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A class of multiple multi-dimensional Taylor networks dynamics model
with herd behavior

ZHOU Bo†, YAN Hong-sen
(Ministry of Education Key Laboratory of Measurement and Control of Complex Systems of Engineering,

School of Automation, Southeast University, Nanjing Jiangsu 210096, China)

Abstract: A system that involves considerable quantities of individuals with subjective judgment tends to exhibit the
feature of herd behavior. Existing research methods mainly focus on mechanisms and individuals, and hence they are
incapable of establishing integrated models. We propose a dynamics modeling method for multiple multi-dimensional
Taylor networks with intermittent feedback. The method is proved to be effective in establishing an overall optimization
model of a system with herd behavior. Firstly, the methods of modeling multi-dimensional Taylor networks with intermittent
feedback are discussed. Secondly, the characteristic of multiple multi-dimensional Taylor network is studied and used to
regulate the appropriate proportion of herding behavior to long-term trend in the system. Finally, the specific method and
procedure of identifying model parameters are given. The result of the application example demonstrates the modeling
method of multiple multi-dimensional Taylor networks with intermittent feedback is realizable in practical applications,
and has higher prediction accuracy.

Key words: multiple multi-dimensional Taylor network; intermittent feedback; herd behavior; dynamics model; system
identification

1 ÚÚÚóóó(Introduction)
<a�¬´��E,
��XÚ.ØÓuÔn
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yké�+�A�ïÄÌ�l±eA��ÝÐm:
1)d�Nûü�ÀJ��Ý)º½�[�+�A´
XÛÅÚ/¤[2–3]; 2)uÿXÚ¥´Ä�3�+�
A[4–5]; 3)©Û�+�A¤¥y�A:[6–7]; 4)ïÄ�
+�Au)^�Ú�Å[8–9]; 5)�+�AéXÚ�K
�[10]. ù
ïÄ´l�+�A��)Ån\Ã,ïÄ
�N��N�m´XÛK�,Ì6ûüXÛ�),é
Ù5Æ?1o(8B.ÏLù
ïÄ,é)¹¥��
+�Ak
éÐ/)º. �´,XJ�ïáXÚ��
N�.=lÅn\Ã´Ø
�. Ï�éu¹k�þ�
N�XÚ5`,z���NÒ´��fXÚ,�N�
±kéfXÚ©Oï��ý,2ò§�éÜå5/¤
���N�.,�´fXÚ�3[�Ø�,Ø��
��þD4Åì��Ò¬�ª���.J±ÎÜ8

II¦õU[11]. Ó��+�A�'XÚ��Ïª³�
õ´Ny�
áÏ�ÅÄA:. ÏdXJ��é��
XÚ?1ï�,ÒA�±�N��Ý��Ñu:,o
��ÄÏ�+�AéXÚ�)�K�.DÚ�êâ�
Nï��{vk�Ä�+�AéXÚ�K�[12–14].

�©ÏLïÄ¹k�+�A�XÚé	êâL�,
JÑ
�m��"�õõ��V�ÄåÆ�.. T
�{±ïáXÚ�N�.��ÝÑu,ÏLõ��V
�Úm��"©Ok�é5/E£
XÚ��Ï$

1ª³Ú�+�AA:�)�êâÅÄ5Æ.Ó��
âõõ��V��õU\�n,éÙÚm��"
3XÚ¥�¤Ó'�±?1²ïÚÄ�N�,å�
`zXÚëê9JpE£°Ý��^. T�{�±A
^�Ãõäk�+�A�¢S|Ü,~X:7KXÚ
ï��ýÿ,�Ï6þ�ýÿ,9�;���<êÚ
¦�k ýÿ�. ù
ïÄ�±�ò5?�Úéêâ
��÷ïÄJøÄ:,¿�Ú��¬½ÚÕ�_8
1��5�K¡K��½���üJø�â.

2 ���...���ïïïááá(Model building)
2.1 mmm������"""õõõ������VVV���(Intermittent feedback

multi-dimensional Taylor network, IFB-MTN)
��XÚÄåÆ�§kª(1)¤«ÊH/ª:{

x(k + 1) = f(x(k)) + u(x(k)),
y(k) = g(x(k)),

(1)

Ù¥: x´XÚG��þ, y´XÚÑÑ�þ,��5
¼êfÚu©O��
XÚSÜG��þx�ÄåÆ

N�'XÚ�"��þ. g��
G�–ÑÑN�'
X.

