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Abstract 

 
Considering the large sums of money required to implement advanced manufacturing technologies (AMT), 
management must carry out appropriate evaluations and then make critical decisions.  Traditional justification 
methods are insufficient by themselves because they cannot cope with benefits, such as flexibility and enhanced 
quality, offered by AMT.  Selection and justification processes for AMT involve complex problems and require 
extensive analysis of a large number of criteria.  An appropriate decision-making procedure for justification of AMT 
requires consideration of both economic and non-economic investments.  Thus, the main objective of this paper is to 
analyze the problem of justifying advanced manufacturing technologies by using a multiple criteria decision-making 
(MCDM) approach such as analytic hierarchy process (AHP).  An analytical model is presented for the selection of 
a rapid prototyping (RP) system from a set of mutually exclusive decision alternatives.  The proposed model is 
based on the analytic hierarchy process (AHP) and it provides the means for integrating economic with non-
economic benefits.   
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1. Introduction 
In order to survive in today’s global competitive environment, manufacturing companies must be capable of 
manufacturing high-quality products at low cost with increasing variety over short lead times and then be able to 
deliver them to customers at the right time.  In order to achieve these objectives and to respond to these challenges, 
many companies have adopted advanced manufacturing technologies (AMT) such as computer-aided design (CAD), 
manufacturing resource planning (MRP II), flexible manufacturing systems (FMS), computer-integrated 
manufacturing (CIM), rapid prototyping technology, and so forth.  These technologies have been used extensively in 
industry.  AMT can be considered as a means for increasing productivity, quality, flexibility, and profitability in 
order to cope with the pressure of international competition.  Although AMT can improve overall manufacturing 
performance, companies maintain some ambivalence toward deciding whether to invest in such technologies.  Also, 
the subject of the economics of AMT recently has become of significant interest to the management science 
community [1]. 
 
Selection and justification of AMT involve decisions that are critical to the profitability and survival of a 
manufacturing company in an increasingly competitive environment.  AMT requires a high capital outlay yet offers 
a large number of non-economic benefits such as flexibility, competitiveness, customer satisfaction, and so on which 
are generally difficult to quantify.  Traditional justification approaches are insufficient to justify AMT.  Researchers 
have adopted numerous approaches to justify AMT, but these approaches often provide limited information.  For 
example, economic justification approaches are incapable of analyzing intangible attributes.  Justification of AMT is 
an unstructured problem, and thus it requires extensive analysis of a large number of variables. 
 
The major hurdles in implementing AMT are not engineering shortcomings in the equipment or manufacturing 
processes, but rather, managerial attitudes and policies are examples in the justification problem [2].  Today, most 
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major corporations are struggling with their traditional justification methods because these methods are either 
misapplied, or the information included in the calculations is inadequate for the multifaceted problem being tackled 
[3].  Manufacturing technologies reshape the basic ways in which a firm perceives the problems, and hence, they 
often alter the firm’s objectives.  Decision-making in such situations becomes quite complex because manufacturing 
excellence encompasses quality, flexibility, throughput times, customer satisfaction, and many other such problems.  
Basically, the justification problem for manufacturing systems is a very difficult one to solve because of the 
following [3]: 

• Cost patterns of new technologies are rarely understood, so cost estimates and pricing policies for 
innovative products are fraught with uncertainty. 

• Traditional methods of accounting do not consider non-economic benefits such as quality, reduced lead 
times, and so on. 

• Investment in islands of technology within the company does not add any significant improvements. 
• Companies frequently set extremely high goals for investment opportunities with the notion that high 

discount rates ensure high returns.  Often, just the opposite holds true if a long-term perspective is taken. 
• The trap of sunk costs tends to bind future technology decisions to previous decisions. 
• Capital investment is high. 
• Payback period is quite substantial; hence, it is difficult to apply traditional approaches. 
• Cost patterns have changed, manufacturing overheads continue to grow for many companies, and costs 

such as maintenance, quality control and material handling should be done on an individual basis. 
• Usability of the technology is not being considered. 

 
Rapid prototyping is a relatively new technology.  Wozny [4] defines it as the process of selectively depositing a 
gas, liquid, powder, or sheet material in layers.  The purpose of these processes is to produce solid three-dimensional 
parts directly from CAD models [5]. 
    
The paper was developed in five sections.  In the second section, a comprehensive review of recent literature on 
justification techniques for AMT is presented.  The next section provides a brief presentation of the concepts of AHP.  
An analytical model to justify AMT is presented in the fourth section.  Finally, the conclusion of this paper is given.  
 
