEHEZNAGKSE

Xt PIO BEIRRIGRBE, AN T BA LTSk 40 PIO Bk, HE,
MR TEES, SIAT Levy 4T, XTSBFMEMESHTER, (208
Bk REMIRE S, BRAE2RME: KR, EHEE FRAE FER G, ER
RPN AENRERE), #TEMLREER, R TEENRREER
g1, RRIETHERNSMEE. £REETH, Ko vmBEEER 10N LPIO
=47

LPIO E¥EH BARSRINT

H], 1. WEMXSE, HHETHEEYIGH.

SRR 2 MEENEE, FREESNEAERNNET,

SBT3 HANHE S B

IR 4. HAWRBEIIN Levy 4T ERMEEELEZ KIEREELIBAD,
TFFEEFI A Levy AT M FIOMEHITER, BN, BEERZESE S,

HE]5: PHMESMRARNEFRS TR EMERE;

R 6: HEEMETREREE, RIENEFEBRASTHEME, H
FEHMGEHTRIEE R, EFNST, FSERNSTHTHR. HENEE
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LSTM B R HERIERNF NS AGRR

T BN THENEMHE, WEFRSRETFHALE;

SBT ARG EIMESHOBRRERKE, HEX3), WELhES
MRS IE S BRI, HmPSE3;

IR 8: B R SR

B9 TR SR R RSB B AE B 4T B

H1% 10: FLR 5,

S 11: AWREABMAR SIS RERRE, FEEB), WE RS
Wit R: BN, HEPES.

33 AEMRERER DR

A EEN BB EERTHENR, ARSCERMESHEERNT
TR RS Bk M. ARERMERAT 5 MUKER, 88 3 M RERK
M2 AR SEWET, 2505 Bt af fsuH 5 1 PIO BIEMSIET 50 K,
WAL R 50 KL HTFHE. RN, AXEARBENSHEEERRTS
¥ (2019) RHEMEISEEDY (GPIO). B#HE. Bt (2018) #RIHK
FIFEAE B A BF Bk (CMPIO) 31T T XL, AR R A IR Biuish AR R

33.1 SHEE
A IRPETE MATLAB 20202 Hi21T, BEHMSHREME 3-1 .

+3-1 BREEBETHSH

245 2 &N SHE SHNAT
N B 50

T1 o S AR BRI B 450 PIO & i%.
T2 RSB RER KRS 50 LPIO &%
R M HE T 0.3
a Levy ¥KITRTISH 5

bl e SIS EREERENET S5 1 LPIO RSB H %
b2 MR SMERRRERNATNTSH 0.1

3.3.2 MR ¥

AR T WSt R SR EARI RS, W T 5 MREKIK R BT
PIEEYR, HP, Fi. Fpy F3ARERE, F,. FSAZERE. ARUEDH
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3 it RS REECE
TE 5 4EM 20 AE15 00 T 3R AT 07 5, ARYE AR AR B H AR (A 15 DU R AW BA R
BN BB~ 8 L BEE RN 3-2 s,

*3-2 M R B R B L WA
I B 2 7E (I W8
D [-100,100] 0
Fi= ) xe
i=1
D [-5.12,5.12] 0
F=Yixe
i=1
[-1,-1] -1
F;=—exp(—0.5 ) x%)
>
& [-32.32] 0
2 |-exp (BZI cos (27rx,~)> -20+e
[-10,10] 0

Fg = Z |x; sin (x;) + 0. 1x;]
i=1

3.33 MHER D

T ARIBGH B SR LR RRI, 4% 5 NI B 1E 5 45
20 ZEMEOL FIEAT T T E, SR FEUMEFBRARNEEMER LB ER. B
i 15 3| / PIO. LPIO BLELERMES N REUS RN, REM, FHESER
i, XEHAE T LSRRI E R Mt RE, kAl 2 R LUE R
ERMERIT R R FHER, HaT DR & A Hh 28 2 505 R B BB R F Kk
H. R, EAHERRRERDMER FEENIRER, iembE, FMER
MR, RABIERBERWNEREL BARENIT. EA MR x B, s
it B Ar iR

