
檢附2. 論文文稿（含引用文獻）規範
JCIIE 工業工程學刊出刊格式 checklist
	
	類別
	檢查格式項目
	確認

	1
	版面設定
	上下左右邊界各2.5cm
	

	2
	
	不設頁首或頁尾頁碼
	

	3
	
	文章內容自動斷字
	

	4
	內容格式
	聯絡人註腳
	

	5
	
	文章標題、段落標題、內文字型格式大小是否正確(避免內文每行的間距過大請在段落對話視窗中的兩項文字格線設定都不要勾選，Abstract左右各縮排1.5 cm)
	

	6
	
	一般小圖表請編輯成雙欄且在頁面中的最上面或最下面
 (圖表太大時請使用單欄靠上或靠下)
	

	7
	
	圖表編號為Figure 1. 及 Table 1.，請勿使用冒號如 Figure 1:
	

	8
	
	內文中若有以方程式編輯器(MathType)編輯變數及方程式請一律將方程式或變數字體大小改為10 pt
	

	9
	
	方程式均編號且貼齊邊界(方程式上下空一行)
	

	10
	參考文獻
	確認第一作者與第二以後作者姓名寫法不同
第一作者(last name先寫並加逗號，再寫first name縮寫)

第二作者及其他作者 (first name縮寫先寫，再寫last name)

最後兩位作者請以and隔開
	


	11
	
	確認是否遺漏參考文獻的篇名(篇名需加“  ”), 期刊名(期刊名斜體), 卷期(卷期請用粗體), 頁碼後面直接加(年份).不用再逗點隔開
	

	12
	作者簡介
	確認是否有放入作者簡介
	

	13
	
	確認是否有放入Received、revised、accepted時間
	

	14
	中文摘要
	確認是否有放入中文摘要
	

	15
	
	確認中文摘要格式
	


註 1：請作者自行根據checklist的內容做出刊格式自我確認，再將修改後電子檔寄至JCIIE助理編輯。
註 2：建議修改出刊格式時，可依照checklist的編號順序修改較不容易出錯。
註 3：紅色字體項目請特別再次確認。
註 4：出刊詳細格式內容請參照以下之範例文章。
[image: image84.wmf]-0.2

0

0.2

0.4

0.6

0.8

1

0

0.2

0.4

0.6

0.8

1

Medium

Membership Grades

-0.2

0

0.2

0.4

0.6

0.8

1

0

0.2

0.4

0.6

0.8

1

Medium

Membership Grades

(a)

(b)

(0.21,0.48,0.52,0.79)

(0.39,0.48,0.52,0.61)

USING FUZZY QFD TO ENHANCE MANUFACTURING STRATEGIC PLANNING

[image: image85.png]N 2y
FHRTED | TRARRED | eXORER |

HERAG [EGEs]  AHEQ [FE <]
i = =

0 [T = 520 RSO
[ = (R T | ——
I ARRETE » ERERENEHD

HTE

sgEste) [0 =] 1T TE@:
nggERe A = [Rhoe o] 2w =

I~ CHSASERTERS * IR ()
wZ

ERBHD. BE B





[image: image86.png]N 2y
FHRTED | TRARRED | eXORER |

HESRQ):  [FEEE FEQ: [FX =
@ — —

iy [ R0 RO
L R < R (T | E—
© ZARRETE » ERERENEHD

T

sgEste) [0 =] 1T TE@:
ApRERE 033 = o o] oo =
¥ SEREBIEN - R0

HE

ERBHD. BE B




Chieh-Yuan Tsai*
Department of Industrial Engineering and Management 

Yuan-Ze University

[image: image87.png]N 2y
FHRTED | TRARRED | eXORER |

HESAG):  [EEm KABQ: [FX
@ — =

o o = 95RO GBEsm
C O = [ T R
[ B EREES  SREREEEND)

