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Abstract: Uncontrollable economic variables such as the interest rate, commodity price, oil price, currency
exchange rate, and other macroeconomic factors affect the sales volume, sales cost and revenue, and profitability
of a firm. Therefore, it is necessary to observe the influences of such variables on sales figures through an
accurate quantitative model. In this study, two outstanding linear models—an autoregressive (AR) model and a
support vector regression (SVR) model—are adapted to the prediction of sales revenue changes under the
influence of 15 exogenous variables for 315 Korean companies. After collection of raw datasets of quarterly
sales revenues and exogenous variables from the real world, predictions are made at the given quarters by using
training datasets for the companies. The performances of both the models are evaluated based on the prediction
accuracy defined by the average and standard deviation. As a result, the SVR model is found to perform better in
66,150 experiments. The findings of this study suggest that accurate prediction models should be developed for
observing the behavior of the exogenous factors, for managing them more effectively and efficiently in new
product development, and for developing an optimal decision-making process.
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1. Introduction

A firm can gain effective competitive advantage through successful new product development (NPD)
irrespective of the types of industries being considered. The developed new products might contribute to an
increment in sales revenues. However, the success of an NPD project is difficult to achieve because these
projects involve unexpected risks, uncertainties, and difficulties. It has been reported that around 66% of all
NPD projects fail before the target date and more than 50% of all projects make no returns on investment;
further, more than 40% of respondents to a survey stated that NPD projects require more money and time than
existing products [2]. Various internal and external risks or uncertainties, such as lack of funds, government
policy changes, market segmentation, economic changes, rapid technology changes, unpredictable customer
needs, oil price changes, commaodity price changes, and currency exchange rate changes, cause project failure.
Therefore, the sales revenue increment resulting from the development of new products is affected by both risks
and uncertainties. Furthermore, the revenue figures fluctuate either positively or negatively depending on
macroeconomic factors throughout the lifecycle of the new products.

Any firm may wish to examine how significantly either risks or uncertainties affect its sales revenue. In this
study, quantitative models are developed for predicting the quarterly changes of sales revenues based on
variations of core external uncertainties. For this purpose, sales revenue data are collected from 315 companies
registered in Korea’s two major stock markets, covering the quarters in years 2002 to 2014. Furthermore, 15
core economic uncontrollable exogenous factors are collected for the same quarters. The autoregressive (AR)
model and the support vector regression (SVVR) model are adapted to this study.

2. Related Work

Many macroeconomic studies have examined how uncontrollable factors such as exchange rates, oil prices,
and interest rates operate in various economic environments. For example, Ahn [1] investigated how exchange
rate fluctuations affected 6,801 Korean manufacturing firms between 1989 and 2006. This empirical study
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showed that the firms’ profitability declined when the Korean won/US dollar exchange rate increased and that it
improved when the Japanese yen/US dollar rate increased. The LG Economic Research Institute [3] has reported
that fluctuations in the Korean won/US dollar exchange rate have affected Korean industries both positively and
negatively depending on how well the firms have managed their own exchange-rate risk systems. Kim and Choi
[5] considered financial indices such as the interest rate, commodity price, oil price, currency exchange rate, and
stock price to determine their effects on the sales revenue of electronics companies. A dynamic time warping
method classifies sales revenue data collected from 50 electronics companies covering 2000 to 2012 into two
clusters, and a linear regression determines three critical exogenous factors: interest rate, oil price, and
commodity price. Nevertheless, only a few studies have examined how multiple uncontrollable exogenous
factors synthetically affect sales measures, perhaps because each factor’s behavior is complex because of the
confusedly interlaced economic situations in different countries.

3. Methodology

The purpose of this study is to predict the sales revenue fluctuation of Korean companies registered in the
Korean stock markets. It is assumed that the latest sales revenue is related to the previous sales revenues and to
15 uncertainties or uncontrollable exogenous factors. From this assumption, a functional relationship between
the sales revenue and the exogenous factors is given as in Eq. (1):

Yn = f(}’n—ll}’n—b'"rYn—k!Xﬂ—l,lan—l,Er'"!Xn—l,15)+ En [:1)
where

¥, = predicted sales revenue in "™ quarter

Yo 1Yo, ¥, = actual sales revenue

k = number of quarters to be used for predicting the sales revenue
X,_1,; = value of i™ exogenous factor in (n-1)" quarter
£

., = error term of n™ quarter with standard normal distribution N(0, 1)

Two different linear models—the AR model and the SVR model—are adapted to this study for predicting
the sales revenue in the n™ quarter. Both these models are developed by defining training datasets, and the actual
prediction at a specified time is made using k. The prediction accuracy is measured by the range of k and the
amount of errors for both models.

