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Fig. 1. Hermite orthogonal basis neural network.
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(IR RIS ST, A T — 04
B, SR BT ACE A R R 2 R,
S SRR /KO B B 0. R (22) S o
THR. N T 3RS, B T HOi
SR RIS A () A T2 ST 0b, 2 A3 5 5 UM AT
VAT, BARSILA: EHEG R, BENLERRHI A A

I S F Sy, Horbra o 5. R PROLHEN, vhsg
MR 2 A N UM BEAT OB . A A ST
Sy, Wk 24 S; 5HIMHBEAT R i 205 e, ik
B8, HHIMBAT R3] R B AAR S

Snew,i:Si+Ti4(T_Sj)7 f(Sz) < f(S])7
Snew,i = Si +1i,(T = 8;), f(Si) > f(S;),
(29)

Horp, g, 90, 1] ERIBENLIS, BIALZE 22 A2 1) U
RBHE B IIGE . RBUEREETHRE, FIA (27) 28
WA RGN BOAMUIRE 7 IR 2L, 3
fil e AL PRI [ R S B

4.3 BEERIESM

R FHITLBO Bk 2R T B AL ), ¥ 454
s e = (W rT) AERR IG5
78 H bR (20) sROVPEN T, Hynfean .

ST VIEWIEH A, WRIEFRMAS
B B4R D = dim(9), BEHLAER —MHN
AN EBER X = (X1, X,, -, XN]T, B
X = [Ty @igs - wip) (0 = 1,2, N); W
(22) X, e AL B AR R EOm, HAFG IR TF
i, JE I B bR ek R SRR A S AR R LR, T (30)
.

Ui =yi(i=1,2,--- ,n—nyg),

?ji = {HO[Z’E‘L,’LlfTL+Tl0Xj(1 -m, :)]7
Hl[Z:;,ifnJrnoXj(l -m, :)]7 T
Y28 oy Xi(1: m, )} X m 415 D)
(i=n—no+1l,n—mg+2,---,m;
j:172a'” 7N)a

F; :Z(ﬂi — )7, (30)
=1

ﬁ\:qjv gl(z = 1727”' 7n)7‘EéXTJ‘y’L(Z = 1727'” 7n) E,:J

WE: Z,), 5 yny (i = n—no+1,n—n0+2, -+ ,n)
RNEGERBE AR (2) X, Hng =n — (m —
7 —s.

L2 AW E. W (22)—(26) X, 7fEH
IR B AR T T, i E s R A KR, IF
I H AR R (30) A1 (31) 2000587 TH IE BB K ) B
A ARG CHEE, WTTARYE (27) X5 B YL
B

f’jnew,i = yl(l = 1727 e, — ’I’LO)7
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ﬂnew,i = {[HO{Zgl,i_n+n0Xnew7j(l tm, :)],
H,\[Z} Xnew,j(1:m,:)], -+,

m,i—n-+ng
Hp[zgm,i—nJrnoXnew,j(l tm, )]}

X Xnew,j(m+1:D,:)
(i=n—-no+1ln—nog+2---,n

j:172a"'7N)a
n

Fnew,j = Z (gnew,i - %’)2, (31)

=1

HH, Xnew.j = [Tnew.jis Tnew,jas s Tnew,jp] (1 =
1,2, \N)A¥EX;(j =1,2,--- | N) &P U
5 HEAE.

HIE3 EJ B AR (28) K, WA
AR B2 S MR B, A A g, HFEd
H b B 350 (30) A0 (31) 20 8 1B 3 3 3 SR I 2 45
AN RER R, AR (27) 5 B ot
Zod. Hh, Xnewi(G = 1,2,--- ,N) AL
Xi(j=1,2,---,N) &% Ja .

T4 R B. @B E B W
Ja, RE (22) 2, ek OB EOm T 19 (29) 5,
I O 2 2R B RS AN 2 3T, A 2 A
AP AR AR FRE I H AR R % (30) AT (31) AT
|13 87 J3E SR e W 4 2 26 2 15 L A U O 7 T 4K
TR (27) X BEH L 1. Hd, Xyew (7 =
1,2, N)YA¥EX;( =12 N Z IS5
JMAE L e .

