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Optimizing LSTM Model Based on Quantum-Inspired
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Abstract: Aiming at the problem that the traditional flower pollination algorithm (FPA) was
significantly affected by initial parameters and prone to local optima or convergence failures, we
proposed a quantum-inspired flower pollination algorithm (QFPA). By incorporating quantum
systems into the FPA, the pollination search process was made more efficient, thereby improving
global search capabilities. Additionally, trajectory analysis was employed to better enable the
population to escape from local optima and further reduce errors. In order to verify the effectiveness of
the method, firstly, the QFPA was evaluated using selected benchmark functions. Secondly, the best
evaluated QFPA was used to optimize the hyperparameters of the long short-term memory network

(LSTM) model. Finally, the experiments were conducted on an air quality dataset after removing
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noise using the complete ensemble empirical mode decomposition with adaptive noise (CEEMDAN)
algorithm, and compared with several other commonly wused optimization algorithms. The
experimental results show that QFPA enhances the global search capability and convergence
properties of optimization algorithms. The QFPA-LSTM model improves the accuracy and efficiency
of long-term time series predictions, with a root mean square error of 10. 93 pg/m?*, thus providing a
reliable solution for air quality prediction in practical applications.

Keywords: flower pollination algorithm; quantum-inspired flower pollination algorithm; CEEMDAN
algorithm; LSTM model
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P T —Fh PSO-LSTM J5k . ZJ5 k& 17k 7 i sh oA A J I AZ 5K . 15 1 4 i A5 24 Y 78 0
K EEFNPERE . T HL 71T 55 2 ml A4 B 00, SEG 25 R R W], PSO-LSTM A5 AU 7 Tl I A% B2 Jy 1 24 R 48
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Fig.1 Model structure
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WRRE A ACEN S B P R B A 0 — Ry X, B o R S R A R R P AR
WRLRS R ERSBRE GG, 5IA—DUEMEE p(pe[0,1 ). ZF K AR A RIEE B
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f; ; ° i f. =Sigmoid(b, +W, ,h, , +W,,x,). (15)
Fjgg 55 D R B E AR BATTAR AR S TP AR AR IR L A B B
h
| ! '
.

B A5 5 0 (A 508 B (E e, P R
i/ :SlngId(bz +Wi./xh2*l +W,‘_JX[) ’ (16)

B 2 LSTM #£2 T 4H ¢, =tanh(W_,X,+W_,h,, +b.). (17
Fig. 2 LSTM neuron structure TET 2 h ., B ITER R ¢ il it TR
¢, =c f, +ic,. (18)
Sl TR R AR
o, =o(b, +W, ,h, , +W,.x,), (19
h, =o,tanh(e,). (20)

R FRAE B AN I B AR R b R A . Sl Sk LSTM BRI ST AL E S W Fw 22 S50 b, LI/
PAS THE 5 52 B A 22 (8] 1Y) 22 52

AR LM E el B (U4 GWO &3k, PSO B ¥k, FPA, GA Ml QFPA), I T4 LSTM ##
R S EGHEATAL ARG 2 2 R B R B AR B S /AL o RO DL % B 2 PR s . TR A
Bk, BTESE R LSTM BAY Y M 5 F0 Fu il e o 2 .

2 3 I§

2.1 HIERIERALE

ALV zmMARUITHE R AR R, ZHEamEAE FLELRIWE, 76 Tk,
RERZE A G, Il A8 CEN K EFEZMERNILFEZm T, 5% 305 390 85 RBR
Eres P, WF5E 2 R A R BT A9 2 AR a2 ORI Gl v B R 9 B LA R R S

AR SO 9 23 A KON Sk b AR B U R () . SR AR BT 2013-12-02-—2021-12-05
) R Y 2 SO RO . 4R PM2. 5, PM10,S0,,CO,NO,,0;_8h, AQI #I H i, 4t 2 927 &%¥E .
Forpr 2 340 B AE M NZRAE . 587 SRR AE il i 4R . K0 Bl 2% 38 43 ok FH 46 PR 1k b 380 13 — 1k
N[0, 1IN, FFIR LR 2 Kb 48 S B i BUHi 91 1 3% 1.

