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Abstract - Recently, development cycle of high tech new products becomes shorter and sales forecasting of such new products 
is important but difficult. According to a survey from CNNIC, 77% of Internet users search on the Internet for information of 
products before purchasing them and historical big data of search record is useful for new product sales forecasting. To 
improve accuracy of forecasting new products, forecasting method by using historical sales data and multi variables time series 
data of Web search queries data might be promising approach. 
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I. INTRODUCTION 
 
The sales forecasting occupies an important position 
in manufacturing planning for supply chain 
management. Therefore, a stable, accurate and 
effective sales forecasting model is urgently needed, 
which could strong help for mastering production 
scheduling and control. Meanwhile, accurate 
predictions allow the companies to improve their 
market processes, maximum the profit, avoid the 
overstocking or shortage of products supplies and plan 
the market strategies in advance.Recently, 
development cycle of high-tech new products 
becomes shorter because of the faster update cycle of 
them, such as smartphone, laptop, and personal care 
appliances. In addition to this, the high-tech products 
are easily eliminated in a shorter life cycle than the 
traditional products. According to the above reasons, a 
method for stable and accurate sales forecasting of 
such new high-tech products are important. But as for 
the new products, the lack of the historical sales data, 
make sales forecasting in this situation difficult.But 
unfortunately, there has been no general forecasting 
method with accurate prediction. So, this paper would 
like to propose a new product sales forecasting method 
during the life cycle of this new product with an 
accurate and stable prediction and limited historical 
sales data. According to a statistics report [1] by the 
website named Internet world stats, the percentage rate 
of internet users is around 54.4%, which updated in 
Dec 31st, 2017. And the percentage rate is up to 95% 
in the North America, which is the highest percentage 
rate statistics by continent. Also, according to a search 
marketing survey conducted in the China Internet 
Network Information Center (CNNIC), more than 
77% of internet users do searching on the internet for 
information of the products before purchasing them. 
The literature divides the customers’ search behavior 
into two situations: (1) the costumers seek knowledge 
on the specific attribute of a product, (2) the customers 
search knowledge on how a product relative to others 
[2][3]. Therefore, the historical big data of the search 
engine record is considered to reflect the concerns of 

consumers. As the most mainstream search engine, 
Google search holds the world leadership among all 
the search engines with an approximately 72.47% and 
91.82% market share on desktop/laptop and mobile 
respectively (update in 2018.05) [4]. Google Trend is a 
public web facility of Google Inc., based on Google 
search, and it reflects how often a search-term is 
entered relative to the total search-volume across 
various regions of the world. And this service started 
from 2004. Figure 1 shows an example of the query 
“iPhone” in the global market during the last five years 
which from Jun 23rd, 2013 to Jun 16th, 2018 from 
Google trend whichshows the situation of Google 
search. As for the interest over time, the number 
represent search interest relative to the highest point 
on the chart for the given region and time. In the table 
of search trend, all the search times has been 
normalized. So, the value of 100 is the peak popularity 
for the term. The value of 50 means that the term is 
half as popular. And the score of 0 means there was 
not enough data for this term. 
 

 
Figure 1 Google Trend for "iPhone" 

 
II. LITERATURE REVIEW 
 
With the development of internet, people could only 
press a button to get the information what they want, 
so the more and more big data from the internet 
including the search engine becomes more important 
and useful for people to analysis the human behavior 
and thought. An increasing number of people are used 
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to using the search engine to find the information they 
want, and there has the evidence to show that the 
internet has sharply lower the cost for information 
searching [5]. In June 2012, Hyunyong Choi and Hal 
Varian from Google Inc published a research to verify 
that there does have a relationship between the present 
and web search query [6]. This research used 3 
examples including the motor vehicles and parts, 
initial claims for unemployment benefits and travel 
tourism as case to verify that the AR model that 
include relevant Google trend variables tend to 
outperform models that exclude these predictors by 
5% to 20%. July in this same year, a paper published 
by Ilaria Bordino, and Stefano battiston [7] illustrated 
the web search queries of the stock name can predict 
the stock market volumes with the case data of 
NASDQ 100. From this, Web search query has been 
widely used for forecasting in several fields, such as in 
the field of influenza epidemics. Qingyu Yuan’s 
publication named Monitoring influenza epidemics in 
China with search query from Baidu [8], selects and 
filters keywords related to influenza base on Baidu, 
the most famous Chinese search engine. It proposes a 
regression model based on historical influenza case 
data and web search data to monitor the influenza 
epidemics. As for the new product, it also works. 
Gauri Kulkarni and P.K. Kannan publish Using online 
search data to forecast new product sales [9]. It uses 
the case data of opening week of movie and analysis 
the pre-and post-release search behavior of several 
different types of movie to evaluate combining the 
traditional factors like advertisement to the web search 
query. 
Beside these, web search query is also used in 
forecasting the economic statistics using the American 
unemployed rate [10], vehicle sales forecasting [11], 
and the correlation with price movement. 
 
