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Abstract

To reinforce the Korean Air Force, Korea desires Fighter X, the next-generation fighter of the Korean Air Force (FX project). Recently, however, this important matter concerning the introduction of the F-16 fighter was decided in camera by a few policymakers. Further, little systematic input was given from pilots who are operators and experts. Therefore, to prevent problems and support a prudent decision, one which reflects the pilot’s opinions, a total systematic approach is needed. In this paper, we use an Analytic Hierarchy Process (AHP) and Quality Function Deployment (QFD) to achieve the total systematic approach; we treat the pilot as a customer, we focus on the identification and prioritization of pilot requirements. In particular, we integrate the AHP in the QFD to identify and prioritize the active service pilot’s requirements in his capacity of the Korean next-generation fighter.
1.  Introduction
After the end of Cold War, a tendency of big force of countries (China, Japan and Russia) around the Korean Peninsula brings on the military strength of South Korea. To obtain war restraint power to reinforce of the Air Force, South Korea needs a fighter of the newest type. The largest multi-national air competition is heating up over South Korea, whose code name is FX. Fighter X, the next-generation fighter of the Korean Air Force, has inspired a fierce competition between the world's leading next-generation fighters - the U.S. F-15K, the European Eurofighter, EF-2000: Typhoon, the French Rafale, and the Russian Su-35/37. The Korean Air Force invited bids for the FX project estimated at $4 billion (4.3 trillion won), the largest single military project in the country's history. As a result, lobbying efforts are under way to win the FX project. The leading arms world’s suppliers - Boeing of the United States, Dassault of France, the European aerospace consortium and Rosvorgenia of Russia - are vying with one another for the project. 

The principal enemy of the Korean Air Force is its Northern. Therefore, the Air Force must purchase the F-16 to counter North Korea's Mig-29. However, the next-generation fighter is unique. This fighter is a long-term strategic asset of the Korean forces aimed at the reunification of the Korean Peninsula and neighboring powers, instead of North Korea. In the 21st century, the Korean traditional forces centering on the Army will die out. Obviously, the Air Force’s next-generation fighter is the necessary infrastructure to support the Korean forces in the 21st century. 
Recently, however, the decisive factors related to the introduction of the fighter (F-16) had been decided by a few policymakers in secret. An unsystematic approach ignored the opinion of the pilot, as an operator and expert, who is a substantial customer. In view of the results so far achieved, this created undesirable problems, such as political pressure, lobbying scandals, and obscurity in the contractual process, etc. Therefore, as a means to prevent undesirable problems and support a prudent decision for today’s FX project, one reflecting the pilot’s opinion, a systematic approach is needed, based on the pilot’s expertise. 

Until now, however, few studies related to the selection of fighter (aircraft) have been conducted. Therefore, this study uses a total systematic approach to locate the best fighter integrated pilot’s requirements. Quality Function Deployment (QFD) is very useful management technology in multi-criteria decision-making because of its simplicity and clarity [17]. This paper uses QFD to relate pilot requirements to find the best fighter that meets those requirements. This study focused on an innovative approach for identifying and prioritizing the pilot requirements for use in QFD. In particular, we use the Analytic Hierarchy Process (AHP) to serve as a framework for prioritizing pilot requirements and apply this approach to the selection of the next-generation fighter of the Korean Air Force. As this new approach is an effort to support a prudent decision making process for the FX project, the focus of this study not choose one of the four candidates, but expands to the development/introduction of the best fighter which can satisfy the requirements of pilots in the capacity of an Air Force next-generation fighter.
2.  Related Works
Recently, Korea's Fighter Program (KFP) which introduced the F-16 fighter was not decided by a systematic approach. As a result, it had brought about some problems. Especially, three critical problems are concerned with the FX project.

First, political pressure
In 1991, former president Roh Tae-woo changed the contractor of Korea's Fighter Program (KFP) from F-18 to F-16 after the government first selected the F-18 as the successful bidder in 1989. This raised allegations that political considerations were at work in overturning the decision [9]. Now, senior U.S. representatives, including U.S. Secretary of State Colin Powell, asked his South Korean counterpart, Lee Joung-binn, to give favorable consideration to Boeing's F- 15K when Seoul selects its next-generation fighter. This shows that political pressure exists at present.

