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Abstract 

The sales forecast in the tobacco sales management plays a great role in the 

production and operation activities of an enterprise as a bridge between the production 

activity and the economic benefit. Forecasting system based on time series is put forward 

in accordance with the characteristics of tobacco sales by knowing about market supply 

and demand as well as development tendency at home and abroad through the sales 

forecast, with the help of studies on the sales forecasting technology. Time series is a 

sequence of random variables in chronological order and the time series analysis 

technique includes the moving average forecasting, exponential smoothing and regression 

analysis. According to the characteristics of tobacco sales data, the moving average 

forecasting model, exponential smoothing model and regression analysis model are 

established. Through programming, a forecasting system of tobacco sales is set up, which 

is used in combination with examples to simulate the forecasting model, and then model 

tests are conducted on the simulation results to get the appropriate model, which is used 

for sales forecast. The establishment of the system has an important influence on the 

management of tobacco companies. According to the forecast of tobacco sales, they will 

know the sales of the next period, so that they can take effective sales management 

strategies to improve the accuracy and efficiency of the decisions on the company's 

production and operation. 
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1. Introduction 

As it is about to break up the tobacco monopoly, it is required to carry out market 

segmentation and accurate market orientation from the point of view of sales by 

studying historical data of tobacco sales and forecasting the future sales. Measures 

should be taken to find the change rules of the sales data and make more effective 

and accurate forecast of tobacco sales, to meet the needs of market flexibly through 

sales decisions. These are very important to realize the transition from the tobacco 

monopoly to marketization, so that the tobacco industry can adapt to market 

competition. 

Forecast is a data mining related technique, which is always based on a variety of 

time series or regression methods to find out useful trends or patterns from 

historical data and then use these trends or patterns to obtain the forecast values of 

the next period or cycle. A preliminary market analysis has been carried out to the 

tobacco industry to study some basic environmental factors influencing tobacco 

sales, including tobacco planting area, price, import and export volume, etc., The 

results show that there are a variety of the factors that affect the sales of tobacco and 

these factors interact with each other. Tobacco sales are characterized by double 

trend changes of time series, namely the changes in the overall trend and the 

seasonal fluctuations. Data mining is a process of extracting the hidden and 
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unknown but potentially useful information and knowledge from large amounts of 

incomplete, noisy, fuzzy and random real application data. We must use it to mine 

information data deeply. 

 

2. Methods of Time Series Forecast Modeling 
 

2.1. Average Value Forecasting 

As one of the advantages in forecasting, average value can eliminate any 

fluctuations, thus eliminating the noise (something that time series techniques 

cannot forecast), but at the same time, the average value also weakens the trend and 

seasonality. 

Ft+1=(


N

t

t
S

1

)/N                                                                                                      (1) 

Where, Ft+1 is the forecast value of the No. t+i period, N is the number of the 

selected period, and 


N

t

t
S

1

 is the sum of the selected actual sales. Conclusion: the 

average value method can only be used to predict the sales data that contains only 

horizontality and noise, so the following method that is more advanced is used here 

instead of the average value to forecast for modeling. 

 

2.2. Moving Average Modeling 

(1) MA (Moving Average) is an improved version based on the average value 

forecasting, which is mainly about selection of the number N of the period. Its 

formula is expressed as: 

Ft+1=(St+St-1+St-2+～+St-N+1)/N                                                                              (2) 

Where, Ft+1 is the forecast value of the No. t+1 period and St is the actual value of 

the No. T period, characterized by that the moving average is closer to the average 

value method with a larger value of N, and the change forecast based on the moving 

average is stronger and the change is reflected faster with a smaller value of N. 
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Figure 1. Flow Chart of Moving Average Modeling 
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Moving average modeling is an improvement made on the basis of the average 

value forecasting. As shown in Figure 1, the goal of conducting moving average of 

the input data is mainly to select the value of N, “moving period N”. After the value 

of N is selected, moving average is conducted according to the formula (2) and Ft+1 

is the result output by the model. The so-called model order Mj refers to the number 

of modeling times as needed, for example, for the first time of model building, the 

model order Mj＝1; if the results forecasted by the model are tested unreasonable, 

the model order Mj＝2 for the second time of model building. Model test is carried 

out in accordance with the characteristics of the sales forecast data and on the basis 

of the required model that has the smallest average error. 

(2) Realization of moving average modeling and analysis of the forecast results 

After entering the moving average forecasting technique module in the tobacco 

forecasting system, a new file named "Moving Average Forecasting Technique" will 

be opened by calling the component ExcleApplication and importing it into Excle in 

the Delphi system after pressing the key “Import New Data”. 