2. Recent Literature on Justification Techniques 
Researchers have contributed much toward justifying automation technologies using various justification 
approaches, and they have also categorized these approaches.  For example, Meredith and Suresh [6] partitioned the 
literature on the justification methods of advanced manufacturing technologies into three groups that correspond to 
different levels of integration of new manufacturing technology – from stand-alone systems to completely integrated 
systems such as CIM.  Their first group, called “economic justification approaches,” is concerned with simple 
economic functions such as payback (PB), return on investment (ROI), internal rate of return (IRR), net present 
value (NPV), and so on, used in problems where there is no uncertainty. 
 
The second group is called “analytic justification approaches,” and it includes those models which are too complex 
for the first group and too quantitative for the third group. When flexibility, risk, and non-monetary benefits are 
expected, as with rapid prototyping, analytical justification approaches are required.  In order to justify 
manufacturing systems at the intermediate level of integration (namely, CAD, CAM, FMS, and so on), analytic 
approaches such as risk analysis, portfolio analysis, and value analysis have been suggested [6].   
 
Scoring models [7] seem to have rational underlying principles, and their use has been reported by several authors 
[8].  The weighted factor scoring model developed by Satty [9] is called the “Analytic hierarchy process” (AHP).  
Sprinivasan and Millen [10] used AHP as the basis of a framework to evaluate the strategic impact of FMS 
investment, and they have attempted to integrate such evaluations with traditional discounted cash flow (DCS) 
procedures.  Arbel and Seidmann [11] used AHP to evaluate and compare two similar systems, such as two FMSs.  
Wabalickis [12] developed a justification methodology based on AHP to evaluate the many tangible and intangible 
benefits of an FMS investment.  Mohanty and Venkataraman [13] used the AHP for justification of three automated 
manufacturing systems. 
 



248 
 

The third group from Meredith and Suresh [6] is called “strategic justification approaches.”  These approaches are 
qualitative in nature, and are concerned with issues such as technical importance, business objectives, competitive 
advantage, and research and development.  When strategic justification approaches are employed, the justification is 
made by considering long-term intangible benefits.  The problem with these approaches is that they are extremely 
subjective, and they lack adequate structures to be used with sufficient confidence as valid scientific methods. 
 
Naik and Chakravarty [14] reviewed various justification approaches.  They summarized the justification techniques 
according to four main types: economic, analytical, strategic, and integrated approaches.  Most integrated 
approaches are developed for projects with different combinations of economic, analytic, and strategic approaches. 
 
Mohanty [15] classified various justification approaches into four classes: qualitative, semi-qualitative, quantitative, 
and mathematical programming models.  Qualitative models generally deal with the identification of problems and 
the causes of such problems rather than finding a specific solution.  Such methods are basically insightful and 
facilitate the creation of a perturbation in the mind of the decision maker by exposing his/her decisions to a variety 
of factors and attributes.  Semi-qualitative methods are used to transform the subjective judgments to simple linear 
measures in order to evaluate the AMT.  Quantitative methods aim at quantifying the varieties of attributes of AMT 
basically through monetary or surrogate measures.  Mathematical models seek to determine the best (optimum) 
course of action for a decision problem under the restriction of limited resources, when the objectives and the 
constraints of the model can be expressed quantitatively or mathematically as functions of the decision variables.  
Thus a mathematical model is formed.  Table 1 presents a summary of some of the justification approaches 
documented in the literature. 
 
It is apparent from the literature that the justification of AMT is a complex process and involves a large number of 
attributes.  The selection of an AMT is problem-specific and is an unstructured problem. 
 
3. Analytic Hierarchy Process 
Analytic Hierarchy Process (AHP) is a decision-aiding tool for dealing with complex, unstructured, and multi-
criteria decisions.  It was developed at the Wharton School of Business by Thomas Saaty in the late 1970s.  It is a 
flexible model that allows individuals or groups to shape ideas and solve problems by making their own 
assumptions.  The AHP incorporates judgments and personal values in a logical way – the same way the human 
mind sorts through multiple options in the course of decision-making.  The decision-making process depends on 
experience, imagination, and knowledge to structure a problem and upon experience, intuition, and logic to provide 
judgments for solving the problem [16].  Unlike conventional decision-analysis techniques, the AHP methodology 
does not require numerical guessing. It can easily accommodate subjective judgments concerning aspects of a 
problem for which no scale of measurement exists. These judgments are used in deriving ratio scale priorities for the 
decision criteria and alternatives [17].  The theory of AHP is based on the three stages of problem solving.  They are 
the principles of decomposition, comparative judgments, and synthesis of priorities. 
 
