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Abstract
Within the globally scaled economy and markets, the Manufacturing Process is re-emerging as the value-creator activity for providing the enterprise revenues, even if its role is becoming more sophisticated. In fact, markets are growing in a world-widely manner and customers are becoming more pretentious in terms of quality and delivery times, while the product itself is turning to something more complex than just physic good, but it is evermore a conjunction of such services and extra components. 

Therefore, the Manufacturing Process is growing itself, becoming a complicated cycle that starts from understanding markets, through product and process design, to operations and distribution management, exceeding the boundaries of the single enterprise.

Within this advanced scenario, all the activities performed along the Manufacturing Process must be coordinated and efficiently managed in order to gain revenues and reduce redundancies. For realizing such coordination, Manufacturing has to become evermore an integrated manufacturing process, enabling the communication between all methods/tools/environments dispersed along the Manufacturing Process itself. This new kind of integrating “paradigm” is already under deployment and it is defined as Product Life Cycle Management (PLM).
PLM acronym is a kind of “umbrella”, under where Collaboration and Coordination are provided by Integration. PLM paradigm is “the capability to manage, co-ordinate and execute all the engineering and management activities along the product life cycle to deliver products to the final user at acceptable acquisition and utilization cost”.

PLM is turning into a worldwide experience and one of the fastest-growing IT markets. Many industries are looking for PLM solutions and implementations, while many IT market vendors are moving along this line proposing their “integrated” PLM suites (EDS, IBM-Dassault, Tecnomatix, SAP, Baan). 

At the present, each PLM market solution proposes its integrating “reference frameworks” for connecting tools and environments in a “point-to-point” collaborative private arena. At the contrary, there is a general deficiency of “open” integration: the existing PLM suites can’t be really connected and, therefore, the adoption of the PLM paradigm is reduced to one IT “trust” choice, after taken it, the enterprise is “obligated” to life with it and by it. 

To solve this “trust” problem and for enabling the PLM grown, it is necessary that all PLM elements, provided by different vendors, could be integrated independently to their origins. This way, this Open Integration could be instantiated only setting a common, univocally understood, reference framework, which could enable the interoperability between all tools/environments existing along the Manufacturing Process.

Within the illustrated scenario, the thesis aims to investigate all the phenomena of the PLM paradigm, in order to clearly define the boundaries and the opportunities of such paradigm. Thence, the thesis will aim to contribute to the international actions that are currently under development for setting such integration standard frameworks for enabling open PLM paradigm. 

1. Area of Investigation

	Re-vitalization of the Manufacturing process
	Within the new global economy and markets, the modern company has to manage its internal and external activities in order to efficiently satisfy the market request: “the best product, at the right time, in the right place”. 

After that the 90ies soap-bubble of “New Economy” was burst, the “Manufacturing Process” is re-emerging as the value-creating process within the company, even if in a more complicated manner. In fact, “the value content of the manufactured products is becoming relative small compared to the value of the services and knowledge contents associated to the product itself” (Bititci, 2003).



	Globally scaled Manufacturing
	A new world-wide scenario for Manufacturing arises, named “Globally Scaled Manufacturing" (Garetti et al., 2003). According to these authors, Manufacturing is more than just Production, but the Manufacturing Process is defined as the “full cycle from understanding markets through product and process design to operations and distribution. In its design and deployment technical, economic, financial and people issues are taken into account.” 

This way, the Manufacturing Process is exceeding the boundaries of the single enterprise, becoming the result of such collaborating activities (from design, to production), which flow through suppliers and contractors, along the undefined boundaries of the Extended Enterprise.



	Product Lifecycle Management
	Within this Globally Scaled world, the new successfully strategy for the Manufacturing Process deals with “Collaboration” and “Coordination” of such all activities (engineering and managing) performed along the process itself. 

For realizing such Collaboration Strategy, Manufacturing has to become an “integrated manufacturing process”: all methods/tools/environments dispersed along the Manufacturing Process have to be integrated, for constituting such a collaborative arena, physically enabling the Collaboration Strategy. This new type of integrating paradigm is already under deployment and it is defined as Product Life Cycle Management (PLM). 