F® 3-3F13-4 72 PIO. LPIO HiEALE 5 4Ef1 20 HR THTHA R, 6
o T BN REMICTFEIBREIE, NGRTLUES, LPIO BiL7E 50 KMsL
LIS EHCP I E N EE BN T REAER PIO Bk, THESHREHRIMEN
R, 75 e 55 R, LPIO BIEfERMEF . Fo F3. FseREUN EEARREEN
KBNS . ERFLA BRARE R T miifg, Hihcs +ALL
£ 20 4 B4R, JRA M PIO BiEBRIMARARKEL, ARBHFIEER
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LSTM 2B AL B HL A RRAE T o 9 R R R 52

g . 1 LPIO EiE{NRe B RIF M SEIE AL RILE, HE 50 KELREBINRE
fRE BT TIRE PIO BB 3 ME M. ik W, 5 PIO BiLMLL, LPIO
BIEEKBRE LA TR KEENRA . R, AWERHaLUE K LPIO Bkl
FREESIEA T GPIO #1 CMPIO, 3 — 25 B A= SO RSB BV A B — BT AT 1Y

*®33 PIO BHMUH BT 5 MR H T RER
N RE TSR ik BLE RER SFHE
PIO 4.5730e-04 16.6553 1.0353
F, GPIO 2.1449¢-12 5.3674 0.1867
CMPIO 1.5206e-04 0.1708 0.0576
LPIO 0 0 0
PIO 0 1.2039 0.1248e-12
F, GPIO 3.1564e-13 0.7355 0.0790
CMPIO 5.7528e-05 0.1897 0.0288
LPIO 0 0 0
PIO -1 -0.9488 -0.9923
F GPIO -1 -0.9842 -0.9989
CMPIO -1 -0.9981 -0.9996
LPIO -1 -1 -1
PIO 2.3232¢-08 4.1682 1.6431
FL GPIO 1.8148¢-06 3.1777 0.5679
CMPIO 0.0246 1.9379 0.8963
LPIO 8.8818¢-16 2.2204e-14 7.0699¢-15
PIO 1.9963¢-19 2.2192 0.4902
F, GPIO 2.5888¢-09 1.2090 0.2636
CMPIO 0.0027 0.9621 0.1741
LPIO 0 1.3117¢-13 9.7050e-15
%34 PIO R B HSATE 20 SR B RO RS R
Wl R Bk B BEMR A
PIO 415.3671 2.1757e+03 1.1283¢+03
P GPIO 432.2194 2.3782e+03 1.1277e+03
1 CMPIO 2.0332 21.6011 8.1246
LPIO 3.3010e-17 3.7746¢-10 1.0196e-11
PIO 43.0898 233.9764 127.9887
v GPIO 0.3273 234.0546 131.6008
2 CMPIO 8.0314 84.9189 28.2923
LPIO 2.1664e-15 1.7163e-05 3.5357¢-08
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3 BRERSEEECE

R34 PIO REYGHE LA 20 MR BH LNHESER
P F % Hik BIE BEMR FHME
PIO -0.6692 -0.3311 -0.5414
Fy GPIO -1.0000 -0.5004 -0.7050
CMPIO -1.0000 -0.9911 -0.9978
LPIO -1.0000 -1.0000 -1.0000
PIO 7.7432 13.4752 10.3512
F GPIO 0.1742 12.7682 8.3670
4 CMPIO 3.7503 5.8170 5.0442
LPIO 1.6114e-09 1.8400 0.1213
PIO 5.0153 17.8932 11.0322
7, GPIO 0.0394 19.1913 9.6886
CMPIO 3.5552 14.8518 8.6591
LPIO 8.1496¢-11 0.0103 3.7491e-04
£135 PIO #1 LPIO B MR 2t 4tit
i Bk Fy F, Fs F, Fs
PIO 7.3974 0.0537 1.2975¢-04 1.2966 0.2621
s GPIO 0.5866 0.0340 1.0501e-05 0.6240 0.1134
CMPIO 0.0016 0.0017 1.2989¢-07 0.3738 0.0388
LPIO 0 0 0 1.8448¢-29  5.8513e-28
PIO 1.3160e+05  2.3442e+03 0.0072 2.1811 6.7134
20 GPIO 2.9635e-21  2.4344e+03 0.0185 11.0843 22.0593
CMPIO  2.3828¢+05  299.4628 3.0444¢-06 0.2106 6.7303

