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Fig. 1. Baidu index chart of “NPC and CPPCC”.
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Fig. 2. Structure of RBF neural network.

i&ﬁﬁ)\Xn - [xnlyxn% e 7xnm]7 iﬁﬁiﬁﬁﬂjj“j

Yi = (Y1, Y2, s Ykl I AN F it ) R £
1 AW
I
=1
] - 1727 7J; (6)

(6) 2N, n N AREA AN K, T ok R T
B, TR ER S8, X = (2,20, Tim)
RFEERE L, 0 NN BRI, w;; L& EHRAL
. (7) b, BEwd o RS MR, o HETE R
&, RBF P4 [0RE B 32 2l o0y iy JE 5 ) =

BME S P2 (SRS HkoE, X 28 2 808170
A, AT BAR = 0 2% R T P .

4 KA W 4% E % EMPSO-RBF

4.1 EMEBEEZRESESHREQHEZE
B

1% 40 58 R B be i K-Means 25 %) RBF I 4L

T8 I [0 24 5 A R AR AL R ST B, L A R A S Y
28T RN E D SN ORI 2% RS A B
X G 7795 DN X 28 () S AE R PR AT 40 A ek, (H 2
XF A AE B #H 28 7 1R 9 FE DA R AR I 5k o 1) 50t st
A FRA. (1) BT W&o nl PR 7
ZMEALKRINY = diag{af,af,...,af}ﬁ%‘
o? x diag {1,1,--- ,1}. LG mINREEAS [, (x)

1
fz <$> _(QR)D/Q |Zi|1/2

X exp {— % (@ — )" ()"

x (m—ui)]. (8)

b e (7) A0 (8) o ml DA K B, PR A B 2
FEEIAAAD T EZD L Kb XY =
diag {a11, a2, - ,aqa}, HHa # an # -+ #
add, REA TR, HE (7) Rt 77 2 23
KEE MR 02 x diag {1,1,---,1}. (7)
W7 Z R AREIEBED, TBXW R, TiERTE
FEAS [0 H i 1047 2 0 4 43, A2 IR 1 40 A 17 .
HR AR X = diag {a11, a2, -+ ;aaa}, HHF
ap # ase # - # aga, HNSHEA TR, 7]
IR I H BN SRR R B AE, FREXR, &
SRS N a1 TN I R P s e s e = ol 1 B 3T
BB

(X, ui) =exp ( - % (X — ) (Z)7"

x(Xn—un),
=1, M. )

B RAUSRA TSRV AR EMUSE, /& — M BL4R
THEE AL BEPUMEH T R G BRIEIRRE
1%, AT CARRE A R 5 (9) FH ) A O R g AT
Ui 22 X, JF HABS R BN B ek b R AR
LR (X, wq) T, PR T RV A IREL, AR P

110503-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 11 (2015) 110503

FEA IR R AT B0 Gl 2 B3, il
THuthom, ar LAHEAT mge a8l 1H 5, AR
53 BRI,

4.2 4 PSOEEH#HITHL

PSO B & — P40l 5 23 & 47 4 1 B AR
REREAL 5325, BN RL AR ) I — MR, R TTE
25 [A)32 Bl A AR A 3 B B eR BT B 2 RS gk AT A
BRI R 1)U, e AAE A A SR B A, 1%
L BA R S WS, 658 5 3SR S, R alid &
TXF RBF #1£8 M 28 Ffitk, 4084 RBF #1482 ) 2%
F A — AT R B, PSO HE AL RBF 41 £ N
28R 24 TR A TI00 o5 £ () 240, Ak S ) RBF
i 28 I 24 1 T 2% & 0 T R AL 4K B RBF i 42 1Y
2 181 (H & PSO HIEAFE B WSR3 A — iR
ZE VL RANES By i AT & Jj) S RSB i, 75 gk — P
AUt DLIE B RBE #2225 [ AE 4L