[

sgEste) [0 =] 1T TE@:
nggme 0 = [BTe ] [On S

7 SCHSASERTERS * TR ()
wZ

ERBHD. BE B




135 Yuan-Tung Road, Chung-Li, Taoyuan 320, R. O. C.

Chih-Chung Lo

Department of Informatics 

Fo Guang University

Alec C. Chang

Department of Industrial and Manufacturing System Engineering 

[image: image88.wmf]-0.2

0

0.2

0.4

0.6

0.8

1

0

0.2

0.4

0.6

0.8

1

Medium

Membership Grades

-0.2

0

0.2

0.4

0.6

0.8

1

0

0.2

0.4

0.6

0.8

1

Medium

Membership Grades

(a)

(b)

(0.21,0.48,0.52,0.79)

(0.39,0.48,0.52,0.61)

University of Missouri - Columbia

ABSTRACT
Decision-makers frequently need to develop new strategic plans to correct weaknesses or build new strengths for a changing business condition.  Through QFD (Quality Function Deployment) analysis, conceptual requirements in strategic plans can be translated into program items that are operable, measurable, and capable of producing improvement.  However, the crisp assessment term in a traditional QFD analysis has difficulty coping with the uncertainty in the correlation evaluation.  More importantly, a group of assessment members can possess a conscious or unconscious bias in the optimism of an evaluation and in the certainty level of the linguistic terms.  These problems cannot be solved using traditional QFD analysis. This research adopts a fuzzy QFD model with an optimistic index in the priority ranking procedures.  This fuzzy index can correct bias problems in a consistent way for prioritizing strategic functions.  A priority change display in the priority ranking according to different scenarios can provide “what-if” analysis in a decision-making environment.  Moreover, changing the shapes of the fuzzy numbers in a QFD can represent the decision-makers’ certainty level for different linguistic terms.  A case study using QFD in the strategic manufacturing plan for a company is implemented as an illustration.

Keywords: business strategy, manufacturing strategy, decision-making, quality function 

deployment, fuzzy QFD

 

1. INTRODUCTION

*Businesses frequently need to develop new strategic plans to correct weaknesses or build new strengths for a changing environment.  The strategic plans determined by top managers generally use more tactical terms rather than workable items.  From strategic plans, business executives must define strategic functions that can be implemented.  For this task, a proper approach is required to decompose strategic plans into functional level strategies.

Quality Function Deployment (QFD) is used as a systematic approach that translates customer requirements into engineering specifications in product design.  It is a tool that integrates an organization’s diverse information sources during product and process development [3, 15, 17].  This tool can be used to decompose tactical strategic plans into workable strategic functions.  Through QFD analysis, conceptual requirements in strategic plans can be translated into program items that are operable, measurable, and capable of producing improvement.

A complete QFD exercise can be accomplished using a multiple-phased approach where each phase uses a matrix to manage and integrate an organization’s information into proper representatives.  Table 1 depicts the basic structure of such a matrix with its major components consisting of strategic plans, required functions, correlation, importance and the resulting weights.


Table 1: A typical QFD matrix


	
	
	
	
	
	
	Importance

	
	R11
	R12
	…
	…
	R1m
	D1

	
	R21
	R22
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	…
	…

	
	Rn1
	Rn2
	…
	…
	Rnm
	Dn

	Resulted Weight
	W1
	W2
	…
	…
	Wm
	


Maier [13] is one of the researchers that tried to utilize the QFD model to connect a performance model with managerial objectives.  Locascio and Thurston [12] also used a multi-attribute utility theory and optimization theory to determine the target values for engineering characteristics that could best fulfill the overall objectives.  Since then, QFD has gradually been recognized by industrial practitioners as a powerful tool in many decision-making processes including marketing [6], manufacturing strategy development [2], business process re-engineering [15], R&D project [9], software development management [7], market prediction [4], medical information supporting system [5], and financial planning [18].

When QFD is used for the task of decomposing strategic plans into functional items, a priority sequence must be set for the corresponding action programs.  This procedure requires a decision making approach that can be utilized to assist priority setting [20].  In a traditional QFD exercise, the relationship between the customer and technical requirements is determined using an assessment team that uses linguistic expressions (e.g. low, medium, high).  These linguistic terms are then scaled into crisp values (e.g. 1-5) for technical item ranking. This crisp assessment for the correlation evaluation in QFD analysis has difficulty coping with the uncertainty among decision-makers [8, 14, 16, 19].  The major problem is that assigning crisp values does not reflect the imprecision or vagueness inherent in these types of assessment.  Results derived from crisp evaluation processes are often inconsistent even with minor changes in the crisp scales, sometimes causing a credibility loss in practical implementation.