3.1. AR Model (AR(Kk))
In the AR model, ¥, is assumed as the k™-order linear function in which the coefficients of independent
variables are estimated by the least-squares method, as given in Eq. (2):

Vo= Bo+ B+ B o+ + 0 o X g+ @K, o+ a5, 115+ €, (2)

The least-squares method determines all the coefficients by minimizing the total amount of errors defined by
E:}il[?ﬂ — }’n), where M is the number of models applied for a company.

3.2. SVR Model (SVR(k))

The SVR model is another version of the support vector machine (SVM), which is one of the most well-
known supervised linear classifiers, for regression. In this model, the coefficients of independent variables are
estimated by minimizing the cost function plus the penalty term, as given by Eq. (3) [4], instead of estimation by
minimizing the amount of errors as done in the AR model. ¥,,_1.Y, 5, Y, 1. Xp1 1. X1 2,,and X, 4 45
are training samples and the k™-order regression is established in a manner similar to that in the AR(k) model. It
should be noted that the function f has an identical form to that in the AR(k) model but with different coefficient
values.
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where
7.(-) = cost function defined by
0 if It < ¢
Ve(2) = {Itl —& otherwise
Y,, = target value or the actual sales revenue at quarter i
A = weight coefficient for penalty (A > 0; high weight results in low § values)
N = total number of quarters

In this study, A =1and £ = 0.1.

4. Data Collection and Experimental Results

The purpose of this study is to predict the sale revenue for future periods (quarters) under variations of the
exogenous economic factors by using the AR and SVR models. Both these models are established for the same
company. The prediction accuracy is the key criterion for evaluating the model performances. It should be noted
that the models predict the sales revenue values at a given quarter (¥,,), and the predicted values are compared
with the actual wvalues (Y,) in terms of the corresponding values of the previous quarters,
((¥,,¥,_,) and (Y, ¥,_,)). If both pairs of revenues have an identical trend—either positive or negative, the
corresponding model is said to perform accurately.

4.1. Datasets

There are two major stock price indices in the Republic of Korea: KOSPI (Korea Composite Stock Price
Index) and KOSDAQ (Korea Securities Dealers Automated Quotation). KOSPI is the index for major
companies, and KOSDAQ is the index for either small-medium-sized or venture companies. In this study, a total
of 315 companies registered in both the stock markets are selected for collecting the quarterly sales revenue data
covering 2002 to 2014 (i.e., a total of 52 quarters). Table | presents the number of companies classified under

eight different categories.

TABLE I: Number of companies according to industry categories for collecting sale revenue data

Electronics Medical Retail,
Category | Chemistry . Textile | Mechanical . Pharmacy | Logistics, & | Software
& Electric Devices A
Distribution
Nurmber of 82 57 21 41 14 50 32 18
Companies

The core economic uncontrollable factors are classified into four groups: interest rate, commaodity prices, oil
price, and currency exchange rate. Each group has several associated factors, as listed in Table Il.

TABLE II: Uncontrollable exogenous factors

Exogenous Factor

Quarterly data collected

Interest rate

USA, EU, Japan, Korea, and China

Commodity price

Producer price index
Consumer price index
Raw material price index

Oil price

Dubai, Brent, WTI

Currency exchange rate

Dollar, Euro, Yen, Yuan

The values of both the sales revenue and the exogenous factors are time series data and would be
characterized by trends and seasonal factors. In this study, the collected dataset is preprocessed to remove the

seasonal variations and is used for predicting the sales revenues in future periods.

173



International Conference on Mechanical, Aeronautical and Industrial Engineering (MAIE'2015) August 10-11, 2015 Pattaya, Thailand

4.2. Experimental Method
The experimental sequence for using both the AR(k) and the SVR(k) models includes the following four

steps:
Step 1 -

Step 2 —

Step 3 -

Step 4 —

The candidate quarters for predicting the sales revenues are set as the 31% to 51 quarters after
developing both models using the revenue data for the past 25 quarters. This means that the
training dataset used for developing the models is the 25-quarter data for each company. For
example, the training dataset for predicting the revenue for the 31st quarter includes past data of n
= 6-30. This procedure leads to the development of 21 different models for the 31st to 51st
quarters.

With the models obtained in Step 1, the k value in Egs. (2) and (3) is changed from 1 to 5. This
means that five different models each for AR(k) and SVR(K) are developed for predicting the
sales revenue at a given quarter for a company.

If the revenue change predicted at a given quarter is the same as the actual change at the
corresponding quarter in a given model, the model performs accurate prediction for that quarter.
In order to determine the prediction accuracy for a company, this step is repeated for the 31% to
51* quarters for each of the five models developed by either AR(K) or SVR(K).

As a result from Step 3, the number of accurate models from among the 21 models for predicting
the 31% to 51°* quarters can be counted for each company under either AR(k) or SVR(K). Then, the
proportion of accurate models is computed and it is added to the total proportion of all the
companies in a given industry category. The total proportion of accurate models is the final
accuracy of either the AR(K) or the SVR(k) model. For example, the category “Chemistry”
includes 82 companies, for which 21 models are applied under AR(1). Suppose that the total
number of accurate models is 1,061. Then, the average accuracy of AR(1) becomes 0.61644
(1061/(82*21)).