Äk�Äª(1)¥111XÚG��§,Ù�Òm
>kü�Ü©|¤,XJ6Ø�Ä�"��þu,XÚ
G��§�

x(k + 1) = f(x(k)). (2)

õ��V�´�«��5XÚ�ÄåÆï��{,
·Ü��Ån�����5XÚ�ï�[15]. ��5¼
êf^õ��V��.�E,Äuõ��VúªÐm
��n,�G��þ�n�,Ù(�µãXã1¤«. Ù
¥wj = {wj,1, wj,2,· · ·, wj,N(n,m)}���8Ü,éA
uë�:�z^ë��þ���, j = 1, 2,· · ·, n.

ã 1 õ��V��.ã

Fig. 1 Multi-dimensional Taylor network

�þ¼êf�©þ¼êfj�±�¤Xeõ��V

��.Iþ/ª�§:

fj(x1(k), x2(k),· · ·, xn(k)) =
N(n,m)∑

t=1

wj,t

n∏
i=1

x
λt,i

i (k) +

Rj,m(x1(k), x2(k),· · ·, xn(k)), (3)

Ù¥: ¤kÎÒ¥�eI jL«éAf�©þSÒ;
wj,t�1j�©þ�1t�Cþ¦È��c���;
N(n,m)�TÐmª�o�ê; λt,i�1t�Cþ¦È

�¥Cþxi��g,Ù÷v
n∑

i=1

λt,i 6 m; (4)

Rj,mL«G�Cþ¦È�¥�Cþ��goÚ�u

m�{�.Ï��X�goÚ�O\,�pg��ê
��3XÚ¥��,Ïd3À½Ü·��goÚm

�, Rj,m���ÑØO�.

Ðmª¥���Uì�goÚ4O�gSü�,
-P (n,m)L«Cþê�n,o�gÚ�m�Ðmª

�ê,Kk

N(n,m)=P (n, 0)+
m∑

r=1

P (n, r)=
m∑

r=0

P (n, r), (5)
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Ù¥ 0g���êP (n, 0)�u 1. d48�{íÑ
P (n,m)�L�ª:

P (n, m) =
n∑

i=1

P (i,m− 1), m > 0. (6)

òª(6)�\ª(5),k

N(n,m)=P (n, 0)+
m∑

r=1

n∑
i=1

P (i, r−1), m>0. (7)

�©¤ïá��.�Ä�é�´¹k�+�A�

XÚ,ÏdéuG����þu��EI��é�+

�A�A:5?1. �+�A´¹k�½êþ<½Ù
¦kÌ*¿£��Në��XÚ¥,~¬u)�y�.
l©ÛÅn��Ýþw,Ùu)�Ï�±@�´XÚ
¥�N"yg·Ì�,_l¦<�1��þ\È¤�
�.lXÚé	êâL���Ý5w,¹k�+�A
�XÚäké²w�êâåÏÅÄ/�. XÚ�Ñ
ÑÛ�¬,p,Û�¬eü´·�¤'%�¯K,ï
���ò�+�A^m��"5L�.m��"�X
ÚÏ��3�+�A,3ØÓ�K��,G�Czþ
éXÚg��)½Ø�)�",¦�ÚåXÚCz�
Ì�Äåà8��Ñ,��¥yåÏÅÄG�é	L
��L§[16].

Þ~5`,37KÝ]½|,<�  ¬�
J¦
|Ã��z½����,3Ý]���½|�Cz
?1Ý]ö�,JÞÚJOù
y�Ñ´;.��
+�ALy. ��½|d�OÞ½ü$�,�§Ý�,
<�K¬g,Ê�UYJÞ½JO±5;ºx.

m��"äN/ª±�k�Kü��å�K��

k«¼êL�.�±w¤´ü�k«¼ê�~�(J.
§�êÆL�ª�

sdz(∆x, α1, α2, β1, β2) =

dez(∆x, α1, α2)− dez(∆x, β1, β2) =



1, α1 6 ∆x 6 β1,

−1, β2 6 ∆x 6 α2,

0, Ù¦,

(8)

Ù¥: sdz(∆x, α1, α2, β1, β2)��k�Kü��å�
K��k«¼ê,����å�K�©O�α1Úβ1,
K���å�K�©O�α2Úβ2; dez(∆x, α1, α2)Ú
dez(∆x, β1, β2)�k«¼ê. ¼ê«¿ãXã2¤«.