More importantly, the QFD assessment team that prioritizes the strategic functions is generally comprised of internal members of the same company.  A group of internal members can possess conscious or unconscious biase due to a certain business environment or overall economic climate.  For example, it is fairly common that most team members will have higher degrees of optimism for capacity expansion programs just because they have had excellent sales in the past few quarters.  Conversely, they may hold a higher degree of pessimism (conservative) and opt for cost cutting projects just because they have had some poor business quarters.  Competent decision-makers can generally sense these circumstances and they should be able to adjust the degree of optimism and correct the possible group bias.  However, traditional QFD analysis does not provide this important function.  

The certainty level for a problem assessment cannot be considered using traditional QFD analysis.  Sometimes, in a decision-making environment an assessment team is confident and clear, which means more certainty in their assessment terms.  Other times they might not be as certain in their assessment.  Thus, a QFD analysis should be distinct under different certainty levels, but traditional QFD analysis cannot perform this task.

How can these problems be corrected?  Some decision-makers have been tempted to use unequal weights for managers with higher positions.  However, the use of unequal weights for different team members in the correlation assessment ruins the QFD system.  To conquer the drawbacks imbedded in the crisp assessment and evaluation in the traditional QFD model, this research adopts a fuzzy QFD model with optimistic index in the priority ranking procedures.  This fuzzy index can correct these drawbacks using a consistent algorithm for a given decision-making environment.  Moreover, a display of the changes in priority ranking according to different scenarios can provide “what-if” analysis in business strategic planning.

2. PRIORITY RANKING WITH FUZZY QFD

As stated in the previous section, various forms of judgment and evaluation are obtained as assessment inputs in a QFD procedure.  Most of the time, these inputs are linguistic variables like “IMPACT,” “IMPORTANCE,” and “CORRELATION,” etc.  The linguistic variable values are generated from a primary term (e.g. important, related), its antonym (e.g. high, low), and a collection of modifiers (e.g. not, very, more, less).  In traditional QFD analysis, linguistic terms are translated into crisp values for priority decision-making.  The problem is that the crisp evaluation procedure cannot reflect the imprecision or vagueness inherent in the assessment.  To eliminate this problem, fuzzy set theory [21] is an excellent tool for helping decision-makers translate and prioritize linguistic QFD assessments.

Building a fuzzy QFD matrix for business planning includes identifying strategic plans and the correlation and importance of the functional items.  Two major linguistic variables can be defined as:
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 that is monotonically decreasing and continuous from the left.  Figure 1 shows a typical graph for the fuzzy number described in Equation (1).

If there are m functional items and n strategic plans, as depicted in Table 1, the resulting weight 
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where 
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Figure 1. A typical fuzzy number.

When incorporating fuzzy mathematics in the QFD matrix, the resulting weight for each functional item is no longer a crisp number, but a fuzzy number.   Liou and Wang [11] presented an excellent algorithm for fuzzy ranking methods.  Their ranking method using integral value as fuzzy indexes have been demonstrated efficient and consistent [10].  This adjustable index for integrating fuzzy numbers, 
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A fuzzy QFD model should not only reflect an assessment team’s degree of optimism but also their linguistic certainty level for the decision problem.  We developed an index that includes different spreads for a fuzzy number for a linguistic variable.  Using this index fuzzy numbers for assessment can be adjusted according to the linguistic certainty of an assessment team.  Because certainty level is a relative concept, a neutral fuzzy number is needed as a reference.  The shape of a neutral fuzzy number can be derived from understanding the linguistic expression and the scale used in linguistic terms.
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With narrower spreads when the linguistic certainty index is more than “1”, the fuzzy number 
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 does.  In contrast, with broader spreads when the linguistic certainty index is less than “1”, the fuzzy number 
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, as shown in Figure 2. 