III. PROBLEM DESCRIPTION AND CASE 
DATA 
 
In this section, I would like to illustrate the main idea 
including the keywords selection part and forecasting 
part. Figure 2 shows an example the trend of historical 
sales data of the global sales of iPhone by million and 
the search trend of the keywords “apple iPhone” based 
on Google trend during the period from 2014 Q3, to 
2017Q4 of global market. Figure 3 transfers from 
Figure 2. After showing the time lag of 1 quarters time 
lag, we could find the two time-series are somehow 
similar. From these two figures, we could find some 
information: (1) the apple company almost release a 
new product each year around September, so the peak 
time of the sales data is always at 3rd quarter; (2) from 
these two figures, we can find that with the time lag of 
1 quarter, the two time-series show the highest 
similarity. But as for different keywords, the time lag 
need to be decided separately because of the different 
meaning and property of the keywords.Besides this, 
different keywords have different meaning, so we 

need to select the useful keywords which are truly 
influence the sales. Then find how much different 
keywords influence the sales by establish the SVR 
model like Figure 4. 
 

 
Figure 2 The trend of sales and search query 

 
Support Vector Regression is the regression version of 
Support Vector Machine. The idea of SVR is based on 
the computation of a linear regression function in a 
high dimensional feature space where the input data is 
mapped via a nonlinear function. 

 
Figure 3 time series with time lag 

 
It aims to identify a regression function: 
f(x) = ω φ(x) + b                      (1)  
φ:  Rn --> F        
In the formulation (1), ω and b are both  
 

 
Figure 4 The basic idea of the research 

 
parameters of the formulation. φ(x) denotes the 
high-dimensional feature space, which is nonlinear 
mapped from the input space x. The unknown 
parameters ω and b are estimated by the training data. 
When ‖f(x ) − y ‖ is small, we could say f(x)could 
forecast y. 
As for Kernel selection, there are several candidate 
Kernel functions including: 
1) linear shows like K(xi,xj) = xi

Txj;   
2) polynomial shows like K(xi,xj) = (γ xi

Txj + r);  
3) radial basis function (RBF) shows like K (xi,xj) = 
exp−(γ ‖"kxi -xj" ‖2) 



International Journal of Management and Applied Science, ISSN: 2394-7926                                Volume-4, Issue-12, Dec.-2018 
http://iraj.in 

Sales Forecasting based on SVR with Keywords Filtering of Web Search Queries 
 

33 

We would like to choose the most suitable one based 
on the forecasting accuracy. As for the case data, 
Apple Company is well-known in all around the world. 
The most famous product of the company is iPhone. 
The first iPhone was released on June 29,2009. Then, 
it remains publishing the new generation of iPhone 
approximately 1 time per year. And the released time 
becoming steady at September each year recently. 
Until now, the publication hasn’t miss any year. Base 
on the short time interval between two times publish, 
the suitable plan of sales and produce is essential. So, 
the experiment using the real data of iPhone sales as 
the case data.We get the global sales data of Apple 
iPhone by quarters which is open by the Apple 
Company’s financial report. As for the search data, we 
choose Google as the data source. 
 
IV. KEYWORDS SELECTION 
 
People search a huge number of information on the 
search engine every day, but we need to choose the 
keywords which influence the sales of product.  
There have two steps of correlation including 
correlation analysis, and influence direction analysis. 
After the two steps of keywords selection and filtering, 
the suitable keywords which are useful and influence 
the sales could be decided. Furthermore, the timeseries 
of the selected keywords would become the 
independent variables of the SVR model. 
 
