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A sales forecasting problem in the retail industry is addressed based on early sales. An effective multivariate in-
telligent decision-making (MID)model is developed to provide effective forecasts for this problemby integrating
a data preparation and preprocessing module, a harmony search-wrapper-based variable selection (HWVS)
module and a multivariate intelligent forecaster (MIF) module. The HWVS module selects out the optimal
input variable subset from given candidate inputs as the inputs of MIF. The MIF is established to model the rela-
tionship between the selected input variables and the sales volumes of retail products, and then utilized to fore-
cast the sales volumes of retail products. Extensive experiments were conducted to validate the proposed MID
model in terms of extensive typical sales datasets from real-world retail industry. Experimental results show
that it is statistically significant that the proposed MID model can generate much better forecasts than extreme
learning machine-based model and generalized linear model do.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Retail sales forecasting is estimating the future demand of a retail
product, which is essential to sound business planning [1] and is
playing a more andmore prominent role in dynamic supply chain fac-
ing the ever-intensifying global competition [33]. Sales forecasting is
the foundation on which company plans are built [20], which is es-
sential to improve a retail company's competition capacity [11]. This
paper addresses a multivariate sales forecasting problem, which fore-
casts the overall sales of a retail product based on its early sales
volume.

1.1. Sales forecasting

The history of sales forecasting can be traced back to more than
50 years ago [1,32]. Since then a large number of sales forecasting pa-
pers have been published [4,5,21,24,32,33], which involves a wide va-
riety of applications in real-world industries, such as print circuit
board industry [4], food industry [5] and apparel industry [14].

Some researchers investigated the sales forecasting problemby con-
sidering it as univariate time series forecasting problems [23,33]. Their
studies utilized input data directly from the historical sales data of
time series being forecasted, which are usually based on a basic as-
sumption that the underlying data-generating process of the time series
is constant. This assumption is usually invalid in real world since a vari-
ety of factors influencing product sales, called influencing factors, may

cause the uncertain change of data pattern, particularly in a dynamic
and quick response business environment such as apparel and footwear
industry. As a result, the univariate forecasting model cannot handle
sudden changes caused by various influencing factors such as product
attributes and economic environment.

To handle this, some researchers integrated the sales forecasting
problem by using multivariate inputs including historical sales and
related influencing factors [4,5]. Chang et al. [4] addressed the month-
ly sales forecasting problem to help printed circuit board companies
generate effective customer demand forecasts by considering indexes
from 4 different domains such as macroeconomic and industry pro-
duction ones. Chen and Ou [5] investigated a perishable food forecast-
ing problem with the consideration of sales data of target store and
neighboring stores as well as weather data. In the multivariate sales
forecasting literature, a limited number of influencing factors are con-
sidered due to reasons such as data unavailability, which perhaps
omits important factors and thus weakens forecasting performance.

Although the multivariate forecasting model has potential and ad-
vantage to effectively model the relation between sales data and var-
ious influencing factors, its real-world application is constrained by
some issues: (1) a large number of influencing factors can influence
sales, however it is hard to identify the relationships between these
factors and final sales and (2) it is usual that there are not sufficient
historical data especially when lots of influencing factors are consid-
ered or the sales of a new product is forecasted.

In the existing literature,most studies dealtwith sales forecasting on
the basis of historical sales data of products to be forecasted. To forecast
the overall sales of new retail productswithout directly available histor-
ical sales data, previous studies usually considered the historical sales of
their similar products [7,30,31]. Thomassey and Fiordaliso [30] also
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investigated the effects of 3 variables (item price, the starting time of
the sales and the life span of items) on final sales. However, it is hard
to identify which past products are similar in forecasting process in in-
dustrieswith large product variety and frequent product changes. These
studies also cannot handle future sudden changes caused by influencing
factors.

It is commonly accepted among retailers that the early sales of a re-
tail product is an excellent indicator of its overall sales [12]. However,
little attention has been paid in utilizing early sales to forecast overall
sales of retail products so far. The only one work foundwas conducted
by Tanaka [27], which performed long-term sales forecasting based on
the early sales and the correlations between short- and long-term ac-
cumulated sales within similar products groups. In his work, the fore-
casting accuracy largely relied on the selection of reference group,
which were determined by expert knowledge and thus subjective
and probably unreliable. In addition, Tanaka's work has not consid-
ered the effects of various influencing factors on overall sales, which
thus could not handle sales changes caused by these factors such as
production attributes and promotion strategy.

In this research, we will aim at addressing a sales forecasting prob-
lem for retail products based on their early sales, called early sales-
based sales forecasting problem, which forecast the overall sales vol-
ume of a retail product in a selling season in terms of its early sales
with the consideration of a variety of influencing factors instead of
using the historical sales data of its similar products. The influencing
factors include promotion strategy, product attributes (such as selling
price, product type andmaterial type), early sales volumes, various eco-
nomic indices, climate index, etc. The effects of economic factors can be
reflected by various economic indices such as consumer confidence
index (CCI), consumer price index (CPI) and gross domestic product
(GDP). However, it keeps unknown if and how these factors influence
the overall sales volumes of retail products. Among these influencing
factors, some may be redundant or even irrelevant to the overall sales,
which will detract the accuracy of forecasting model and increase its
complexity and computational burden. To the best of our knowledge,
it is the first paper that investigates the effects of various influencing
factors on overall sales of retail products, and the relations between
these factors and overall sales. This research can forecast overall sales
of a retail product no matter whether the product has available histori-
cal sales data of its similar products.

