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Abstract. A novel grey Bass model with a power exponent (Grey Bass Power Model) was proposed, 

and the related parameter-packets of the model were deduced. A nonlinear programming method was 

employed to optimize the grey parameters and improve the accuracy of the grey Bass model. The 

results show that GM(1,1) model, GPM (1,1) model, grey Verhulst model and grey Bass model are 

the special examples of grey Bass power model. The actual example of product diffusion shows the 

modelling accuracy has been remarkably improved by using the new model. 

Introduction 

Economic growth is driven largely by technological innovation, in addition to capital and labor and 

other factors. This means that technological innovation is also an important productivity. In the 

process of technological innovation, the new product diffusion has gotten so much attention that it has 

become a hot research issue. Bass model [1] is one of the most outstanding models for revealing the 

mechanism of new technology or product diffusion by establishing a differential dynamic speed 

equation. Now, Bass model has been widely applied in agriculture, education, medicine, information 

technology, and service industries etc [2-4]. 

As the parameters are the main structural factors affecting the prediction accuracy, the method of 

parameters estimation is an important theoretical issue. Ordinary least squares method [5], maximum 

likelihood estimation method [6], nonlinear least of squares method [7] has been widely employed to 

estimate the parameters of Bass model in the case of an adequate amount of data. The greyed Bass 

model [8] was been proposed to solve the actual problem of lacking adequate valid data via the 

method of greying the differential method [9].  

The power exponent is introduced to grey Bass model as a grey parameter. The corresponding 

nonlinear optimization model is employed to whiten the grey parameters in the new grey Bass model. 

Then we believe that the new model can be helpful to improve the modeling precision of grey Bass 

model. 

The Grey Bass Model with a Power Exponent 

We first introduce the power exponent (a grey parameter) to the grey Bass model proposed by 

reference [8] and analyze the relationships between the new model and the classical ones. 

Definition 1. Let ( )(0)x k  be the market diffusion sequence of a new product,  

( ) ( )(1) (0)x k AGOx k= , 

( ) ( ) ( ) ( )( )(1) (1) (1) (1)0.5 1z k MEANx k x k x k= = + − . 

The grey Bass power model of ( )(0)x k  is: 

( ) ( )( ) ( ) ( )(1)

(0) (1) (1) 1
z k

x k a M z k bz k
M

α⊗ 
= − + − 

 
, 

where the power exponent
 α⊗ is a grey parameter. 

 

Applied Mechanics and Materials Online: 2013-02-13
ISSN: 1662-7482, Vols. 291-294, pp 3033-3036
doi:10.4028/www.scientific.net/AMM.291-294.3033
© 2013 Trans Tech Publications, Switzerland

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans
Tech Publications, www.ttp.net. (#69790353, Pennsylvania State University, University Park, USA-16/09/16,19:09:59)

http://dx.doi.org/10.4028/www.scientific.net/AMM.291-294.3033


 

From the expression of the above model, we can get the following conclusions: 

1。 When the internal influence coefficient 0b = , grey Bass power model equals GM(1,1); 

2。

 When the external influence coefficient 0a = , grey Bass power model equals grey power 

model GPM (1, 1); 

3。 When the external influence coefficient 0a = , 1α⊗ = , grey Bass power model equals grey 

Verhulst model. 

3。 When 0a ≠ , 0b ≠  and 1α⊗ = , grey Bass power model equals grey Bass model in [8]. 

Thus, grey Bass power model has close contacts to the existing grey models. GM(1,1) model, GPM 

(1, 1) model, grey Verhulst model and grey Bass model are the special examples of the new model. 

Parameters Identification of Grey Bass Power Model 

In practices, we need to use experts predict or analogy study to estimate the maximum 

capacity M . Therefore, this paper assumes the maximum market capacity M  is known, and on this 

basis to discuss the parameters identification of the model.  

Theorem 1. The primacy parameter package P
ⅠB  of grey Bass power model: 

( ) 2 2
, ,

GE CH FH CE
P a b

FG C FG C

− − = =  − − 
ⅠB . 

The second parameter package P
ⅡB  of grey Bass power model is: 

( ), , , ,P C E F G H=
ⅡB  

where 

( ) ( )( ) ( ) ( ) ( )( )

( )( ) ( ) ( ) ( ) ( ) ( )

(1)

(1) (1) (0) (1)

2 2

2
(1) (1)

2
(1) (1) (0) (1)

2 2 2

1 , ,

, 1 , 1 .

n n

k k

n n n

k k k

z k
C z k M z k E x k M z k

M

z k z k
F M z k G z k H x k z k

M M

α

α α

⊗

= =

⊗ ⊗

= = =

 
= − − = −  

 

    
 = − = − = −           

∑ ∑

∑ ∑ ∑
 

Proof. Let 2,3, ,k n= �  in the grey Bass power model, we have 

Ny BP=
ⅠB  

where 

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

(1)

(1) (1)

(1)

(1) (1)

(1)

(1) (1)

2
2 2 1

3
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1

z
M z z

M

z
M z z

B M

z n
M z n z n

M

α

α

α

⊗

⊗

⊗

  
 − −    
 
  

− −   =   
 
 
  
 − −     

� �

，

( )
( )

( )

(0)

(0)

(0)

2

3
N

x

x
y

x n

 
 
 =
 
 
  

�
，

a
P

b

 
=  
 

ⅠB  

Using the rule of OLS, we have 

( ) 1
T T

NP B B B y
−

=
ⅠB . 