B|E  FUATBEF B g = G, WER, HR
I (22) 20k H 22 w0 FOT AR A RE AL 2 500 & 6 1
filt; I, F LR 2 dkaE

5 {7 Bk RERE AT

NI E AR ST £ RIS R By v A, 40 il PATE
g2 N L% (multiple input and multiple out-
put, MIMO) [#] Lorenz R 4t fl Liu &2 N AT
P H 8. € B LRI 4R T ASE L MG B T
BRI 2 5, 9l NADPEREVEM FabR: P35 @A I
[#] (mean modeling time, MMT). ¥4 44 X {H % %
(mean absolute error, MAE). & 5 %\ (decision
coefficient, DC) & 3477 #R i% 2 (root mean square

error, RMSE). HH1,
1

MMT = —T; 32
Na f5 ( )
1 e,
MAE = Ezm — il (33)
i=1

DC="2"L (34)
Z (i —)°
RMSE = J - i 1 ; G —y:)?,  (35)

For, N, D9 PRI ASE R U B A TR, T D T A
B BB R, g,(0 = 1,2, ,n) &Ry =

L2 ) B, g = >y B {00
i=1
HMA.

5.1 Lorenz &%

1961 4, 573 4 (1S R W) B % 5K Lorenz 1
W FERHRA R E I, SR Sl 7775 i Saltrman 25
H ) 4R G AT ) 48 ) 7 RE A5 B T Bk i 44 8 Lorenz
RS 3YEAR LML o 7 AR, 40 (36) 2, IR E 6
PEHUR I T SRR GAFAE AR “BIRERLN " 45~
AR EA AR AT NI B R G AR AE AT
TR I % 22,

=0y —x),
y=nr—x2—Y,
Z=uxy — bz, (36)

o =107 =28, b=_8/3H, RHEZIIRIMTIE,
HIWR G| 7 4anf& 3 fros.

v —50—-20 z

K3 Lorenz 5| F

Fig. 3. Lorenz attractor.

PR, YME xo, yo M zo 3 HIHUN -1, 0
1, KR ECN0.01. 8 PYH Runge-Kutta 211
AL 1200 AN Edi i RS (R 2, Ferp, R A
x [T 900 /> 5 FH Sk 2 57 AR A J5 300 4 A
SRHEAT T 43 #.

5, XA e AT A E R, Ble = 0.01,
HARA EE SRR W E 4 fs.
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1.5

1.0

Cl(r)

0.5

(a)

—-0.5

4.5
4.0 |
3.5 |

: 30}
2.5 |
2.0 |
15
1.0

(b)

m

B4 MHEHEMWE (a) -Cl(r) RARMLE; (b) m-Ep,
ESHEY
Fig. 4. Phase space reconstruction: (a) Relationship

curve of 7-Cl(7); (b) relationship curve of m-FEp,.

SEA B, WE 4 (a) ATLLE Y, ffEIEiR
I [8] 7 O 6; 454 Cao 771k, MK 4 (b) FTLLE H, %
MRNER T m 2. Rk, AR (2) =X AT #f E EEAL 42
AR [ )

Hok, 75 R E R LE AR B (A ) &R
ITLBO 5% i) Hermite 1F 58 3 25 /1 4% 8 37 Tl
Y, Hermite IEAC AL R m — ¢ — 1
ghifh, Hodh m = 2, ¢ = 3; ITLBO B iEMIHIHE 1L
ZHREN: MUSEINESE D = 5, FEHL R
BEN = 40, HHEXRE G = 30. ASREUEA ST
B X R, ITLBO HIEMGLIEAT 20 IR, RAE IR
15 380 S5 A0 AR 1) T~ 24 4 78 ST 0 A R R 3k AT T 43
M, Hopi b e & 5 Fros Cho7 8, - R
FF ITLBO &H32: ) Hermite 1F 38 JE 441 25 [ 4% faj ic
NITLBO-HOB).