ã 2 U\�k«¼ê

Fig. 2 Superimposed dead zone functions

dã2�±wÑ,m��"éXÚ�K��3�½
«m�). �o(�+�A5Æ(½å©K��,X
ÚCzþ3β2�α2«méXÚ�\K���"OÃ,
3α1�β1«m�\����"OÃ,Ù¦«mOÃ
�0.

Ïd�òXÚg��G�K�"Ú�k�Kü�

�å�K��k«¼ê/ª�G���"|¤u��

þÄ�L�/ª:

u(x) =

fu(x) + diag{ϕu}sdz(∆x,α1,α2, β1, β2), (9)

Ù¥: ϕu�-y¼ê,L«éU\�k«�þ¼ê
sdz(#)-yrÝ����þ¼ê; diag{#}L«r�
þ*Ð�é����éA�þ���é�Ý
.

G����þu�IþÏª�

uj =fu,j +ϕu,jsdz(∆xj, α1,j, α2,j, β1,j , β2,j), (10)

Ù¥: Ï�fu,jÓ��'uxØÓ©þ�¼ê,Ïd�
Ü¿\ª(3)�fj¥,dõ��V��/ªL«. ò�
g�Ú�um�{�Rj,m�Ñ,��m��"õ��
V�ÄåÆ�.G��§

xj(k + 1) =
N(n,m)∑

t=1

wj,t

n∏
i=1

x
λt,i

i (k) +

ϕu,jsdz(∆xj(k), α1,j, α2,j , β1,j, β2,j). (11)

dª(11)��m��"õ��V�ÄåÆ�.�
G��§Q�¹
XÚ��Ïª³�G�K�"q

�¹
���+�A�m���",�´3¢Sëê
E£��ÿ,üÜ©êâp�QÜ3�å,�3J±
�ß/k�é5E£�¯K.

2.2 õõõõõõ������VVV���(Multiple multi-dimensional
Taylor networks, MMTN)
lõ��V���.(�ãÚ�§ª�±wÑ,

§�Ì��¤´òG�Cþ�¤k��?1|Ü\

�U\. ïÄÙù��(�A:,�?n�é�Ó�
G�Cþ�õ�õ��V��,�±kXe½n¤á.

½½½nnn 1 �k�én�G��þxÐm�mg�

õ��V��§

f (s) =
N(n,m)∑

t=1

w
(s)
t

n∏
i=1

x
λt,i

i , (12)

Ù¥w(s) = {w(s)
1 , w

(s)
2 , · · · , w

(s)

N(n,m)}.

ew(3) = w(1) + w(2),Kkf (3) = f (1) + f (2).

yyy -

x∗=(
n∏

i=1

x
λ1,i

i

n∏
i=1

x
λ2,i

i · · ·
n∏

i=1

x
λN(n,m),i

i )T.

(13)

dª(12)�
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f (3) =
N(n,m)∑

t=1

w
(3)
t

n∏
i=1

x
λt,i

i = w(3)x∗ =

(w(1) + w(2))x∗ = w(1)x∗ + w(2)x∗ =
N(n,m)∑

t=1

w
(1)
t

n∏
i=1

x
λt,i

i +
N(n,m)∑

t=1

w
(2)
t

n∏
i=1

x
λt,i

i =

f (1) + f (2)

½n1y..

d½n1�(J�±��íØ1.

íííØØØ 1 ef (s) =
N(n,m)∑

t=1

w
(s)
t

n∏
i=1

x
λt,i

i , s = 1, 2,

· · ·, l, f =
l∑

s=1

w(s)x∗,Kk

f =
l∑

s=1

f (s) =
N(n,m)∑

t=1

l∑
s=1

w
(s)
t

n∏
i=1

x
λt,i

i . (14)

y..

yyy d½n1´y.

|^õõ��V��5�,�±ÏLõU\
��ªém��"õ��V��.ëê?1õÓS

�?�.