According to Garetti et al. (2002), PLM paradigm is “the capability to manage, co-ordinate and execute all the engineering and management activities along the product life cycle to deliver products to the final user at acceptable acquisition and utilization cost.” Thence, PLM integrates a variety of disciplines/methods/tools/environments along the product life cycle, from Product Development (PD) and Manufacturing System Engineering (MSE) activities and tools (CAD, CAPP, CAPE, CAM, PDM), to Enterprise Engineering and Management activities and tools (ERP, MRP, CRM, SCM).



	PLM “closed” integration 
	PLM is becoming a world-wide experience and one of the fastest-growing market for IT within the enterprise. Many industries are looking for solutions and implementations of this new paradigm, searching for ICT infrastructures that could enable it. The growing interest in PLM makes sense, considering its potential benefits: it can reduce costs, minimize the number of mistakes, improve product quality, speed time to market, increase innovation, and improve communication among departments and business partners. 

The IT vendors market is moving along this line, and many software and hardware vendors are proposing their “integrated” PLM suites (EDS, IBM-Dassault, Tecnomatix, SAP, Baan…). 

At the present, each PLM suite proposes its integrating “reference frameworks” for connecting tools and environments in a “point-to-point” private arena. At the contrary, there is a general lack of “open” integration: the existing PLM suites can’t be really connected and, therefore, the adoption of the PLM paradigm is reduced to one IT choice, which becomes a sort of “trust” choice: after taken it, the enterprise is “obligated” to life with it and by it. 

During our times, this type of “trust choice” could become a dangerous (expensive) decision. Think for example to the world phenomena of mergers and acquisitions, where “factories are being bought and sold as independent company assets with large international companies averaging one new factory every four weeks“ (Brandl, 2002). The bought factories must be quickly integrated into the parent company’s product lifecycle environment and ICT infrastructure. Within this scenario, past IT choices could become relevant sources of problems and inefficiencies. 



	Open Integration setting standard
	To solve this problem, it is necessary the instantiation of an open integrating approach to adopt within PLM. This way, it appears how a real integration between tools/environments existing along the Manufacturing Process could be realized only setting a common, univocally understood reference framework, which could allow to connect different worlds (processes) and different minds (people).

This type of open integration, enabled by setting standard mutually considered by all PLM suites, is the only key to guarantee a successfully deployment and adoption of the PLM paradigm within the Globally Scaled Manufacturing, avoiding other integration-mistakes such the past CIM and CIME experiences.




2. International State-of-the-art

	PLM trends 
	PLM is becoming a fundamental paradigm and the fastest-growing IT market within the manufacturing arena: AMR Research (2001) predicts that the category will grow in total revenues from slightly more than $2 billion in 2001 to more than $7.5 billion in 2006.

Accenture commissioned at end of 2001 a survey of 100 manufacturing leading firms across Europe for understanding the current state of PLM paradigm adoption and for analyzing the attractiveness of value propositions available on the market. The 100 managers were asked to answer about what they though about PLM paradigm: 14% answered that PLM paradigm was the most important paradigm for their firms and that it was under deployment within their departments; 77% answered the same position about PLM adoption, but at the present they weren’t working on PLM integration. Only 19% of the interviewed considered PLM paradigm something not interesting. 

In particular, for the 100 firms interviewed by Accenture (2001), PLM paradigm is interesting for its promises: 71% estimates that PLM could reduce product time-to-market, 69% that it could reduce general implementation costs, 59% that it could improve product quality and for 47% product innovation.



	Role of Integration in PLM
	Within the needed new global manufacturing strategy, enabled by PLM paradigm, integration is the success-key process. Discussing about “integration” deals, at least, with three different kind of questions:

i. Integration of people working within an organization (Human Aspect); 

ii. Integration between different processes managed by people using systems (Operational Aspect);

iii. Integration between different systems (software platforms) used by people (Technical Aspect).

The paradigm of PLM is basically founded on integration: people from different departments and enterprises might efficiently cooperate for designing the product and managing its lifecycle. The collaboration is provided by ICT integration, which enables communication between software and platforms from detached processes. 