At this time, according to the moving average modeling process, the moving 

average data of tobacco sales S reached from January 2013 to May 2014 is input for 

simulation while building the model, as shown in Figure 2, in order to facilitate the 

following explanation. For moving average of the input data, the “moving period 

N=2” and the model order Mj＝1 are used in the first model. According to the 

moving average formula F t+1=(St+St-1+St-2+～+St-N+1)/N, we get the results forecast 

based on the moving average of each month. Now we start to test if the forecast 

results of the model are reasonable. According to the characteristics of the sales 

forecast data, we use the average absolute error MAE=( || E )/N for testing the 

forecast results of the model and get that the average absolute error of the first 

model is 22.57. According to the test, the forecast results of the first model are not 

reasonable. Then we start the second moving average modeling, where “moving 

period N=4” and model order Mj＝2 are used. After many times of modeling by 

repeating the same steps above, the forecast result of the fourth model is tested more 

reasonable with the smallest average absolute error. 

So we take the fourth model where “moving period N=8” for sales forecasting. 

According to the moving average formula (2), the forecast tobacco sales Ft+1 of June 

2014 is 1,145,000 tons, as shown in Figure 2 Forecast Results of Moving Average. 

 

 

Figure 2. Forecast Results of Moving Average 
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2.3. ES Modeling 

 

2.3.1. Exponential Smoothing: ES (Exponential Smoothing) is the basis for almost 

all time series techniques that are in use, which was originally known as 

“exponential weighted moving average”. Based on the following formula, it is easy 

to know that a larger value of a means the forecasting places much more stress on 

the role of the sales of this period in the forecasting process while the weight of the 

sales of other periods becomes smaller, and vice versa. 

Ft+1=aSt+(1-a)Ft                                                                                                                                                      (3) 

Where, Ft+1 is the forecast value of the No. t period and St is actual; a is a number 

between 0 and 1, that is, the value forecast for the next period based on exponential 

smoothing is the function of the actual and forecast values of this period [9]. 

In determining the value of a, when using the exponential smoothing based 

forecasting method, it is very critical to determine an appropriate value of a for it 

directly affects the accuracy of the forecast value. The size of the value of a reflects 

its weight ratio with the forecast value that the greater the value of a is, the more the 

actual sales St of the No. t period contributes to the newly forecast value Ft+1, for 

example, when a = 1, the actual value of the No. t period is the forecast value of the 

No. t+1 period; and the smaller the value of a is, the less the actual value of the No. 

t period affects the newly forecast value, for example, when a = 0, the forecast value 

of the No. t+1 period is the actual value of the No. t period, at this time, there is no 

consideration of the latest information of the No. t period but the historic influence. 

Therefore, when we are more dependent on the recent information to make forecast, 

we can use a larger value of a, but if the historic influence is greater, a smaller value 

of a can be used. In practical application, the value of a can be selected based on 

experience and the specific conditions. The commonly used method is to make 

forecast with some different values of a and then compare their forecast errors to 

select the one that has the smallest error. 

Conclusion of the influence of the value of a on the model: 

(1) If the level change is the greater, a should get a large value, so that the 

forecast can be adjusted as soon as possible. 

(2) If the data is more random, a should get a smaller value correspondingly, so 

that the exponential smoothing can eliminate more noise. 

Adaptive exponential smoothing is based on automatic selection of the value of a, 

used for adjusting the value of a forecast for the next period according to the 

percentage error of the current forecast. Therefore, we can still use the exponential 

smoothing formula Ft+1=aSt+(1-a)Ft, however, when the actual sales value of each 

period is obtained, the following formula should be used to adjust a: 

at+1=|(Ft+1-St+1)/St+1|=|PEt+1|                                                                                    (4) 

Because the value given by the above formula may be beyond the range of 0 to 1, 

it is required to make adjustment according to the following rules: 

If |PEt+1| is greater than or equal to 1, take a t+1=0.9999; 

If |PEt+1| is less than or equal to 0, take a t+1=0.0001; 
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2.3.2. Realization of ES Modeling and Analysis of the Forecast Results: 
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Figure 3. Flow Chart of ES Modeling 

According to the same steps of the moving average modeling, now we directly 

enter ES modeling according to Figure 3, Flow Chart of ES Modeling, by inputting 

the data of tobacco sales S reached from January 2013 to May 2014 for simulation 

and conducting exponential smoothing to the input data to build the first model, 

where the “weighted coefficient” a = 0.2 and the model order Mj＝1. According to 

the exponential smoothing formula Ft+1=aSt+(1-a)Ft, the results forecast based on 

exponential smoothing for each month are obtained, as shown in Figure 4 Forecast 

Results of Exponential Smoothing. 