4.1. Correlation Analysis 
In this analysis, we consider about the correlation 
between the sales time series and the search query time 
series. In this research, we would like to collect the 
related words of the product, just like the general 
information, the specific function, the related product, 
the fashion of it, the color of it, and something else 
related to the product. And, the things people want to 
compare with the product, just like Samsung to 
iPhone. Or the properties people concern about during 
they do the comparison. So, the purpose of this step is 
to find the keywords which could truly influence the 
sales of the product. To do this, I would like to choose 
the Pearson correlation analysis as the method to 
analysis the relationship between them. 
As for Pearson correlation analysis, it is a measure of 
the linear correlation between two variables Q and T, 
which means the sales and each search query. The 
formulation of Pearson correlation between Q and T 
shows below: 
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Where theQand Tare the sample average of the two 
time-series (in this case Q and T represent the sales 
time series and the search query time series of one of 
the keywords, respectively). And the coefficient r(δ) 
could range from -1 to 1. Furthermore, r(δ)= 1 means 
they two time series are total positive linear 

correlation; -1 means total negative linear correlation; 
0 means no linear correlation. In this formulation, 
δmeans time lag between the two-time series, because 
the uncertain lag of advance relation between the two 
time-series. The Pearson correlation coefficient 
between two time series is bigger means the 
correlation between the two variables is bigger. In my 
research it will transfer to the coefficient is bigger the 
correlation between sales and the search query of the 
keywords is bigger. And the keywords with high 
correlation coefficient are what I want to select for the 
follow-up. For the case data of iPhone, 19 keywords 
and their corresponding suitable time lag were 
selected. Table 1 shows the selected keywords from 
the candidate keywords by correlation analysis. 
According to the experience of Pearson correlation 
analysis, I would like to choose the keywords with the 
correlation lager than 0.6 which is believed as the two 
variables have strong relationship. 
 

Table 1:The selected keywords by correlation analysis 

Rank Keywords Correlation Time 
lag 

1 iOS 0.946162114 1 
2 apple iPhone 0.89725958 1 
3 new iPhone 0.878884009 1 
4 iPhone 0.87787204 1 

5 iPhone waterp 
roof 0.801967038 1 

6 apple 0.792239557 1 
7 iPhone price 0.78721833 1 
8 Samsung 0.756865312 4 
9 iPhone sales 0.751854367 1 
10 iPhone case 0.747802125 4 
11 iPhone review 0.740843628 1 
12 iPhone size 0.718633899 1 
13 iPhone color 0.685038853 1 
14 Verizon iPhone 0.679178126 1 
15 iPhone screen 0.655536279 3 
16 iPhone wiki 0.650300406 1 
17 mac 0.645713264 4 

18 iPhone release 
date 0.638805761 1 

19 smartphone 0.61806457 3 
 
4.2. Influence direction analysis 
After selection step of correlation analysis, we have 
selected the keywords with the high correlation with 
the sales data, but we cannot make sure is there any 
internal relationships between different search queries 
themselves. The internal relationship between 
themselves may cause the problem of noise and 
over-fitting of the forecasting model. In this research, 
if the two search queries are bidirectional causality, 
both of two will be define as noise like Figure 5 shows 
below, which means no only Search query A will 
influence search Query B, but also Search query B to 
A.If the two search queries are single directional 
causality, the result one will be define as noise like 
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Figure 6 shows below. To make sure the inner 
relationship among the search query themselves, we 
would like to apply the Granger causality test. 

 
Figure 6: Single directional causality 

 
The Granger causality test is widely used in the 
time-series analysis to make sure whether a time series 
X(t) is useful in forecasting another time series Y(t). In 
this work, we apply the Granger-causality test to 
analysis the relation between the two time-series of 
search query. 
It makes the null hypothesis like (3): 
 
null hypothesis:   H :  b = b = b = ⋯ =
b = 0 (3) 
 
To test the null hypothesis that x does not 
Granger-cause y, one first finds the proper lagged 
values of y to include in a univariate autoregression of  
 
y: 0 1 1 2 2 ... ...t tt m t m p t p p t q ty a a y a y a y b x b x error            
(4) 
 
Next, the autoregression is augmented by including 
lagged values of x: 
 

0 1 1 2 2 ...t tt m t m ty a a y a y a y error        (5) 
In the formulation, n means sample size, m means the 
number of a and q-p+1 means the number of b. 
One retains in this regression all lagged values of x 
that are individually significant, provided that 
collectively they add explanatory power to the 
regression according to an F-test (whose null 
hypothesis is no explanatory power jointly added by 
the x's). In the notation of the above augmented 
regression, p is the shortest, and q is the longest, lag 
length for which the lagged value of x is significant. 
The null hypothesis that x does not Granger causes y is 
accepted if and only if no lagged values of x are 
retained in the regression. As for the of influence 
direction analysis, 6 keywords have been selected as 
Granger causes, and 13 keywords have been deleted as 

noise.The result and respective time lag show follow 
in Table 2. The keywords in blue are what we select, 
and the red keywords are deleted as noise 
 