This way, the integration needed within the PLM manufacturing paradigm is an integration existing between business processes (management processes) and production processes (manufacturing process in strict way), resulting a real Business To Manufacturing (B2M, Brandl 2002) integration paradigm.



	State of the art of PLM integration
	PLM paradigm is currently under deployment and several vendors are trying to develop integrated PLM suites using their forces and looking for partners both. In particular, it is possible to notice how the PLM market is composed by at least three kind of providers, coming from different world (Figure 1):

i. Vendors coming from the digital engineering world (EDS; Tecnomatix, IBM-Dassault), which start from PD and MSE processes and are trying to connect Enterprise Engineering and Management processes;

ii. Vendors coming from the ERP world (Baan, SAP…), which, at the contrary, start from Enterprise Management processes for turning to connect PD/MSE tools and platforms;

iii. Vendors coming from the ICT world, which aim to establish such collaborative environments for PLM integration (Microsoft, MatrixOne, Agile…), basically using web technologies.

Several experiences of PLM integration already exist. All the three kind of vendors are merging their products, creating alliances and partnerships between them.

For example, EDS and Tecnomatix (April 2002), both coming from PD/MSE fields, are merging their PLM suites in order to combine an integrated platform, which will cover completely the PD/MSE fields. At the same time, EDS is going to constitute a partnership with SUN Microsystem, while Tecnomatix is combining an agreement with SAP (MySap.plm). 

IBM-Dassault, after integrating the processes within the PD/MSE area connecting its products (Enovia, Catia, SolidEdge), is moving toward a more comprehensive PLM solution joining Delmia partner (Process System Engineering) and establishing its collaborative environment (SmartTeam), using its hardware platforms (IBM core business).
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Figure 1 : Vendors moving toward PLM
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Figure 2 : Integrated Product Life Cycle Management framework
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	Setting up open integration
	Physically, the creation of vendors’ partnerships regards the instantiation of a “reference framework”, which enables the integration between the different software platforms.

As previous highlighted, currently some experiences of integration already exist within different PLM market solutions, but each integration effort is a “one-of-a-kind” effort. All vendors promise integration with “major tools”, but the level of integration is quickly different. There are some alliances (e.g. Tecnomatix-EDS) which are founded on the mutually exchange of proprietary source-code in order to create a single PLM suite, but it seems that the majority of “integration solutions” are basically founded on approach such as “flat-files” exchanging and data converting. Therefore, the adoption of the PLM paradigm is reduced to one IT choice, which becomes a kind of “trust” choice. This “trust choice” could become a dangerous (expensive) decision in times of mergers and acquisitions worldly distributed (Brandl, 2002), creating future problems and inefficiencies. 

To solve this “Babylon tower” of integration, it is necessary to identify a univocally understood framework, to elevate like a standard, mutually accepted by different vendors/developers/users.

This standard could provide, by one hand, a dictionary of terms and information, but also, by the other hand, it could provide the methodological approach for designing the processes included within the PLM paradigm.



	State of the art of standard setting
	In literature, the need of a reference framework has been presented in a lot of works, deriving from different fields. 

In particular, two main fields might be analyzed: the Product Development (PD) and Manufacturing System Engineering (MSE) field and the Enterprise Engineering (EE) field.



	PD/MSE integration efforts
	During the last ten years, within the PD/MSE fields were developed a lot of interesting projects finalized to the instantiation of an integrated, collaborative environment for supporting the Product Development and Manufacturing System Engineering activities (SIP [Garcao, 1995], Plantfaber project [Garetti, 1997], Mission Project [Rabe, 1999]).

Within these projects, the fundamental concepts of the new PLM manufacturing paradigm were developed: different engineering environments and tools could be connected using a mutually understood framework and data format, creating an ICT collaborative platform, in order to improve the efficiency of the whole PD/MSE main process. 

Within the MSE, lot of other works developed, for different purposes, other reference frameworks. For example, Wu (1995) presented a structure for the description of manufacturing systems (HOOMA - Hierarchical and Object-Oriented Manufacturing Systems Analysis), while Bodner (1994, 1997) proposed a framework for Enterprise Engineering within manufacturing contexts using four systems (plant vs. control, processing vs. logistic) and five components (Material, Location, Control system, Production subsystem, Transportation subsystem). 

