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INTRODUCTION

PLM is an improving important business and strategic approach for enterprises. It supplies sets of solutions for collaboration, data management, and requirements management from a product's beginning of life to end-of-life. However, PLM is rather a concept than a system. Enterprises cannot adopt and implement PLM well at the right time. PLM maturity models have been developed and used to assess the PLM implementation situation and determine the relative position of the enterprise by comparing PLM maturity levels with other enterprises. The paper gives an overview of PLM maturity models and studies the benefits and restrictions of these maturity models in section 1.1. Then it defines the maturity dimensions based on PLM functionalities in section 1.2. In section 1.3, multi-criteria decision making methodologies are studied to aid selecting the optimal PLM components among various PLM functionalities, in the right context, at the right time.

PLM maturity models

The success of PLM motivates a significant number of companies to adopt and implement PLM.

PLM maturity models can make the implementation of PLM more accessible and better planned.

Evaluation of PLM maturity is essential and advantageous. The objective of this section is to review the important works, and analyze the strengths and weaknesses of these models.

Several important maturity models are worth analyzing. CMMI [START_REF] Dayan | KM your way to CMMI[END_REF][START_REF] Paulk | Capability maturity model, version 1.1[END_REF][10][11][START_REF] Curtis | People Capability Maturity Model (P-CMM) Version 2.0, Second Edition[END_REF] for instance aims to improve the usability of maturity models by integrating several maturity models into one framework. The detail maturity levels and key process areas of CMMI are shown in Table 1. PDM (Product Data Management) maturity models [START_REF] Stark | Product Lifecycle Management-21Century Paradigm for Product Realization[END_REF] define the activities that a company needs to carry out at each stage and define a generic five-step process per stage, which related to the as-is situation and to-be situation of the studied company. CPI (Collaborative Product Innovation) maturity model [START_REF] Sharma | Collaborative Product Innovation: Integrating Elements of CPI via PLM Framework[END_REF] proposes three unique stages of CPI based on collaborative maturity of People, Processes and Data. Batenburg [START_REF] Batenburg | PLM roadmap: stepwise PLM implementation based on the concepts of maturity and alignment[END_REF] developed a PLM framework which supported by a PLM maturity and alignment model to assess and guide PLM implementations. Sä ä ksvuori Model [START_REF] Saaksvuori | Product lifecycle management[END_REF] determines the maturity of a large international corporation for a corporate-wide PLM development program and develops business and PLM related issues. This model is a one-dimensional maturity model, which mixes different organizational aspects into one general dimension. Bensiek & Kuehn model [START_REF] Bensiek | Maturity Model for Improving Virtual Engineering in Small and Medium-Sized Enterprises[END_REF] focuses on virtual engineering and aims to evaluate performance and improvement in SMEs. This model proposes a step by step improvement strategy to SMEs based on specialized SMEs' requirements. Other PLM maturity models include PLMIG [START_REF] Plmig | PLM Maturity Reference Manual[END_REF], PCMA model [START_REF] Zhang | PLM Components Selection Based on a Maturity Assessment and AHP Methodology[END_REF], and BPMM [START_REF] Van Looy | Towards a Decision Tool for Choosing a Business Process Maturity Model[END_REF]. Next, we discuss and compare five important works according to several aspects (aim area, target users, etc.) in Table 2. 

Maturity dimensions based on TIFOS framework

To better handle PLM functionalities which have been adopted in a company, our previous work proposed TIFOS framework [START_REF] Zhang | PLM Components Selection Based on a Maturity Assessment and AHP Methodology[END_REF][START_REF] Zhang | Sustainability consideration within Product Lifecycle Management through Maturity Models Analysis[END_REF]. In figure 1 

Decision Methodology of fuzzy analytic hierarchy process

The research questions as follows: 1). which PLM component is the relative weak one; and 2). which PLM component should be improved in the first time.

To solve these issues, we need to define the objective, the corresponding criteria, and the alternatives, and then calculate the relative weights of each alternative to achieve the objective. It is a typical multi-criteria decision making issue. Therefore, we study multi-criteria decision making methodologies.