®1 TEREBREEER

Table 1 Dataset information of air quality pg/m’
H 19 AQl PM2. 5 PM10 SO, co NO. O;_8h
2013-12-02 67 75 42 59 53 1.0 38
2013-12-03 106 38 43 11 114 1.5 1
2013-12-04 95 36 55 74 99 1.9 15
2013-12-05 80 9 80 44 55 0.5 15
2013-12-06 70 89 78 88 105 0.2 117

WA SRR 6 ANRE PM2. 5, PM10, S0, ,CO,NO,,O; 8h F| ] CEEMDAN % 1 i 17 43 fiff [
R T RO Y A B st AR AR, LRI CEEMDAN 53032 %) J5 6 8508 647 53 1 . 1%
#| IMFs Fl—DRIAT. A SCGRBEAMEFERG — IMF, &G — IMF 252 IMF, & &J5EEE
SIEAR B B A EREESWAEMGER, SEw. R5H 4 38 Nstd, NR,
MaxlIter fl SNRFlag #& i, ST HAME 52T EH . BB A A IMEF CR A48 5 — A4 IMEF) 46 in 45 2
JEARAE 5 I UE . I HAF M 7E outputn ZEBE . 44k CEEMDAN 53k 25 M J5 544 5 5 A8 159 76 6
KE] T HUNROR.
2.2 EEEM

R PP A BT (Y T R . AR SCOR Y 5 MR 22 (RMSE) | F 1 4 %% 25 (MAE) Ffll & R®
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RMSE= [ > (y, —y.)"/n . 21)
i=1
2
MAE="“""———, 22)
n
2 (y; *5/:')2
R =1— 7, (23)

2@ — )¢

Horbry, Ay, G0 R 5R i U\{E'JﬁtE’J;kﬁT{Eﬁﬁ/zH%ﬁ”ﬁJEH{E, n IR Ay, S 2 (L

MAE 1 RMSE i {8 i /)5

L

2.3 EHEMNR

o MERLTRN AR B, R® A (EBREEIT 1, S50 A R Xof S5 B UL I {4 ) 40 R R

AR S 45 o RSO A R BSORT R 3 QFPA BRI, P i 45 0 00 3K PR 00, 355 P 10 R AR 22 1 bR

Ko, RS arAz . A SORE B U R

2R 3. AN SR E 2

# QFPA 5 FPA, PSO B, GWO Bk, GA #17PER

Pa=0.5. fE BRI, BT 8k 8 ek BOR A S UOBOH TH] .

®2 BERERY

Table 2 Unimodal benchmark functions

B Ay D=30. 2% i I 3 bR KA 2 38 ORI IR Y L 81

ELLED, Hoh SRR Np =20, BERE T

PR 2% R HIRZWEEAS 3k

D

Sphere = 27/ [—100,100]
i—1
D n

Schwefel 2. 22 fo = E | i |+ H | i | [—10,10]
i=1 i=1
D i ,

Schwefel 1.2 fo=22(2%) [—100.100]
i=1 o j=1

Schwefel 2. 21 fi=max |z | [—100,100]
D—1

Rosenbrock S5 = 20[100Ca, —a2)? + (x, — D?] [—30,30]
i=1
D

Step fo=20CLla | D [—100,100]
i=1
D

Quartic fi = D ir! + random[0,1) [—1.28.1.28]
i=1
\ \ , . 1

Zakharov fi= Doat+ (%Em) + (%Ewy) [—5,10]
i=1 i=1 i=1
D

Sum squares fo = Eix? [—10,10]
i=1

Ridge f‘m<x>:x,»+d(21?)“,d:1,a:o.5 [—5,5]

D D D
Xin-She Yang 3 fiu = exp{* 2 (x; /,8)2”'} — Zexp{* 2 (1‘,)2} . H cos’ x; [—20,20]
i=1 i=2 i=1
D
Dixon &. Price fro= (o — D Di2a? — ) [—10.10]
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K3 SESEERY

Table 3 Multimodal benchmark functions

PR B 44 Bk NENEIR W37 [l
D
Schwefel 2. 26 fi13 = *%Zl‘isin V| x [—500,500]]
i=1
D
Rastrigin fu = 2 [} —10cos(2nx) + 10] [—5.12.5.12]
i=1
. D L D
Ackley 1 fi5 = fZOexp{io_ 02 D ZI% }*exp{D 2cos(2n1,)}+20+e [—35,35]
— i=1
Griewank f1s = Z 1 OOO Hcos([)+1 [—100,100]
Generalized fu = L{l()sinznyl+Z((y,»*1)2(1+105in2ny;))+(y,,*l)z}ﬁL [—50,50]
n i—1
penalized function 1 Z u(x;,10,100,4)
i=1
. . . 1 5
Generalized fis = 10{\111 3, +2((1 — 1)?(1 + sin*3=nx +1))}+ [—50,50]
penalized function 2 E{ (z, — 1) (1 + sin2nx,)’} + 2 u(x;»5,100,4)
i=1
Periodic fro = 1+ sin?z, + sinz, — 0. le ' [—10,10]
D
Ackley 4 Fo = D2 /aT + 27, + 3(cos(22y) + sin(2z, + 1)) [—35,35]
i=1
D D
Xin-She Yang 2 for = (Z ‘1, ‘ ) cxp{* Zsin IT} [—2x,2x]
i=1
D D
Xin-She Yang 4 f22 = (2 sin’ x; *exp{ 2 } ) . exp{* 2 sin®+/ | a; } [—10,10]
i=1
Styblinski-Tang ~ fos = %2 (x! — 1627 +52,) [—5.5]
i=1
9] D
Salomon S =1— 005(27( / ZIT )+ 0.1 | Zl? [—100,100]
i=1
i=1
~ . 2 2 1 2 S
Happy Cat fus =[(HXH’*71)']“+%(7 HXH~+21,)+% [—2.2]
i=1
D
Qing fu = Dot —i)? [—500,500]
i=1