Second, the lobby scandal

 
General Dynamics Corp. paid former president Roh Tae Woo at least $100 million in 1991 in a successful effort to persuade the South Korean military to buy the company's F-16 fighters [18]. Even now, with the intensive lobbying efforts to win the contract related to the FX project, the ministry is allowing Jerry Daniels, president of Boeing Military Aircraft and Missile Systems, to meet the chiefs of the Army, Navy, and Air Force. This calls into question the fairness of the project.

Third, non-transparency in a contract process

Because the contract process is classified as state security and/or military security, until recently, it was difficult to preserve transparency. “So far, military procurement projects have been marred by allegations of lobbying and rebate-giving, as the selection process was conducted in an opaque manner, which caused public discredit,” Chung (Rep. Chung Jey-moon of the Grand National Party (GNP)) said. His words indicate that the FX project has not kept transparency in the contract process. 

To solve the above problems and support the decision processes related to the FX project, it is necessary for a systematic approach by an expert group. One method suggested by Eun [7] involved the use of the Analytic Hierarchy Process (AHP) as a systematic approach, but it could not collect the voices of active service pilots with expert knowledge of the present military circumstances, because the subject of his study was a retired pilots group. Moreover, he was not able to identify the necessary conditions for the best fighter desired by the pilots, but only used AHP for four candidates of the FX project. Therefore, in this study, the subject of study is an active service pilot who knows the essential conditions of the best fighter needed under present circumstances for the Korean Air Force. This study uses a total systematic approach, with AHP in QFD to find (develop) the best fighter integrated pilot’s requirements. The QFD provides discipline to the decision making process, so that all requirements are taken into account, decisions are documented, and all information is brought to bear [5]. It is very useful management technology in multi-criteria decision-making because of its simplicity and clarity [17]. The AHP is a systematic procedure for representing elements of any problem hierarchically [17]. It is also a multi-criteria decision making technique that is very useful for estimating the complex multi-attribute alternatives involving subjective criteria. The AHP has an axiomatic base that establishes its mathematical viability ([8], [13], [16]). Therefore, in this paper, we use QFD to relate pilot requirements for the best fighter. This study focused on a total systematic approach for identifying and prioritizing the pilot requirements for use in QFD. In particular, we use the AHP to serve as a framework for prioritizing pilot requirements and apply this approach. This paper does not include detailed mathematical descriptions of the QFD and AHP, but refers to several important concepts which had an impact on the correct application of the QFD and AHP.

1. Quality Function Deployment

The QFD can be defined as an overall concept that provides a means of translating the needs of customers through various stages of product planning, engineering, and manufacturing into a final product (or service) [16]. It provides discipline to the decision making process, so that all requirements are taken into account, decisions are documented, and all information is brought to bear [5]. The identification of customer requirements provides the foundation for the process. QFD is based on construct and analysis of a ‘House of Quality’ (HOQ), which document the transformation customer needs into the highest-level technical characteristic. The prioritization matrix method is used in HOQ to obtain the relative importance of customer needs [6]. The feature of QFD that is attractive is the focus on customer requirements. Consequently, the process is driven by the customer’s needs and not solely by technology or designer creativity. Simply stated, QFD’s fundamental objectives are to 1) identify the customer, 2) identify what the customer wants, and 3) identify how to fulfill the customer’s wants [10].

The identification of customer requirements is an essential prerequisite. Therefore, a major effort must be committed to correctly identify those requirements because of the focus on the identification of customer requirements as the driving force in QFD. Once identified, there must be a rational basis for aggregating and evaluation the customer requirements. Bossert [4] suggested using an Affinity Diagram to group various requirements that are the actual customer requirements. However, this approach does not provide a means to identify both their weight and customer’s perspective. Moreover, this method seems to have little ability to capture the aggregate importance from a group of diverse customers. To remove a weakness using QFD methodologies, an innovative approach had suggested by Akao [1] and Aswad [2] involving the use of the Analytic Hierarchy Process. In this paper, we treat a pilot as a customer, and also use the AHP to develop and prioritize pilot requirements for an application of QFD to the best fighter.