The obtained data about PLM components has the feature of uncertainty and fuzzy, which can be solved by triangular fuzzy numbers. A number of methods have been developed to handle fuzzy triangular numbers. Van Laarhoven & Pedrycz [START_REF] Van Laarhoven | A fuzzy extension of Saaty's priority theory[END_REF] suggest a fuzzy logarithmic least squares method to obtain the fuzzy weights from a triangular fuzzy comparison matrix. Buckley [START_REF] Buckley | Fuzzy hierarchical analysis[END_REF] utilizes the geometric mean method to calculate fuzzy weights. Chang [START_REF] Chang | Applications of the extent analysis method on fuzzy AHP[END_REF] proposes an extent analysis method, which derives crisp weights for fuzzy comparison matrices. Xu [START_REF] Xu | Fuzzy least-squares priority method in the analytic hierarchy process[END_REF] provides forward a fuzzy least squares priority method (LSM). Csutora & Buckley [START_REF] Csutora | Fuzzy hierarchical analysis: the Lambda-Max method[END_REF] propose a Lambda-Max method, which is the direct fuzzification of the well-known λ-max method. Mikhailov [START_REF] Mikhailov | Evaluation of services using a fuzzy analytic hierarchy process[END_REF] develops a fuzzy preference programming method, which also derives crisp weights from fuzzy comparison matrices. Srdjevic [START_REF] Srdjevic | Combining different prioritization methods in the analytic hierarchy process synthesis[END_REF] proposs a multi-criteria approach for combining prioritization methods within the AHP, including additive normalization, eigenvector, weighted least-squares, logarithmic least-squares, logarithmic goal programming and fuzzy preference programming (FPP). Wang et al. [START_REF] Wang | A modified fuzzy logarithmic least squares method for fuzzy analytic hierarchy process[END_REF] presents a modified fuzzy logarithmic least square method. Yu & Cheng [START_REF] Yu | An integrated approach for deriving priorities in analytic network process[END_REF] develop a multiple objective programming approach for the ANP to obtain all local priorities for crisp or interval judgments at one time, even in an inconsistent situation. Huo et al. [START_REF] Huo | New Parametric Prioritization Methods for an Analytical Hierarchy Process Based on a Pairwise Comparison Matrix[END_REF] propose a new parametric prioritization method to determine a priority vectors in AHP.

FPP method [START_REF] Mikhailov | Evaluation of services using a fuzzy analytic hierarchy process[END_REF], as a reasonable and effective means, is adopted in this study. This method can obtain more precise weights of alternatives and can acquire the consistency ratios of fuzzy pairwise comparison matrices without additional study, and the local weights can be easily solved by Matlab. Besides FPP method solves the various shortcomings of different fuzzy AHP methodologies [START_REF] Rezaei | An Improved Fuzzy Preference Programming to Evaluate Entrepreneurship Orientation[END_REF].

Fig. 1. TIFOS Framework and Categorized PLM functionalities

The structure of this paper is structured as follows:

PLM components maturity model will be proposed in section 2, and the maturity situation of PLM components in a swimming industry will be studied as well. In section 3, FAHP methodology will be adopted to rank PLM components' weights and help a company to make decisions of investment. In section The issue is how to make the industries understand KPIs which are proposed and get the accuracy value of these KPIs. The solution is to categorize these KPIs by considering their contribution to return on investment. The categories are cost, time, quality, defects, safety, integrity, and ownership. We give an example in Table 5. The component of product data management is selected, and takes the 'cost' category as an example. Four KPIs are proposed based on 'cost' category, and then the detail content is explained for each KPI, and specific questions are proposed based on the contents. These specific questions can help the companies obtain the exact value of each KPI. Table 6 gives an example of calculations in the final maturity level of the product data management based on the information proposed in Table 3, Table 4, and Table 5. The data is gotten from a swimming industry, which is located in Chengdu (south of China). This company focuses on three categories: 

Adopt fuzzy triangular numbers to express linguistic terms

We can get the As-Is situation by using the maturity model PCMA, then the issue is how to help company to improve to the expected To-Be situation by proposing specific strategies.

Define the maturity level of PCMA from level 1 to level 5 is: very low, low, middle, high, and very high.

Then define the value range for each level. The Linguistic terms (very low, etc.) can better explain the uncertainty of each level. The membership function of triangular fuzzy numbers is used to express linguistic terms and has the feature of piece-wise continuous and strictly monotone. The definition and membership function from 'very low' to 'very high' is shown in Table 7. 