HIEGE QFPA B4 &Gk K5 4 M FPALGA.GWO,PSO #EATILE, AIRBLA 1. R
AR PR X S2 g6 45 SRR . B TS HOR B W R . Np=50. Pa= 0.5, D=30, & F 7y & &4
FEWE B AT 3B AT 30 R, EEARIRECH 1 000, 5 FPEEL I SEE 25 A8 TR 4 FIER 5. b MEAN %
TR B TE A o R A AT B2 T A . STD /R FIA 78 9T A 3 i R 5001 A5 20 25 51 10 B of Ot 22

HiZ 4 nf W QFPA WRAGEREL f1~fosfosSosSusSiosSrssSrosfors foos fo R fos R BAE SRAAA
HHAE frofosfisfos fos 5 —BEIRRI AR 25 M A L3, R QFPA WA R FPA 851 AW
BB s QFPA TS TER f1s Frosfris ™ Fios frs™ Foos fos s fon ANHI R 22 B0HE e R B TR BE . 6 W Jm 3
2980 Bt » QFPA AIA RS FPA R BEI AR IELGE. BIR QFPA ANREHS B FPA X i A 25 i pR 5L
RAF AP, (R R Z B0 R AR A B AP e R, IR AR R KRR Lok TR R 5 & RIER
Z A RAE T AT L, % 5 AT UL . QFPA KIS TRREL £i~foofosfosfrosfros frrs for Bl fos

MR A QFPA 76 R ZH0 Sk R 50 1A T HoAh 4 RO FRESE I 76 £ B, 5 FPA,GWO ik
Fiol. S sh BRI, 18 26 N IEHERBUR . QFPA BTERE L FPA il GWO 5 3k o 535 4+ 7 AR ik
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# 4 QFPA.FPA,GA,GWO,PSO BEi£ B4 R H MEAN(D=30)
Table 4 MEAN of results obtained by QFPA,FPA,GA.GWO and PSO algorithms (D=30)
MEAN
HURENTRe
QFPA FPA PSO GWO GA
Ve 2.09X10"% 9.28X10"! 1. 67X 10 8.49X 10" 5. 30X 10
e 1.62X10°% 5.86X10"! 4.12X10" 1.03X10°% 8.73X10°
I3 3.06X10 4.10X 10 3.32X10" 7.72X10 " 1. 78X 10"
Si 6.25X10 % 1.08Xx 10" 3.81X 10! 2.46X10 ' 3. 84 %10
Is 2.40X10" 2. 37X 10 3.05x 10" 2.72X10" 1. 14X 10°
fs 0 0 1. 37X 10? 0 5.15% 10"
S 3.36X10° 1.10X10! 7.69 1.20X10°° 6.79X 10"
Ss 4.51X10° "7 9. 44 6. 5110 1.21X10°" 2.04 %10
fo 1.07X10°% 1.14X10"" 5. 97X 10 5.43X10 %! 6.80X10"
S —4.59 —4.95 —4.64X10"" —5.00 —3.64
/n 4.03X107! 9.95%10"! 9.95X10" 9.97X10"! 9.96x10""
S 6.67X10"" 3.13 3.83x10* 6.67X10"" 7.67X10
S —2.48X10° —2.43X10* —2.82X10° —1.89X10% —1.65X10°
S 5.01 1.25%10? 1. 44X 10? 5.99X10 ! 9.37X10!
S 6.53x10"" 6.89 1. 78X 10! 2.07X10" 7.50
S 0 1.32X10"" 5.52X10" 2.51X10°* 1.14
S 4.86X10° 4.11X 10" 7.49X10? 5.56X10 2 2.26X10"
S 8. 6410 1. 6410 4.09X10° 6.97X10"" 8.91X10"
S 1.34 2. 46 5. 60 1.32 1.86
S —1.91X10" 2.29 1. 66X 10! —3.19X10" 3.81X10"
S 1.07>X10 M 1.85x10 " 3.13X10°" 8.62X10"* 4.88X10°°
S —2.45X107! 5.17X10°% 4,64X107" 5.83X10° ' 4.81X107"°
Sas —1.00X10° —1.03X10° —1.05X10° —8.94X10° —9.17X10?
S 3.98X10 2 1.94 3.72 1.53x10°! 5.72
S 4.14X107! 5.75X10"! 3.31X107" 3.47X107! 2.75X107!
S 1.00X 107 7.28X10° 1.87x10° 1.56X10° 1.14X 108
%5 QFPA.FPA.GA.GWO.PSO E B & RE STD(D=30)
Table 5 STD of results obtained by QFPA,FPA,GA,GWO and PSO algorithms (D=30)
- STD
3 bR -
QFPA FPA PSO GWO GA

