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Terminology
PLM
Product Lifecycle Management
1. INTRODUCTION

“In the long run, it is cheaper to spend more time in planning the phase to ensure that the things are done right that to spend a lot of time and money to correct the thing after the implementation.”

- John Stark (2006) -
This report is about the planning of Product Lifecycle Management in a company (hereafter referred as PLM Planning). PLM planning phase, which is marked with a red circle in Figure 1, precedes the PLM implementation. PLM Planning process uses e.g. the vision and strategies of a company as an input. The output of the PLM planning process is a plan for PLM implementation.
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Figure 1 PLM Planning and Implementation.
The structure of the report is following. Chapter 2 introduces some definitions for PLM found from a literature. Chapter 3 is focused on describing the complexity of PLM. Chapter 4 presents the six possible level in which the PLM can be in a company. PLM applications are shortly presented in chapter 5 and chapter 6 mentions a few challenges related to PLM applications. Finally, Chapter 7 sketches the PLM planning process and visualises it as process flow diagrams.
2. PLM Definitions
There are several definitions for PLM in the literature.
According to PLMIG (2005) “PLM is the management of products, and related services, across their lifecycles” and it includes activities like “identifying and quantifying expected business benefits, defining new business processes, understanding data structures, selecting appropriate application systems and training people in new working methods“.
CIMdata (2007) defines Product Lifecycle Management (PLM) as a strategic business approach for managing entire lifecycle of a product. Their definition consists of following details:

· “PLM is a strategic business approach that applies a consistent set of business solutions to support the collaborative creation, management, dissemination, and use of product definition information.”

· “PLM supports the extended enterprise (customers, design and supply partners, etc.).”

· "PLM spans from concept to end of life of a product or plant.”

· “PLM integrates people, processes, business systems, and information.”

Stark (2006) defines PLM as a business activity that manages the products during their life cycles from early ideas until they are retired and disposed –“from cradle to crave”. He points out that there have been some PLM activities in the companies for a long time but they have not been properly planned, clearly defined or well-documented. PLM highlights the proactive nature of lifecycle management and therefore e.g. planning phase is important. Stark (2006) characterises PLM as a holistic and “joint-up”. Holistic approach to management of a product involves applications, processes, people, data, work methods and standards. This is why PLM differs from PDM which is more atomistic activity that focuses on one particular element. Joint-up means that PLM connects previously separated processes, disciplines and functions.

Wikipedia/PLM (2007) presents the different aspects of PLM as in Figure 2.
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Figure 2: Definition of PLM (Wikipedia/PLM 2007).

Wikipedia/PLM (2007) defines PLM as a “process of managing the entire lifecycle of a product from its conception, through design and manufacture, to service and disposal. It is one of the four cornerstones of a corporation's information technology structure.” The other three cornerstones are Customer Relationship Management (CRM), Supply Chain Management (SCM), and Enterprise Resource Planning (ERP) (Wikipedia/PLM 2007).

 CIMdata (2007) highlights the following concepts as fundamental for PLM:

· access and use of product definition information,

· integrity of product definition and related information during the life cycle, and

· management of business processes which create, manage, disseminate and share the information.

Abramovici (2007) defines PLM as “an integrated approach including a consistent set of methods, models and IT tools for managing product information, engineering processes and applications along the different phases of the product lifecycle”. He also adds that instead of one company, PLM addresses globally distributed and interdisciplinary collaboration. This collaboration consists of suppliers, producers, partners, and customers.
3. Complexity of PLM development

According to Active Sensing, Inc (2007), PLM can be seen as a combination of repository of information and communication process between the stakeholders. Therefore, the PLM development is a combination of information systems development and process development. Product data can not be managed without understanding how and where it is produced, manipulated and used. Therefore, the understanding and development of PLM processes is essential during PLM development projects. Stark (2006) states that there is no sense to automate the processes that are not functioning properly or are not adding value. That makes the development and improvement of processes important before PLM system implementation.
PLM development is typically enterprise-wide and complex and it requires lot of coordination and planning to be cost effectively implemented. It covers every phase of product life cycle, large group of organisational units and people as well as large set of information systems. Therefore, the development of PLM requires lot of co-operation between different organisational units and product development phases. Successful PLM development needs an overall project vision and detailed plans to guide the development activities.