FPP Methodology calculation steps

FPP is an approach which can guarantee the preservation of the preference intensities and provide a well interpretive consistency index. The steps of this methodology as follows:

Step 1. Develop the fundamental objective hierarchy. Group the related criteria, and structure the hierarchy in Figure 4. The objective is to find the optimal PLM component to invest based on several criteria (cost, time, urgent, and expected income). The alternatives are PLM components. It is not necessary for a company to own all fifteen components. This study just focuses on the specific situation of a company.

Step 2. Construct the fuzzy pairwise comparisons matrix based on Table 7 and Figure 3. In our work, we start from comparing the alternatives with their importance to each of the criteria. Then we compare the criteria with respect to their importance to the goal. 

Where ij a  is a triangular fuzzy number to show the decision-maker's preference of i over j, and ij ji aa   . The value of each variable follows Table 7. Take 'Product data management' and 'configuration management' as an example, the first level comparison from 'criteria' to 'objective' for these two PLM components is:

A 1/ 1 / 1 / 1 / 1 / 1 / goal Goal Cost Time Urgent Income Cost equal VH L M Time VH equal VL M Urgent L VL equal M Income M M M equal                   (2) 
The value of A goal can be defined by Table 6, 1 0.9 0.3 0.5 0.9 1 0.1 0.5

0.3 0. A 1/ 1 / 1 1 1 0.5 0.5 0.5 0.5 1 / 1/ 1/ 1/ goal                 (3) 
On the basis of fuzzy triangular numbers definition, the exactly value of A goal is: 

            (1,1,1) (1,1.1,1.42) (1,
               (4) 
Step 3. Derive a crisp priority vector w=(w 1 ,w 2 , …, w n ) T by using FPP. The problem is to derive a crisp priority vector w=(w 1 ,w 2 , …, w n ) T , and the priority ratios w i /w j are approximately within the scopes of the initial fuzzy judgments, or equivalently: ( ) ( )

i j i j wi l u wj     (5) 
Where the symbol '  ' denotes the statement "fuzzy less or equal to". α means decision maker's preference (α-cut), and ( ), ( )

i j i j l u 
 is the lower and upper bound of fuzzy triangular numbers.

For instance, the priority ratios w i /w j can be the ratios between 'product data management'/'configuration management'.

Step 4. Propose Membership function to measure the ratio in equation 5. Each crisp priority vector w satisfies the double-side inequality with some degree, which can be measured by a membership function, linear with respect to the unknown ratio w i /w j.
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,

i ij j i ij i j i j j i ij i j ij j i ij i j i j j w l w w m m l w w w w u w w m m u w                                 (6) 
The membership function takes the following values:

( ) [0,1],

i i i j ij ij j j w w if l u w w        (7) 
( ) ( ,0),

i i i i j ij ij j j j w w w if l or u w w w         (8) 
It takes the maximum value of 1 when

i ij j w m w  (9) 
For example, this membership function can mean the function of ratio 'product data management/configuration management'.

Step 5. Propose two assumptions to obtain the optimal crisp priority vector. For example, it means find the optimal value of 'product data management/configuration management'. The solution to the prioritization problem by the FPP method is based on two main assumptions. The first one requires the existence of non-empty fuzzy feasible area P on the (n-1) dimensional simplex Q n-1 :

1 1 { | 1, 0} n n i i i i Q w w w       (10) 
The membership function of the fuzzy feasible area P is given by:

( ) = { ( ) | = 1, 2,..., -1, = 2,3,..., , > } min p i j ij μ w μ w i n j n j i (11)
The second assumption of the FPP method specifies a selection rule, which determines a priority vector, having the highest degree of membership in the aggregated membership function. It can easily be proved that µ p (w) is a convex set, so there is always a priority vector w * ∈Q n-1 that has a maximum degree of membership. Next, we build fuzzy comparison pairwise matrix for obtaining local weights and global weights. Table 8 gives the data of fuzzy comparison matrix based on 'cost' criterion. Table 9 shows the comparison from criteria to global goal. Apply FPP steps in section 3.2 to obtain the final weights of three components in Table 10. 'Product data management' is the optimal component for investment based on the final weights. In this framework, we adopted PCMA model to evaluate the as-is maturity situation of PLM components. Next, various KPIs will be studied to help propose strategies which PLM component should be selected to invest. Then, the FPP methodology is used to determine the relative considerable PLM component. After that, a detailed report will be generated for PLM components' current maturity level, and the obtained the weights of all PLM components to determine of the optimal selection. On the basis of optimal selection, the maturity situation of a company will achieve to a higher level after improving a specific PLM component. Then, the PLM components that should be used in a specific company is determined, the suitable PLM models should be invested in this company based on cost, quality, time, etc. Finally, the feedback loop in Figure 5 indicates that is required to re-assess the PLM maturity with a certain frequency, say every six months or once in a year. By doing so we can measure whether the PLM components are on track in reaching the new maturity level, and the adopted PLM model is the optimal option in terms of cost, time, quality, etc. 8 REFERENCES