O E B8 UF AR ST TN AR Y ) A P A
SZF M, K RBF #4245, ESN M 4%, LSSVM
1A K B T TLBO & % ) Hermite 1E 48 2 i &
W52 dAT R Hodr, B s g N 41
KHm —q— 1458 Hm = 2, 6B 700K
JEE T g AR I TE] G 3R b b, RBF 2 R4 B
EA A = 5, HHEESZ B ® B R

2
H Gauss % iR £ g(x) = exp(—HxJif”Q)(i =
1727"' )q>7 Cl(l = 172;"' 7‘])?‘]%14\%‘/@5@*

DA, o0 = 1,2, ,q) NEE AT A3 5,
HE LW E S EERE (i = 1,2, ,q) M
oi(i = 1,2,--+ ,q), Wi KBS ) HEMH TR
TEIMEBENREREr = [r,re,- 1T
mNM%%@E%m@ﬁ%mﬂmﬁﬁwmm%
ﬁﬂ@:%i%;,%%%%ﬁmﬁﬂxﬁ%m
PN 3% B BUME B AR U 0.8 B N BT R L
0.2 B HFE BN 0.03, FF30 i fif £ it 2 5] 5
V8 ST TR AR AL LSSVM R AU SR 4H A A% e B
K = pKyoy + (1 — p)Krpr, Kpoly HONZ T M
B ((x, z;) + 1]%(x; AIANTFE), Krpr BN Gauss

&@ﬁmmze@(—kiﬁﬁ,aﬁé&@ﬁ
EEE p € [0,1], Z2HH R a € (0,1), ENMLAR R
v € [0.01,1000], #% & ¥ 4L & o2 € [0.01,1000], I
I HIRTE p, a, v, cMo?, Hh, GARE
VM SHO E v POBEECE 9 40, KT 4E 800 6,
BEAARE Y 30, 2 XMEAE 0.8, B RMEFH 0.2, K
A 3k dgmAs, KB N 10; 3T TLBO 5%/ Her-
mite 132 3 4 248 M 2% 5 ITLBO 5.9% () Hermite 1E
AT HEA 2 [0 234l ST IS Y I, S 800) 4 A 5 AR
A, AR i & T A A B R (32)—(35) 2%
PEREFRAR AT PN S8 TR 1.
F1HRHERENE

Table 1. Evaluation of performance indicator.

PEBESR R
MMT/s MAE DC RMSE
ITLBO-HOB 9.6660 0.0802 0.9895 0.1169
TLBO-HOB 17.2996 0.2638 1.0774 0.3161

RS P

1 LSSVM 27.6229 0.5889 0.9860 0.8458
ESN 101.5057 1.5285 0.3499 2.3110
RBF 58.7455 1.5119 0.6562 2.5218

ITLBO-HOB 9.8364 0.1505 1.0132 0.2181
TLBO-HOB 16.9952 0.2548 1.0806 0.3213

6 LSSVM 27.5891 1.1303 1.1785 1.7071
ESN 102.0852 1.5297 0.7960 2.0804
RBF 59.1397 0.8827 0.4977 2.2769

ITLBO-HOB 9.7803 0.2167 0.9917 0.3476
TLBO-HOB 16.9959 0.3895 0.9005 0.6318

12 LSSVM 27.7131 0.8721 0.9491 1.2525
ESN 101.5318 1.5186 0.9364 2.0509
RBF 59.1820 0.9994 0.2999 2.4113

ITLBO-HOB 9.7226 0.3044 0.9999 0.5619
TLBO-HOB 17.0390 0.4167 1.0680 0.5634

18 LSSVM 28.0880 0.9821 0.9129 1.3576
ESN 102.5531 1.0990 0.4393 1.9358
RBF 59.8733 1.4381 0.2114 2.6178
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20 15
10} ()
10 5
NN = 0
8 s st
PR |
_10 HAE —10
— T ~15}
—20 . —20 L
4 6 8 10 12 0 2 4 6 8 10 12
t
10} (d)
= oEe
T
) —10 |
— B
-20 | . 1
— W a0l
—30 L .
4 6 8 10 12 0 2 4 6 8 10 12
t
10 (f)
A
s O
(8]
_10 L
— UL
—20 .
— FRIMEL —20
_30 1 n N
4 6 8 10 12 0 2 4 6 8 10 12
t
10 (h)
n
= N
()
710 L
—20 . 1
— B _20l
—-30 L .
4 6 8 10 12 0 2 4 6 8 10 12
t

5 (MTIEMR) ITLBO-HOBAEMZ (a), (b) BT KR ZML; (c), (d) 6 BTN KIRZEMLE; (o), (f) 12
BRI BARZE ML (g), (h) 18 B MR % 2k
Fig. 5. (color online) Simulation curve of ITLBO-HOB: (a), (b) single-step prediction and its error curve;

(c), (d) 6-step prediction and its error curve; (e), (f) 12-step prediction and its error curve; (g), (h) 18-step

prediction and its error curve.