For T
F C

B B
C G

 
=  
 

, T

N

E
B y

H

 
=  
 

,thus, 

( )
21

2

2

1T T

N

G E C H

G C E aF G C
P B B B y

C F H F H C E bF G C

F G C

−

− 
 −     −= = = =      − −−       
 − 

Ⅰ B

. 
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Optimization the Grey Parameter 

It can be seen from Theorem 1, both of the structural parameters a  and b  are necessarily 

dependent on the grey parameter α⊗ . Supposing that the objective function is the minimization of 

simulated average relative error and the constraint is the relationships among these parameters, the 

optimization model can be established as following: 

( ) ( )( ) ( ) ( )

(0) (0)

2

(1)

(0) (1) (1)

2

2

1
ˆMin ( ) ( ) 1

1

ˆ 1

. .

2,3, , .

n

avg

k

error x k x k
n

z k
x k a M z k bz k

M

GE CH
as t

FG C

FH CE
b

FG C

k n

α

α

⊗
=

⊗

= −
−

  
 = − + − 
  


− = −


− =
 −
 =

∑�

�

�

,

 

where α⊗�  is the whitened value of the grey parameter α⊗ . 

The optimal parameters α⊗� , a  and b  can be obtained by solving the model with operations 

research software LINGO. The whitened parameter α⊗�  can make the average modeling error 

minimum. 

Case Study 

In this section, the advantage of the grey Bass power model over the traditional grey Bass model is 

demonstrated by a actual example of China’s blog diffusion in [8]. The total number of China’s valid 

blog space from 2002 to 2007 is in Table 1. 

Table1    China’s blog scale in the past year( ten thousand persons) 

Year 2002 2003 2004 2005 2006 2007 

Accumulative number 8 30 150 900 2080 4200 

By using the optimization method proposed in this paper, we get the optimal whitening value 

17.7006α⊗ =�
 
by method proposed in this paper. According to the survey results from reference [4], 

China’s blog market potential M is taken to be 702 million people.  

According to Theorem 1, we have 

( ) ( ), 0.000067,1.412519
T T

P a b= = −
ⅠB . 

The grey Bass power model is 

( ) ( )( ) ( ) ( )( )17.7006
(0) (1) (1) (1)ˆ 0.000067 70200 1.412519 1 70200x k z k z k z k= − − + − . 

Take ( )%e k  as the relative absolute error, %avge  as the average relative absolute error, %avgp  as 

the average precision. The modeling results of China’s valid blog space are showed in the table 2. 

According to Table 2, the grey Bass power model with 17.7006α⊗ =�  shows a remarkably higher 

accuracy than that of the traditional grey Bass model with a fixed value 1α⊗ =� . Comparatively, the 

precision of grey Bass power model is 91.37% which is much higher than that of grey Bass model 

71.31%. Therefore, the optimization method for whiten the power exponent is effective.  

As the initial sale of an innovative product in the market is unstable, the head data does not reflect 

the diffusion law. In the traditional grey Bass model, the simulated value for 2003 is too big. So, it is 

excluded in the calculation of avge and avgp . In fact, this phenomenon is consistent with the Head Blind 

Axiom [10] proposed by Deng. 
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Table2 Comparison of the modeling results of the two grey Bass models 

k  Actual value 

grey Bass power model 

17.7006α⊗ =�  

grey Bass model 

1α⊗ =�  
(0)ˆ ( )x k  ( )%e k  (0)ˆ ( )x k  ( )%e k  

2003 

2004 

2005 

2006 

2007 

22 

120 

750 

1180 

2120 

22.00 

119.57 

644.63 

1435.05 

1968.60 

0.00 

0.36 

14.05 

21.61 

7.14 

162.26 

210.26 

502.25 

1136.93 

2180.38 

—— 

75.22 

33.03 

3.65 

2.85 

%avge   8.63  28.69 

%avgp   91.37  71.31 

Conclusions 

This paper expands the traditional grey Bass model to a novel form containing a power exponent. 

Comparatively, grey Bass power model prevails in the availability of acquiring α⊗�  that most fits the 

actual data by some techniques. Thus the model can well reflect the feature of raw data with high 

modeling accuracy. 

As is widely known, factors influencing the discharge of new product diffusion are quite complex 

and changeable. Further development of the grey Bass model with a range of variations should be 

made that encompasses the influence of different factors. 
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