Many of these efforts were accepted by some standardization groups, like CEN ENV 40 003 and CEN ENV 12 204 (at the European level), or ISO DIS 14258 and ISO CD 15704 (at the international level). 

Other efforts strive at reaching an international consensus among users concerning enterprise engineering and integration based on modelling technology (ICEIMT initiative). An IFAC-IFIP Task Force has developed a Generalised Enterprise Reference Architecture and Methodology (GERAM, 1997) as a generalisation of the CIMOSA (Open System Architecture for CIM) (AMICE, 1993), GIM (GRAI Integrated Methodology) (Doumeingts, 1998) and PERA (Williams, 1992) architectures.

Within the PD field other many efforts were spent in order to create a reference standard for enabling product data representation, but instead of MSE area, at the present for Product Development and Management already exist a globally considered standard (STEP - Standard for the Exchange of Product Model data -ISO 10303), which enables communication between different CAD solution providers.



	EE integration efforts
	Within the EE area, it’s possible to observe in literature how many efforts has been spent in setting up a common data format for connecting different company processes. 

The EE area is strongly supported by international (European and worl-wide) offices for standardization. At the international level, ISO TC184 (Industrial Automation Systems and Integration) is the leading actor in Enterprise Modelling and Integration. The main activities are carried out within two sub-committees: SC4 (Industrial data) and SC5 (Architectures, Communications, and Integration Frameworks). In Europe, CEN TC310 WG1 is the responsible organization for standardization setting in EE area. Its work is supported by the European Commission and co-ordinated with ISO TC184. Major results are: ENV 40003 Framework for enterprise modelling, ENV 12204 Constructs for enterprise modelling and its currently renew (N177), and ENV 13550 Enterprise Model Execution and Integration Services (EMEIS). 

Some works are carried out by ISO in collaboration with other organizations. For example, ISO/IEC 15288 on System Life Cycle Processes has been elaborated by ISO/IEC JTC1/SC7/WG7; CEN TC 310/WG1 and ISO TC184 SC5/WG1 are revising ENV 40003; ISO and ISA are establishing a joint working group to develop ANSI/ISA-95 on Enterprise-Control-System Integration. 

Relevant works are also done by non-profit organizations. TOGAF (The Open Group Architectural Framework) is developed by OAG (Open Applications Group). The Object Management Group (OMG) has elaborated the Object Management Architecture (OMA) to develop integration for object-oriented applications. 



	PD/MSE and EE merging efforts
	Moreover, within the PD/MSE world, the efforts spent during the last decade setting standard modelling methodologies (e.g. IFAC-IFIP Task Force GERAM, GRAI Integrated Methodology) are converging within a single project proposal for creating a Unified Enterprise Modelling Language (UEML, Panetto 2002, www.ueml.org ), for describing and designing an enterprise system, composed by manufacturing, business and others processes. Something similar is presented within the developing of ebXML language (Oasis, 2002), which aims to identify a standard data format for managing an electronic market.

Also within the IMS (Intelligent Manufacturing System, www.ims.org) community, the problem of integration is considered, since a Special Interest Group was activated within the IMS-NoE (Network of Excellence, www.ims-noe.org) specifically oriented to the identification of the 2k manufacturing issues (SIG 1), under the coordination of DIG-Politecnico di Milano and Baan Development.



	Standard setting is a current vendors issue
	It is important to notice that lot of the previous named works are developed by team composed also by people from the identified vendors of the PLM market: Baan is one of the coordinator of SIG 1 of IMS-NoE, while some vendors (IBM, i2, SAP, PeopleSoft) are already providing their integration features according to the first OAG specifications. Within PD area, all the most important vendors are using STEP standard to guarantee the most open interoperability to their customers. Also ANSI/ISA-95 is being used as the basis for many control and MES vendors (such as Honeywell, Rockwell, Sequencia, Invensys-Baan, and Fisher-Rosemount). Moreover, some vendors (EDS-Tecnomatix) are collaborating to propose their PLM-XML standard integration, deriving their XML parser specifications according to SGML-ISO8879 strategy. 

