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Abstract: The prediction performance of double trend time series has dependence relation to its character: the trend

change nature and season fluctuation characteristic. However, there is no effective way to construct the forecast method

with the Neural Network and this double trend character. Based on circular back propagation network(CBP), a combined

forecast model–CCBP is proposed which separates the weightof trend and the weight of fluctuation from predicted series

data, respectively predicts the two weights, then multiplies two weight. After comparatively studying the data cases of

some Yunnan tobacco company, it is proved that the CCBP modelin the double trend time series has effectively enhanced

the prediction performance.
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1 ¯̄̄KKKJJJÑÑÑ999)))ûûû���YYY(Issue and solution)
K�òë�È�Ïf´õ�¡�,X½|!²L

Y²!<�9G!�, Ó�òë�Èäk�mS�

�ª³Cz�A:,=�Nª³CÄ5ÚG!Å

Ä5,ÙêâA�Xã1(*��8´�±eZäk�

é½½|��½�:�êâæ��8Ü). �ª

³ýÿ�A:´*	�ü�^S��5Úc�*

	�9ÙÓÏ'�m��'5, =ýÿ:�Ù�å

�C�*	:��'5�r, �Ù�å���*

	:�'5�f. �ª³ýÿÏ~��{k: �

5£8{!�mS�©Û{! ²�ä�. ,ù


ýÿ�{�´lêâ����Ý?1êâ©Ûý

ÿ,��Ä��¸Ï�éòë�Èþ�K�;  ²

�ä3daýÿA^¥, %¿��Ä�mS���

�(�5,�Ñ
ýÿ:�Ù¦��êâ��m�

'5.

�©±<ó ²�ä¥�/��DÂ�ä�

.�Ä:�Ä�¸Ïfïá�ª³¥ª³CÄ

©þ(long CBP)LCBP�., 2(Üêâ�m�'5

ïá�ª³¥ÅÄ©þ(period CBP)PBCP�.,

�ª|Üü©þCBP�.ïá�N�ª³ýÿ�

.(combined CBP)CCBP�..

ÂvFÏ: 2005−11−16;Â?UvFÏ: 2006−11−14.
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ã 1 ��8*{còë�Èþ�ã

Fig. 1 Cigarette saleroom graph of specific sample set

2 ���///������DDDÂÂÂ���äää(Circular back propaga-
tion network)
3<ó ²�ä(artificial neural network, ANN)

ïÄ¥Ø���DÂ(error back propagation, BP)Æ

S�{(BP ²�ä)´A^�õ��«�{. San-

dro Ridella�3BP ²�ä�Ä:þJÑ
�/�

�DÂ�ä(circular back propagation, CBP)�.[1],

=3BP ²�ä�Ñ\�V\Ñ\��©þ²�

Ú(Ñ\�þ��²����Ó5)����	!:.

2.1 CBP���äää(((���999ÙÙÙ���{{{(Hierarchy and arith-

metic of CBP)
CBP�3��ä(�Xã2¤«, kN0�ÑÑ!

:, Nh�Û¹!:, Ñ\�ª�ê�d�. *¿Ñ

\!:Ñ\�:x0, xd+1(x0 = −1, xd+1 =
d∑

k=1

x2
k).

d?xd+1!:�Û¹!:m�ë���ØÓ.

äN�ÑXe: �äÑ\�x0, x1, · · · , xd+1, Ñ\

��Û¹�m���Ý
�V , Û¹�ÑÑ�m

���Ý
�W ; �äÑÑ�1i�!:ÑÑ�

�yi =
Nh∑

j=0

wijhj , i = 1, · · · , N0; Û¹�!:�

-¹¼ê�S.=£¼ê, =1j�Û¹�!:�-

¹ÑÑ�

hj = σ(rj) =
1

1 + e−rj
, j = 1, · · · , Nh.

Ù¥: rjL«TÛ¹!:�Ñ\\�Ú

rj(
−→x ,−→v ) =

d∑

k=0

vjkxk + vj(d+1) · xd+1 =

−vj0 +
d∑

k=1

(vjk · xk + vj(d+1) · x
2
k).

CBP�ä�ÆS�{: ��äÏ"ÑÑoi(i =

1, · · · , N0), Ù�¢SÑÑm�Ø��E =
1

2

N0∑

i=1

(oi − yi)
2. CBP�äæ^Ø���DÂÆS

{, ±tL«�Ù3�mS�ýÿ¥,ã�mI�,

lÑÑ��Û¹�më��N�þ�

∆wij(t) = −η
∂E(t)

∂wij

= η[oi(t) − yi(t)] · hj(t).