4.3 REFZXHImI

2R EM 2R S8 A SR 6 B A
A7 72 25, 135 RBF 42 [A) 5 bR &K, B 5 19X 2% R AR 4
th). AR AR R EEARAL A R 48 O B 2 oLl T 22
BE BUES BV S — B & A& X P, 1EhN
REFRIMOLERE, MGEHcS REH
2 P RORL T G B 5 BLAR O

[xnlyxn%"’ 7xnm] || [Unlavn27"' ;vnm]

||f [xn17$n27” : 7$nm} 5

P LAV S AR A R VAL Y1 SN E R AN E 8

4.4 REBEZEELMIRENE

B w AR 2 iR DL 2 K R
AR AR T T, Shi$RH T 2 3 el 1
A EE R B P Al SR I A R RN R A R e g, Bk
wmARN

w (k:) =Wstart — (wstart - wend)
e
N TR UR B M 358 R ABE PR AN EE AN REAR B Ab PR AR £ A%
] f, AR SO0 (10) NEAT Bk, 32 HY —F AR L AR A5
PERCE, BARAHTN

(10)

w (k) =Wend + (wstart - Wend)

Eo\2

X exp <_12kmax> : (11)
Horb wggare FRERTF IR BIEAL H L wena ARG ARG 1
BUH  kmax AR RIS IREL B AR A ATIE X
Hw (k) R AR TEALE.

0.90 0.90

0.85 0.85
0.80 0.80
0.75 0.75

Z 0.70 Z 070

E E

5 06 5 065

& 0.60 & o060

T
0.55 0.55
0.50 0.50
0.45 0.45

0.40
0 200 400 600 800 1000
IR

0.40

0 200 400 600 8001000
BRI

3 BHERE w B RiE TR

Fig. 3. Change process of the inertia weight.

HUE wstars = 0.9, wena = 0.4, I 3 0T LR
HH 1B B o AR A (10) A0 (11) FIEAR A AL I B A
AR, (11) AT R LR PR S5 40 BN 11, #2722
AATTIG PR BUE BN 2 R R LA A, £
AR S S AR BB /xR B A A, R
CAFSILNET 8

4.5 RAEFEZENZER
FI I8 7 2738 0% Sk AR S 3R E ST
PSO Hkit A7 Bk, 3 ERARYE — € KM AR AR T
SEH RINR BEAT AR 4R A, T IRAT 5 RS BRL TR
BANERERE PR TIRES KA. AR —F 7
BAR 51, AR SIS AT 3 N AR R
BEATAR S, AEAZRLT AL B 5T ol N kLT
PIE; AR R IR AN BRE, XS RRT A R R AR
BEATRENLILSY, Riadzh o=y
V;kH =wVF +emy (rgPik — Xf)
+ cora (raPY — XT), (12)

Hor v, KL E, P AR MMANIE, Py &4
JRtRAE, V; IRERIFALE, 1, o, 11, 72, 73, T4 NE
a5 e AL

BENLIE BN HE A AR Dy i SRR T BIE, 1%
(12) AT ST, 75 4% 1R 5 A kA7 SR UE 5
DL B AR R AR, BRI 2 AR, R

110503-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 11 (2015) 110503

TORRRE ) A2 R R BE 77, Bl 1k SO R g I
B, B B2 )R AU

4.6 BREEXEEGKILR

1) 45 AR 28 (I R 5 42, 5 S N R
HFEALR.

2) F| H EM 58 2R 550 & RBF #4489 2% [ o
O g M5 22 X0, JFHf E A2 7] i bR 4

3) Ko WA 2% A B 2 O E S T 2 BRI BUE S
FOMAT S GRS, BENL AR T AR, R IR 1L
PSO %

4) IEARTE HRL T B B R

5) i & PSO B [3E B eR £, R FH % s A
(1350 77 MR R 25 A B N IE N S A 3R, Bk
AN

ezdn;;(m—z}i){ (13)
Horb e REL MR ZE ) NTINE gy NESE{H n
DIREAR KL, AR R 2208 B pR T B A SR AN R
HEAR AR A AT 5T

6) I W7 A2 15 A B Sy 5 R4, 45 R AN
IR B BB BOE AR B B e AR, Bk
A AR BN SE, RA AR FE 25 4), I35
| —H M SHL.