2.3 ���mmm������"""���õõõõõõ������VVV��� (Multiple
multi-dimensional Taylor networks with inter-
mittent feedback, MIMTN)
m��"õ��V��.¥�¹ü�Ü©: õ�

�V�Úm��". lÙ�L�Ôn¿Âþ5`,õ
��V�Ü©L«�´XÚ¥½��ÏÄåÆª

³. m��"L«XÚ¥áÏÅÄ,ÙÅÄ��Ï
d�+�AÚå. üÜ©�êâé;�/QÜ3�å,
éJòÙ�ß/�lm. 3?1ëêE£��ÿ,�
�k�ÑØ½Ü©,?1õ��V�ëêE£,,
�2(½m��"Ü©�ëê. ù�?n´�Ä�,
õ��V�£ã�´êâ¥Ny��5,òÙk¦Ñ,
�e�Ï"ÑÑ�Ø���@�dØ½Ü©E¤,
2d�+�A5ï�E£.

ù��¦)�{¿vk¦c�üÜ©�mëê?

1²ï. '�Ün��{A��EN!c�üÜ©�
ëê,4Ù�Ó·A¤k�Ôöêâ. �OS�¦)
üÜ©ëê�,�âõõ��V��A:Úª(14),
��Ñ�m��"�õõ��V��.G��§

x
(l)
j (k + 1)=

N(n,m)∑
t=1

l∑
s=1

w
(s)
j,t

n∏
i=1

x
λt,i

i (k) +

ϕ
(l)
u,j(sdz(∆xj(k), α(l)

1,j, α
(l)
2,j, β

(l)
1,j , β

(l)
2,j)). (15)

dª(15)¤«,ÎÒþI)Ò¥�l�L�c?1

�OS��Óê, sL«õõ��V�U\�ê

SÒ.z�Ó$��)U\�õ��V�Ú?��

gm��"ëêüÜ©|¤. �l�u1�,L«¿�
é�.ëê?1?�,d�ª(15)Úª(11)m��"
õ��V��.G��§�Ó,Ïdm��"õ��
V��.´�m��"�õõ��V��.�A

~,��=��OS�Óê�1.

3 MIMTN���...ëëëêêêEEE£££(MIMTN model pa-
rameters identification)
�m��"�õõ��V��.ëê�E£,

Ì�´éXÚ©O�OE£õ��V�Úm��"

üÜ©�.ëê. �âõõ��V��n,éz�
Ó#E£�õ��V�?1ëêU\,Ó�?��c
Ógm��"�.ëê.

b�êâ���8T = {(x(k), y(k + 1))}d
k=1,

x(k) ∈ Rn, y(k) ∈ R, k�êâSê, d�êâo�ê.
ÑÑ±1��~,�ÑÑy(k) = x1(k),=ª(1)¥-
g(x(k)) = (1, 0, · · · , 0) · x(k),õ�ÑÑ�¹aí,
K�ïá�A�m��"�õõ��V��.�

y(l)(k + 1) =
N(n,m)∑

t=1

l∑
s=1

w
(s)
t

n∏
i=1

x
λt,i

i (k) +

ϕ(l)
u (sdz(∆x1(k), α(l)

1 , α
(l)
2 , β

(l)
1 , β

(l)
2 )). (16)

�
Ö�{z,^wtL«w1,t, {α(l)
1 , α

(l)
2 , β

(l)
1 , β

(l)
2 }L

«{α(l)
1,1, α

(l)
2,1, β

(l)
1,1, β

(l)
2,1}.

õ��V��ëêS�{w(s)}l
s=1$^���¦

{¦). ��cÓg�l,�c�.ÑÑ�ỹ(l),ÙMTN
�§�

ỹ(l)(k+1)=
N(n,m)∑

t=1

w
(l)
t

n∏
i=1

x
λt,i

i (k). (17)

��c8IÑÑ�∆y(l−1),Ù(Jdþ�Ó�
MIMTN�.¦Ñ:

∆y(l−1)(k+1)=y(k+1)−y(l−1)(k+1). (18)

Ù¥: �l = 1�, ∆y(0)(k + 1) = y(k + 1).