Now we start to test if the forecast results of the model are reasonable. According 

to the characteristics of the sales forecast data, we use the average absolute error 

MAE=(  || E )/N for testing the forecast results of the model and get that the 

average absolute error of the first model is 17.80. If we cannot tell if the forecast 

results that have been test are reasonable, we can now start the second ES modeling, 

where the “weighted coefficient” a = 0.3 and the model order Mj＝2 are used. After 

many times of modeling by repeating the same steps above, the forecast result of the 

first model (a＝0.2) is tested more reasonable with the smallest average absolute 

error, as shown in Figure 4. 

So we take the first model where the “weighted coefficient” a = 0.2 for sales 

forecasting. According to the exponential smoothing formula (4), the forecast 

tobacco sales Ft+1 of June 2014 is 1,160,600 tons, as shown in Figure 5 Forecast 

Results of Exponential Smoothing. 
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Figure 4. Forecast Results of Exponential Smoothing 

ES modeling is characterized by that the forecast value for the second month of 

each model is equal to the value of the tobacco sales S of the first month, taking the 

first model (a=0.2) above for example, the forecast value of exponential smoothing 

for February 2013 is equal to the value of the tobacco sales in January 2013. 

 

3. Regression Analysis 
 

3.1. Regression Analysis 

Regression analysis is a mathematical method to study the dependence 

relationship between variables. Generally, the relationship between variables can be 

broadly divided into two types: the first is the function relationship where the 

relationship between variables is completely determined, that is, a variable can be 

determined by one or a number of other variables according to a certain rule; the 

second is the related-to relationship where there is a nondeterministic dependence 

relationship between variables, that is, variables are closely related to each other in 

quantity but we cannot accurately get the value of one variable according to one or a 

number of other variables except that the regularities of quantity changes among 

such variables can be distinguished on the basis of a large number of statistical data. 

Regression analysis is to study this related-to relationship, which, although 

nondeterministic, is often found to have certain regularity based on a large number 

of observations. If the corresponding observed values of the two variables in a 

related-to relationship are regarded as the coordinates of the points on a Cartesian 

plane and these points are marked on the plane, a scatter diagram of points can be 

obtained. This diagram is called the scatter diagram of observed values. In general, 

the statistical regularity of the variable relation can be seen from the scatter 

diagram. Although the related-to relationship between variables is not a function, 

we can still use the corresponding function to express their regularity  and such 

function is called regression function. Studying the relationship between variables, 

determining the regression function, forecasting and controlling change range of 

variables accordingly and so on constitute the contents of the regression analysis. In 

regression analysis, the first is to determine a variable as the dependent variable in 

many variables, with the rest serving as independent variables. When the forecast is 

carried out, the variable of the to-be-forecast value is a dependent variable. If only 

involving two variables, the regression analysis is called monadic regressive 

analysis; if involving more than two variables, it is called multivariate regression 

analysis. 
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We select a factor influencing most closely from many influencing factors of the 

forecast quantity (Y) as the independent variable (X) to set up a unary linear 

regression equation: 

Yt= 1
 +

2
 Xt+ut                                                                                                                                                     (5) 

Where, 
1

  and 
2

  are parameter to be estimated, u t is called a random error (the 

influence of other factors on Yt except the linear influence of Xt on Yt). If the 

random errors generally obey the normal distribution N(0, 2
 ) and keep 

independent of each other, we can fit the regression curves based on the least 

squares method in the observation samples of S t and Ft. Such regression curve 

satisfies the least sum of squared residuals. Where, 
t

Ŷ  is the estimated value of Yt, 

Lt is the residual,  is the standard difference of all Lts, 
21

ˆ,ˆ   are the estimated 

values of 
1

  and 
2

  respectively. Based on this method, we can get: 
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t
Ŷ =

1
̂ +

2
̂ Xt  。 

Where, Y  and X  are sample averages of Y and X respectively. The regression 

model of the sample has been estimated so far, and the unary linear regression 

equation is 
t

Ŷ =
1

̂ +
2

̂ Xt. 

Obtaining the regression curve by fitting based on the least square method does 

not mean that forecast can be made, for there is need to carry out necessary 

statistical tests. 

Goodness-of-fit tests by determination coefficient r
2
 

The goodness-of-fit refers to the excellence degree or grade of the observed data 

fitting by the sample regression line. The determination coefficient r
2 

is a 

comprehensive scale to indicate the fitting degree or grade of the data by the sample 

regression line, which measures the percentage of the deviation explained by the 

regression model in the total deviation of F based on the calculation formula as 

follows: 

r
2
=1-

2

2

)( YY

L
t




=

2

2
̂ 2

2

)(

)(

YYt

XYt








                                                               (9)

 

The value of r
2
 ranges from 0 to 1. A larger value of r

2
 indicates better fitting of 

the regression line, that is, the effect of the linear regression is better. The so-called 

"fitting" is to find the straight line through the data, so as to minimize the mean 

square error, namely to minimize the sum of squared distances from each point to 

the straight line. 