This way, the road for standard setting within the PLM paradigm has already started, even if it is at a preliminary stage.


3. Research Framework

	Definition of PLM dimensions and variables
	According to Mello (2003), PLM paradigm “keeps product information at the forefront throughout a product's life cycle — a process that begins with a design concept, which is then evaluated, engineered, sourced, manufactured, distributed, serviced, modified, and eventually retired.”  For Bourke (2002), PLM “includes the planning and coordination of all activities in the product lifecycle, and accurate documentation in sufficient detail to support the product’s planned lifecycle for all users of the data”.  

According to Garetti and Cugini (2003), PLM aims to integrate three main enterprise “streams” (Figure 3):

i. The stream of the PD/MSE activities, composed by such activities as product/process/factory design, distributed along the life cycle of the generic product;

ii. The stream of the Production Planning and Control (PP&C) activities, such production planning, scheduling and control. 

iii. Between these two main streams, it exists an intermediate stream (Enterprise Management and Engineering), composed by such activities that are mutually connected with MSE and PP&C streams, as marketing, procurement, distribution, and etc.

Several tools and environments, such as CAx and PDM in PD/MSE stream, MRP and APS in Production Management, ERP and CRM in the Enterprise Management and Engineering, power each stream. 
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Figure 3 – Streams enabled within PLM

	
	PLM paradigm aims to integrate such all activities disposed along the product lifecycle line in order to improve Coordination and Cooperation among them. Physically, this Integration deals with an interoperability connection enabled between the tools/environments that are distributed along the product lifecycle. PLM paradigm requires information and communication infrastructures and integrated software. For O'Marah (AMR Reseach, 2003) “the easiest way to think about PLM is that it's just a big product-information library with applications on top that let you perform decision support".

The degree of PLM integration is already at a preliminary stage: at present, only such proprietary integrating solutions exist within PLM suites, while open interoperability is merely considered. Therefore, the thesis work aims to improve this integration, contributing to international actions, currently under development, which aims to instantiate a standard framework for enabling open integration.


	Integration variable 
	Collaboration and Coordination of activities could be realized studying for their integration. At first, Integration deals with the analysis of such processes involved; after that Integration is physically implemented enabling IT communication between tools and environments used in the different activities connected. 

Proposition 4: “Coordination and collaboration deals with integration between processes involved”.

Proposition 5: “Integration physically deals with IT connections”.

Proposition 6: “Integration between tools and environments improves efficiency and efficacy of the Manufacturing Process”.



	Standard setting dimension
	Integration could be realized in a proprietary orientation (each “integrating solution” proposes its framework); this way, no communication could be instantiated between tools/environments from another “integration provider”.

This way, efficiency and efficacy improvement, deriving from integration instantiated, could be hardly reduced when some external phenomena occur within the Manufacturing Process (e.g. acquisition/disposal of another industry/process/activity modifying the Manufacturing Process itself).

Integration is a large concept: to realize effectively improving within a globally scaled Manufacturing Process might be worldly accepted. For setting up an open integration, a reference standard framework, enabling communication between different tools/environments, might be developed and accepted by more “integration solution” providers.

Proposition 7: “Proprietary integration improves efficiency and efficacy within the Manufacturing Process, but it requires the adoption a single “integration provider” solution”.

Proposition 8: “Proprietary integration disables the interoperability with processes/tools/environments from other “integration providers”, reducing efficiency and efficacy of the Manufacturing Process itself”.

Proposition 9: “Open Integration worldly improves efficiency and efficacy within the Manufacturing Process”.

Proposition 10: “Open Integration deals with the instantiation of a reference standard framework, worldly recognized”.