3. AN IMPLEMENTATION CASE

An implementation case using QFD in strategic manufacturing planning is adopted in this implementation example [2].  The top management team of a Pennsylvania-based powdered metal product manufacturer has historically enjoyed excellent business.   However, they realize that increasing competitiveness and pressure from their major clients, automobile companies, requires a continuous commitment to innovation and modernization.  This company was setting new strategic plans in 1995.  In the stage of translating strategic objectives into specific actions plans, Crowe and Cheng used crisp values for its QFD matrix.  Their assessment results were no doubt influenced by the excellent economic situation in the two years leading to 1995.  A competent manager should be able to sense this situation and realize that this excellent economy may not last forever.  The proposed method can offer some useful references for decision-makers when conducting tasks such as implementing strategic plans.   

To make a clear illustration, the demand weights for the original QFD matrix were re-scaled according to their original data, as shown in Table 2.  Table 2 shows that the traditional QFD matrix using crisp assessment does not have a mechanism to include the levels of optimism in the assessment. The crisp ranking result is N>F>I>A>B=G>P>J>K>H>E>M>C=D>O.
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Figure 2: A fuzzy number 
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3.1 Ranking priorities using Fuzzy QFD

model

The correlation matrix transformed from Table 2 is recorded in linguistic terms for a fuzzy QFD, as depicted in Table 3, where the universes for the linguistic variables “IMPORTANCE” and “CORRELATION” are defined as
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For simplicity, trapezoidal fuzzy numbers, denoted as a 4-tuple set, are utilized to represent all linguistic terms in this paper.  The linguistic terms defined for the variables “CORRELATION” and “IMPORTANCE” are illustrated in Figure 3 [1]. 

The fuzzy addition (
[image: image56.wmf]Å
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) operations can be formulated using the two equations in Appendix [1].  Using Equation (2) for each strategy plan, the resulting weights can also be represented as trapezoidal fuzzy numbers. Examples of the resulting weights are shown in Table 4.
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Figure 3: Linguistic terms for “Correlation” and “Importance”
Table 2: Crisp QFD model for functional strategy formulation.



	
	Manufacturing


	Marketing
	R&D


	Finance and

Human Resource
	

	
Functional 

Level

Strategies

Business

Strategies


	A plant within a plant


	Adopt cellular approach
	Reduce labor content
	Increase capacity
	Modernize equipment/processes
	Sell the quality/service
	Focus on small orders
	Ignore “new” small customers
	Buy substitute products and resell
	Enhance processes to signify lower cost
	Develop new substitute product
	Reduce monetary cycle time
	Capital for vertical integration
	Instill customer-first attitude
	Hire lower wage/skill
	Train in TQM
	Demand weight

	
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	

	Diversify Customer Base
	5
	4
	
	2
	1
	4
	5
	
	4
	2
	2
	
	
	2
	
	
	5

	Broaden Product Mix
	4
	4
	
	2
	1
	
	3
	
	5
	1
	3
	
	2
	
	
	3
	4

	Maintain Actual Quality
	
	
	2
	
	3
	1
	
	
	
	2
	
	
	3
	4
	
	4
	3

	Enhance Quality Image
	
	1
	
	
	2
	5
	2
	
	
	
	3
	
	
	5
	
	3
	2

	Maintain Current Costs
	1
	1
	4
	
	2
	
	
	4
	
	5
	
	
	1
	
	4
	
	3

	Maintain Customer Service
	
	
	
	
	
	3
	
	4
	1
	
	1
	
	
	4
	
	2
	5

	Resulted Weight


	44
	41
	18
	18
	28
	48
	41
	32
	45
	35
	33
	
	20
	52
	12
	40
	


Table 3: Proposed fuzzy QFD model for functional strategy formulation.
	