Following is the list of problems encountered by PLM development projects as stated in (Stark 2005):

· Justification for introducing PLM is unclear.

· Needs that are defined are incorrect.

· Management and training requirements as well as required investment are underestimated.

· There is lack of skills, knowledge, implementation support tools, and understanding of available solutions.

· There is no agreement about working methods between different departments in organisation.

· It is difficult to objectively identify benefits of PLM systems.
· PLM scope and integration needs are not clear enough.
· There is uncertainty about the return of investment (ROI) of PLM.

Stark (2006) presents the PLM grid (see Figure 3) that shows how wide the scope of PLM really is. The wide scope causes challenges for development of PLM and makes the communication about PLM difficult in organisation. The grid is a two dimensional matrix in which on the x-axis there are the five phases of the product life cycle. These five phases are:

· imagine,

· define,

· realize,

· support and use,

· retire and disposal.

On the y-axis there are the nine components that have to be addressed when managing the product. These components are products, processes, data and documentation, applications, equipment, methods, organisational structure, people, and metrics.
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Figure 3: The PLM Grid (Stark 2006).

According to Stark (2006) company that implements PLM has to address all the cells of the grid. Typically, PLM tools that are on the market do not cover all the cells, but only some of them. Therefore, the tools will satisfy only partially the needs of a company.
Stark (2006) also mentions the planning of PLM as one difficulty. The planning is difficult because PLM concept is enterprise- wide as seen in the PLM Grid. According to Stark (2006) this means that PLM related decisions in a company has to be made by high level managers, because low level managers have little or no authority to make such decisions.

Abramovici (2007) shares the opinion with Stark about the complexity of PLM. He states that when product data management (PDM) focuses on management of product data within product design, the PLM addresses all data, processes and applications for the entire lifecycle of the products.

4. Six levels of PLM

Stark (2006) describes the six possible levels of PLM. The six levels of PLM and their descriptions as documented in Stark (2006) are summarised in Table 1.

	PLM Levels
	Description

	Level 1 - Archipelago of PLM islands.
	This is the lowest level of PLM. In this level, there are separate islands of automation or data in a company. Each island has the processes and tools of its own. There is no information system architecture for the entire product lifecycle and people in a company are not aware of the lifecycle.

	Level 2 - Frontier-crossing PLM.
	The awareness of lifecycle is better than in level 1. There is still no PLM strategy for a whole lifecycle. Some lifecycle phases are more integrated than the others. Some of the information systems are standardised in a company. There are some commonly used processes (e.g. New Product Development, NPD), in several departments or functions.

	Level 3 – Enterprise-wide PLM.
	In this level just one of many resources that make up the holistic paradigm of PLM is addressed. For example, product data management can be used to manage product information across the whole life cycle and also across the extend enterprise.

	Level 4 – Patchwork PLM.
	There are one or more enterprise-wide components of PLM in the company. In addition to those components, there are also areas that can be considered as separate islands of PLM. In some areas, there are company wide implementations but there are still other areas that are at the level of islands of PLM.

	Level 5 – Enterprise-deep, Enterprise-wide PLM.
	At this level PLM is enterprise-deep and enterprise-wide. PLM is clearly understood in the company and company has defined its PLM vision and strategy as well as PLM plan and metrics. Also the roadmap for implementation of PLM applications has been defined. The PLM plan has not been implemented in the level and extent in which the performance of the company can be seen improved. 

	Level 6 – Global PLM.
	In this level PLM will cover the company itself but also the extended enterprise of the company consisting of the suppliers, partners, and customers.