2. Analytic Hierarchy Process 

The AHP is a systematic procedure for representing elements of any problem in a hierarchical manner [17]. It is also a multi-criteria decision making technique which is very useful for estimating complex multi-attribute alternatives involving subjective criteria. The AHP has an axiomatic base which establishes its mathematical viability ([8], [13], [16]). The essential steps in the application of the AHP involve decomposing a general decision problem in a hierarchical fashion into a sub-problem that can easily be comprehended and estimated, determining the priorities of the elements at each level of the decision hierarchy, and synthesizing the priorities to determine the overall priorities of the decision alternatives [17]. 

Conceptually, a decision hierarchy of the selection of the best fighter consists of various levels which represent the objective, the criteria and/or sub-criteria (attributes/sub-attributes), and the decision alternatives. After the construction of a hierarchy, one must appraise the relative importance of the elements at each level. In the AHP, the decision-maker is asked to compare the elements of a given level to estimate their relative importance/preference in relation to the element at the immediately preceding (higher) level. The nine points scale developed by Saaty [12] and widely used in many applications [19] allows the respondents to express their preference between such options as equally, moderately, strongly, very strongly, or extremely preferred. These preferences are translated into relative weights of 1,3,5,7, or9, respectively, with 2,4,6 and 8 as intermediate values (See [12]).

In AHP, each pairwise comparison represents an estimate of the ratio of the priorities or weights of the compared elements. Appling Saaty’s eigenvector method to these data, estimates of the weights is calculated for each pairwise comparison matrix for each level of the hierarchy. To synthesize the results over all levels, the priorities at each level are weighted by the priority of the higher-level criterion where the comparison was made. The weighted priorities of the decision alternatives are added componentwise to obtain an overall weight or priority of each alternative over the entire hierarchy. The resulting priorities represent the intensity of the decision maker’s judgmental perception of the preferences of the alternatives, taking into the relative importance of the criteria represented in the hierarchy, and after considering the importance of the trade-offs among attributes ([17], [11]).

The concept of consistency is an important consideration in using the AHP. The eigenvector method permits a quantitative assessment of consistency. Saaty’s rule of thumb is that the consistency ratio should be less than 0.10 to achieve acceptable results. When judgments are inconsistent, the decision maker should be given the opportunity to revise the pairwise comparisons (See [12]).

The process described above addresses the situation at the individual level in determining relative preferences throughout the hierarchy. Next, a group of decision makers is involved, the process of obtaining pairwise comparisons of the criteria, sub-criteria, and alternatives is often executed by a researcher who analyzes the AHP, provides several examples, and is available to answer questions. When a group result is made, the researcher obtains agreement on the judgments. An alternative is to use a written instrument to collect individual judgments. However, in order to aggregate the judgments of a group of individuals, the collective judgment itself must satisfy the mutual character. Saaty recommends the geometric mean of the set of individual judgments to preserve the ratio scale and satisfy this property. This is easily extended to accommodate a group of individuals by using the geometric means of the individual relative comparisons. Specifically, the geometric mean of all responses for each pairwise comparison is calculated, and the resulting comparison matrix consisting of geometric means is analyzed, using the eigenvector method to estimate priorities. Therefore, in this study, we use this analysis method to identify the priorities of the attributes needed for the best fighter.

One of the most strongly debated issues with regard to the AHP is the occurrence of rank reversal (see [3], [14], [15]). This is the phenomenon where the priorities of the alternatives may change when a new one is added or an existing alternative is deleted. The center of the debate is whether one of the axioms of AHP holds. The specific axiom requires that the items in a given level of the hierarchy are “independent” of those items in another level. This means that the priority/weight of a higher-level criterion will not change if a new alternative is added or an alternative is deleted. If that priority does change, one no longer has a hierarchy, but rather a “system” feed back. Saaty [12] has developed the supermatrix approach to deal with such a situation. Schooner and Wedley [15] argued that independence between levels in hierarchies is always violated, except in trivial cases. They developed “referenced AHP” as one approach to provide for the necessary adjustments. They concluded that referenced results [15]. Belton and Gear [3] provided another alternative approach. Saaty [14] argued that rank reversal is legitimate in some circumstances involving relative measurement. When it is necessary to preserve rank in reference to an irrelevant alternative, one can add an “ideal” alternative. As a practical matter, even if the elements in a given level of the hierarchy are independent in the sense described above, the respondent must still have some frame of reference when making the comparisons. Rather than draw solely on the respondent’s experience, it is recommended that the respondent first evaluate the attributes at the lowest level, and then move to higher levels of the hierarchy. Such an approach will minimize any problems, avoid, and help to provide a consistent frame of reference for all respondents.

