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Abstract 

AHP (Analytic Hierarchy Process) method is a systematic method that provides a 

comprehensive structure to combine the intuitive rational and irrational values during 

the decision-making process by a pair-wise comparison approach for comparing a list 

of objectives or alternatives. However, the AHP process is time-consuming and the 

decision model is static. It cannot reflect the change brought by a sudden incident to 

the relative weights of decision criteria. In this paper, we present an algorithm that can 

determine the priorities of alternatives from adjusted relative weights. In other words, 

if the relative weights of the prime criteria are changed, how will the ranking be 

affected? Our algorithm can deal with the change by the decision maker's preferences 

have changed. And it helps decision-maker(s) to make more effective decisions. 
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1. Introduction 

AHP is one of the major techniques in dealing with MCDM problem that was 

originally developed by Professor Thomas L. Saaty (1980, 1990, 2003, and 2008). It 

is based upon making pair-wise comparisons between the decision alternatives for 

each criterion, enabling the ranking of the decision alternatives to be achieved. It is 

helpful for decision makers to structure the problems, conduct analysis, and rank the 

alternatives (Jiang et al. 2011). Due to its logicality, rationality, and computational 

simplicity, AHP has been widely applied to the research of evaluation and selection 

problems and risk analysis problems. 

AHP is based on seven steps, and depicted below (Vaidya et al, 2006;Wu et al. 

2012): (1) State the problem; (2) Broaden the objectives of the problem by 

considering all actors, objectives, and outcomes; (3) Identify the criteria and/or 

sub-criteria; (4) Structure the problem hierarchically by considering the goal, criteria, 

sub-criteria, and a set of alternatives; (5) Construct a set of pair-wise comparison 

matrices; (6) Perform computations to find the maximum eigen-value, consistency 



index, consistency ratio (CR), and normalized values for criteria and/or sub-criteria 

and alternative; and (7) Use the normalized values to make decisions if CR is 

satisfactory with the value less than 0.1. Furthermore, AHP allow some small 

inconsistency in judgment because human is not always consistent. 

Additionally, because of its flexibility, it can be integrated with other methods, 

e.g., QFD (Quality Function Deployment) (Lu et al. 1994; Bhattacharya et al., 2005; 

Vaidya et al, 2006; Rajesh et al. 2013 ), DEA (Data Envelopment Analysis) (Liu et al., 

2005; Zhang et al., 2006), meta-heuristics (Rad et al., 2008), and SWOT 

(Strengths-Weaknesses-Opportunities-Threats) (Kurttila Mikko et al., 2000; Ram et 

al., 2004;), etc. (Ho 2007; Diamantopoulos 2012; Liu et al. 2013) This enables the 

user to extract benefits from all the combined methods, and hence, achieve the desired 

goal in a better way (Vaidya et al. 2006). 

The AHP also allows group decision making, where group members can use their 

experience, values and knowledge to break down a problem into a decision hierarchy 

and solve it by the AHP steps (Kamal M. Al-Subhi et al. 2001; Liu et al., 2013). The 

application of the AHP to support group decisions has proven to be contributive in 

several research studies. According to Dyer and Forman (1992) also believe that the 

AHP is well suited to group decision making and that it can be applied to a variety of 

group decision contexts. They argued that the AHP can help group decision makers’ 

structure complex decisions, develop measures of utility, and synthesize measures of 

both tangibles and intangibles with respect to the numerous competing objectives 

inherent in almost any decision (Lai et al. 2002). 

Although AHP which is known as a powerful decision-making process to help 

decision maker(s) make the best possible decisions. But AHP is a static model. It can’t 

deal with the change by the decision maker's preferences have changed. And humans 

have a natural cognitive bias towards giving too much weight to unusual events. For 

example, by February 2013, the Abenomics policy led to a dramatic weakening of the 

Japanese yen. If the decision-maker(s)’s preferences change over time, the matrix will 

re-calculate.  

The purpose of this paper is to provide an algorithm that can determine the 

priorities of alternatives from adjusted relative weights. 

 

2. Literature Review 

Decision-making are one of the most central processes in organizations and a basic 

task of management at all levels. According to Cole (2004), decision-making is a 

process of identifying a problem, evaluating alternatives, and selecting one alternative. 

The AHP is a powerful and flexible decision-making process (Saaty, 1980) to help 

managers set priorities and make the best decision when both qualitative and 



quantitative aspects of a decision need to be considered. The benefits of the AHP 

include its ability to handle multiple stakeholders with multiple objectives, the 

inclusion of possible interaction effects and the relative ease of computation (Weiss et 

al., 1987). 

