Application of ANP in Production Line Selection

A Case Study for ERP Sand Table Simulation Evaluation

Jinyu Wei
Department of Management
Tianjin University of Technology
Tianjin300191, China
weijinyu@tjut.edu.cn

Abstract—Production line selection is evaluated as a critical
factor in Enterprise Resource Planning (ERP). With the scope of
this paper, production line selection was considered as a multi-
criteria decision problem and a model aiming the usage of
Analytic Network Process (ANP) was developed to evaluate the
criteria and alternatives in a feedback system. The criteria were
included into the model to rate benefits, opportunities, costs and
risks (BOCR). Final synthesis of alternatives was obtained by
using rated BOCR. The proposed approach can be adopted as an
evaluation tool by decision-makers in systems which include
feedback and dependence.
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1. INTRODUCTION

ERP is short for Enterprise Resource Planning. Enterprise
resources include workshops, equipments, materials, finance,
suppliers and customers. The essential of ERP is how to
organize production rationally to achieve the highest profit and
the lowest cost given limited resources [1].

ERP has a well-developed theoretical background and a
number of research studies have been carried out to examine
the kernel of ERP [2-9]. F. Robert Jacobs and F. C. 'Ted'
Weston Jr [2] showed a history of ERP; Sanna Laukkanen,
Sami Sarpola and Petri Hallikainen [3] introduced the
objectives and constraints of ERP adoption and Hong Seng
Woo [4] presented critical success factors for implementing
ERP.

It is UFSoft in China who first associate ERP and sand
table in 2003 [10]. UFSoft simulated enterprise operating on
sand table by referring to ERP theory and setting regulations
for producing and operating. In addition, other scholar such as
Chan-Hsing Lo, Chih-Hung Tsai and Rong-Kwei Li in Taiwan
also researched how to convey the ERP sand table simulated
data to a real operating environment [11].

ERP play a key role in enterprise business and selection of
production line is critical to an enterprise’s eventual success. A
suitable production line can provide favourable contributions to
an enterprise’s market competitiveness. In such circumstances
the problem of production line selection is chosen to study the
process of ERP sand table simulation evaluation in this
research.
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A wide variety of mathematical approaches have been
proposed for decision making problems, such as linear
weighting methods [12], data envelopment analysis, analytic
hierarchy process (AHP) [13], total cost approaches [14], and
mathematical programming techniques [15]. AHP is a
relatively popular tool for modelling strategic decisions and
Saaty suggested the usage of AHP to solve the problems of
independence on alternatives or criteria. AHP is conceptually
easy to use, however, in many actual decision problems, strict
hierarchical structure cannot be built because of dependencies
(inner/outer), influences between and within clusters (criteria,
alternatives). This kind of problems with feedback and
dependence should be constructed to be network and ANP is
very useful to solve them. The Analytic Network Process
(ANP), developed by Thomas L. Saaty, is the most
comprehensive framework for the analysis of societal,
governmental and corporate decisions that is available today to
the decision-makers. It is a process that allows one to include
all the factors and criteria, tangible and intangible which have
bearing on making a best decision. The Analytic Network
Process allows both interaction and feedback within clusters of
elements (inner dependence) and between clusters (outer
dependence). Such feedback best captures the complex effects
of interplay in human society, especially when risk and
uncertainty are involved.

The ANP has been applied to a large variety of decisions:
marketing, medical, political, social, forecasting and prediction
and many others. ANP model is used by Laura. M. and Joseph.
S [16], for logistics and supply chain management; V. Ravi,
Ravi Shankar and M. K. Tiwari [17], for end-of-life computers
in reverse logistics; Eddie W. L. Cheng and Heng Li [18], for
strategic partnering; Weiwen Wu and Yuting Lee [19], for
knowledge management strategies selection; Ozden Bayazit
and Birsen Karpak [20], for successful total quality
management.

In production line selection problem, decision-makers
might intuitively feel that some factors are more important that
others in affecting their final preference among alternatives. If
there is some feedback and interdependency among the factors,
an unimportant factor may turn out to be far more important
than even the most intuitively important one. Therefore, ANP
is preferred over other approaches to handle the production line
selection problem.
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II. ESSENTIAL THEORY OF ANP

A. Network structure of ANP

A complicated system can always be denoted to be a
network structure [21]. A typical network structure is as below.

sub-criteria

Figure 1. A typical network structure

B.  Supermatrix [22]

The first phase of ANP is to compare the criteria in whole
system to form the supermatrix. This is done through pairwise
comparisons by asking “How much importance does a criterion
have compared to another criterion with respect to our interests
or preferences?” The relative importance value can be
determined using a scale of 1-9 to represent equal importance
to extreme importance.