LPIO 4.9683e-09 5.8865e-14 3.8055e-20 0.1522 2.2778e-06

&K 3-5 REEMIIELT 50 IR E MG, & 50 IRFT KRBT E. TE
RN, IR LR T . NRPRTLLE H, AE R 5 48R 20 48, LPIO
B EHLHEEEERGZE/, B LPIO K ZE7 Ui E— MR/ HEYE
WEWN, R LPIO BEFRIFHIREX.

K 3-2 2FFEIERE 20 B R THRISA LR, £BHE 50 KM SR
JERIME LRI . WA MZKE, 7T LAE 1 PIO BATEWSUE B 5 H R IR I,
EZEEE R E 20 B AR R SR A S RaE, BABARKEMR, &
HEEEE TR, LPIO HERE T EFEEIMHNIMNEE, BRRBKEAL
BNBEEMIE, R, S REET BUEE A b kA Bk B R RAE, M
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LSTM #ERMLAL R B AEBRIE FUR RO R A TSR
HIEMRILEE, ARMRE T HENIUMtEE. BdiaRmeLE, TUE

£3 FA{ 2 TioA

e PO ...__,(3

AR s L PO cenenees GPIO

veossans GPIO 32

e ; S owo
04
5
¥

FSRyS Rzt

P10
LPIO

3-2 PIO, LPIO EiEik{Cuhsk
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3 BUHSEERCE
i, 5 GPIO F1 CMPIO Lk, AR HMBU# % LPIO Bk FEE
REMTHERNRBLE. FEE, TR, SONSHEEEINITETRES
HEMERE R,

SEULER, MUBRUTER: £—, LPIO BEAFERNEERE,
ERBkH R EN, HRIAELENE TURAHENER, BFREFNE
AR M. B, LPIO MEESA T RE EENWSER, £RIERIRE
, BB PCERBIERNE. =, LPIO BRI S MiEE N L RN EL,
BIfEfERAEE 2 HArR B, SR IERENERR. BT UES, AL
Frig H S SRR R K, RBNMBRFEENARE.

3.4 KEG

AFE T PIO HEEBITERTIAL, FIANT WSS, FFHEMAH
B3R T B ARHLEI7E PIO Bk R ANfEERK, BMEH T LPIO Bik. N T
W LPIO BER S0 RE, I T 5 MR KRR BHITIHI ALK, HEE
AEFEE. ETRITEARNOGHEEULETMAZRNSHEREING
RTHEHAT T taHT, ERGERRY, SRESHEEME, LPIO HEEA
AERtE, KEHEERBREEER.
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LSTM 2B (L R B R U A B L AR 5%

4 ERMESEHEAMER LSTM #1TAETN

RN BIE B — PR R B T 5 B3R, BRAE SRS . BRI IEE
PEERHE . X EEE R I MR R B A IR I B B R A e Rt 1T R
BTN, SATH LSTM #4145 W 4% 70 b FIX i (8] 7 B I BB R I HH B IF M g
FH b, AZHFIH LSTM FIREX BN ST T . R, AEERE LSTM
B EAE Eaxd KT — PR R, IR RSO & R IF 1
LPIO Hi% 5 LSTM BTG, NTiRE R EM KRS E, B2 ETFK
PR . AFFBERFENNES, 75002 LREREERAMAE . ERK
PR AR HE . LPIO-LSTM TR R A i 12 DA R A S B e R P S IG5 R
Koy

4.1 IERYIERE FRALTE

4.1.1 ¥IERIEER

AR DIER ST I, EARRERT, AMEMEEHMEi g T
2016 £ 11 A 1 HE 2021 45 10 A 29 H3k 1216 &4zt 175041, A 4-1 Biow,
AFTEREA S AEN. EMEMEEIY, AR 1 RIFEN. 8BS
By BARAY WA, BRERER. B BRI GRS ML, HikmHEE 2
REOBAR AT HE— DA . DAkEHE, —JLrTDAH R 1215 SRFEAHUE. Ak
FE 0 22 PR 2850 B i AT TR, BEK 15 31 IR AR BE R 43 VI SR e B0 A ik
EEHIR . AP LR G—% 90%BHE W NG E, ¥ 10%HIEEE & e Rl
WA, BVIZGERIE 1093 &, WHRERIE 122 &.