Ù¥: i = 1, · · · , N0, j = 0, · · · , Nh,Û¹��Ñ\

�më��N�þ�

∆vjk(t)= η[
N0∑

i=1

((oi(t)−yi(t))yi(t)(1−yi(t))wij ] ·

hj(t)) · (1 − hj(t))xk(t).

Ù¥: j = 1 · · ·Nh, k = 0 · · · d[2].

ã 2 CBP 3��ä(�ã

Fig. 2 CBP 3 layer structures

2.2 CBP���äää`̀̀���:::(Advantage of CBP)
CBP�ä´3BP ²�ä�Ñ\�V\Ñ\�

�©þ²�Ú����	!:, ÙAÛ)º�: rþ

!¥rj(
−→x ,−→v )=�¤Xe/ª:

rj(
−→x ,−→v ) = vj(d+1)[(

−→x −
−→cj )I(−→x −

−→cj )T − θj].

Ù¥I�d�Ý
,

−→cj = −

1

2vj(d+1)

(vj1, vj2, · · · , vjd),

θj = (−→cj I−→cj
T +

vj0

vj(d+1)

).

duI´��ü Ý
, éuz��Û¹!:, �

�−→x�−→cj��¥ål�θj'��2¦±Xêvj(d+1),

²-¹¼êσ�^�ÑÑ, −→cj���¥N�¥%,

ll(�þ�y
Ñ\�þ��²����Ó

5,¦�CBP�ä3ÅÄ5�r�A�êâýÿ¥,

�BP'�Jp
�ä(��ÆS�ÇÚýÿ�O

(Ý,ù:ò3e©¢�¥�±y².

3 ���mmmSSS������mmm���'''555(Time relativity of
time series)
Ø���DÂÆS�{´��¦^FÝeü{

��z²���L§. ���Ø�¼êéÔö8¥

�¤k��D�����, ¢Sþ�mS��

�m~kXe�'5: ýÿ:�Ù�å�C�*	

���'5�r,�Ù�å���Ôö���'

5�f. ÏdÔö��mIS���é�ä���

K�A´Ø��,�ýÿé��mþ�C���é
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�ä���K�A��,�A��ýÿé��mþ

�����é�ä���K�A��, dd½Â�

ò��²��Ø�¼ê�

Ep =
1

2N0

N0∑

p=1

ω(p)(−→op −
−→yp)

2.

Ù¥: ω(p)´1�p���é�NØ���zþ�

��þÝ, l¦Ø�¼ê �u�C�*	;

ω(p)�±kõ«/ª, X�5.!�ê.�[3] . �

©�ω(p)�

ω(p) =
1

1 + ea−bp
, b =

2a

N
.

Ï�þª¥�b´daÚN�Ñ, ¤±ω(p)����

�ëê´�òÇa.

���í�ÑØ��ò� ²�ä�ÑÑ��

Û¹�më��N�þ�

∆wij(t) =

−η
∂E(t)

∂wij

=
η

1 + ea−bp
[oi(t) − yi(t)] · hj(t).

Ù¥: i = 1, · · · , N0, j = 0, · · · , Nh
[3]. Û¹��Ñ

\�më��N�þ�

∆vjk(t) =
η

1 + ea−bp
[
N0∑

i=1

((oi(t) − yi(t))yi(t)(1 −

yi(t))wij ] · hj(t) · (1 − hj(t))xk(t).

Ù¥: j = 1, · · · , Nh, k = 0, · · · , d[3].

4 ���ªªª³³³���mmmSSS���©©©)))(Disassemble dou-
ble trend time series)
�ª³A5��mS�êâ,äk�Nª³C

Ä5ÚG!ÅÄ5��Cz�A:. 3�mS�

©ÛA^¥Ï~òÙ©)�:ª³©þÚ±Ï©þ,

3Ùü©þ©)��{¥'�;.��.´¦È�

.[4]:

Bt = Ct ∗ Zt ∗ Et.

Ù¥: Bt��*ÿ�, Ct��*ÿ��ª³©þ,

Zt��*ÿ��±Ï©þ, Et�þ��"��ÅD

(. t�c°i(i = 1, 2, · · · , N ; N�*ÿêâc°�

ê),�°j÷v'Xª:

t = (i − 1) × 12 + j.