1.2. Techniques for sales forecasting

Techniques for time series forecasting have been widely applied to
sales forecasting since most of existing sales forecasting studies were
based on the concept of time series. Existing techniques for time series
forecasting are generally divided into two groups: classical techniques
based on mathematical and statistical models and artificial intelligence
techniques. Classical techniques used include exponential smoothing
[13,29], autoregressive moving average (ARIMA) methods [8,23],
Kalman filter methods [17,35], and so on. Artificial intelligence tech-
niques used include expert systems [21,25], fuzzy systems [24], neural
network (NN)models [3–5], and hybridmodels integratingmultiple in-
telligent techniques [30,33].

These classical techniques cannot be used for the modeling of non-
time series. However, the sales forecasting problem investigated in
this paper does not use time series of historical sales. The classical tech-
niques thus cannot be used for the investigated problem. Among artifi-
cial intelligence techniques, the NN model was the most commonly
used one, which has been proved to be universal approximators and
can effectivelymodel various time series and non-time series. A number
of studies also demonstrate that the NN approach outperforms the clas-
sical models due to its capacity of nonlinearity, generalization and uni-
versal function approximation [2,8,28].

In recent years, a novel NN, extreme learning machine (ELM), has
attracted more and more attentions from forecasting researchers

due to its feature of easy to use and fast learning speed [6,26]. The
ELM can avoid many difficulties faced by traditional NN learning algo-
rithms, such as the selections of stopping criteria, learning rate, and
learning epochs because of its distinct learning mechanism. On the
basis of ELM, Wong and Guo [33] recently developed an effective hy-
brid intelligence model to provide effective and reliable forecasts for
fashion sales series characterized by nonlinearity, seasonality or irreg-
ularity, which utilized harmony search (HS) to improve the generali-
zation and forecasting performance of the ELM, and utilized a fine-
tuning process to further improve forecasting accuracy. Their model
can outperform ARIMA models and an evolving NN-based forecasting
model and an ELM-based model proposed by Sun et al. [26].

In this research, a multivariate intelligent decision-making (MID)
model is developed to dealwith the investigated sales forecasting prob-
lembased on the hybrid intelligencemodel proposed byWong andGuo
[33]. To decrease the side effects of irrelevant and redundant inputs and
the large computational complexity caused by too many input vari-
ables, a novel variable selectionmethod, HS-wrapper-based variable se-
lection, is developed in the MID model to select out an appropriate
input variable subset from a large number of input variables and ex-
plore the relations between overall sales of a retail product and its
early sales as well as various influencing factors.

The remainder of this paper is organized as follows. In Section 2,
the proposed MID model for the investigated sales forecasting prob-
lem is presented. Experimental design and results are presented in
Section 3. Section 4 further analyzes and discusses the experimental
results and the performance and effectiveness of the proposed
model. Finally, conclusions and future work are described in Section 5.

2. Multivariate intelligent decision-making model for sales
forecasting

This research considers the early sales of a retail product and var-
ious influencing factors as candidate input variables and assumes that
there are m input variables in total and n pairs of multi-input–
single-output (MISO) samples data are given. Let Xi; yið Þ denotes the
ith input/output data pair (1≤ i≤n).

To forecast the overall sales of a retail product in a selling season on
the basis of its early sales, this research firstly identifies the relation-
ships between m input variables (xi1,xi2,⋯,xim) of Xi and the overall
sales volume yi and selecting out an appropriate subset of input vari-
ables from Xi as the valid inputs, and then establishes an effective
model to approximate these relationships in terms of n given samples
data. Lastly, the established model is utilized to forecast the sales vol-
umes of other retail products on the basis of their early sales and relat-
ed input variables. A multivariate intelligent decision-making (MID)
model is developed to implement the said processes.

Fig. 1 shows the architecture of the proposed MID model, which is
composed of 3modules, including a data preparation and preprocessing
(DPP) module, a HS-wrapper-based variable selection (HWVS) module
and amultivariate intelligent forecaster (MIF)module. The DPPmodule
extracts sales data of past products from the point-of-sales database of
retailers, and then preprocesses these data for the development and
validation of theMIDmodel. The HWVSmodule selects out the optimal

Data preparation
and preprocessing

HS-wrapper-
based variable

selection

Modelling multi-
variate intelligent

forecaster

Optimal input
variable subset

Multivariate
intelligent
forecaster

Test data Final forecast
of sales volume

T
ra

in
in

g 
da

ta

Fig. 1. Architecture of the MID model.
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