5.2 LiuZ%t

S IR ey i e A A 2,

BRI, XSRS AE LB SR A AR T — T Y

R R Gt

Liu &4t, W (37) . E1&E U SH

FEHIN, RGNS T2 “XUHBEE”, 5 Lorenz &

GEAT AR AR S BUE, (5 AR AN 24
N—FE LR R 4, Liu RAERFRE LS

200506-9

T = a(y - I),
y=bxr — kxz,
2= —cz+ hx?.

(37)

Ma=10,b=40,k=1,c=25, h =4k, R4 %
PURMEILR, 5|+ 6 Frs.
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Y —-50—-20 x

B6 LiuWslt

Fig. 6. Liu attractor.

P EERE S, BIME 20, yo M 20 22BN —1, 0
A1, 25K R ECAH0.01. @ik PUEY Runge-Kutta %11
AL 1200 AN Fdi i RTE S (R 2, Forp, R A
o I AT 1000 AN 5P SR 2 57 F B2 | 5 200 4 5 H
SR HEAT TR 43 H .

5, XA x AT A E A, e = 0.01,
HHAN BEESHERBWE 7 Fs.

1.5

1.0f
0.5}

cu)

OF
—0.5}F
—1.0F

—-1.5

(b)

0 2 4 6 8 10
m

K7 MEEEHE  (a) 7-Cl(t) XFRML; (b) m-En,
KA 2
Fig. 7. Phase space reconstruction: (a) Relationship

curve of 7-CI(7); (b) relationship curve of m-Ep,.

ghEr EME, WK T (a) ITULE ), S fEREIR
BFE] 7 4; 456 Cao ¥, W 7 (b) \TLLE ), &
INMRNERCm N 3. Rk, AR (3) 2RI e EE AL E
AR [ )

Hok, 75 R F E R 28GR B (A ) &R T
ITLBO 5% 1) Hermite 1F A8 J #ih 28 ) 4% 2 57 T
IS Hermite 1IESHEMAEM LKA m —q — 145
), Horh, m =3, ¢ = 3. ITLBO HiLHI¥IthiL S
BEEN: RSB E4ER D = 6, PR R 5
BN =40, #HERHG = 30. NEREASRITE

SHIEE B, ITLBO BEMATIEAT 20 1K, MR X1
2] e e e 1~ S5 A8 2 S F AL 2R K AT T 43 A
Ho s h Zean & 8 Fros.

2 MEREfRIRVRIN R

Table 2. Evaluation of performance indicator.

PERETR R
MMT/s MAE DC RMSE
ITLBO-HOB 11.6979 0.1418 0.9929 0.2162
TLBO-HOB 23.2578 0.6647 1.0165 0.8082

TS H PR

1 LSSVM 31.1595 0.7329 0.9034 1.0376
ESN 138.5305 2.7877 0.7208 3.4274
RBF 81.7044 3.5285 0.3036 4.4355

ITLBO-HOB 11.7143 0.1928 0.9903 0.3110
TLBO-HOB 23.2318 0.4936 0.9244 0.6116

8 LSSVM 30.9557 0.8853 0.8631 1.2971
ESN 138.6610 2.6871 0.5386 3.6071
RBF 80.9393 3.6161 0.2325 4.5734

ITLBO-HOB 11.6613 0.3582 0.9802 0.5639
TLBO-HOB 23.2532 0.5711 1.0461 0.8148

16 LSSVM 31.0952 1.3311 0.9471 1.8375
ESN 138.5403 2.6657 0.6090 3.5016
RBF 80.8359 2.8948 0.3284 3.8798

ITLBO-HOB 11.5040 0.5721 0.9525 0.8800
TLBO-HOB 23.1910 0.8363 0.8035 1.1641

24 LSSVM 30.0054 1.7164 0.5556 2.3360
ESN 138.3648 2.1114 1.3054 3.0436
RBF 80.7794 3.4671 0.4717 4.3432

A (32)—(35) =, FIH RBF #1144, ESN
W 2. LSSVM #8425 T TLBO 5 7% () Hermite
1E A8 5 i 46 W 4% 5 56 T ITLBO 5 % Y Hermite
IEAZ g W g ot b, Hod, i s ™
EHRMmMm —q— 145 Hm = 3, 176 BU i
DURS P AN @ AL I ] () 2R A ) RBF #h 28 W 4% [
FTEW A = 6, HIHLBSZ B ® K