�S��B1, B2, · · · , BH , Ù¥H�S��Ý, §

�*ÿêâS�c°�êN9�±Ïê12�'X

�H = 12N .

^¥ £Ä²þ{,�J�Ø¹±ÏÅÄ�ª³

©þ:

Ĉt =
1

12
[

5∑

i=−5

Yt+i +
1

2
(Bt+6 + Bt−6)],

t = 7, 8, · · · ,H − 6.

ª¥: ±12�±Ï,±t�¥%, 2�é¡wÄ²þê

iÈÅ. Ĉt²êiÈÅ�,Ø2¹k±Ï©þ. ,�

�©lÑ�kD(�±Ï©þ:

Zt · Et = Bt/Ĉt(t = 1, 2, · · · ,H).

5 òòòëëë���ÈÈÈýýýÿÿÿCCBP���äää���...(Combined
CBP for cigarette sell prediction)
lòë½|�È�¹��þêâ©Û�Ñ,K�

òë�Èþ�Ì�Ï�k²LÂ\Y²!c#(�

�g96Ä<�6þ�, �òë�Èêâ´äk�

ª³5���mS�êâ, lã1�±wÑ,Ù�

m�'5Ly�~r. Äuòë�È�A:,)ö�

â�ª³�mS�¦È�.¥�¥ £Ä²þ{

r¤Â8���Èêâ?1©), ©)�:ª³©þ

Ú±Ï©þ. ±�/��DÂ�ä�.(CBP)�Ä:

�Ä²LÂ\(IS)�o�Y²)!IS<þ)�

o�!c"o<�!¢	�|�Â\��¸Ïfï

á�ª³¥ª³©þ(long-term CBP)LCBP�.,

2(Üêâ�m�'5¿|^�ò��²�g�ï

á�ª³¥±Ï©þ(period CBP)PCBP�., ©

Oéü�©þ?1ýÿ, ��|Üü©þCBP�.

�ýÿ����Èþ��Nýÿ�. ¡dª³ýÿ

�.�(combined CBP)CCBP�.,=

VCCBP = VLCBP · VPCBP.

�©±eò±CCBP�.¥�LCBP�.éª³©þ

?1ýÿ, 2^PCBP�.é±Ï©þ?1ýÿ, �

�òd�©þýÿ�Ü¤CCBP�.�ýÿ�, ¿ò

dCCBPýÿ��Ù¦Óa�.ýÿ�?1'�.

5.1 LCBP���...ïïïááá999ªªª³³³©©©þþþ���ýýýÿÿÿ(Build

LCBP model and predict the trend weight)
LCBP�.Ò´éª³þ?1©Ûýÿ, r

l1999∼2003czc12��òë�Èþêâª³©

þ!<�9²LY²�T¡«�c�êâ����

�Ñ\,±e�c(du��êâ8�m���'X,

�©oÑ�æ^gc��8IÑ\)12��ª³©

þ��8IÑ\5?1�.�Ôö. X�2002c�

�ÿ,r2002c���ª³©þ12�94��¸Ïf

��CBP�ä�Ñ\, 2003c12��ª³©þ�

êâ��8IÑÑ.��r2004c���.ýÿ�,

±Ú2004c¢Sêâ�'�. du�ª³©þêâ

é�, �â�/��DÂ�ä�.��¦, I�r

þãêâN��(0,1)«m, �©æ^Xeúª?1

N�:

ini =
INi − min(IN)

max(IN) − min(IN)
× 0.8 + 0.1,
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��O��êâ. Û¹�!:ê�30�, V,W�

���2.4/N [5](N�Ñ\�½Û¹�!:êâ)�

¨2.4/N ,=(–1.333,1.333)Ú(–0.8,0.8)�m��Åê,

��ÆSÇ�η = 0.05, ²L18�g���Ôö�

äÆS,���Ø�E�8.21 × 10−6.

�äÔöÐ�r2003c12��òë�Èþêâ

ª³©þ!<�9²LY²�16�êâ��Ñ\,ý

ÿ2004c12��z���Èþ.