"Standardized residual" means turning the residual Lt＝ tt
YY ˆ  into a standard 

value based on the formula as follows 



International Journal of u- and e- Service, Science and Technology 

Vol.9, No. 8 (2016) 

 

 

338  Copyright ⓒ 2016 SERSC 

Kt=(
tt

YY ˆ )/
t

                                                                                                    (10) 

Where, Kt is a standardized residual and   is the standard difference of all Lts. 

 

3.2. Realization of Regression Analysis Modeling and Analysis of the Forecast 

Results 

According to the same steps of the moving average modeling, here we directly 

enter regression analysis modeling according to Figure 5 Flow Chart of Regression 

Analysis Modeling. 

First, we select a factor influencing most closely from many influencing factors 

of the forecast quantity (Y) as the independent variable (X) to set up a unary linear 

regression equation Yt= 1
 +

2
 Xt. The tobacco sales S is taken as the dependent 

variable Y and cigarette consumption is taken as the independent variable X, the 

data of tobacco sales S reached from January 2013 to May 2014 as well as cigarette 

consumption is input for simulation, as shown in Figure 6. Regression analysis is 

conducted to the input data to establish the first regression model, where the model 

order Mj＝1 and the estimating equation is 
t

Ŷ =
1

̂ +
2

̂ Xt. 
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Figure 5. Flow Chart of Regression Analysis Modeling 
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Figure 6. Input Data for Regression Analysis 

According to the regression analysis formulas (9) and (10), the obtained 

estimated coefficients 
1

̂  and 
2

̂ are -5.633和 1.372 respectively. 

 

 

Figure 7. Regression Analysis Coefficient 

 

Figure 8. Regression Statistics 

As shown in Figure 7, the regression model of the sample has been estimated so 

far, and the unary linear regression equation is 
t

Ŷ =-5.633+1.372Xt. 

According to goodness-of-fit tested by the “determination coefficient r
2
” and 

regression statistics conducted based on the formula (10), we get r
2
 = 0.956, as 

shown in Figure 8. A larger value of r
2
 indicates better fitting of the regression line, 

that is, the effect of the linear regression is better, so the first regression model 

tested by the “determination coefficient r
2
” meets the requirements. Its scatter 

diagram of the regression fitting line is as shown in Figure 9. As the scattered points 

are on both sides of the line, the fitting effect is good. 
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Figure 9. Scatter Diagram of the Regression Fitting Line 

However, passing the above tests just shows that the linear relationship between 

variables X and Y is significant, or the linear regression equation is valid, but it 

cannot guarantee satisfying fitting of the data or rule out the data that is not entirely 

reliable due to unexpected reasons, such as abnormal values, periodic interference 

factors, etc., Only when the assumptions related to the residual terms in the model 

are satisfied, can we safely use the regression model. Therefore, in the use of 

regression equations for analysis and forecast, we should use the residual diagram to 

help us test whether the model satisfies the basic assumptions in order to make 

further changes of the model. 

According to the residual Lt＝ tt
YY ˆ , residuals are obtained as shown in Figure 

10. With the independent variable X used as the horizontal axis and the residual as 

the vertical axis, the corresponding residual residues are marked in the Cartesian 

coordinate system to get the residual diagram as shown in Figure 11. 

 

 

Figure 10. Residual Analysis 
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Figure 11. Scatter Diagram of Residuals 

As shown in Figure 10, according to the residual analysis of the regression model, 

the scattered points of residuals of the model are on both sides of the residual based 

0 axis, and the changes of the scattered points on both sides are basically the same, 

largely indicating that the regression model meets the basic assumptions. Therefore, 

we can use this model to forecast the sales. As 
t

Ŷ =－5.633+1.372Xt, by substituting 

the tobacco sales Xt of June 2014, namely 926,000 tons as shown in Figure 11, into 

the formula above, we can obtain the value 
t

Ŷ  of tobacco sales forecast for June 

2014, that is, 1,214,140 tons. 

 

4. Conclusions 

Taking into full account of the characteristics of the target data source 

interdependencies of time series and regression analysis based forecasting 

techniques, we take the tobacco sales of a tobacco company in China reached in the 

past few years as the research model to set up a digital forecasting system of 

tobacco sales, which incrementally extracts data in real time from the data base of 

the tobacco company for simulation and model tests, thus calculating the sales of the 

next year to make the production plan. According to the comparison between the 

simulation results and the experimental results, there is little difference, which 

indicates the method proposed in this paper is feasible to some extent. 
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