7) FIF RBF W 48 5323047 S U0 B0 VI 25 700,
7321 0 45

RAEFLIE R T EM R 28 5 9% A0 ok
PSO [t 55, 5t RBF 1 28 9 4% 3t 47 £ A6 A0 5k,
53 T T AR 46 A4 X 265 &5 1 7 5 B A D 265 2 34
P AT, B Y6 R EM SRR B3RS RO E
wi RG22 X0, 256 A% 490 v W A5 AR G428 1) ik e S0t
17 ek, AR A R B PSO AL SR 4 R = A
Wkt X 26 S B AT RACAT BIRE RN 28 S 40, $R =008
VT RE B8 T ARt R 245 BT e R a3 A R 1 R G Tl
WUy i)

5 fFELk
5.1 SIS

AT SEL AT B IR A Matlab2010b, HLEsA
Dell, CPU: i5 3.2G, RAM: 4G, #:/F £ 4 N Win-
xp. JEIEHE ML T %S EMPSO-RBF £
D 2 RO B, o < P 2 S ) 4 LA O e S et

V) 7 F A AT O S 56, 8¢ Je RS2 SCRik g 3
A TR VR B AT R ZE FR AR xS L. sEEe v, 1E T
SEIG R ZE VAN R 446 HR 22 Err N

Err = §; — v;; (14)
IR % Z Rmse N

1 < R
Rmse = J —7 Z (i — 9:)% (15)
i=1

FAXT iR ZE Perr N

Z (yi — 0:)°

Perr ==L (16)
D v
i=1

SPIILENT H 4y AR % Smape N

Iy

Smape = n ; Yi + Ui

X g ATIAE, v AESE, n AFEAR, #2E

Rmse 183 T AF A 3L 52 AF 2 8] (1)1 359 0 725 2 2,

R 7 Perr fRF LN 15R 2 1 S8 2 (M A LUAE, 3R 2%

Smape VAl i 18] 77 51 248 1 a3, i UG
HETRFE L.

(17)

5.2 SKILER

W PR 27 S5 X 2% BELIS KR J a 3A I T 51 4
M20145E5 H1HBNI9 A 1 HMAER 124440 & 1)
IS 18] 7 2 K040 23 1 R Feh B8 A 43 i) I R it
M. FHrb T o4 M EARE N IR A, J5 30 4 dE
PERTREA. 4251 T AN FESEIEAE “PIa” M2
B R R 3B AE 30 AN TR AFE A o (1) T 2 5 245
AT, B 5 A T xR ZE S RIS T, £ 14
TR A 53 EMPSO-RBF Al SRk o Ath 5506 78 1%
7= Rmse, Perr fl Smape I L 25 R

M3 0] LA H AR SC B E A S B SR L
IR, fie b3 S S WS PR AE 1R A8 AL 35
MNP 4 ] AR AR SRR IR 4 X R 2 B AR B
EWRAR, TR s, IWE 2 el U AR
P BLVEAE R ZEF8 b5 RMSE, Perr, Smape H )3
LG L, 7515 25 Perr WP AR SC Y By bl JH A A Y B
ERZERR RS T — M E S A, /£ RMSE Al
Smape 17 R I 8 T A BIEH IR, fEiRZE
P42 1l 45 BB () 5 . R T A U] Bl b, AR
SC ) TE R A PR, 38 AT I (R AE G At SR A

K, B

110503-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 11 (2015) 110503

1000
—— 205
—+— EMPSO-RBF
~e~ ARMA-RESN
900 | = WESN A

—+—EEMS-ESN
FW-LSSVR

800

700 |

600 4

500 |

400

95 100 105 110 115 120 125

4 (MTIRO) PR BEIE SR E R R
Fig. 4. (color online) Experimental results comparison chart
of the public opinion information of “NPC and CPPCC?”.
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Table 1. Error prediction of different model about the public opinion information of “NPC and CPPCC”.