ª(17)�Ø�²�Ú¼ê�

E(l) =
d∑

k=1

(∆y(l−1)(k+1)− ỹ(l)(k + 1))2 =

d∑
k=1

(∆y(l−1)(k+1)−
N(n,m)∑

t=1

w
(l)
t

n∏
i=1

x
λt,i

i (k))2. (19)

-

ak = (
n∏

i=1

x
λ1,i

i (k),
n∏

i=1

x
λ2,i

i (k), · · ·,
n∏

i=1

x
λN(n,m),i

i (k))T,

A=(a1, a2, · · · ,ad),

w(l) = (w(l)
1 w

(l)
2 · · · w

(l)

N(n,m))
T,
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∆y(l−1) = (∆y(l−1)(2), ∆y(l−1)(3), · · ·,
∆y(l−1)(d + 1))T,

Kª(19)��þ/ª�

E(l) =
d∑

k=1

(∆y(l−1)(k+1)−(w(l))Tak)2 =

(w(l))TAATw(l)−2(∆y(l−1))TATw(l)+

(∆y(l−1))T∆y(l−1). (20)

ëêw(l)����¦�O�ŵ(l)�

ŵ(l) = (AAT)−1A∆y(l−1), (21)

Ù¥ŵ(l) = (ŵ(l)
1 ŵ

(l)
2 · · · ŵ

(l)

N(n,m))
T.

m��"�.4�ëêα
(l)
1 , α

(l)
2 , β

(l)
1 , β

(l)
2 d¢D

�{¦). Ù8IÑÑ���êâÑÑÜ©�Ødz
Óõõ��V�O�Ñ�ÑÑ�O�,�e���
8Ü��m��"�.�8IÑÑ8∆ỹ(l)(k),ÙO
�úª�

{∆ỹ(l)(k + 1) =

y(k + 1)−
N(n,m)∑

t=1

l∑
s=1

ŵ
(s)
t

n∏
i=1

x
λt,i

i (k)}d
k=1. (22)

-T̃ (l) = {(x(k), ∆ỹ(l)(k + 1))}d
k=1�E£m�

�"Ü©���êâ8. �Xò4�ëê?è�÷v
�å^�β

(l)
2 < α

(l)
2 < 0 < α

(l)
1 < β

(l)
1 �/ÚN.

·AÝ¼ê�k���o�ê,Ùê���L«
·AÝ�Ð,

fit = ND1 + ND2 + ND3, (23)

Ù¥: ND1, ND2, ND3©OL«��êâ8T̃ (l)¥G

�Czþ∆x1(k)3«m

[α(l)
1 , β

(l)
1 ], [β(l)

2 , α
(l)
2 ], (−∞, β

(l)
2 ) ∪

(α(l)
2 , α

(l)
1 ) ∪ (β(l)

1 , +∞)

�,÷v�éA�

∆ỹ(l)(k+1)>0, ∆ỹ(l)(k+1)<0, |∆ỹ(l)(k+1)|<ξ

����ê; ξ�z�K�,���D(6Ä��.
-κ�z�'~ëê, ŷabs�T̃ (l)¥∆ỹ(l)(k+1)�ýé
þ�,Kξ=κŷabs.

ÏL¢D�{¦��`·AÝ�.ëêα̂
(l)
1 , α̂

(l)
2 ,

β̂
(l)
1 , β̂

(l)
2 . Ó�3ÚOND1ÚND2�,òÎÜ^��

∆x1(k)á3 [α(l)
1 , β

(l)
1 ] ∪ [β(l)

2 , α
(l)
2 ]«m¤éA�

∆ỹ(l)(k + 1)O\8ÜT (l)
ϕ ¥. ��`·AÝéA8

ÜT (l)
ϕ = {y(l)

ϕ,j̃
}ND1+ND2

j̃=1
,K-y¼êϕ(l)

u ��O¼

êϕ̂(l)
u �

ϕ̂(l)
u =

1
ND1 + ND2

ND1+ND2∑
j̃=1

|y(l)

ϕ,j̃
|. (24)

ÏLª(16)d���cÓg¦��ëê{ŵ(s)}l
s=1,

ϕ̂(l)
u , α̂

(l)
1 , α̂

(l)
2 , β̂

(l)
1 , β̂

(l)
2 ¦�y(l)(k+1).