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	

	Diversify Customer Base
	VH
	H
	
	L
	VL
	H
	VH
	
	H
	L
	L
	
	
	L
	
	
	VH

	Broaden Product Mix
	H
	H
	
	L
	VL
	
	M
	
	VH
	VL
	M
	
	L
	
	
	M
	H

	Maintain Actual Quality
	
	
	L
	
	M
	VL
	
	
	
	L
	
	
	M
	H
	
	H
	M

	Enhance Quality Image
	
	VL
	
	
	L
	VH
	L
	
	
	
	M
	
	
	VH
	
	M
	L

	Maintain Current Costs
	VL
	VL
	H
	
	L
	
	
	H
	
	VH
	
	
	VL
	
	H
	
	M

	Maintain Customer Service
	
	
	
	
	
	M
	
	H
	VL
	
	VL
	
	
	H
	
	L
	VH

	Resulted Weight


	WA
	WB
	Wc
	WD
	WE
	WF
	WG
	WH
	WI
	WJ
	WK
	WL
	WM
	WN
	WO
	WP
	


(Legend VL: Very Low, L: Low, M: Medium, H: High, VH: Very High.)             

When evaluating the integral value for every functional item using Equation (5) with 
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, we obtain the result : 

N>F>I>A>B>G>P>H>J>K>E>M>C>D>O according to 
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3.2 Adjusting priority from managers’

perception

By adjusting the optimistic index in the fuzzy QFD model, different ranking outcomes that reflect the degree of optimism can be displayed.  For instance, if the decision-makers are more confident about the future economic environment relative to their assessment team, a higher optimistic index can be used for adjustment.  That is, using a higher 
[image: image68.wmf]w

 in Equation (5).  Conversely, if the decision-makers are concerned that the assessment team may be too optimistic and consequently underestimate the future risk, a lower optimistic index can be used to adjust this evaluation.  The ranking results using three different degrees of optimism are shown in Table 5.

When we review the different functional item rankings, we find that the results from plans A and E, which adopt a cellular approach and focus on small orders respectively, can be reasonably expected since they are internal factors. Conversely, the result from plan D, promoting quality and service, will have relatively uncertain results and lagging effects related to the market response.  Function B, which reduces the labor content, is more conservative than function C, which increases capacity. Thus, it fits good management sense that functions A and E have higher priority over function D, and B over C if the decision maker is pessimistic. Conversely, if the decision-makers are optimistic about the future, function D is preferred over A and E, and C over B since these functions can increase the company’s customer base and product supplies.

3.3 Adjusting certainty 

The proposed fuzzy QFD model also provides the ability to change the linguistic certainty by altering the shape of the fuzzy numbers.  That is, selecting different fuzzy number spreads will reveal different levels of linguistic certainty.  A fuzzy number with a wider spread represents a more ambiguous decision making condition in which the decision-makers are uncertain with an assessment.  Conversely, a fuzzy number with a narrower spread represents a more clear and confident decision making environment.  

For example, we let the linguistic term “Medium” in Figure 3 be a neutral fuzzy number represented as trapezoidal fuzzy number (0.3, 0.48, 0.52, 0.7).  A “Medium” with linguistic certainty higher than the neutral one can be defined as (0.21, 0.48, 0.52, 0.79) in Figure 4(a), if we take 
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 for Equation (4).  Similarly, “Medium” with lower 
linguistic certainty can be defined as (0.39, 0.48, 0.52, 0.61) in Figure 4(b), if we take 
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 for Equation (4).  The fuzzy sets defined in Figure 4(a) reflect that the assessment team that is less confident with the evaluation when they assign “Medium” for the linguistic variable “CORRELATION” and “IMPORTANCE,” while the fuzzy sets defined in Figure 4(b) reflect more confidence.  Optimistic index 
[image: image71.wmf]0

=

w

, ranking results using three different levels of linguistic certainty are shown in Table 6.  

4. CONCLUSION

Translating strategic plans into strategic functions is critical in business.  Although QFD has been suggested in many decision-making tasks, its traditional crisp evaluation process causes several implementation problems.  QFD can be a powerful and systematic tool for strategic use only if the proposed method is adapted.

To eliminate the shortcomings in a traditional QFD model, fuzzy optimism indices must be utilized.  The fuzzy evaluation procedure can reflect the uncertain issues inherent in common linguistic assessments.  By adjusting the optimism index in a fuzzy QFD model, decision-makers can adjust for the degree of optimism or pessimism they possess.  If the decision-makers are more confident with the future economical environment, a higher optimistic index can be used in the functional item priority ranking.  Conversely, if the decision-makers are concerned about the future market, a lower optimistic index can 

be adopted in the ranking process..

