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Abstract 

In order to solve the problem of uncertain information in enterprises supply chain 

collaboration, a model of grey system theory is built to predict the coordination order 

quantity distributor of enterprise; the model has smaller prediction error and model 

accuracy. The data combined with empirical materials are calculated and simulated, and 

the simulation results are further improved analysis. The combination of qualitative and 

quantitative has a strong scientific application, which provides an important reference for 

distributors to determine the order and manufacturers to determine the optimal 

production in the supply chain, and the construction model and ideas of simulation 

analysis also have unique and innovative. 
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1. Introduction 

Grey System Theory is a new cross-sectional discipline founded in 1982 by a famous 

Chinese scholar Professor Deng Julong. It uses the color depth to describe the clear 

degree of information, i.e. with the "black" means that information is unknown, with the 

"white" means the information entirely clear; with "grey" means part of the information 

clear, part of the information is not clear. Accordingly, the system information completely 

clear called "white system", the system information unknown called "black system", some 

information is clear, the partial information not explicit system known as the "grey 

system". 

Modeling idea of grey system theory is a not very clear, the lack of information grey 

system from grey to white from the structure, model and relationship. With the 

uncertainty system of "partial information is known, some information is unknown," the 

"small sample", and the "poor information" for the study, and on the basis of information 

coverage, seeks practical rules through the sequence, which is characterized by "little data 

modeling", mainly through the "partial" information known to generate, develop, extract 

valuable information to achieve a correct understanding and effective control of the 

system behavior. Universal uncertainty about the poor information system of grey system 

theory, determines the new theory has a very broad prospects of development. 

Just 20 years time, the rapid development of gray system theory not only in theory but 

also in the social sciences and natural sciences, which has been widely and in-depth 

applications in systems analysis, modeling, forecasting, and decision-making. The main 

contents include: the theory system based on Grey Hazy set, the analysis system based on 

grey relational space, the method system based on grey sequence generation, the model 

system based on grey modeling (GM) as the core, the technology system for the main of 

system analysis, evaluation, modeling, prediction, decision, control, and optimization. 

Grey relational analysis method makes up the shortage of traditional statistical methods 

for system analysis result: 

(1) Require large amounts of data, otherwise it is difficult to find out the statistics law. 
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(2) Ask for a sample to a typical probability distribution, requirements between each 

factor data and system feature data showed a linear relation and the factors are 

independent of each other. This requirement is difficult to meet. 

(3) Computing capacity, generally rely on computers to help. 

(4) Quantitative results may be inconsistent with the qualitative analysis of the results, 

leading to the relationship and the law of system are distorted and upside down. 

Thus, the method of gray system theory is an effective analysis design tool of supply 

chain collaboration strategy for high uncertainty businesses. 

 

2. Grey Prediction of Enterprises Order Quantity in Supply Chain 

In the grey forecasting model, an n  order, h  variable gray model called GM (n, h), As 

the predictive model generally consider only one variable, namely GM (n,1), the n  value 

is greater, the greater amount of calculation, but the precision is not high, so n  generally 

is 1, namely GM (1, 1). The grey prediction model GM (1, 1) as an example to introduce 

how to use grey system theory to establish the mathematical model, and the model was 

improved, and finally test and evaluation of the precision of the predicted value of the 

model accuracy. 

GM (1, 1) is a differential equation model of first order, a variable, suitable for the 

forecast value development of the size in system behavior changes. Its essence is through 

a cumulative generation of the original data sequence (1-AGO), the generated data 

sequence has certain regularity, thus structures the model. 

(1) Using gray system theory to establish prediction model 

GM (1,1) means that there is only one variable, using the model of first order 

differential equations, the differential equation which represents: 

(1 )

(1 )d X
X

d t
                                                                     (1) 

Where:  ,   — undetermined parameters, which   is called the development of gray 

number,   as the endogenous control gray number. 

(1 )
X  — a cumulative generation of  raw data ( 0 )

X , t  — time. 

The differential equation is an adaptable dynamic prediction model can reflect the 

continuity of the development. 