R Rk RMSE Smape TR 8] /s
A3 EMPSO-RBF 26.4085 6.9368 x 105 2.0757 x 102 0.823
ARMA-RESN [] 55.6963 2.8211 x 10~* 4.2626 x 10~2 1.607
WESN [10] 82.2600 5.7337 x 104 6.1237 x 102 1.418
EEMD-ESN [11] 117.1652 1.0468 x 1073 8.3442 x 102 1.801
FW-LSSVR [12] 145.4406 1.4858 x 10™3 1.0175 x 10! 1.472
MPSO-RBF [13] 181.5077 2.1281 x 103 1.2183 x 10~1 0.979
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Table 2. Error prediction of different model about the Henon.

LT RMSE Perr Smape TR 1] /s
AL EMPSO-RBF 2.1134 x 1073 8.5319 x 106 5.6213 x 1073 2.365
ARMA-RESN [] 1.2234 x 10~2 4.3156 x 10~° 2.3654 x 1072 4.291
WESN [10] 2.6734 x 1072 9.6372 x 104 8.1564 x 10~2 4.372
EEMD-ESN [11] 5.7047 x 10~ 2 3.4653 x 1073 7.6985 x 102 4.378
FW-LSSVR [12] 7.670 x 102 5.8946 x 103 1.3659 x 10! 3.422
MPSO-RBF [13] 9.6423 x 102 3.1428 x 104 1.8623 x 10~1 2.413
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#3 EMPSO-RBF A [l ) 1l o2 22
Table 3. The prediction errors of different topics by EMPSO-RBF.

BELIYG 1 8 RMSE Perr Smape TR 1] /s
S5 27.3871 2.4994 x 10—6 3.9243 x 1073 0.823
E A 36.2356 5.6874 x 102 1.568 x 10~2 0.856
S 29.6812 8.6329 x 10~6 8.6954 x 1073 0.796
s 25.5234 5.6987 x 106 6.2531 x 103 0.756
M 2 FI 3 3 7] LA & H EMPSO-RBF 7E £f % SE K

AN RIS 8] 5 51 Hh AR A5 5 1 TIDRS B 52, M
% TR 22 Ml 22 AN K, BOA BRI B R W LR
TS R R LU I, B LK RS, i B
SRS SR A2 BB AT SR 1. DRl i IR R 1
EMPSO-RBF 52 — Rl R R b, 3 F 1 b

R 9 244 BEL 8 TR 7
6 % b
7 4% BEL 195 135 J51 52 81 0 2% A 2 IR0 RS i IR 26 14 2

mi, A5 5 B ORI B AL SRR, 2 — M
RV E AL RS, LG T S AP T
D7 VEAR A T 750 B A5 R I AT A AR . &t
Xof I 28 BELIE (VR TIARE I, A SO g AR T
KB, I A 2 ) 2R AR X O 28 BELI A e 3 TN
AT, RJEFRH T — P T EM BRI SUH 1)
PSO H kM4 RBF #2845 (1)1 & 52 EMPSO-
RBF KXY R 47 3K i, 38836 AN [F VR IHAS S5 B ]
JF A SERR B0 UE, AR SRR B Re % LU ASORS il B B
TR SR B T8) 2 1), S B R A () D) 24 B 4 5
() e, U & SR T UM R B A5 2 e 4%
A5, AR THSFERE.