Table 1: Six levels of PLM (Stark 2006).

Stark (2006) reports that the emergence of PLM is recent and therefore it is unlikely that a company has every component in place as shown in the grid. However, most of the companies have some of the components, like product definition applications (e.g. CAD), product data management (PDM) application or engineering change management process, in place. He also states that PLM is needed in all the companies regardless of their size. But in larger companies, the implementation of PLM elements is much more difficult than in smaller ones.

5. PLM applications
Adami-Samson (2004), Atos Origin (2003), and Amann (2004) state, that the roots of PLM origin from the design and engineering activities in a company. When CAD was taken into use in companies to help making the product definitions, the amount of data that had to be stored and accessed, increased rapidly. In that time, the focus of management activities was in Engineering Data Management (EDM) meaning the processes and tools to manage the engineering drawings produced by the CAD. Later the term and tools for Product Data Management (PDM) was introduced to enable more efficient storing, retrieval and re-use of engineering data and product structures. PDM tools were linked with the engineering tools to make engineer’s work more efficient. Later, the needs to add more functionality into information management systems to cover the wide variety of information needs in different departments or functions in a company were emerged. The capabilities of the systems we added to cover more than just information management and its delivery. The support for workflows, program and project management and collaborative product development were added in the systems to standardize and speed up operations in a company. Web based systems made the connection of partners, suppliers and company’s own dispersed units more easy. These capabilities created the basis for PLM.
Stark (2006) lists applications that typically can be identified in PLM. He also presents the percentage contribution of each application group. List of mentioned applications and their percentages as in Stark (2006) is shown in Table 2.

	PLM Application
	Percentage

	Product data management
	20%

	Product and process definition
	15%

	Configuration management
	10%

	Collaboration software
	10%

	Customer-oriented applications
	10%

	Visutalization and viewing
	5%

	Data exchange
	5%

	Supplier-oriented applications
	5%

	Definition and management of product lifecycle processes
	5%

	Project management
	5%

	Portfolio management
	5%

	Integration
	5%


Table 2: PLM Applications (Stark 2006).

Stark (2006) divides the functions of PLM into two groups. First group (Generic PLM Functions) consists of functions that are applicable for all kind of companies, products and users in a company. Second group (Task-focused PLM Functions) is formed by the functions that are more specialized in nature and are applicable for limited group of organisations, departments or people. 
Table 3
 lists the functions belonging to each group.
	Generic PLM functions
	Task-focused PLM Functions

	· Data and document management

· Part, product, and configuration management

· Process and workflow management

· Program and project management

· Collaboration management

· Visualization

· Integration

· Infrastructure management

· Product idea management

· Product feedback management
	· Product portfolio management

· Idea generation management

· Requirements and specifications management

· Supplier and sourcing management

· Manufacturing management

· Maintenance management

· Environment, health and safety management

· Intellectual property management


Table 3: PLM Functions (Stark 2006).

Abramovici (2007) presents an approach for PLM that can be used as a reference when company plans its own PLM concepts and roadmaps. This approach is not available as a ready to use solution from tool vendors. According to the approach, available PLM methods and tools are presented in three main categories as follows:
· Information management

· Process management

· Application integration

In addition, support for engineering collaboration, management of user access to systems and information, as well as analysing, reporting and visualisation of data is included in the approach. Abramovic & Sieg (2002) highlight that important objective of PLM is to integrate applications (like CAD, ERP, and project management tools) that are needed across the product lifecycle as well as to manage information consistent and non-redundant.
6. Challenges of PLM applications
According to Abramovici (2007), PLM solutions support poorly lifecycle activities that reside outside the product development (e.g. technical sales and product sourcing) and the integration of mechanics, electronics and software component is insufficient.  He also mentions that PLM solutions are highly complex and they need lots of customisation due to the lack of generally accepted industry standards for PLM meta-data models and PLM processes.  Abramovici (2007) states that “8% of companies have a clear PLM vision and extensively implemented PDM/PLM system”. In addition to that, about “50% of the PLM implementations are in an early implementation state”.
7. PLM Planning as in literature
As stated earlier, the planning of PLM is a challenging task in a company. PLM planning consists of vision, strategy and plan. Also metrics for measuring the success of PLM have to be defined during the planning. All these components are closely integrated with each other.