4.1.2 BURHITRALTE

EMERTE, BEFEANEEETHIAE, BRELERTHE I
MARERPEWIETE K. ZEBENERTRSEGSHEZROEE SHFE
AL, AT ESRFR1E AR, AN, ERERSMERESNERRE. THA
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4 RSO AHEA RSN LSTM S TRE TN
EE R T REEF RBIRMER, RATgEE “2” FRBRE, NTTSBERE
KT Relt . B, ERHTERATX SRR ITEENMATEZREE, FHM
BB T ERRENAE A, TCURE SR R R A& T
o RIKBAER BB T B s S SRS Bl (-1, 1208,
HARIMT:

A, AR ENRIGE, WREBRINME, s WRBRAEE. XX
THEXBAEEAT IR, WTUAMRREER TSR, 523 E R
Zit

EUEEEO B PR 4 %(2016.11.01-2021.10.01)

» N . ! ‘7 5 E,."‘j‘
saoor oo
X T M iy i | ;
Y= 3200 ¢t 1 A g i
== ' '
™ 3000 |

2800 L L | | ige?
N

2600 + b x
¥ 4

200 400 600 800 1000 1200 1400
& B B R ¥(2016.11.01-2021.10.01)

2400
O

B4l LRSS EYEN
4.2 {REEIFNIRHE

ERNLRES, BENTNE S ELFFR~EmE, XMREESTT
FRFRNIRE. ELBEMAT, BESEF BT RE R TINACR M
HETEEAT VR, WA RGETHERE 77 R IRE (RMSED . FI4EXHR %= (MAE)
M3 B HiRZE (MAPED.
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LSTM {REMLAL R EE BRI TN F BN A R

%= 4-1 PR BN 8RR
15 bR 475 Rikst
N ~
F TR RMSE = [2izt @~ D?
N
N o~
TRy 1% 7 MAE = Zi=i Vi = ¥l
. N
SIZ LA s gk T AN e 18 1 Yi = Ji
SEIHN T Sy bR MM%=N§”—7—P1%%
i=1 !

R A1 AREF Gt R ER RN K, y hESE, 79T
, NABHERANE. AR RA RSB 3 NGt br R S B R T
MR BB UL R M), WTUERNE LS ER R B ERE, A
M EATPL 25 HIBr, 3R R U AR 2

4.3 LPIO-LSTM 1&EBIpE TS

LSTM fENMA& M —M, SHEMEME M, ST HGMEEN
SER . MBS SEOEFRIAR, 14 B2 3 e N g5 E H e,
Wt UL, HAFRNBSE TS —PREEB TN EE, FERREEY
B TR ET SRS, AT EEMRE.

£ LSTM ## & Mg, XBSHMEREEMMEN ISP REEE, A&
M, fESEhREREEEd, BHETMALREKELREERFESEH
X T BE 22 SR (B] B YR AN D SR URIMIR . DRIk, AT E7E LSTM M4 M 4%
5 AMUHEHEIEL LPIO, £FKRBIMAISE, NME R LR NEER, 2
o 2RSS, ATLLRIIRREE M A T E RF IR KNEEMARE G E
P2 A2 TN 25 SRR 4K, T LLX B % Ba sl 2 M2 Ui B B R ST B AR T
A 25, BT,

FIH LPIO BiEL ik LSTM #PE2 ML FIEAERZ: 4 LSTM #4451l
Zod 2 i3 A R E/E S LPIO Bk NG N EE, ¥ I R ARBEME T
VB ARG BRI A7 B 15 BRI SRR 01 7 1R 2 KN B 3 7 B AT & AR AT 5,
HEIEBITUE MR Z M sl KIER XA IE. ERERE, UM ERA
EEBAERNL LSTM M2 W4 AT & n A B2 ) R T g, KR
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4 ERBUHBRBEIAMNEH LSTM #1TRRIE TR

