Applied Mathematical Modelling 34 (2010) 3976–3990

Contents lists available at ScienceDirect

Applied Mathematical Modelling
journal homepage: www.elsevier.com/locate/apm

Integration of particle swarm optimization-based fuzzy neural network
and artiﬁcial neural network for supplier selection
R.J. Kuo a,*, S.Y. Hong b, Y.C. Huang c
a

Department of Industrial Management, National Taiwan University of Science and Technology, No. 43, Section 4, Keelung Road, Taipei 106, Taiwan
Department of Industrial Engineering and Management, National Taipei University of Technology, No. 1, Section 3, Chung-Hsiao East Road, Taipei 106, Taiwan
c
Department of Accounting, I-Shou University, No. 1, Section 1, Syuecheng Rd., Dashu Township, Kaohsiung County 840, Taiwan
b

a r t i c l e

i n f o

Article history:
Received 7 February 2009
Received in revised form 15 March 2010
Accepted 30 March 2010
Available online 14 April 2010
Keywords:
Supplier selection
Fuzzy neural network
Particle swarm optimization

a b s t r a c t
This study is intended to develop an intelligent supplier decision support system which is
able to consider both the quantitative and qualitative factors. It is composed of (1) the collection of quantitative data such as proﬁt and productivity, (2) a particle swarm optimization (PSO)-based fuzzy neural network (FNN) to derive the rules for qualitative data, and
(3) a decision integration model for integrating both the quantitative data and fuzzy
knowledge decision to achieve the optimal decision. The results show that the decision
support system developed in this study make more precise and favorable judgments in
selecting suppliers after taking into account both qualitative and quantitative factors.
Ó 2010 Elsevier Inc. All rights reserved.

1. Introduction
An ever-increasing trend in today’s industrial ﬁrms is to exploit outsourcing for those products and activities deemed to
be outside the company’s core business. This is because that under the changing environment, industrial ﬁrms have to focus
more on their core components and employ suppliers to outsource. Thus, selecting suitable suppliers becomes a very important issue in supply chain. However, managers always give too much self-concern making an accurate decision. Recently,
Artiﬁcial Intelligent (AI)-based models have very promising results in a number of areas, like forecasting. Therefore, this
study intends to present an AI-based decision support system so that managers can choose the suitable suppliers to get more
business beneﬁt. In addition, the other objective is to consider the qualitative as well as the quantitative factors, since both of
them are critical for decision making.
The proposed system is composed of (1) collection for quantitative factors, (2) a fuzzy neural network (FNN) model for handling qualitative data, and (3) decision integration model. The quantitative factors include quality, ﬁnance, location, price, delivery deadline and productivity. The fuzzy IF-THEN rules are summarized from the questionnaire ﬁlled by the experts and
generated by a proposed fuzzy neural network (FNN) with initial weights generated by particle swam optimization (PSO) algorithm. Finally, the results from the above two parts are integrated through a feed-forward artiﬁcial neural network (ANN) with
error back-propagation (EBP) learning algorithm. The simulation results show that PSO-based FNN is able to learn the fuzzy
relationship between fuzzy inputs and outputs. In addition, a real world problem from a well-known Laptop computer company
indicates that the proposed decision support system can provide better result compared with regression model.
The rest of this paper is organized as follows. Section 2 presents brief review of the backgrounds, while the proposed
method is illustrated in Section 3. The real world problem results are shown in Section 4. Finally, the concluding remarks
are made in Section 5.
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2. Literature review
This section will brieﬂy give some descriptions to supplier evaluation criteria and supplier selection methods,
respectively.
2.1. Suppliers evaluation criteria
Supply chain management can be deﬁned as ‘‘a set of approaches utilized to efﬁciently integrate suppliers, manufacturers,
warehouses, and stores, so that merchandise is produced and distributed at the right quantities, to the right locations, and at
the right time, in order to minimize system wide costs while satisfying service level requirements [1]. Therefore, it is really
an important issue to choose the appropriate supplier in today’s supply chain. The cost-oriented industry may consider capital cost as the most important factor, while the quality-oriented industry may rely on the supplier’s product quality as the
most critical reason. Therefore, it depends on every industry’s business culture, competitive strategy and product types.
The early works on supplier selection identiﬁed over twenty supplier attributes which manager tradeoff when choosing a
supplier [2]. Since then, a number of ideal articles mentioned about supplier selection have appeared [3]. The conceptual
articles like [4,5], and (Kraljic, 1983) are examples of papers emphasizing on the strategic importance of the supplier selection process. The above articles underscore the tradeoff among quality, cost and delivery performance measures in the supplier selection process.
Choi and Hartley [6] generalized 26 attributes for the supplier evaluation criteria according to the research done by Dickson [2], and Weber et al. [3] make factor analysis and then they are cataloged into eight factors including ﬁnance, consistency, relationship, ﬂexibility, relationship, technological capability, customer service and reliability.
Several other authors have evaluated the relative importance of quality, cost, delivery performance, and other supplier
attributes. According to a review of 74 articles discussing about supplier selection criteria, quality was perceived to be
the most important one and following with delivery performance and cost [7].
Through Table 1, it is easy to realize the evolution of the decision criteria from past to present. Three decades before customers require a product for their basic demand but not take the service as desirable factors. This may be the reason why the
ﬁrst four priorities in 1970’s are. In the 1990’s, with the shift of society organization and the rapidly growth of technology,
what customers want is not only just something for use but also goods with much more additional functions and superior
quality.
2.2. Supplier selection methods
In the following some techniques used to select supplier will be presented.
2.2.1. Data envelopment analysis (DEA)
For each supplier, the DEA method not only ﬁnds the most favorable set of weights but also helps the buyer classify the
suppliers into two categories: the efﬁcient suppliers and the inefﬁcient suppliers. DEA was proposed for evaluation of vendors that were already selected. Besides, the application of DEA in supplier selection is also applied in several publications
[11]. A combination of multi-objective programming and the DEA method provides buyers a tool for negotiating with vendors that were not selected right away as well as to evaluate different numbers of suppliers to use [12,13]. Recently, a combination of AHP and DEA is applied in the ﬁeld of supplier evaluation [14].
2.2.2. Clustering analysis (CA)
CA is a basic statistical method that uses a classiﬁcation algorithm to group numbers of items which are described by a set
of numerical attribute scores into a number of clusters. Apparently, CA can also be applied to group suppliers that are described by scores on some criteria in use. The result is a classiﬁcation of suppliers in clusters of comparable suppliers.
2.2.3. Linear weighting models
In linear weighting models, weights are given for every criteria and the largest weight indicates the highest importance.
Analytic hierarchy process (AHP) is utilized to deal with the imprecision in supplier selection [15]. In short, AHP avoids the
difﬁculty of providing point estimates for criteria weights as well as performance scores in the basic linear weighting model.
Table 1
Summary decision criteria [8].
Rank order of decision criteria

Lehmann and O’Shaughnessy [9]
Lehmann and O’Shaughnessy [10]
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Quality
Service
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Service
Delivery
Delivery

*Rank 1 implies the highest importance, while rank 4 represents the least important.