Stark (2006) presents their relations in the following way:”The Vision is a major input for strategy development. The Strategy is the major input for development of the plan. The Plan drives the deployment. The success or failure of the deployment is measured with the metrics.”
Following chapters are structured according to these main PLM planning phases (see Figure 4):
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Figure 4 Main phases of PLM planning (Stark 2006).
7.1 PLM Vision

Stark (2006) mentions that the purpose of PLM vision is to give an overview of PLM and its importance to large group people including executives, information system managers, product managers and developers. It also tells how company will achieve this vision.

According to Ausura & Deck (2007) it is important to formulate an overall project vision and to prioritize the areas with the highest needs. They also state that the vision, which they call as a PLM Roadmap, should answer the questions like:

· “What do you want to change?”

· “What capabilities do you want to create?”

· “How will the system support this vision, and how will it evolve over time?” 
As one important aspect Ausura & Deck (2007) highlights that companies should create the roadmap for PLM before they start the activities related to the implementation of information systems. PLM development has to support the mission and objectives of a company. For PLM development itself, there has to be its own vision, strategy and plan, but they have to support the higher level business mission and objectives of the company. According to Stark (2005) the developing of PLM vision, strategy and plan is not an easy task and it requires a lot of work. After the development efforts, there should be a clear link from PLM vision to PLM implementation.
Stark (2005) defines the PLM vision as follows: “PLM vision is a high level conceptual description of a company’s product lifecycle activities at some future time”. He states that typically the vision is limited to cover next five years in the future. The reason for this time limit is that it is difficult to see the future for a too long period of time. PLM vision describes the environment, performance and behaviour of the product lifecycle activities which the company expects to do in the future.

Stark (2005) lists following characteristics for PLM vision:

· PLM vision is also company specific. Therefore, the making of PLM vision requires a good knowledge about the company and its business.

· PLM vision has to make sense to others. Therefore, it has to be realistic and stated in the way people can understand it and believe in it.

· PLM vision has to be communicated. Communication has to cover all the people and organisational units which will be involved with the PLM activities or which might be impacted by them.

· PLM vision is a starting point to PLM Strategy. Therefore, without this vision the common big picture of the development work will be missing.

· PLM vision is built by a team of people. This team works few months part-time to build the vision.

· PLM vision has to fit with company’s overall vision, mission and objectives.

Stark (2005) states PLM vision can be developed in a company only after the scope, range and content of the product lifecycle activities are understood. Also it is important to discover how the PLM influences on inside and outside the company.

Because PLM vision states only generally the desired state, the metrics have to be set from this vision to express some quantitative targets for the follow up of development activities. Relevant metrics can be set to provide parameters that help company to set targets for its implementation plans. (Stark 2005)

According to Stark (2005), CEO of the company is the person who has the responsibility of developing the PLM vision. Typically, CEO will delegate the responsibility to other people, but CEO should be closely involved with the development of it. CEO will provide some input and also reviews the results of the development activities. Other members in PLM vision development team should consist of people (both managers and lower level worker) from all the functions in the product lifecycle.

Representatives of management level will take care that strategic business focus will be taken into account. It is also important that PLM visioning team has representatives from product and functional management because they also will hold important knowledge of the current business and future expectations. (Stark 2005)

Stark (2005) lists the following techniques that can be used during the PLM visioning:

· brainstorming

· scenario building and comparison

· simulation
· Delphi techniques

· experience and intuition

· questionnaires

· surveys

· benchmarking

· process analysis.