EHEEEMAMEEAMEK. B LSTM MM Bt B8, melaE, @
it LPIO B4k LSTM &ML X BERE 4 NEfsr: F—, HE LSTM £
B SRAL B S S8 B2, B LPIO BiERERNE RS $£=, FH LPIO
HEMIFMENRIBROSHAE: FU, AHBIAEGSENGHEME.

BRLSTMMZMEZEHNRER, WENMEEENME TN EELNH,
Hys . H,, LSTM#ZMKHEIRICHNL, . KIFIHE S, 7T LB HH LM
SFHRARAPSEEE, EHFE TLPIOE R BT HERER.

FIH LPIO B AR LSTM M2 MK KA BIN T

S BEMEMERERS ESn.

HIB 2. WMIEEEES n #E LPIO kMR E4E D, B4 D=ntl,

SR 3. WEMMNASH, FVmafEt.

B 4. WGRESEEALE S BAEN LSTM #& M4 40 4 T A BRI 2 3] R,
RNBIMEWEG S, HTNE, FHEBIYHRZEEN LPIO BiEIER EE.

IR 5. 1RHE LPIO Bk i SR N AW A RSB E .

S 6. EREFILE, BRABRKAMMHMLEREE, HBHELAN LSTM #
Z ML X RIS BT SR MM E, Bk, LPIO-LSTM MEEEIME 5
.

4.4 STESHh RLERITLL

SR BIERERBEEAND L WG MRS, e
REHLCERBGITI, PURBRFRAEA TSR S .

4.4.1 SEESTERERGR

NT RBARAATIR A LPIO-LSTM B I 238, FIF Matlab  2020a
%5 T LSTM. LPIO_LSTM MIAHRIEF . A/NWILHHT T 4 MER AR X 5
e

(1) ARIMA SZFE 2 R 45 R

£E 4-1 %, WLLER EIEBEUERN 0 2 — B M IER RS
Rit. 2dFRERR, KIEIERSIRENFEREIE-FRN. XN FEHT
B R REMM . HAHT—WES, HHTERERE, ERER—
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LSTM E& MR R HERIETUN PRI AR

MrES THREIE L PR, FrilEE e ARMA(Qpd QB FMd N 1. EfE
TESWE)E, RHE BIC #M, B3 p. q WESHA 1 F 0.

BENNMBREEGE, EF—SEdRERRHE. WNEREBITEREM
MNITEFUEI, —RAWMKRZERBREIIESSMAN., FEMEKRN,; —&8
it Durbin-Watson fu %0 X e b TRz 30 . WX ZR R ETT LB HRE &I T
IEA4rAiH), ACF # PACF faf T B Z M B XMm B M. FN, 83H
Durbin-Watson {€4 2. 0008, LT 2, UWHREANFE—MHERME. Lt i
P CUIER, BRERBETIESSM, BMELZERMIE, & ARIMA #
R ER, FHB3 T ARIMA (1, 1, 0) HEEHFREN .

Standardized Residuais ;ir‘S.tandardized Residua!sSamgﬂIg Autocorrelation Function
5t ~ «16.8]

®
S 0.6
o
2
= a4}
&2
%L 0.2
O So—
.».3)§ 8] —— TSN i, [.ﬁ -ﬁ% w”" Y
a 500 1000 -5 (8] 5 O 10 20
Lag
anmgple ?F"‘arual Autocorreiation Fun@@nis (4% A< L -d i 1EE)
= 5| |
gos ==
g =
2os & O
< = -
s 04 i 7
S o
o 0.2 S
= 1% ‘nad N
£ 0 o et —age ™ o
2 Q 1G 20 -2 (¢] 2

E42 BERKE

M ARIMA(1,1,0)BERIF s B ep, A LAE H ARIMA R G983 iR
MEIES, BIEBFHITNER. BUNESMEHITH, B8 HHRIR
£ 29. 7361, FHAEXTIRZEN 23. 1352, FHEMN T4 HIRZEHR 0. 66%.
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4 ERBUESE EANILERY LSTM TR a7

S0 F———T——————————— RN s

B} 0 4538 29 41
3700 - i SN S

4] 20 40 60 80 100 120 140

& 4-3 ARIMA RN TR E

(2) BP M SEUES 2 R 45 R b7

FEAEF BP #e IS AR R AT, EXTR BT R HI R E . B, AR
RERE. BHETANML. BEEREUALEMXSHNHE.