5.2 PCBP���...ïïïááá999±±±ÏÏÏ©©©þþþýýýÿÿÿ(Build

PCBP model and predict the period weight)
PCBP�.´é±Ï©þ?1©Ûýÿ, Ù¥

�â±Ï©þ�ª³�mS��ÅÄ5!9

�m�'5, 3�.�OþXc¤ãæ^
3

Ø���DÂ��ò�g�, éCBP�ä��?

1?�N�, ±^CBP�ä¢yPCBP�ä�..

r���1999∼2003còë�Èêâ±Ï©þ

U�mI�4?1êâ�y©, re����±

Ï©þ��ýÿu��, ?1�.�Ôö. X

r199901,199902,199903Ú199904�±Ï©þ��

Ñ\, 199905�±Ï©þ��u�ÑÑ, Ón�

�200312��u�ÑÑ. ��r2004c±Ï©þ�

��.ýÿu�. �.Ôö9Ùëê��: �ò

Ça = 4.21,Û¹��30,��ÆSÇ�η = 0.5. ²

L24�gÔö���Ø�E�4.63 × 10−6. PCBP�

äÔöÐ�, é2004c12���Èþ�±Ï©þ

?1ýÿ. éª³©þÚ±Ï©þ©O?1
ý

ÿ�, 2^È¦�.r�©þ����Èþ�, B

´CCBP�.�ýÿ(J(�L2).

L 1 ��8{còë�Èþ(^)!²LY²9<�

Table 1 Primary data of sample set

1999 2000 2001 2002 2003 2004

1� 66390.5 69143.2 66101.9 84556.3 74910.7 68430.9

2� 53801.5 56485.3 69526.1 63727.5 64710.5 95343.9

3� 54848.3 59098.4 67011.3 73178.0 74407.9 69096.6

4� 67335.3 70340.0 75341.4 69321.4 81856.0 85924.9

5� 56247.4 61108.6 68168.4 71626.0 72815.4 77313.5

6� 62216.2 65463.8 70659.6 75994.1 79637.3 83382.2

7� 57359.0 55633.0 60734.1 64649.0 65948.5 69558.7

8� 62338.3 65149.5 71076.8 77239.7 78283.3 82430.1

9� 61009.5 65164.2 69759.7 73432.6 79934.3 79166.9

10� 40555.4 50021.5 49274.0 51258.7 55653.3 54799.6

11� 48693.4 49758.7 54100.5 57034.5 57355.2 61613.9

12� 54034.3 55813.5 47789.2 61560.2 63713.1 56696.3

c"o<�/�< 206.26 210.81 215.20 220.04 224.20 —

IS)�o�/·� 584.26 625.00 672.84 730.00 812.00 —

IS<þ)�o�/� 12423 13000 13900 14800 16308 —

¢	�|�Â\/� 6720 7563 7790 7795 7979 —

5: Ù¥{c�¸Ïfêâ5u1999∼2004c¥I¢½c�êâ.

6 BP,CBP999CCBPýýý ÿÿÿ ��� ... ''' ���(Model
comparison among BP,CBP and CCBP)
�¦3Ó�(�þ�BP,CBP�.?1�.

Ôö9ýÿ5U��¡'�, )ö©Oïá�

CCBP�.¥LCBP�.�q�BPÚCBP�ä(�

�(Ñ\!:��cz�¢S�Èþ,�12;Û¹�

!:�30;ÑÑ!:�ecz�ýÿ�,�12,Æ

SÇ�0.05),±1999∼2003cêâ��BP�äÚ

CBP�ä�.�Ôö8, éBP,CBP� ²�ä

�.?1Ôö, Ùêâ®oXL1, Ü©ÆSL

§ãXã3∼5. ��±2003c12��òë�È�

�Ñ\ýÿ2004cz��Èþ, òÙýÿ�!

2004c¢Sêâ±9CCBP�.ýÿ�(J®o,

�L2!ã6.