) 2
H Gauss #% BB # g(x) = exp ( — ngigclng)(z =
1,2, ,q), eili = 1,2, ,q) W8 i 4 5 i
O, oi(i = 1,2, ,q) NN 12 5,
ol BB R ERE (i = 1,2, ,q) F
oi(i = 1,2, ,q), WA WE 2] FIE E RS
R EMAUERE r = [r1, 2, ,74]T; ESN
0 44 W J2 U B0 0 5R P 90§ Sigmoi B 4
fla) = T AN 60, G4
ERAUEE 2 BUN 0.9, i & b N 5ot R EL
0.4, fifi %I BLAE FE A 0.05, FFi8 I fiff £t 5
S BREE ST TRI AR AR  LSSVM AR AL SR I 4 A 4% B
K = pKpory + (1 - p) Krpr, Kpory BONZ T
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H(x, ) + 1] (2 %ﬁﬁﬁ)\@%)é Krpr BUN Gauss
B Hg(e) = exp (— 122002, putspiim s

o2 ’
LbE p € [0,1], ZTAFX a € (0,1), IENAE &
v € [0.01,1000], #% & ¥ A& & o € [0.01,1000], 3
Wi GA SBEEHE p, o, v, cFlo?, Hf BiE5k

VIS S B E v MR Y 40, R 4ERON 7,

20

(a) — HLSE
10 — A
= 0
8
—10
—20 . .
0 2 4 6 8 10 12
t
20
(c)
10f
= Of
8
—10H
_a0l — HLSE
— o
730 L "
0 2 4 6 8 10 12
t
20
(e)
10f
= o0
8
—10H
_20 — AL |
— Tt i
730 I "
0 2 4 6 8 10 12
t
20 .
(g)
10
S 0
8
—10
_20 — B
— T
730 L I n n "
0 2 4 6 8 10 12

t

K8
I SR ZE LR (), (h) 24 S TN M 22 th 2%

e(t)

e(t)

e(t)

e(t)

HAARECN 30, ZE XHEZN 0.8, L HMAE R 0.2, 2R
P kb gmts, KN 10, 3T TLBO 5% Her-
mite 1EA2 FE M2 W 2% 5 ITLBO #.9% /) Hermite 1F
A HEA X 2%l ST TS B, S BT aa 1k 1 E A
. 3% RIS T A A 5 M RE R AR VRN S
HHITER?2.

L (b)

10 12

—10 }

—20 }

10

10

—10

—20

10

20

10

—10

—20

0 2 4 6 8 10

t

12

(MFIEE) ITLBO-HOB i HHHZL  (a), (b) FB M LREML; (c), (d) 8 BT ILIREML; (e), (f) 16

Fig. 8. (color online) Simulation curve of ITLBO-HOB: (a), (b) single-step prediction and its error curve;

(¢), (d) 8-step prediction and its error curve; (e), (f) 16-step prediction and its error curve; (g), (h) 24-step

prediction and its error curve.

5.3 THEESHT

M5 FTE 8 ] LLE Y, AN 2 B 2D T ik &
Z B W, T ITLBO HZ: 1 Hermite 1E %2 2 i

MM T A SR ES, RELS
TR L+ 20, RAIE T AT HE TR A ) R
P, R 1ME 20 LLE H, AR B8 e &
Z B T, % T ITLBO 592 i) Hermite 1F 52 J& #if
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22 25 ¥ MIMT B S5 45 0, 240 2 L Ath o) b ot A 2
1) 8%—50%; FIT 1 Tl 455 A (1) MAE B 2980/, £
72 oA o B TR AR AR 1 5% 20%; AH X T H A T
DR R TR AL () DC BT 1; A 1
BT (1) RMSE B S B A, 242 FAth o) bl S0 A% 2L 11
4%—25%. 1 ML 2 JE 5 FE 8 i 7 4h 7w 5E
# BB T E T ITLBO %% 1) Hermite 1F
AZ HE A 0 I 245 WA ST PR I TROIU R v LR R
P R, PR RE R bR X b, B BEEE TTLBO &2
B TLBO Bk R 72 R R a1 s TR
SUEFE, RUF st 7 TLBO HiZ.