Table 4: Trapezoidal fuzzy numbers
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	WA
	1.0000
	1.3725
	1.6125
	1.9500

	WB
	0.8400
	1.2375
	1.3875
	1.9300

	WC
	0.2100
	0.5000
	0.5000
	0.9100

	WD
	0.1400
	0.4125
	0.4375
	0.7600

	WE
	0.1300
	0.4375
	0.6125
	1.3100

	WF
	0.8000
	1.3500
	1.5500
	2.1400

	WG
	0.8300
	1.2475
	1.4375
	1.7900

	WH
	0.6600
	1.0500
	1.1250
	1.5300

	WI
	0.9600
	1.3500
	1.6000
	2.0000

	WJ
	0.3500
	0.8000
	0.9500
	1.5600

	WK
	0.2900
	0.7250
	0.8500
	1.5100

	WM
	0.1500
	0.4375
	0.4875
	0.9900

	WN
	0.8200
	1.5000
	1.6250
	2.3300

	WO
	0.1800
	0.3750
	0.3750
	0.6300

	Wp
	0.4700
	1.1000
	1.1250
	1.9400


Table 5: Fuzzy ranking result using different optimistic indices by managers

	Optimistic Index:
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	Fuzzy Ranking Result

	1
	N>F>I>A>B>G>P>H>J>K>E>M>C>D>O

	0.5
	N>A>I>F>B>G>P>H>J>K>E>C>M>D>O

	0
	A>N>I>F>G>B>H>P>J>K>C>M>E>O>D


Table 6: Fuzzy ranking result using different confidence judgment by managers

	Neural
	A>N>I>F>G>B>H>P>J>K>C>M>E>O>D

	Less Confidence for “Medium”
	A>I>N>F>G>B>H>P>J>K>C>M>D>E>O

	More Confidence for “Medium”
	N>A>I>F>G>B>H>P>J>K>C>M>O>E>D


The proposed fuzzy QFD model also provides flexibility that allows adaptation to different linguistic certainty levels.  Changing the linguistic certainty will generate a different spread for a fuzzy number so that a different level of linguistic certainty can be expressed.  A fuzzy number with a wider spread reveals a lower level of certainty in the assessment. A fuzzy number with a narrower spread exhibits a higher level of certainty.  Thus, without using unequal weights that would ruin the systematic QFD model approach, proper adjustment for the group bias in a QFD assessment team can be made.

Appendix: The fuzzy arithmetic operations for trapezoidal fuzzy 

Let 
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 denote two fuzzy numbers in the real number domain, R.  The following result can be readily verified when 
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1. Addition
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2. Multiplication
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Note that when performing multiplication with two trapezoidal fuzzy numbers, the outcome is not a trapezoidal shape but a kind of quadratic curve.  However, for simplicity, a trapezoidal shape is still used to approximate the exact solution.
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利用模糊QFD分析強化製造策略規劃
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320桃園縣中壢市遠東路135號
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摘要

為了適應多變的環境，決策者需要不斷地訂定新的策略以強化企業的生存。藉由品質機能展開(Quality Function Deployment, QFD)分析，抽像的商業策略(business strategy)可以有系統的轉換成可操作的製造策略(manufacturing strategy)。然而，傳統的QFD分析方式並無法將評量(assessment)時的不確定因素納入考量。也就是說，當評量成員在進行策略評估時，往往會有意識或無意識地將過於樂觀或過於悲觀的情緒帶入評量中；同時，成員對於每一評量語意的確定程度亦有不同的認知，致使評估結果常因偏差而遭到質疑。有鑑於此，本研究提出一個可以修正評量「樂觀程度」及「語意確定度」的模糊QFD分析模式。決策者可以藉由對樂觀程度參數及語意確定參數的改變，修正評估的最終結果，解決評量過程中所造成的偏頗。本文並以一個實際的商業策略與製造策略規劃為例，說明所提的模糊QFD模式之應用方式及其可行性。
關鍵詞：商業策略，製造策略，決策過程，品質機能展開，模糊理論
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