① The collection of raw data 

Original data are assumed: 

( 0 ) ( 0 ) ( 0 ) ( 0 ) ( 0 )
{ ( ) | 1 2 } { (1), ( 2 ) , ( )}X X t t n X X X n  L L L L， ， ，                     (2) 

② According to GM (1, 1) modeling method 

First-order accumulated generation for known original data sequence ( 0 )
X  (1-AGO): 

(1 ) ( 0 )

1

( ) ( )

t

m

X t X m



                                                              (3) 

By generating sequences (1 )
X  are as follows: 

(1 ) (1 ) (1) (1) (1)
{ ( ) | 1 2 } } { (1), ( 2 ) , ( )}X X t t n X X X n  L L L L， ， ，                     (4) 

③ Construct data matrices B and data vector
N

Y  
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(1 ) (1 )

(1 ) (1 )

(1 ) (1 )

1
[ (1) ( 2 ) 1

2

1
[ ( 2 ) (3 ) 1

2

1
[ ( 1) ( ) 1

2

X X

X X
B

X n X n

 
 

 

 

 
 

 
 

 

 
   

 

M M

                                                   (5)  

( 0 )

( 0 )

( 0 )

( 2 )

(3 )

( )

N

X

X
Y

X n

 

 

 

 

 

  

M
                                                                                 (6) 

④ Find the model parameters:  ,   

Let a




  
  
 

  be the estimated parameter vector, the solution can be obtained using 

the least squares method: 

1
( )

T T

N
a B B B Y








 
  
 

                                                                        (7) 

⑤ Modeling 

First-order grey differential equations GM (1, 1) prediction model can be obtained as 

follows: 

(1 )

(1 )d X
X

d t
                                                                            (8) 

Solving the differential equation, get the time response equation of the model: 

(1 )

( 0 )
( 1) ( (1) )

t
X t X e

 

 




                                                        (9) 

Where: 0 , 1, 2 ,t N L L . 

(2) Model improvement 

To improve the accuracy and practical value of the model, the need for a second fitting 

parameter estimation, to further improve the model. The time response equation written 

as: 

(1 )

( 1)
t

X t A e B





                                                      (10) 

Where 0 , 1, 2 ,t N L L , ( 0 )
( (1) )A X




  ，and B




  . 

Then according to the first estimate of ,   value and the original 1-AGO sequence 
(1 )

( )X t  of A and B are estimated. Constructing data matrices G and data vector (1 )
X : 
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0

( 1 )

1

1

1
n

e

e
G

e







 

 

 

 

 

 

  

M M
                                                        (11) 

(1 )

(1 )

(1 )

(1 )

(1)

( 2 )

( )

X

X
X

X n

 

 

 

 

 

  

M
                                                                (12) 

Then find the parameters A and B: 

1 (1 )
( )

T T
A

G G G X
B


 

 
 

                                                               (13) 

To obtain the final time response equation: 

(1 )

( 1)
t

X t A e B





                                                             (14) 

This is a 1-AGO generation series forecasting model, predictive models can be drawn 

through the original series inverse accumulated generating IAGO, that prediction model 

is: 

( 0 ) (1 ) (1 )

( 1) ( 1) ( )X t X t X t

  

                                                  (15) 

Where 0 , 1, 2 ,t N L L  and
( 0 ) (1 )

(1) (1)X X

 

 . 

(3) Accuracy test of model and Accuracy assessment of prediction value 

The most commonly used test model accuracy has residual test, correlation test and 

posterior error test, where the main use of the first and third test method for testing. The 

residual test is based on the original series and prediction model to calculate the simulated 

accumulated sequence, compute the residual sequence, and finally calculate relative error 

series. The arithmetic test method is simple and feasible, so it is widely used. Then the 

posterior error test is calculated variance of original series and residual series, and then 

according to their ratio and small error probability to judge accuracy. 

First calculate the residuals: 

( 0 )

( 0 )
( ) ( ) ( )e t X t X t



                                               (16) 

where： 1, 2 ,t N L L ，  

And then calculate the residual vector: 

( (1), (2 ), ( ) )e e e e N L L                                                (17) 

Indicate the variances of original series 
)0(

X  and residual Series e are 2

1
S  and 2

2
S , then:  

2 ( 0 ) ( 0 ) 2

1

1

1
( ( ) )

N

t

S X t X
N 

  ， 2 2

2

1

1
( ( ) )

N

t

S e t e
N 

  ， 

Calculate the posterior error ratio: 
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2

1

S
C

S
                                                                            (17) 

A posteriori error ratio C is reflected in the accuracy of the model parameters, the 

smaller the better value C. General Requirements for C<0.35, the maximum is not more 

than 0.65, and to evaluate the precision grade of model based the C value. 