ã 3 BP�.Ü©ÆSL§

Fig. 3 Part learning process of BP



1 6Ï �(¸�µÄuCBP�òë�È�ª³�mS�ýÿ�.ïÄ�A^ 1019

ã 4 CBP�.Ü©ÆSL§

Fig. 4 Part learning process of CBP

ã 5 LCBP�.Ü©ÆSL§

Fig. 5 Part learning process of LCBP

ã 6 ýÿc¥��¢ÿ�!CCBP,CBP9BP
ýÿ��ãé'

Fig. 6 BP,CBP and CCBP prediction graph

ã/©Û:lÆSL§Ø�Cz��wÑd

uLCBP�.3\\
�¸Ïf,éÆSL§k�

���·AL§,ÆSm©�ã?u��Ø½

�Ï, 4�g�m²L�gâC�¥yÑ'�½

�eüª³, �ÙØ�eü´��¯���. l

ã6�wÑ, CCBPýÿêâ�¢S�Èêâ¬Ü

�éÐ,�´3cÐc"êâýÿk�O,Ì�´

Ï�3ùã�Ï�à{�S!bÏ3ú{�mL

k�½�©Ü.du�©¤æ8�êâ��:�

Èêâ,�"Èû�Èêâ,�lýÿ�5`,

37�°�òë�È�$¸�Ï,Ly�gG´ò

ë)���G;3��bÏcÏ�Èþêâ?u

��p¸�Ï,òë��È3!ck�½�Jc,

8�´�
;�¥�±�ybÏ�òë�È,Ó

��Ny
�:�È��cy�.

CCBP�.�ýÿ �þé�, �¢Sêâ

��Cén�, �é5`, CBP�.�ýÿ�

'CCBP, CBP�¢Sêâ�é�C,�´lL2ý

ÿ �5wÙ�JØXCCBP.�é5`, BP�ä

�.ýÿ�êâ'¢Sêâ�ÊH�$,ýÿ 

���. BP�ä�.3ýÿ�ª³�mS��

�5Czª³�,Ï��À
�ª³��Nª

³O�5,¦�Ùýÿ(JÊH$u¢S*ÿ�.

CBP�.Ï�3�ä(�¥V\
Ñ\��©þ

²�Ú����	!:,=Ñ\�þ��²��

��Ó5,¦Ù(�þäkÓ�5. 3�ª³ý

ÿ¥'BP ²�äk
Ü©U?,��À
�

ª³�mS��±ÏÅÄ5�A:,Ùýÿ �

��éCCBP5`��,Ïd3ÅÄ5�Czýÿ

Uåþk�U?.

L 2 ¢ÿ�!CCBP,CBP9BPêâé'

Table 2 Prediction comparison among BP,CBP and CCBP ^

CCBP�. CBP�. BP�.
2004c¢ÿ�

ýÿ� ýÿ �∗ ýÿ� ýÿ � ýÿ� ýÿ �

1� 68430.907 80438.71 0.175473 84445.39 0.234024 73642.76 0.076162

2� 95343.879 70365.15 0.261986 61255.77 0.357534 63177.77 0.337942

3� 69096.642 75974.8 0.099544 75658.26 0.094963 67068.09 0.029817

4� 85924.939 84219.93 0.019840 70499.40 0.179522 72887.40 0.151172

5� 77313.537 77044.21 0.003485 73348.15 0.051293 67390.28 0.128077

6� 83382.200 81716.91 0.019977 78510.35 0.058436 71556.27 0.141794

7� 69558.742 67850.47 0.024558 66679.23 0.041407 60750.42 0.126632

8� 82430.125 82698.09 0.003250 79341.91 0.037465 71788.43 0.129063

9� 79166.881 81890.59 0.034404 76317.88 0.035992 70472.05 0.109812

10� 54799.586 57469.66 0.048724 53019.48 0.032481 50617.44 0.076317

11� 61613.866 61541.58 0.001173 58555.70 0.049634 53895.83 0.125262

12� 56696.272 64673.06 0.140693 66845.01 0.1790022 55870.59 0.014563

∗ :ýÿ � =|ýÿ�−¢ÿ� | /¢ÿ�
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7 (((ØØØ(Conclusion)
CCBP�.(LCBPÚPCBP),=(Ü
CBP3�

mS�ýÿ�`³A�,r±Ï©þ�ª³©þ

©l�,(ÜK�òë�Èþ�NO\ª³��

¸Ïf,?1ª³©þ�ýÿ;Ó��â�mS�

�m�C�'5�A:,|^
�ò�g�é±

Ï©þ?1ýÿ,¦Ùýÿ�J3�©��O¥

Ly�Z.T�.�Ñ
ü��CBP�.éäk

�Czª³ýÿ�L�UåÉ��":;Ó�

©m�m�'5Ú�¸Ïf«Oé��ª³�

ü�©þ©O?1ýÿ,¿©|^
CBP��Ó

5ýÿ�`³.
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