Table 3 .No effort has been made to consider about recycling 3 

 33 cost, time, and quality. KPIs are proposed based on these three categories. Questions are made to help the company to get the values of these KPIs. Maturity level is gotten based on KPIs. The final maturity level is the average score of all KPIs, and product data management is level 2 for this company. The maturity level of all PLM components for this swimming industry is shown in Figure 2. PCMA Maturity Level and Corresponding Content Maturity Levels Our Work (Items for PLM components Maturity Levels) 1 ad-hoc  The activity is done with expediency  Nobody is responsible for PLM  Documentation is at the lowest point to satisfy operational needs  PLM software system and processes have deficiencies 2 Managed  The activity is defined and managed, but it is repetitious  Documentation and record is carefully studied  Mutual actions are finished in processes and departments  PLM systems are involved and used in the proper places. Defined The activity is formalized and supported by standards  Documentation and record is studied and shared  Personal actions and mutual actions are carried out efficiently  PLM systems cooperate with other enterprise systems  The products run efficiently and are effective  Progressively eliminates errors and failures 5 optimized  The activity runs optimally  PLM system helps company make improved decisions  Best practices and innovative ideas are considered

  Figure 3 is used to describe the function. The aim to set a range of each level is to help questionnaire responders when they do not know the exact value of the corresponding KPIs.

Step 6 . 3 . 3

 633 Transform the problem into a bilinear program based on the rule of Bellman and Zadeh[START_REF] Bellman | Decision-making in a fuzzy environment[END_REF].The equation is in the following: ..., -1, = 2,..., , > , = 1,..., Implementation in real-word cases Data was selected in a swimming industry from January to July. The reason we selection this company is because the security and sustainability become the first issue to be considered in China. Take three widely used PLM components as the alternatives, which are: product data management (C1), new product development (C2), and configuration management (C3). The goal is to help the manager to make the decision of which component should be first invested in. The criteria are cost to invest, time to invest, urgent to invest, and the expected income after invest. This company is a small and middle enterprise. They need to update the product data management to afford the increasing information, at the same time, new security software should be invested to protect customers' safety and configuration management should be updated to configure new requirements. Four pair-wise comparison matrixes are established based on four criteria. The aim of these matrixes is to find the optimal components to balance the cost, time, urgent need, and expected income. The weights which are obtained from these matrixes are called local weights. After that, build a global matrix to determine the relative weights of cost, time, urgent, and income to obtain the global weights. The final weights are gotten by combining local weights and global weights.

Fig. 5 .

 5 Fig.5. PLM components monitoring framework
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Table 1

 1 CMMI Maturity Levels and Key Process Areas

	CMMI Maturity Levels	Focus	Key Process Areas
	1: Initial 2. Repeatable	Basic project management	Requirements management; Project planning; Project monitoring and control; Supplier agreement management; Process and product quality assurance; Configuration management
			Requirements development; Technical solution; Product
	3.Defined	Process standardization	integration; Verification; Validation; Organizational process focus; Organizational process definition; Organizational training;
			Risk management; Decision analysis and resolution
	4. Quantitative	Quantitative management	Organizational process performance; Quantitative project management;
	5.Optimizing	Continuous process improvement	Organizational innovation and deployment; Causal analysis and resolution

Table 2

 2 Comparison of Some PLM Maturity Models

	Maturity Models	CMMI [7,9-12]	Batenburg model [3]	PLMIG model [6]	Sä ä ksvuori & Immonen model[4]	Bensiek& Kuehn model [5]
	Aim area	Process Improvement	PLM	PLM	PLM	Virtual engineering

CMMI: separates organizational functions, sets process improvement goals and priorities, provides guidance for quality processes, and provides a point of reference for appraising current processes Batenburg model: Balance between dimensions, easier to understand and apply, provides benchmark data to other maturity models.