However, in real-world application, the human preference model is uncertain and 

decision-makers may be unable to assign exact numerical values to the comparison 

judgments. For instance, when evaluating different suppliers, the decision-makers are 

usually unsure about their level of preference due to incomplete and uncertain 

information about possible suppliers and their performances. Since some of the 

supplier evaluation criteria are subjective and qualitative, it is very difficult for the 

decision-maker to express the strength of his preferences and to provide exact 

pair-wise comparison judgments. For this reason, we need a more effective method 

than the original AHP that can help us to make more accurate decisions (Bellman and 

Zadeh, 1970). 

Today many researchers and practitioners are working in dynamic 

decision-making related research topics. According to Benítez et al. (2012) propose a 

framework that allows users to provide partial and/or incomplete preference data at 

multiple times. According to Chiang (2005) proposed a dynamic decision approach 

for long-term vendor selection based on AHP and BSC (Balanced Score-Card) for 

purpose of choosing the sellers. According to Searcy (2004) also suggests integrating 

AHP and BSC for estimating the performance of enterprises to structure the analytic 

frameworks. According to Lin et al. (2008) proposes an adaptive AHP approach (A3) 

that uses a soft computing scheme, Genetic Algorithms, to recover the real number 

weightings of the various criteria in AHP and provides a function for automatically 

improving the consistency ratio of pairwise comparisons. According to Duleba et al. 

(2012) propose an algorithm for scoring so that the missing data of the matrices could 

be calculated.  

Dynamic analytic hierarchy process is the method considering the factor of time in 

AHP model, and the judgment matrices are time dependent functions, named dynamic 

judgment matrices (Saaty, 1980; Li, 1997; Gao et al. 2011). Saaty (1980) gives several 

normal functions in dynamic judgment matrices and discusses the corresponding 

solutions, but to find the analytical solution is very difficult. So far, a few methods 

have been proposed for solving this problem, including least perturbations method 

(Xu, 2004), least square method (Jensen, 1984), and goal programming method 

(Bryson, 1995). Saaty (2007) expressed There are essentially two analytic ways to 

study dynamic decisions: structural, by including scenarios and time periods as 

elements in the structure that represents a decision, and functional by explicitly 

involving time in the judgment process. A possible third way would be a hybrid of 



these two.  

 

3. Methodology 

We first provide AHP method to help an iron and steel firm’s decision makers facing a 

complex problem with multiple-criteria to evaluate and select the best supplier. Then 

define the different tasks in dynamic decision-making under uncertainty as problem 

analysis and problem solution. But the results indicate that AHP is a systematic 

analysis methodology, nevertheless it can’t allow decision maker(s) to adjust the 

criteria and/or sub-criteria promptly. In order to improve the AHP architect cannot 

display the change brought by an unexpected incident. And it cannot show accurately 

the dependency among criteria. 

Following are the mathematical that are sensitivity analysis investigates how our 

decision might change given a change in two criteria. 
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Before we start to solve the problem, we first assume the following terms: 
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Following are the examples. In Table 1, we can see if we change the prefers 

(Criterion D ≻  Criterion C) then the value changed ( 2 ≻  1/5). The results of this 

analysis are displayed in the Table 2.  

 

 

Table 1 Original Matrix:  

 Criterion A Criterion B Criterion C Criterion D Weight Ranking 

Criterion A 1 1 3 5 1.968 1 

Criterion B 1 1 2 4 1.682 2 

Criterion C 1

3
 

1

2
 

1 5 0.955 3 

Criterion D 1

5
 

1

4
 

1

5
 

1 0.316 4 

 

 

 

Table 2 New Matrix: 

 Criterion A Criterion B Criterion C Criterion D Weight Ranking 

Criterion A 1 1 3 5 1.968 1 

Criterion B 1 1 2 4 1.682 2 

Criterion C 1

3
 

1

2
 

1 1

2
 

0.537 4 

Criterion D 1

5
 

1

4
 

2 1 0.562 3 
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4. Conclusions 

As mentioned previously, we have proposed an efficient algorithm to identify changes 

in pair-wise comparison matrix that may be triggered by an unexpected incident. In 

the future, we plan to link AHP and ECA rule base to develop a tool based on this 

calculation method. We expect that this calculation method will become practical in 

the iron and steel industry.  
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