�.S�Óê��½�¢S¯K�',Ù�½�
{ò3A^¢~¥äN?Ø.

�m��"�õõ��V��.ëêE£Ú½

Xe:

ÚÚÚ½½½ 1 Ñ\�m��"�õõ��V��

.Ä�ëê: G�þ�ên,Ðmgêm,S�Óêlset,
[ÜýéØ�ÇCzþK�s∆MAPE,OêCþns;Ô
ö��êâ: êâ8T ;¢D�{ëê: /ÚNê,�
�VÇ,CÉVÇ,«+5�,�ý�ê�. eêâ8
����mS�,Uìª(25)òÔö��êâ8�ª
=��T = {(x(k), y(k + 1))}d

k=1.{
x(k)=(x(k), x(k−τ), · · ·, x(k−(n−1)τ)),

y(k)=x(k),
(25)

Ù¥τ = 1�ò´�m.

ÚÚÚ½½½ 2 -∆y(0)(k + 1) = y(k + 1). Ð©zÌ
�ëê: Ógl = 1. OêCþns = 0.

ÚÚÚ½½½ 3 XJl>1,dª(18)O�∆y(l−1)(k+1);
ÄK,��?1e�Ú.

ÚÚÚ½½½ 4 dª(19)–(21)O����cÓgõ�
�V��Oëê8ŵ(l).

ÚÚÚ½½½ 5 dª(22)(½m��"E£��êâ
8T̃ (l).

ÚÚÚ½½½ 6 ±ª(23)�·AÝ¼ê,ÏL¢D�{
E£¦��Oëêα̂

(l)
1 , α̂

(l)
2 , β̂

(l)
1 , β̂

(l)
2 ,ÏLª(24)¦

��Oëêϕ̂(l)
u .

ÚÚÚ½½½ 7 ò�cÓg¼�ëêÚ��êâ�\

ª(16)O��cÓg���êâ[ÜýéØ�Ç�
MAPE(l). XJl=1,=Ú½9.

ÚÚÚ½½½ 8 dª(26)O��cÓg�[ÜýéØ�
ÇCz�∆MAPE.XJ�c∆MAPE > s∆MAPE,K
-ns =ns+1;ÄK,-ns =0.

∆MAPE = |MAPE(l) −MAPE(l−1)|. (26)

ÚÚÚ½½½ 9 XJl= lset,=Ú½10;ÄK, l= l+1,
=Ú½3.

ÚÚÚ½½½ 10 XJns >10,O�ª�,ÑÑ���c
Óg¤E£Ñ�ëê{ŵ(s)}l

s=1, ϕ̂(l)
u , α̂

(l)
1 , α̂

(l)
2 , β̂

(l)
1 ,

β̂
(l)
2 ;ÄK, lset = lset+10,=Ú½3.

4 AAA^̂̂¢¢¢~~~(Application example)
.��S��¦½|¥�3X;.��+�A

®²�2��y[4]. �©±7K�mS�����ê
â,ïá¥I�¦½|�ÄåÆ�.,u��m��
"�õõ��V�ÄåÆ�.�¢y5Úýÿ5
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þ°y �´¤nÜ�êFÂ�êâ����Úÿ

Á�yêâ,Ù¥c270�êâ����,�30�êâ
^�ÿÁ�y. ��êâ�ªUìª(25)��.

�m��"�õõ��V��.Ð©ëê��

Xe: Ð©Óê�½lset =20,[ÜýéØ�ÇCzþ
K�s∆MAPE =0.3× 10−3,õ��V�ëên=3, m

=3, w�ê�20;m��"z�'~ëêκ=80%;¢
D�{+Nê250,/ÚN��VÇ80%,CÉVÇ
5%,¢D�ê1000. �âdÔö270|��êâïá
�MIMTN�.E£Ñ�.ëê,¿d30|ÿÁêâ
��30�üÚýÿê�.¢S�!ýÿ�Ú�éØ�
�L1.