To sum up, the most important aspects of PLM vision are (see Figure 5 ):

· Get the high level commitment for PLM initiative by nominating the top level manager as responsible for PLM development actions.
· Set up a team that is responsible for creating PLM vision.

· Make a vision for PLM to explain why PLM is needed in a company, what it can offer to a company, and what the desired state is for PLM.

· Align PLM vision with higher level business mission and objectives of the company.

· Include roadmap for PLM development in the vision to make the vision more concrete and to tell the steps towards implemented PLM.

· Define metrics to measure the realization of PLM vision.
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Figure 5 Process for defining PLM vision (Stark 2005, Ausura & Deck 2007).
7.2 PLM Strategy

According Stark (2005) the next phase, after the PLM vision has been defined, is to create a PLM strategy. Kalypso (2008) summarizes PLM strategy as an understanding of how the whole business works. This comprehensive understanding should consist of processes, organisational structures, product development strategies, and people.
Dohrman (2007) states, that because PLM means different thing to different companies, each one should define what their company actually needs and how its success will be measured. He advises companies to start by defining the deficiencies of their current processes and by identifying the sources for gaining and maintaining competitive edge. Dohrman (2007) stresses the importance on identifying the key benchmarks that can be used to measure the success of PLM as a part of strategy planning phase.
As PLM vision, the PLM strategy should also be well-defined and communicated. PLM strategy defines the organisation of PLM resources (structure) and the policies to manage and use them. Typically the set of resources consists of facilities, equipments, people, suppliers of materials and energy, finance, time, reputation with customers and employees, knowledge, information, data and documents, information systems, processes, working methods and techniques, communication and needed equipments, alliances with other organisations and government, standards, and products. (Stark 2005)
PLM strategy also describes the ways to achieve the defined objectives described in the PLM vision. At the same time when developing PLM strategy, it is important to develop the operating plan for the first year to ensure that these two are synchronised. (Stark 2005)

Stark (2005) lists following characteristics for PLM strategy:

· PLM strategy is company specific.

· PLM strategy defines a way to achieve the PLM vision.

· PLM strategy concerns with long term decisions and it will have long-term business impacts.

· PLM strategy is just one part of an overall business.

· Typically, PLM strategy will be defined for five years and it will be reviewed annually.

· PLM strategy is a starting point for development and implementation of improvement plans.

PLM strategy will be developed by going through the following phases (Stark 2005):

Phase 1 - Collect information: Information collection phase is important, because there has to be a good understanding of the product lifecycle activities and resources to be able to develop a PLM strategy. Information that has to be collected, will mostly be related to current situation, and consists of (Stark 2005):

· “Information of current company and PLM, with organisation, activities, objectives and strategy.”

· “Environment in the company, industry and markets.”

· “Key factors related to success, trends, opportunities and threats.”

Phase 2 - Identify possible strategies: Stark (2005) states that company has to identify several possible strategies to increase the possibility to find the best one.  As (Stark 2005) tells, “the most obvious strategies are not necessarily the most appropriate”. According to Stark (2005), possible sources where the candidate strategies can be identified from are:

· Current and previous strategies of the company.
· Competitors and other players in the market.
· New strategy that will be developed.

Phase 3 - Select a strategy: To be able to select a strategy, company has first analyse the identified and potential strategies. According to Stark (2005) the number of strategies to be analysed should be limited to three or four. This analysis of strategies is often referred as SWOT analysis (Strengths-Weaknesses-Opportunities-Threats). After the testing of strategies the most appropriated strategy is selected and fully documented. (Stark 2005)
Phase 4 – Communicate the strategy: Stark (2005) states that all the people who are affected or involved during the lifecycle have to be aware of the selected strategy. Without communicating the strategy, it is impossible to understand and implement it properly. According to Stark (2005), to make the communication possible, following principles in communication have to be considered:

· The strategy must be expressed in language that everyone can understand.
· It is important, that the language in the strategy uses the terminology which is commonly agreed in the company. Then everyone can understand what the terminology means.