PLMIG model: Advices to next steps, identifies gaps among levels, coordinates between different dimensions.

Table 3 .

 3 We give an example in Table4for how to evaluate

		indicators of PLM components. This maturity model
		follows the principle structure of CMMI by using the
		same maturity levels and structured questionnaires.
		CMMI defined process maturity is developed
		incrementally from one level to the next level and it
		does not allow for skipping levels. This limitation of
		CMMI will result in misleading interpretations for
	4, five different PLM models which contain different	small and middle enterprises (SMEs). PCMA model
	PLM components will be discussed. Section 5	concerns the limitation and provides clearly gap
	proposes a PLM components monitoring framework	among each level. Our previous work gives detailed
	by combining a PLM maturity model and FAHP	information of fifteen components in each maturity
	methodology. Section 6 concludes our work.	level in which the maturity is assessed separately, and
	2 THE PROPOSED PLM COMPONENTS	the items of maturity level descriptions are outlined in
	MATURITY ASSESSMENT MODEL	
	PLM Components Maturity Assessment model	the PLM components maturity level by using PCMA
	(PCMA) [14] considered viewpoints of different	model. Two PLM components (C1 and C2) are
	maturity models and analyzed key performance	selected in Technoware, several KPIs (C1_K1 to

Table 4 .

 4 PLM components and corresponding key performance indicators

	TIFOS Framework	PLM Components	KPIs	Levels 1 2	3	4	5
			C1_K1: %of new products	■			
		C1: Techniques &Practices	C1_K2: Produce products accuracy		■		
	TechnoWare		C1_K3: Running cycle time			■	
		C2: PLM software &	C1_K4: Installation Planning costs		■		
		Applications …	C1_K5: % of Waste…		■		

Table 5 .

 5 Product Data Management component and its' corresponding key performance indicators

		Product Data Management	
		KPIs	Description	Questions	Value
				How much you pay for
				information storage (including
			Measure of all data	hardware and software)?
		1. Average Data storage cost	storage/ number of documents (categories)	How many documents you have to manage?
				How much memory you need to
				manage information? (GB)
	Cost	2. Average Document using frequency per day	Number of document using frequency/ number frequency of all documents using	How many documents you used more than 30 minutes per day?
		3. Average Document finding time-to-cost	How many time it takes for users to find it in seconds/minutes	How long you spend to find the documents you use every day?
		4. Average using cost per document	Average cost for printing and creating the .pdf per document	How much you spend to use these documents (including printing, creating the .pdf, ...)

Table 6 .

 6 Product Data Management component and its' maturity level

	Product Data Management
	Categories KPIs

Table 7 .

 7 Definition and membership function of fuzzy scale

	Fuzzy numbers	Definition	Membership function
	̂	Very Low (VL) (0, 0.1, 0.3)
	̂	Low (L)	(0.1, 0.3, 0.5)
	̂	Middle (M)	(0.3, 0.5, 0.7)
	̂	High (H)	(0.5, 0.7, 0.9)
	̂	Very High (VH)	(0.7, 0.9, 1)
	Fig.3. Structure of Fuzzy triangular numbers
	3.2		

Table 8 .

 8 Fuzzy comparison pairwise matrix for getting local weight

	Cost	C1	C2	C3
	C1	Equal	H	VH
	C2	1/H	Equal	H
	C3	1/VH	1/H	Equal

Table 9 .

 9 Fuzzy

		comparison pairwise matrix for getting
			global weight		
		Cost	time	urgent	income
	cost	Equal	VH	L	M
	time	1/VH	Equal	VL	M
	urgent	1/L	1/VL	Equal	M
	income 1/M	1/M	1/M	Equal

Table 10 .

 10 Local weights and global weights

		C1	C2	C3	Global Weight
	Cost	0.6286	0.2854 0.1014	0.1857
	time	0.5058	0.3230 0.1676	0.1296
	urgent	0.3378	0.4305 0.2317	0.3823
	income	0.2485	0.4251 0.3264	0.2845
	Final weight	0.3821	0.3804 0.2220

Fig.4. FAHP hierarchy towards of PLM components selection ......