4.3. Experimental Results

The total

number of experiments for determining a model’s accuracy is 66,150 (total number of companies

x number of orders (k) x number of quarters to be predicted x number of model types = 315 x 5 x 21 x 2).

Table Il summarizes the average accuracy (%) along with the standard deviation for each category under
either AR(K) or SVR(K). The prediction accuracy improves when the order k is increased, especially in the
SVR(K) models. Further, a larger standard deviation is produced when the model complexity increases in each
model. The SVR(k) models produce lower standard deviations than the AR models, which leads to the SVR(K)
models showing more stable performance than the AR(k) models. Therefore, SVR(k) models with high k values
are recommended for future related studies irrespective of the industry categories being considered for predicting
the sales revenue.

TABLE IlI: Averages and standard deviations by prediction models

Electronics Medical Retail,
Chemistry & Textile | Mechanical D-:vi;s Pharmacy Logistics, & Softwars
Electric o Distribution

AR(I) 61.6144 60.3174 504104 63.1823 612244 63.0047 63.3928 58.4656
: (3.0903) (9.7847) (1.7123) (6.57) (7.6036) (6.5354) (7.0868) (9.0014)
AR(D) 57.0847 56.1403 58.5034 60.2787 56.4625 60.4761 58.7797 542328
B (7.4921) (9.596) (8.8348) (7.5336) (8.4145) (7.4335) (7.8613) (8.7141)
AR(D) 19.6167 67.4183 16,6439 17.8164 70.7482 §7.4283 84.6726 73.53449
AR (14.8973) (15.1056) (19.656) | (13.5734) [ (174367) | (13859 (15.2331) (17.8331)
AR() §2.8106 71.5956 78.458 83.5075 731202 80238 §7.0464 76.1004
: (15.343) (16.9703) | (22.2684) [ (14.7278) | (19.6838) | (13.4304) (13.7284) (18.7812)
AR(S) 80.7781 69.6741 78.458 81.3331 744897 87619 85.5654 73.8093
; (15.6958) (16.9625) | (21.3272) [ (15.5355) | (15.5461) | (15.9931) (15.174%) (20.711)
SVR(D) 71.833 70,0918 68.9342 102671 72.1088 74 13.0634 68.3183
(7.2362) (7.9158) (10.0338) | (92157 (5.045) (4.8757) (8.3) (12.4113)

SVR() 11.6027 70.7602 606145 71.0801 731292 743809 124702 69.5767
- (7.0334) (7.0433) (8.628T) (3.9433) (4.2618) (£.2474) (3.7266) (11.2394)
SVR(3) 81.0683 77.0238 16.8707 80.8362 202721 §2.1904 82738 751312
| (100345 (11.4966) | (11.7826) [ (13.2404) (8.0202) (7.5478) (8.5639) (14.4222
SVR() 84.3203 79.4486 80.7236 §3.6236 329931 §7.3333 86.4383 30.6373
(11.5088) (13.3249) | (12.1606) | (14.2204) (2.475) (7.4143) (11.111) (14.7603)

SVR(S) 842044 19.6157 804988 §3.8559 840136 §7.4285 86.1607 822751
(11.8027) (12.9493) | (12.1097) [ (14.2616) (8.1703) (7.5448) (11.7463) (12.4788)
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5. Conclusion

Various uncontrollable economic factors such as the interest rate, commodity price, oil price, currency
exchange rate, and other macroeconomic variables affect the sales volume, sales cost and revenue, and
profitability of a company. The impacts of such variables should be managed effectively and efficiently to
optimize the decision-making processes of a firm. The optimized process is significantly important in the
development of new products in order to extend the firm’s competitive advantage, because the success of NPD
projects is heavily dependent on risks and uncertainties. Successful NPD through the use of an optimized
management process would increase the sales revenue of a firm.

Predicting the sales revenue in a given period by developing highly accurate models is necessary for making
a go/no-go decision on multiple NPD projects and for managing both controllable and uncontrollable economic
variables. In this study, linear functions are developed to determine the relationship between the sales revenue
changes and 15 uncontrollable exogenous factors and to predict the sales revenue changes for 315 Korean
companies on the basis of time series data collected for 2002 to 2014. Two outstanding linear models—the
autoregressive (AR) model and the support vector regression (SVR) model—are adapted to this study. The
performance of the SVR model is found to be better than that of the AR model in terms of the accuracy defined
by the average and standard deviation.

The findings of this study suggest that accurate prediction models should be developed for observing the
behavior of the exogenous factors and for managing them more effectively and efficiently, rather than
determining which model performs better.
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