· It is important to test the communication of the strategy on a few people before communicating it more widely in a company.

· Communication has to ensure that individuals know the relevance of the strategy for themselves. This makes people to be more interested in the strategy.

· The communication of the strategy has to be repeated on different occasions and different ways like formal/informal presentations, newsletters and meetings.
Phase 5 – Implement the strategy: According to Stark (2005), the PLM strategy “should contain a plan showing how the strategy will be implemented over the length of the total implementation”. As an example, Stark (2005) mentions that total implementation of PLM can take five years. For a first year, it is important to have a more detailed plan. There should also be different views of the plan for different purposes. The level of the details may vary according to the view. PLM plan is described more in the next chapter.
Kalypso (2007) shows an example how consulting company approaches PLM strategy. Their PLM strategy projects goes through seven phases as follows:

· “Definition of business problem.
· Identification of business objectives.
· Creation of business case and justification for the strategic approach.
· Building of integrated and platform-independent PLM solution.
· Selection of a PLM platform and other supplementary software providers if needed.
· Aligning the organization on the goals and objectives.
· Developing implementation roadmap with detailed phases.”
To sum up, the most important aspects of PLM strategy are (see Figure 6):

· Collect information that consists of the current situation of the company and PLM, external business environment of a company, and key success factors for the future.
· Identify possible PLM strategies and analyse them.

· Select the most appropriated PLM strategy and document it.

· Communicate the strategy to all stakeholders.
· Implement the strategy.
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Figure 6 Process for defining PLM strategy (Stark 2005).
7.3 PLM Plan and Metrics

Originally, Stark (2005), included the PLM plan in the PLM strategy report that is the result of the preceding phase  - PLM Strategy. In this document, PLM plan and metrics phase is separated from the PLM strategy phase and presented in its own chapter.
Stark (2005) states that PLM plan describes the detailed PLM development activities. Table 4 illustrates the example block diagram for a PLM plan as presented in (Stark 2005). According to Stark (2005), this diagram should be the first view to a PLM implementation. The greyed boxes indicate when certain development areas are active. 
	
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5

	Start-up
	
	
	
	
	

	Project management
	
	
	
	
	

	Organisational structure – extended
	
	
	
	
	

	Processes
	
	
	
	
	

	Organisational structure – internal
	
	
	
	
	

	People
	
	
	
	
	

	Information
	
	
	
	
	

	Working methods
	
	
	
	
	

	Information systems
	
	
	
	
	

	Accompanying actions
	
	
	
	
	


Table 4: The first view to PLM plan – a Block diagram (adopted from Stark 2005).

The PLM plan has to be updated annually. For each development project priorities, objectives, actions and their schedule, and financial requirements have to be defined and planned. (Stark 2006)

Also metrics to measure the success or failure of the projects have to be defined. According to Stark (2006) financial performance, time reduction, quality improvement, and business improvement has to be measured.
To sum up, the most important aspects of PLM plan are (see Figure 7):

· Define PLM plan in higher level to visualize the PLM activities for e.g. next few years. 

· Detail the plan for the first year.

· Define the metrics for PLM development.
· Update plan annually.
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Figure 7 Process for defining PLM plan and metrics (Stark 2005).

7.4 Summary of PLM Planning Process

Figure 8 summarises the phases of PLM planning process.
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Figure 8 PLM Planning Process.

PLM planning process consists of three interconnected processes. At first the PLM vision process defines the “Big Picture” for the PLM development. Second, PLM strategy process describes the ways to achieve the defined objectives that are described in the PLM vision. Finally, PLM plan and metrics process defines an over all plan for several years to come and a detailed plan for the first year. It also defines the metric to the PLM development.
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