Table 2 Final result of keywords selection 

 
 
V. EXPERIMENT 
 
In this research, a novel forecasting method based on 
Support Vector Regression with web search query 
keywords analysis has been proposed. 
In this section, I would like to illustrate as two parts 
including the realization and evaluation. 
As for the realization, the keywords are selected as 
section 3, and the Kernel function is selected by the 
forecasting accuracy. For this case data, the LINEAR 
is the most suitable one. 
As for the evaluation part, I would like to propose 3 
experiments as follow: 
 
Experiment 1: I would like to evaluate the effect of 
search query information on forecasting with SVR by 
comparing the forecasting accuracy with and without 
search query based on SVR. 
Experiment 2: I would like to evaluate the effect of 
search query information on forecasting with SVR and 
ARIMA by comparing sales forecasting accuracy 
between the proposed method and traditional ARIMA 
model. 
Experiment 3: I would like to evaluate the proposed 
keyword selection method by comparing sales 
forecasting accuracy with and without  correlation 
analysis and/or Influence direction analysis of 
Keywords. 
The above experiment could illustrate the entire steps 
of the proposed method and evaluate the efficiency of 
the proposed method and the steps of two parts 
keywords selection.As for the measurement of 
prediction accuracy, I would like to choose Mean 
absolute percentage error (MAPE) and Mean absolute 
error (MAE). 
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5.1. Experiment 1 
As for the Experiment 1, I would like to compare sales 
forecasting accuracy between with and without search 
queries based on SVR to evaluate the effect of search 
query. The experiment controls the forecasting model 
as SVR and change the data of independent 
variable.The comparison is made between proposed 
method with only search query of selected keywords 
as the independent variables, only the sales data of last 
year, and both search query and sales. The Figure 7 
shows the global iPhone sales forecasting of 4 periods 
during 2017Q1 to 2017Q4. The experiment is done 
with the selected keywords and using the last 10 
periods during 2014Q1 to 2016Q4 to training by SVR 
with different independent variable data. Their 
parameters are all adjusted by manual, to ensure 
getting the best forecasting result. And Figure 7 is the 
comparison of best forecasting result.This evaluation 
makes sure that the search queries are useful for sales 
forecasting. 
 

 
 
5.2. Experiment 2 
As for the Experiment 2, I would like to evaluate the 
effect of search query information on forecasting with 
SVR and ARIMA by comparing sales forecasting 
accuracy between the proposed method and traditional 
ARIMA model to further evaluate search query is 
efficient in forecasting but not just for SVR. The 
Figure 8 shows the global iPhone sales forecasting of 4 
periods. This evaluation makes sure the proposed 
method is efficiency. 
 
4.3. Experiment 3 
Experiment 3 is for some details’ evaluation. In this 
experiment,I would like to evaluate the proposed 
keyword selection method by comparing sales 
forecasting accuracy with and without  correlation 
analysis and/or Influence direction analysis of 
Keywords. This experiment compares the forecasting 
accuracy between the proposed method, the search 
query of the 19 keywords only with the step of 
correlation analysis, and the search query of candidate 
keywords which haven’t been selected.This 
experiment aims to evaluate the step of keywords 
selection is useful, and multi search queries shows 
better than only one search query.The Figure 9 shows 

the global iPhone sales forecasting of 4 periods.This 
evaluation makes sure that the selection of search 
queries is useful for sales forecasting. 

 
 
CONCLUSIONS 
 
The major conclusions are as follows: 
1. In this research,a novel forecasting method based on 
Support Vector Regression with web search query 
keywords analysis was proposed. 
2. As for the details of keywords selection, I proposed 
a keywords selection method based on two steps 
including correlation analysis and influence direction 
analysis among Web search queries which have been 
verified as valid in the real data case study. 
3. In the case study of the real data of iPhone global 
sales, the sales forecasting accuracy was improved. 
According to the several different evaluations, the 
search query is useful for forecasting, and the step of 
keywords filtering is also useful for increasing 
forecasting accuracy. 
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