B Ak, i sk 5 A 0 AR Y % B A, Hermite
TE A8 B 20 [ 245 B B 24 b | S5 R T, T L
RS Hm B4R UK. RS B, o FE A
5 TSk 4E. FIB, ITLBO HEA/E N —Fh
A R RE AR AL B, B T AR g A iR
LR sk A T H R TR B TR RE D8R URSSOE
P Bk, g5E P R s, FIH ITLBO &kl
Hermite 1E A HE A& 28 S50, BORHLER & 1 1817
R 1) BT HR TR B 2 b ] B R A S 5D,
fEFERVE T 5 TSI, 4 BT []; 2) 25&
ITLBO HEL A, #RAE 5, # ZRBE 790 W8t
HEETR, BEREHR S R L, E M B PR B2,
REdE R T, AT /b AL ().

L UL A, 2T ITLBO 5941 Hermite
1F A8 B 4 8 ) 5% U0 A 28 5 ) i B TR
ARSI [B) L, AR L M 56 W 1 2 P ASE 2R ) A 2 A
SEFE, RIaE— B HE T RN RL A

6 & W

TR RAE N Rt o Jo B AR A il A7 AE,
AR VR ) A TR R 50 AN W s, JEH 2 A ok
IR IS B] e A SR ) R RS H ORI A ) £
RURI RS R L H TR R S R, 1S
AR TR B] PP A1) B AR s ) AR B At 45 R AN
M AT TAR K BIRRIL. PRk, &5 & AH 25 1) 2 4 2
1© Hermite 1F 52 Ji& pR 250 1P 02« e fE 1 7 8 L 2 i
JAREE LGB, ARSI 7T ITLBO Bk
Hermite 1F 22 HEAH 28 WX 2% TR RS, Jd ik 5 5% b i
DA 53 S R AT B0 F 22 28 TR0 S 30 AH LU, f7 5
S5 UESE T B4 TS AL B A T INAS P2 e IS Sl
FEE PR J A AL 25 ) T B A R AR, (T AR A AR
RN, BA— 2 mEwE CRsEHME, JTH

FERZIE T S e T 70 A7+ R ASTIR K ST
L OREB (S K R0 55 720 42 ] S A0 R R 45
HEZMEM.
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Abstract

Chaos phenomenon which exists widely in nature and society affects people’s production and life. It has great
important significance to find out the regularity of chaotic time series from a chaotic system. Since chaotic system has
extremely complex dynamic characteristics and unpredictability, and chaotic time series prediction through traditional
methods has low prediction precision, slow convergence speed and complex model structure, a prediction model about
Hermite orthogonal basis neural network based on improved teaching-learning-based optimization algorithm is proposed.
Firstly, according to the chaotic time series, autocorrelation method and Cao method are used to determine the best delay
time and the minimum embedding dimension respectively, then a phase space is reconstructed to obtain the refactoring
delay time vector. Secondly, on the basis of phase space reconstruction and best square approximation theory, combined
with the neural network topology, a prediction model about Hermite orthogonal basis neural network with excitation
functions based on the Hermite orthogonal basis functions is put forward. Thirdly, in order to optimize the parameters of
the prediction model, an improved teaching-learning-based optimization algorithm is proposed, where a feedback stage
is introduced at the end of the learning stage based on the teaching-learning-based optimization algorithm. Finally,
the parameter optimization problem is transformed into a function optimization problem in the multidimensional space,
then the improved teaching-learning-based optimization algorithm is used for parameter optimization of the prediction
model so as to establish it and analyze it. Lorenz and Liu chaotic systems are taken as models respectively, then the
chaotic time series which will be used as simulation object is produced by the fourth order Runge-Kutta method. The
comparison experiments with other prediction models are conducted on single-step and multi-step prediction for the
chaotic time series. The simulation results and numerical analysis show that compared with radial basis function neural
network, echo state network, least square support vector machine prediction model and Hermite orthogonal basis neural
network based on teaching-learning-based optimization algorithm, the proposed prediction model has the mean absolute
error and root mean square error reduced significantly, has a decision coefficient close to 1, meanwhile, has a mean
modeling time shortened greatly. So the proposed prediction model can improve the prediction precision, accelerate the
convergence speed and simplify the model structure, thus the prediction model is effective and feasible, which makes it

promoted and applied easily.

Keywords: Hermite orthogonal basis neural network, improved teaching-learning-based optimization

algorithm, chaotic time series, prediction
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