Multi-Criteria-Decision-Making (MCDM) methods provide a comprehensive set of qualitative and quantitative 
criteria to help in justifying the AMT.  In fact, subjective measurement is the only concept that is widely accepted in 
MCDM to deal with multi-criteria problems.  A robust MCDM procedure used for justification of AMT should be 
able to incorporate tangible and intangible factors.  AHP is one of the MCDM methods that which has been used 
very successfully in many situations in which a decision situation is characterized by a multitude of complementary 
and conflicting factors.  Therefore, AHP has been selected as the simplest tool that provides accurate models in the 
context of a performance measurement system.  Many researchers [18-22] have compared AHP with five other 
approaches, including the utility approach and multiple regression approach.  The results showed that AHP is the 
least difficult and most robust approach, as well as being highly useful in performance measurement. 
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Table 1: Summary of available justification approaches 

Economic Approaches 

• Payback 
• Net present value 
• Internal rate of return 
• Return on investment 
• Non-DCF  
• Sensitivity analysis 

Analytic Approaches 

Risk Analysis 
• Stochastic methods  
• Monte Carlo simulation 
Portfolio Analysis Non-numeric 

• Sacred cow 
• Operating necessity 
Scoring 
• AHP 
• Unweighted 0-1 
Programming 
• Integer 
• Goal 
• Quadratic 

Value Analysis 
• Utility models 

Strategic Approaches 

• Technical benefits 
• Business advantage 
• Competitive factors 
• Research and development 

Integrated Approaches 

• Multi-attribute utility theory 
• Scenario planning and multilevel screening 
• Computer programming 
• Simulation and DCF 
• AHP and DCF 
• Expert systems 
• Manufacturing system value 
• AHP and mathematical programming 
• AHP, simulation, and DEA 
• DSS framework 

 
4. Analytical Model to Justify Advanced Manufacturing Technologies 
A proposed analytical model to justify advanced manufacturing technologies using the standard AHP and Expert 
Choice will be presented in this chapter.  This model combines the economic and non-economic benefits and 
consists of the following main steps: 

1. Identify the overall objective of the analysis, which is to select the best alternatives from advanced 
manufacturing technologies. 

2. List the set of AMT decision alternatives (Ai, 1 ≤ i ≤ m) that the organization can undertake.  Three AMT 
decision alternatives will be considered in this analysis.  They are as follows:  rapid prototyping, software 
prototyping (CAD/CAM), and hardware prototyping. 

3. Identify the competitive criteria and their measures, which may have an impact on the organization. 
4. Structure the hierarchy. 
5. Determine the overall weight for each alternative and select the alternative which has the highest weight. 
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4.1 Identify the competitive criteria and their measures 
Competitive criteria and identification of their sub-criteria is the most crucial step in this model.  Failing to include 
them in the model may result in deterioration of the outcomes. A review of the existing literature on manufacturing 
systems was performed in order to identify the competitive criteria by focusing on the competitive strategy.  The 
manufacturing competitive criteria (quality, flexibility, productivity, time, cost, customer satisfaction, market share, 
finance, and delivery) appear to be the most widely accepted in the manufacturing strategy literature [23-26].  Those 
critical criteria can be seen to cover all aspects of a manufacturing system: financial results, operating performance 
(through the dimensions of quality, flexibility, time, delivery and cost), and the way the company is perceived 
externally (through its customers).  Gad El Mola [27] identifies more than 200 measures as being relevant to the 
following competitive criteria:  quality, flexibility, time, delivery, cost, customer satisfaction, and finance. 
 
4.2 Structuring the hierarchy 
Once competitive priorities and their measures have been identified, the decision-maker begins to structure the 
hierarchy.  This model proposes a hierarchy with four management levels.  They include the top, upper middle, 
lower middle, and operational levels.  In order to recognize the ever-increasing importance of non-economic 
benefits, at the top management level, the hierarchy consists of two criteria: non-economic and economic categories.  
At one level lower than the top management level (the first-middle management level), the measures include 
manufacturing system criteria such as quality, flexibility, dependability, customer satisfaction, time, and 
productivity, and economic criteria such as profitability, market share, and cost.  In addition, the criteria at this level 
may have several sub-criteria out of which is constructed the second-middle management level.  For example, the 
quality criterion has two sub-criteria: customer response and conformance to specifications.  The time criterion has 
two cub-criteria: internal and external.  The dependability criterion has two sub-criteria: delivery and machine 
availability.  The productivity criterion has three sub-criteria: partial, total-factor, and total productivity.  The lowest 
management level (operational management level) includes measures that lead to simplification of the 
manufacturing process compared to high-level performance measures. The last level includes the AMT decision 
alternatives, which can contribute to each operational measure in a unique way.  The hierarchical scheme just 
explained is shown in Figure 1.   
 