In this application, we do not seek to evaluate a set of decision alternatives, but rather to determine the priority of attributes (pilot requirements) associated with the best fighter. Although the methodology provides a ready tool to assess the priorities we seek, we simply terminate the hierarchy at the attribute level which then becomes the lowest level. When we synthesize the hierarchy, we obtain the overall priorities (weights) for the individual attributes.

3.  A Framework for Prioritizing Pilots Requirements
The customers normally associated with the FX fighter include at minimum, policy makers, lobbyists, and pilots. All have various perspectives on what is important in the introduction of the FX fighter. Of course, these various perspectives existed even in the pilots. Therefore, one must first elicit what relative characteristics or attributes are desired by the pilots and then develop a method to estimate their importance. In particular, we use the AHP as a framework to develop meaningful measures of priority that reflect the aggregate perceptions and preferences of the pilots.

The specific progress is summarized as follows. Following Bossert [4], we use a focus group to provide a list of desired attributes for the best fighter. A hierarchical structure is developed to categorize the attributes asking procedures similar to the Affinity Diagram and Tree Diagram approaches. Because the AHP provides a useful mechanism for assimilating the diverse opinions of a group of dispersed decision makers, the various pilots can be surveyed to determine their opinions. A questionnaire is completed by a representative group of pilot to assess the relative importance of the attributes and categories. (See [Table 1])

<Table 1> Questionnaire’s Statement

(1) Distribution & Collection
	
	A Air SQ’
	B Air SQ’
	C Air SQ’
	D Air SQ’
	Total

	Distribution
	25
	25
	25
	25
	100

	Collection
	23
	25
	24
	22
	94


(2) Rank 
	Lieutenant Colonel
	Major
	Captain
	Lieutenant

	2
	19
	48
	25


 (3) Qualification 
	Instructor 
	Flight Leader 
	Squad Leader
	Wing Man

	26
	19
	20
	29


 (4) Flying Time 
	Below

500Hours
	500∼
1,000Hours
	1,000∼
2,000Hours
	2,000∼
3,000Hours
	Above

3,000Hours

	30
	25
	21
	15
	3


(5) Types of Fighter 
	F-4
	F-5
	F-16

	48
	24
	22


4.  An Application Using AHP in QFD
1. Creation of a decision hierarchy and a questionnaire

In this study, a total of desired 28attribute were identified by ‘management rules of the Department of Defense’, ‘related materials of candidate-fighter’, ‘interview with pilots’, and paper [7]. Using a method similar to an Affinity Diagramming Process and discussion with pilots, we finally identified 7category and arranged the 23attribute in them. The three level decision hierarchy is shown in Figure 1.
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Figure 1. Decision Hierarchy

This hierarchy of attributes is the subject of the pairwise comparisons of the AHP. A follow-up questionnaire was distributed to the pilot participants to request the pairwise comparisons. The questionnaire was designed so that the respondents would estimate the attributes at the lowest level first. To prepare the pilot participants for this questionnaire, we visited air bases and then an introduction of the AHP was presented after the meeting. Most importantly, we presented the introduction of this study and one example hierarchy with a questionnaire was presented to the pilot participants. 

2.
Analysis and Result

Because of the focus group’s special character, the collection rate of questionnaires was reached at the 94%(we were distributed each twenty-five copies to four squadrons). We analyzed just eight-seven questionnaires with the exception of seven poor consistency questionnaires from the questionnaires completed by 94pilot. The geometric means of their pairwise comparisons were analyzed using KAIST’s (Korea Advanced Institute of Science and Technology) AHP software package. The complete results are displayed in Table2. 

The elements have been rearranged from the original hierarchy to reflect the computed priorities. Among the 7 main categories, Fighting Ability (0.432) and Safety Ability (0.138) were the most important. It indicates that pilots felt it was an important aspect of performance. The next important categories were, in order, Technology Efficiency (0.133), Economical Efficiency (0.109), Maintenance Supporting Ability (0.094), National Confidence (0.073) and Environment Affinity (0.021) (See Figure 2).