Then calculate the small error probability: 

1
{ | ( ) | 0 .6 7 4 5 }P p e t e S                                                            (18) 

Small error probability P is a reflection of the accuracy of the model parameters, the P 

value is bigger is better. General requirements P>0.95, the minimum cannot be less than 

0.70, and then evaluate the precision grade of model based the P value. The prediction 

precision grades by the posterior error test of the grey system theory are shown in table 1. 

Table 1. The Prediction Precision Grades Table by the Posterior Error Test 

Grade Good Qualified Reluctantly Unqualified 

C <0.35 <0.50 <0.65 ≥0.65 

P >0.95 >0.80 >0.70 ≤0.70 

After the posterior error test, if the prediction precision is high, then the model is 

reliable, practical, do not need to set up a GM (1,1) residual correction model, also has a 

higher forecasting accuracy. If the accuracy is not high, the model is not reliable, has a 

little value in practical application, need to set up GM (1, 1) residual correction model. 

 

3. Examples of Simulation Modeling, Calculation and Analysis 

Whether for manufacturers or distributors of the supply chain, order quantity is very 

important data. If the manufacturer knows the order quantity of all its distributors, it could 

be reasonable to organize production, so as to reduce inventory, reduce production costs, 

and reduce the sales risk. If distributors know their optimal order quantity, then they can 

determine the quantity of each order and order cycle. Here the use of predictive models 

based on these established gray system theory to predict the enterprise's order quantity in 

supply chain. The reason for this approach is: As the impact of the economic order 

quantity development, consumer income levels, the price of the product itself, the price of 

related products, inventory levels and other factors, some of which are identified, and 

some factors are uncertain , so it can be regarded as a grey system. Meanwhile grey 

prediction method can effectively avoid the fatal weakness of lack of relevant data, but 

also to avoid the influence of personal experience, knowledge and preferences as well as 

macroeconomic policies and other factors caused by subjective and can better grasp the 

system's self evolution.  

Example: Silver Spring Water Co. Ltd. is a small pure water production enterprise, the 

production of pure water sales in a chain supermarket. Here's to the supermarket in 2012 

January to May order quantity to predict the order quantity from June to December. 

(1) Establish the related model 

① The collection of raw data 

Here the original data used in the study were from cooperative distributors of Silver 

Spring limited liability Company -- a supermarket limited liability company collected 

data, which have analyzed and adjusted, see table 2. 
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Table 2. The Order Quantity in a Supermarket 2010 from January To May 
(Unit: Million Boxes) 

Month Januar

y 

February March April May 

Order 

quantity 

11.8 12.0 12.3 12.6 13.7 

Here in January as the starting point, i.e. the point 1t  , then get the original data 

sequence: 

( 0 ) ( 0 ) ( 0 )
{ ( ) | 1 2 5} { (1 1 .8 ,1 2 .0 ,1 2 .3,1 2 .6 ,1 3 .7 )}X X t t X  L L， ，              (19) 

② According to GM (1,1) modeling method 

First-order accumulated generation for known original data sequence ( 0 )
X  (1-AGO):  

(1 ) ( 0 )

1

( ) ( )

t

m

X t X m



   

By generating sequences (1 )
X  are as follows: 

(1 )
{1 1 .8 , 2 3 .8 , 3 6 .1, 4 8 .7 , 6 2 .4}X                                                       (20) 

③ constructing data matrices B and data vector 
N

Y  



















































































155.55

140.42

195.29

180.17

1)5()4([
2

1

1)3()2([
2

1

1)2()1([
2

1

)1()1(

)1()1(

)1()1(

XX

XX

XX

B



     

























































7.13

6.12

3.12

0.12

)5(

)3(

)2(

)0(

)0(

)0(

X

X

X

Y
N



 

④ Find the model parameters ,   

Matrix calculation with EXCEL, we have: 

1
0 .0 4 2 9 8 0 5

( )
1 1 .0 8 1 9 8 8 1 3

T T

N
a B B B Y








   
     
   

                                       (21) 

⑤ Establish order quantity prediction model 

First-order grey differential equations GM (1, 1) prediction model can be obtained as 

follows: 

(1 )

(1 )
0 .0 4 2 9 8 0 5 1 1 .0 8 1 9 8 8 1 3

d X
X

d t
   

Solving the differential equation, get the time response of the model equation: 

(1 )

0 .0 4 2 9 8 0 5
( 1) 2 6 9 .6 3 7 4 3 0 1 7 5

t
X t e



  -257.837430175                            (22) 
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Where: 0 , 1, 2 ,t N L L  