 
Figure 1: Hierarchical structure for justification of advanced manufacturing technologies 
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4.3 Determine the Overall Weight for Each Alternative and Select the Alternative that has the Highest 
Weight 

Once the hierarchy has been structured, the overall weight of each alternative can be calculated.  The following steps 
describe in detail how to determine the overall weight for each alternative. 

1. Assign weights to each category at the top management level on the basis of the relative importance of its 
contribution to the overall objective.  Thus, one input pairwise comparison of criteria matrix PMt = (αtij) of 
nt by nt will be obtained.  Here, nt is the total number of categories at the top management level, and the 
element αtij is the importance of criterion i compared to criterion j at this level.  A weighting procedure 
within the AHP enters PMt and generates an eigenvector RWt = (rwti) that has nt elements.  Typically, nt = 
2 (economic and non-economic benefits). 

2. At the second level of the hierarchy, consider the ith category of the top management level.  Then, one input 
matrix of pairwise comparisons of criteria (at the first-middle level) that corresponds to the ith criterion of 
the top level can be obtained.  The result is stored in an nm1 by nm1 matrix i

1mPM .  Here, nm1 is the total 
number of criteria at this level.  A weighting routine in enters puts i

1mPM  and generates the relative 
weight for each criterion in relation to the ith criterion at one level higher.  This “local relative weight” is 
stored in a local weighting vector i

1mRW .  Typically, in comparison with “global” weights, “local” weights 
are obtained within the framework of single criterion at one level higher.  The “global relative weight” at 
this level is computed and then stored in a vector GWm1 = (gwm1i) that has the nm1 elements as follows: 
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3. The second step will be repeated for the second middle level and for the operational level, and the global 

relative weights will be obtained as GWm2 and GWo = (gwoj). 
4. Assign weights to each alternative on the basis of the relative weight of its contribution to each operational 

performance measure.  Thus, one input pairwise comparison of alternative matrix j
LPM of nL by nL will be 

obtained.  Here, nL is the total number of decision alternatives at the Lth level.  A weighting procedure 
within the AHP enters j

LPM  and generates an eigenvector )rw(RW Lj
j

L = that has nL elements. 
5. The overall weight for each alternative )OW(

iA  can be calculated using the following equation, and then 
the alternative with the highest weight can be selected. 
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The above analytical model is dynamic over time.  As a company evolves, the hierarchy must be adjusted 
accordingly.  Another interesting aspect is that the hierarchy is not company-invariant.  The hierarchy must be 
adjusted depending on the unique situation faced by each individual company or division.  Basically, the 
hierarchical schema is designed to accommodate any number of levels.  New levels can easily be added to or deleted 
from the hierarchy.  Therefore, the proposed model is highly flexible.  It incorporates economic and non-economic 
measures into the hierarchy.  Furthermore, these two types of measures are compared indirectly; i.e., an economical 
measure is compared with another economical measure, while a non-economical measure is compared with another 
non-economical measure, respectively.  This comparison method relieves the burdens of human estimators because 
of homogeneous comparisons. 
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AHP is a flexible tool because it can be applied to any hierarchy of justification problems, regardless of the number 
of levels of competitive criteria and their measures.  However, there are some assumptions that have to be carefully 
considered before applying AHP to the problem of justification.  Such assumptions, if disregarded, can mislead 
managers about this technique.  The assumptions for the proposed model are as follows: 

1. Competitive priorities and their measures should be independent, not redundant and additive; 
2. The pairwise comparisons made by managers have to be fairly consistent; 
3. The 1 to 9 preference scale allows the relative importance of competitive priorities and their measures to be 

expressed well. 
 

6. Conclusions 
This paper presented an overview of available methods for the justification of advanced manufacturing technologies.  
Uncertainty concerning market conditions forces manufacturing companies to look for more and more advanced 
technologies.  Large investments involve critical decisions and require an appropriate justification analysis.  In 
recent times, the adoption of economic and multi-attribute decision approaches are called upon to aid in breaking 
down, analyzing, communicating, and synthesizing the nature of the justification problem, and hopefully lead to the 
best decision under the circumstances.  Selection of an AMT alternative is thus a complex problem.  An analytical 
model is presented for the selection of a rapid prototyping (RP) system from a set of mutually exclusive decision 
alternatives. The proposed analytical model integrates economic and non-economic benefits to justify AMT 
alternatives.  It is flexible and dynamic over time.   
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