In particular, the Economical Efficiency which was the main reason selected the F-16 fighter at the past time is less important than Technology Efficiency (See Figure 3). This fact proves pilots eagerly hope to improve air technology 


<Table 2> Priorities of pilots for the Best Fighter 
	Category                                   Attribute                                     Rank

	Fighting Ability (0.432)               Maneuvering Ability (0.061)                               6

Combat Acting Range (0.065)                             4
Armament Ability (0.083)                                 1
Electronic War Ability (0.080)                             2
Joint Operations Ability (0.041)                          10
Multipurpose Ability (0.062)                              5
Stealth Ability (0.040)                                   11
Safety Ability (0.138)                 Design & Equipment for Safety (0.059)                    8
Special Quality for Safety (0.079)                         3
Technical Efficiency (0.133)           Technical Transference or Cooperation (0.060)            7
Connection with Domestic Industry (0.036)               14
Spreading Effect of Technology (0.037)                  13

Economical Efficiency (0.109)         Initial Introduction or Development Cost (0.039)           12

Operation and Maintenance Cost (0.042)                   9

                                      Depreciation Cost (0.028)                                19

Maintenance Supporting Ability (0.094) Degree of How difficulty of Repair (0.034)                15
Application of retained skill (0.031)                      17
Succeeding munitions support (0.029)                    18

National Confidence (0.073)          People’s Agree on FX Project (0.033)                     16

Acceptance of national burden (0.013)                    21
Clearance of contract basis (0.027)                      20

Environment Affinity (0.021)          Degree of Noise Pollution (0.012)                         22
Degree of Air Pollution (0.009)                           23



Among the attributes, two were significantly more important than many of the others: Armament Ability (0.083), and Electronic War Ability (0.080). The next three were Special Quality for Safety (0.079), Combat Acting Range (0.065) and Multipurpose Ability (0.062). The rank of remaining attributes is indicated in Table2 (See Table2). To help understanding, high ranking attributes, Initial Introduction or Development Cost attribute (0.039) which was main reason for selecting the F-16 in the past and is highly regarded by a few Defense policy-makers at present, and Operation & Maintenance Cost attribute (0.042) which is the highest weight attribute in the Economical Efficiency category (0.109) are compared in Figure 4, below

.
The priorities of the pilot requirements in Table2 can be used directly in the QFD House Of Quality. Further, those priorities can be used effectively as decision supporting data in similar cases. In this study, our effort for completing the questionnaire was not excessive and the respondents indicated that they had been able to keep their focus. Moreover, they were proud to be asked for input into the FX project and given ardent participation. We are confident in the success of this study.

5.  Conclusions
The FX project is the infrastructure to support the Korean forces in the 21st century. To reduce the possibility of failure in this important event, we began this study. This study makes an effort to apply the Analytic Hierarchy Process (AHP) in the Quality Function Deployment (QFD) to identify and prioritize pilot requirements for the selection of the Korean next-generation fighter. Of course, it enlarges to the development/introduction of the best fighter that will be able to satisfy requirements of pilots needed in the capacity of Air Forces next-generation fighter.

As a result, Fighting Ability (0.432) and Safety Ability (0.138) must first be considered in the FX project. Moreover, Armament Ability and Electronic War Ability in the Fighting Ability are the key attributes. Because of undeveloped air industry, pilots gave higher weight to the Technical Efficiency (0.133) than the Economical Efficiency (0.109). In particular, among attributes of the Economical Efficiency category, the Initial Introduction or Development Cost (0.039) which was main reason selected the F-16 at the past time is just 12rank. The Operation & Maintenance Cost (0.042) is more important. Therefore, if Economical Efficiency must be regarded, instead of the excessively focused decision on the initial purchase money, the decision-maker must more pay attention to the operation and upkeep cost burden after the introduction of the FX fighter.

As a result, this study used the Analytic Hierarchy Process (AHP) to determine the priorities of the pilot requirements in the context of attributes for the selection of the Korean next-generation fighter. The results indicate that the AHP does provide an effective framework for determining the priorities of the one’s requirements in QFD. Of course, it can make the best use of this framework as a tool of decision supporter connected with development/introduction of the best fighter that is able to satisfy requirements of pilots needed in the capacity of Air Forces next-generation fighter. Conclusively, we are convinced that this study adds value to the FX project, as well as other similar decision problems. 
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Figure 3. Pairwise Comparison between Economical Efficiency & Technology Efficiency
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Figure 2.  Comparison With Priorities of Categories
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Figure 4. Priorities of Principal Attributes
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