(2) Improved model 

To improve the accuracy and practical value of the model, the need for a second fitting 

parameter estimation, to further improve the model. The above time response equation is 

written: 

(1 )

0 .0 4 2 9 8 0 5
( 1)

t
X t A e B



                                                (23) 

Where: 0 , 1, 2 ,t N L L  

Then according to the first estimate of the ,   value and the original 1-AGO series 
(1 )

( )X t  on A and B estimation. Constructing data matrices G and data vector (1 )
X : 





































































11875853173.1

11376236565.1

10897638812.1

10439175648.1

11

1

1

1

4

0





e

e

e

G


  

































































4.62

7.48

1.36

8.23

8.11

)5(

)2(

)1(

)1(

)1(

)1(

)1(

X

X

X

X


 

Then find the parameters A and B: 
























01395825.257

89343416.268
)(

)1(1
XGGG

B

A
TT

 

To obtain the final time response equation: 

(1 )

0 .0 4 2 9 8 0 5
( 1) 2 6 8 .8 9 3 4 3 4 1 6

t
X t e



  -257.01395825                                         (24) 

This is a forecasting model of 1-AGO generation series, the predictive models can be 

drawn through the original series inverse accumulated generating IAGO, is an order 

quantity of forecasting model: 

( 0 ) (1 ) (1 )

0 .0 4 2 9 8 0 5 1
( 1) ( 1) ( ) 2 6 8 .8 9 3 4 3 4 1 6 (1 )X t X t X t e e

  


                     (25) 

Where: 0 , 1, 2 ,t N L L ，
( 0 ) (1 )

(1) (1)X X

 

  . 

(3) Testing of the accuracy and precision assessment of the predicted value 

Here mainly uses testing method of residual test and posterior error test. 

First calculate the residuals: 

( 0 )

( 0 )
( ) ( ) ( )e t X t X t



                                   (26) 

Where: 1, 2 , 5t  L L . 



International Journal of Grid Distribution Computing 

Vol. 8, No.4, (2015) 

 

 

240   Copyright ⓒ 2015 SERSC 

Residual vector is obtained: 

,02777356.0,19085531.0,07947591.0( e -0.26917935, 0.25563764) 

Indicate the variances of original series ( 0 )
X  and residual Series e are 2

1
S  and 2

2
S , then:  

440736258.0))((
1 2

1

)0()0(2

1
 



N

t

XtX
N

S

，

036067974.0))((
1 2

1

2

2
 



N

t

ete
N

S

， 

Calculate the posterior error ratio: 

2

1

0 .2 8 6 1 5 0 .3 5
S

C
S

                                                                         (27) 

So according to the ratio C of the posterior variance to assess the accuracy class of 

model is good. 

Then calculate the small error probability: 

%95%100}6745.0|)({|
1

 SetepP  

So according to the small error probability P to evaluate the precision grade of model is 

also good. 

After the posterior variance testing, the model is reliable, practical, high prediction 

accuracy, do not need to set up a GM (1, 1) residual correction model, also has a higher 

forecasting accuracy. Using the above model, the actual verification of historical data in 

Table 2, the prediction results and error analysis are shown in table 3. 

Table 3. Accuracy Test of Order Quantity Model Prediction (Unit: Million 
Boxes) 

Month Januar

y 

February March April May 

The actual 

order 

quantity 

11.8 12.0 12.3 12.6 13.7 

Predicted 

order 

quantity 

11.879

52 

11.8091

6 

12.32789 12.86928 13.4344

4 

Absolute 

error 

0.0795

2 

-0.19084 0.02789 0.26928 -0.26556 

Relative 

error 

0.674

% 

-1.602% 0.0235% 2.146% -1.872% 

 

4. Conclusions 

Based on the application error analysis of order quantity prediction in collaboration 

with distributors of the model GM (1, 1), this paper established GM (1, 1) model is 

correct and reasonable. As the grey system theory is not starting from a statistical law, 

and therefore requires less raw data, the outstanding advantage of grey prediction model 

to make a viable, reliable method and means of enterprise collaboration vendor to predict 
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order quantity. This model is another important goal lies in the enterprise through the 

ordering quantity prediction, select the suitable order model to organize the order, so that 

the total cost minimum, to achieve collaboration of the demand and supply in the supply 

chain, so as to achieve the best economic benefit. 
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