Assume a network structure is composed of hierarchy
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which is the general form of the supermatrix. 7 shows

the influence of each element of the £ th hierarchy on the J th
hierarchy, which is called a block of a supermatrix, whose form
is as follows.
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C. Weighted Supermatrix

The priorities of elements in one hierarchy according to a
certain criterion can be denoted with a supermatrix, which
means each column of each hierarchy in the supermatrix is
column stochastic. But the influence that other hierarchy
according to this criterion is not concerned. As a result, each
column of the supermatrix is not column stochastic.

It is essential to consider the influence between each two
hierarchy. The particular method is: regarding each hierarchy
as an element, and pairwise comparing according a certain
hierarchy, then computing corresponding priorities. Suppose

a. . )
7 is the influence weight of the ! th hierarchy on the J th
hierarchy, let

W, = ai/Wi/_ (1)

Wisa weighted supermatrix. In a weighted supermatrix,
addition of elements in each column is 1. Matrix has this trait is
called column stochastic [23]. This step is much similar to the
concept of Markov chain for ensuring the sum of these
probabilities of all states equals to 1.

D. Limited Supermatrix

What we wish to obtain is the priorities along each possible
path in a supermatrix, namely the final influence an element on
the highest goal. This kind of result can be acquired by solving
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The weighted supermatrix is raised to limiting powers such
as in (2) to get the global priority vector or called weights, so
the most important criterion and the best alternative are
acquirable [24].

III. A CASESTUDY

Although advanced production lines can provide new
opportunities and benefits, some additional costs and risks are
inevitable. Therefore, before adopting new production lines, the
benefits, opportunities, costs and risks (BOCR) of these
alternatives, must be evaluated [25]. In this paper, Saaty’s
BOCR approach, an advanced network in ANP, is utilized to
solve production line selection problem.

A. Modeling [27-34]

To build the production line selection model and to
calculate the weights, a software called Super Decisions is
used. The Super Decisions software is a simple easy-to-use
package for constructing decision models with dependence and
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feedback and computing results using the supermatrices of the
ANP.

This problem refers to selection of four types of production
line: current production line, semi-automatic production line,
full-automatic production line and flexible production line.
Benefits, opportunities, costs and risks are criteria, each of
which has its own sub-criteria. The top level network is shown
in Fig. 2 and the subnets under the BOCR merits and the
relationship between clusters are illustrated in Fig. 3.
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Figure 2. The top level network for production line selection model
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Figure 3. The subnets under BOCR merits
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B.  Obtaining pairwise comparison matrices

After modelling, paired comparisons under each control
criterion are performed. This phase is done by using Delphi
method. To make sure the result is more exact and reasonable,
more experts are expected to participate in pairwise
comparison. The elements in a cluster are compared by
applying Saaty’s 1-9 scales according to their influence on an
element in another cluster which they are connected to (or on
elements in their own cluster). The Super Decisions software
reports an inconsistency ratio for each pairwise comparison
matrix [26]. A comparison matrix is considered to be consistent
when its inconsistency ratio is less than 0.1

C. Calculate the priorities of the criteria

The Super Decisions software can provide the priority
vector for the alternatives in the subnets when pairwise
comparisons are done and give the synthesized priority vector
for the alternatives over all the subnets when the calculations
are done in the control network.

The weights of the alternatives in point of BOCR are
summarized in Fig. 4 and the total weights of the alternatives
are showed in Fig. 5. The rates of computed BOCR are given in
Fig. 6.
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Figure 4. The weights of the alternatives in point of BOCR subnets
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Figure 5. The total weights of the alternatives
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Figure 6. The rates of BOCR

From Fig. 4, Fig. 5 and Fig. 6, it is intuitive for the
decision-makes to learn which criterion needs more attention
and which alternative is better than others under a certain
criterion.



IV. CONCLUSIONS

Production line selection, which is one of most important
processes in ERP, must be systematically considered from the
decision-makers. Enterprises can make decisions more exactly
and more rationally with ANP. This study has extended the
limited applications of ANP, especially with BOCR. In this
study, production line selection was considered as a multi-
criteria decision problem and a model was proposed by using
ANP. In addition, usage of Super Decision, a user-friendly
software, makes the decision making process by using ANP
more easy.

The model developed in this paper has a limitation as well:
the results reported in this research are based on the opinion of
the decision-makes, whose preference to some criterion might
have influenced the results. Although Delphi method is used in
pairwise comparison phase, some subjective factors are still
inevitable.
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