L 1 ýÿ��¢S�'�
Table 1 Predicted value and the actual

value comparison

SÒ ¢S� ýÿ� �éØ�/%
1 2820.18 2833.93 0.4876

2 2823.45 2823.80 0.0125

3 2843.61 2820.14 −0.8252

4 2842.43 2859.14 0.5880

5 2857.18 2837.32 −0.6950

6 2875.86 2877.49 0.0567

7 2848.55 2891.94 1.5233

8 2810.95 2832.30 0.7597

9 2841.04 2810.76 −1.0657

10 2922.95 2853.87 −2.3634

11 2927.08 2936.98 0.3381

12 2911.41 2922.82 0.3919

13 2898.14 2886.58 −0.3989

14 2893.74 2872.88 −0.7207

15 2852.92 2859.32 0.2245

16 2904.11 2852.46 −1.7786

17 2877.90 2911.71 1.1750

18 2855.22 2860.50 0.1851

19 2835.16 2840.48 0.1875

20 2781.40 2816.89 1.2759

21 2732.99 2793.42 2.2110

22 2751.53 2746.35 −0.1884

23 2759.57 2770.34 0.3902

24 2808.08 2781.21 −0.9570

25 2852.65 2809.73 −1.5046

26 2838.59 2850.76 0.4288

27 2824.20 2807.76 −0.5821

28 2838.80 2798.78 −1.4097

29 2791.81 2860.28 2.4527

30 2804.05 2792.00 −0.4296

À�g£8£Ä²þ�.(ARIMA)!BP ²�ä
�.(BPNN)!õ��V��.(MTN)!m��"õ�
�V��.(IFB-MTN)Ú�m��"�õõ��
V��.(MIMTN)é�Óêâ8?1ï�E£�ý

ÿ. ýÿ(J±�Iþ��Ø�(RMSE)!²þýéØ
�(MAE)!²þýéØ�Ç(MAPE)5ïþ,ê��$
L«ýÿ°Ý�p,XL2¤«.

L 2 5«�.�ýÿ�IÚO
Table 2 Statistical predictors of five models

�. RMSE MAE MAPE/%

ARIMA 33.69 28.32 0.9978

BPNN 33.00 27.12 0.9554

MTN 32.63 25.89 0.9125

IFB-MTN 31.53 24.73 0.8701

MIMTN 30.89 24.23 0.8536

dL2�±wÑ, MIMTN�«�IþÐuÙ¦4«
�.. Ù¥`uARIMA, BPNNÚMTN�.��Ï
´: MIMTN�.'ù3«�.õ�Ä
XÚ¥��+
�A,3ï�ÚE£L§¥«©
½ÚØ½�Ü
©,Jp
�é5. Ó�,��uÓ��Ä
�+�A
�IFB–MTN�., MIMTN�.ÏLõõ��V�
Úm��"��OëêU\Ú?�,²ï
½ÚØ
½Ü©,4Ù3�N¥��3(��\Ün,Ïd
Jp
E£°Ý.

MIMTN�.S�Óê��½�´�.ïáÐ�
�����I. MIMTN�.'IFB–MTN�.�J
�Ð��ÏÒ´Ï�ÏLõÓ�S�²ï
ëê,X
JÓêÀJ��,�U¦�ëê²ïØ� ;XJÓ
êÀJ�õ,K�Us¤�õ�O��mØUJp
°Ý,ü$
O��Ç.ò��êâ?1�.E£�,
[Ü�²þýéØ�Ç�XS�Óê�O\�3Ø

äCz,ÙCzþ��L²
XÚëê�Å�N�é
XÚ�.K���. �CzþC�¿ªu²�L²
XÚëê®N�Ü·. -∆MAPEL«züÓ�m[
Ü�²þýéØ�ÇCzþ,)¤Ógl�∆MAPEé
A�Xã3¤«.

ã 3 Óg�[Ü²þýéØ�ÇCzþéA�
Fig. 3 Corresponding curve of round and the amount

of change for fitting’s mean absolute percen-

tage error
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5 (((ØØØ(Conclusions)
�©JÑ
�m��"�õõ��V��..

ÓÙ¦�+�AÅnïÄ,±9ÓDÚêâï��{
�üXêâ�÷�',�©�{l�Û��ÝéXÚ
?1êâï�,�Ä
�+�A��3éXÚ�K�,
o�
XÚ�Ïª³�áÏÅÄ5Æ,Ó�ÏLõÓ
ëê��O?�²ï
üö''X,·^u¹k�
+�A�XÚ?1êâï��ýÿ.
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