110503-7

Bilal S, Ijaz M Q, Ihsanulhaq, Shafqatullah 2014 Chin.
Phys. B 23 030502

Zhang Y 2013 Chin. Phys. B 22 050502

Zhou Y M, Li B C 2013 Journal of Data Acquisition &
Processing. 28 69 (in Chinese) [JHEW], 22 2013 %
P REL b HE 28 69)

Liu J, Shi S T, Zhao J C 2013 Chin. Phys. B 22 010505
Sun Z H, Jiang F 2010 Chin. Phys. B 19 110502
Keerthi S S, Lin C J 2003 Neural Computation. 15 1667
Amjady N, Keynia F 2008 Int. J. Elec. Power. 30 533
Wu X D, Wang Y L, Liu W T, Zhu Z Y 2011 Chin.
Phys. B 20 069201

Tang Z J, Ren F, Peng T, Wang W B 2014 Acta Phys.
Sin. 63 050505 (in Chinese) [FS13f, 1Tlf, #29%, T X4
2014 PELZA4R 63 050505

Song T, Li J 2012 Acta Phys. Sin. 61 080506 (in Chi-
nese) [#J¥, 258 2012 YJH IR 61 080506]

Zhang X Q, Liang J 2013 Acta Phys. Sin. 62 050505 (in
Chinese) [3K%7%, 3% 2013 PRk 62 050505

Zhao Y P, Zhang L Y, Li D C, Wang L F, Jiang H Z
2013 Acta Phys. Sin. 62 120511 (in Chinese) [B47kF, 7k
HHa, 24, 70, 9k E 2013 YER 62 120511]
Xiao B X, Wang X W, Liu Y F 2007 Journal of System
Simulation. 19 1382 (in Chinese) [HA %, FHefH, x|—
& 2007 RGN 19 1382

Henon M 1976 Commun. Math. Phys. 5 5069


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1088/1674-1056/23/3/030502
http://dx.doi.org/10.1088/1674-1056/23/3/030502
http://dx.doi.org/10.1088/1674-1056/22/5/050502
http://dx.doi.org/10.1088/1674-1056/22/1/010505
http://118.145.16.217/magsci/article/article?id=17371117
http://dx.doi.org/10.1162/089976603321891855
http://118.145.16.217/magsci/article/article?id=14253871
http://118.145.16.217/magsci/article/article?id=17372806
http://118.145.16.217/magsci/article/article?id=17372806
http://wulixb.iphy.ac.cn/CN/abstract/abstract58060.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract58060.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract47930.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract52679.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract54154.shtml

) 38 % 48 Acta Phys. Sin. Vol. 64, No. 11 (2015) 110503

Internet public opinion chaotic prediction based on
chaos theory and the improved radial basis function in
neural networks”
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Abstract

Information of internet public opinion is influenced by many netizens and net medias; characteristics of this in-
formation are non regular, stochastic, and may be expressed by a nonlinear complex evolution system. Corresponding
model is difficult to establish and effectively predicted using the traditional methods based on statistical and machine
learning. Characteristics of internet public opinion are chaotic, so the chaos theory can be introduced to research first,
then the information of internet public opinion having chaotic characteristic is proved by the Lyapunov index. The model
to predict the development trend of internet public opinion is next established by the phase space reconstruction theory.
Finally, the hybrid algorithm EMPSO-RBF which is based on EM algorithm and the RBF neural network optimized
by the improved PSO algorithm is proposed to solve the model. The hybrid algorithm fully takes the advantage of the
EM clustering algorithm and the improved PSO, so the RBF neural network is improved by initializing the network
structure in the early stage and optimizing the network parameters later. First, the EM clustering algorithm is used
to obtain the center value and variance, and the radial basis function is improved with the combination of traditional
Gauss model. Then the relevant network parameters are obtained by the improved PSO algorithm which is based on
error optimizing the network parameters constantly. The model algorithm can be accurately simulated in the time series
of chaotic information by experiments which are validated by different chaotic time series information; and it can better
describe the development trend of different information of internet public opinion. The predicted results are made for

government to monitor and guide the information of internet public opinion and benefit the social harmony and stability.

Keywords: neural network, chaotic system, time series, internet public opinion
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