F— PN BN R M5 R T S BORE AT IE BP TN ALRT,
FIFEGEEAT 1 R EIEREOT &Y. Emtr. SR, M. WS, X E
TERRE AR BRI 24 R _EAER By, FrbmiEfARSR 7 M ant
R, BHEBER L MEET A

B BERHBE. RTREBEHNWRE, ESBRE - MHENTE.,
—RU, REEEHMEL, FIRE/D, EXWIEATMEEMKERE,
W T IR, EEAMRLSHASUERER, #ilFEIRETIRRAL .
WIS R I, KRS ETEZH BP WENSH REZE—IMREE, &
BRABHEE, BEEESANBNIREERR. AXRERTEREY 1/,
BRAKEE. H, EnREEEH RERTBEEEN 2.

B=. BERTAEMRE. XTRIEVTARNERE, AEEEAREK
BRTE. BEBELT, FREEPHETIERS, NUAEBRREEBE
RIS B, TS MEENERERE, EABRIMPERKER. HR,
ENBKRL, WEHHIIHEGAR, BARBIABFHNMMER. Hik, N
ZEENERERETEWRAR. AL KKK, REMBITREW TN
50, 10,

FN. HMSHORE. ACRE BP M KIERIRECT 200 Ik, 23R A
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LSTM #EML L R EERIETN SN AR
0.01, REFEN0.00001, YI&kHRIEFEE TR, 7F BP HAEMEF, &
W sigmoid BRI FURIZE M BB BUVE ViR R B, 1B B T A SO 48 g HE IS R )3 —
B [-1, 11, FrLl&E S RISt Bk % tansig 15 A3l B %

3750
3700 | . N T 22

U

3650 [
Sy M g
3600 | Mg I\ i

L I\

] i L £ i aat A / AL/ b
= 3550 | ! 7T AR 4 ¥
3600
Fal i\ L}
3450 H\ | AN
i 1) i j
3400 | N

3350 e g o — i
8] 20 40 80 80 100 120 140

& 4-4 BP BN TR E

@it BP #148 M 2% BiEfa Sl k47 T S 4 R 4-4 Fow, Btk
AT %0, 183d BP M4 PIEE I A R IR 47 B T A = AN 4%, TR 5 SR ZRK,
RIZTI S RE W ZM S TES B ST RGN . ke EdEs, B339
FHRIRZE A 43. 5744, FIJHFTIREN 33. 4372, FHILXT E 5 HIREN 0. 93%.

(3) LSTM M iFIfE R & R4

AL, B BOABT AR R, R MME N S R — R R AT
W FEARES, & LIEREET—REOFEN . BEEtr. SRS W&,
R AT BRI A R AN, B A R LSTM BB T AN R
7, BMHTEAANEOY 1. ZEREFEXRAER adam HiE, RRREEEND
JiREMSE, BEEREHREN 2, BRERKKEKERN 0. ZHUKRERE
BREKERN2EEN, BEBRERLITRNAE 1 ZEEETHERNER AL
HAE, FRXBTHER. AR EERHREN 28, TSR EBREER
I+, BEAFEREEBRHIRENRN 2.

KT REFRHLBRAFE, RAFBREEHETANESHEEN 60 F 20,
ZEERENO0.01 B, ATELABIEIFHIMR, FkAKREERRSEMET
BRI BN 60 AT 20, F %54 0.01,
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4 BRI HRSR AL AR LSTM TR T

3650

1§l
'}H,‘M

3550 | i

il

!
2
-

Fr A3
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