/i 1.13X10°% 5.31X10"" 4.61X10° 1.45X10°" 2. 8510
Ve 8.28X10 % 2.97X10"! 1. 34X 10! 8.93X10 % 4.06X10°
I3 1.50X10 % 1.69Xx10? 9.48X10° 3.09X10 6. 77X 10°
/i 2.61X10"% 2.69 9.24 3.62X10 " 6.71
/s 6.23X10! 1. 40X 10 4.29X%10" 7.69X10"" 1.78X10°
fs 0 0 8.51X10" 0 1. 8110
S 1.69X10° 5.16X10* 1.02X10' 6.47X10"" 3.09%107!
Ss 1.59X 1071 5.38 1. 77X 10? 2.58X10° " 9.03X10!
So 2.63X10 % 5.80X10 * 6. 2710 7.56X10 7 3.96X10"
S 4.47X10 ! 1.48X10 2 2.51 1.64X10 " 6.19X 10"
S 6.60X10"" 3.39X10°1° 3.39X10° " 3.75X10°" 1.35X107"
Sz 6.67X10 " 1.90 7.09 X 10" 2.11X10°° 1.12X10°
S 3.29X10! 1.82X 10! 3.08X 10" 3.67X10" 9.33X10!
Su 1.61x10! 2.97 %10 4.45X% 10" 2.29 1. 40X 10"
S 3.58 6.96 5.51 4.38X10 1 1.42
s 0 9.30X10? 1.07 5.93X10°° 9.00X10?
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gxR5
Continued to table 5

STD
it QFPA FPA PSO GWO GA
S 1.99X107* 3.39X 10! 3.17X10? 2.77X107¢ 2. 18X 10!
Jis 5.86X107" 1.97X 10 8. 18X 10? 2.44X107! 1.99X10*
S 8.33X107! 5.82X107! 9.88X10" 3.24X107! 3.60X107"
a0 1.41 X 10" 1. 24X 10" 3.72X10" 7.48 1. 29X 10"
S 4.32X107" 2.69X107" 9.30Xx10°" 2.03X107° 7.01X107°
Ve 3.16X10 " 3.20X10° " 1.13x10 " 9.13x10 " 1.37X10°°
Sos 3.61X10' 4. 19X 10" 3. 46X 10" 6.28X 10" 2.50X 10
S 3.28X107¢ 3.09X10" 3.16 5.07X107¢ 8.30X10"
Sos 8.98X10* 6.64X10* 7.84X10°" 7.66X10"* 7.24X10°*
fos 3.32X10* 1. 11X 10" 5.64X10° 6. 77X 10" 2.31X10°
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Table 6 Parameter settings of each optimization algorithm
i SR E

GWO Ib=[1x10""*,2,10,10], ub=[0.01,100,300,300], dim=4, SearchAgents_no=30,
VarSiz=[1,dim]

PSO Ib=[1x10""*,2,10,10], ub=[0.01,100,300,300], dim=4, SearchAgents_no=30,
VarSize=[1,dim], w=1, wdamp=0.99, ¢, =2, ¢, =2

FPA Ib=[1X10"%,2,10.10], ub=[0.01,100,300.300], dim=4. SearchAgents_no=30,

VarSize=[1,dim]

GA Ib=[1X10"*,2,10,10], ub=[0.01,100,300,300], dim=4, L=10, pc=0.8, pm=0.01,

SearchAgents_no=230
QFPA Ib=[1X10"*,2,10,10], ub=[0.01,100,300,300], dim=4, SearchAgents_no=30,

VarSize=[1,dim]J, w=1, wdamp=0.99, ¢, =2, ¢;=1.15
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Table 7 Evaluation indexes of each model
o) A5 75 RMSE/(pg s m ™) MAE/(pg s m ) R?
LSTM 12.56 8.62 0.568
GWO-LSTM 11. 31 7.93 0. 650
PSO-LSTM 11. 28 7.65 0.651
FPA-LSTM 11. 26 7.69 0.652
GA-LSTM 11.19 7.67 0.656
QFPA-LSTM 11.01 7.41 0.667
CEEMDAN-QFPA-LSTM 10. 93 7.30 0.672
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