Proposition 11: “Open Integration powers the Collaboration and Coordination Manufacturing Strategy within the PLM paradigm, worldly improving the efficiency and efficacy of the Globally Scaled Manufacturing Process”.
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Figure 3 : PLM integration with the Enterprise (ITMR, 1999)
4. Future State Vision, Goals, & Requirements for Life-Cycle Management

What is Integrated Product Realization (IPR)? As indicated in Figure 2, it spans the innovation process, the creation of the product idea, the definition of what is required to make it, the reaching of agreement on costs, schedules, and performance requirements, and the creation and application of all the information and processes to support manufacture. Having all this activity integrated and managed as a concurrent, efficient system with no false steps – this is what integrated product realization is about. Add to this list the integration of the IPR process with the business systems that manage the enterprise, and you have a good view of enterprise integration.

As highlighted in the current state assessment, the path from idea to delivered product and its ultimate disposition today is neither smooth nor well planned. Indeed, it is a wandering path marked by many mileposts. Business process reengineering and “lean” manufacturing, with their emphasis on reducing cycle time and non-value-added work, are helping straighten the path. However, the tools and technologies that support integrated product realization and allow us to reach that next level of excellence simply do not exist. There are pieces, but the puzzle is still in the box, and many pieces are missing. We must define the voids, provide the tools, and put the puzzle together.

In today’s world, these issues are often unclear, and often many prototypes are discarded before clear agreement is secured. In the future, modelling and simulation tools will quickly and efficiently provide rough estimates based on an open dialogue in a tradeoff environment between the supplier and the customer. The concept definition process will reconcile business issues across the enterprise and ensure that all parties are in agreement, with areas of risk documented and accepted by all before release of the design to the detailed design phase.

The Detailed Design and Optimization phase uses all of the information from the concept definition and drives it to the level of detail required to produce quality products. In comparison to the low-fidelity tools of concept definition, this phase uses modelling and simulation tools, coupled with knowledge-based systems, to create all of the information necessary to make the product and prepare that information for use by the manufacturing, distribution, and support functions of the enterprise.

In the Manufacturing Execution phase, the factory floor draws the needed information from the enterprise dataspace and controls the application and flow of human talents, equipment, materials, information, and other resources to execute the processes and make the product. There is a strong integration in this phase between the business environment of the enterprise and the processing environment.

The product distribution and support function ensures a useful life and a delighted customer for the product. It includes getting the product to the customer and supporting that product throughout its life.

Design for cost-effective and environmentally sustainable recovery, reuse, recycle, and disposal was an integral part of the concept definition and detailed design phases. Hence, at the end of the product life all that remains to complete the life cycle is recovery and dismantlement of the product and reuse of its materials or components.

The integration technologies that support the manufacturing enterprise through all these phases will:

· Greatly reduce development time and cost

· Enhance product performance, quality, and value to the customer

· Enable workers to focus more of their energies on innovation and direct value-added tasks

· Eliminate redesign, rework, and other forms of waste in all functional areas

· Enhance regulatory compliance and environmental sustainability

· Enable rapid creation of extended and virtual enterprises to pursue emerging opportunities

· Increase returns on capital investment

· For early implementers, provide a clear and sustainable competitive advantage.
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· Agile, www.agile.com
· Baan, www.baan.com
· Betasphere, www.betasphere.com
· EDS-PLM solution, www.eds.com
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· Fischer-Rosemount, www.fischer.com
· Honeywell, www.honeywell.com
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7. List of Acronyms:

· APS: Advanced Planning System

· BPR: Business Process Re-Engineering 

· B2M: Business To Manufacturing

· CAD: Computer Aided Design

· CAM: Computer Aided Manufacturing

· CAPE: Computer Aided Product Engineering

· CAPP: Computer Aided Production Planning

· CAx: Computer Aided (x activity)

· CIM: Computer Integrated Manufacturing

· CIME: Computer Integrated Manufacturing and Engineering

· CRM: Customer Relationship Management

· CRP: Capacity Requirement Planning

· ERP: Enterprise Resource Management

· EE: Enterprise Engineering system

· EM: Enterprise Management system

· ICT: Information and Communication Technology

· IT: Information Technology

· MES: Manufacturing Execution System

· MRP: Material Requirement Planning

· MSE: Manufacturing System Engineering

· PD: Product Development

· PDM: Product Data Management

· PLM: Product Lifecycle Management

· PP&C: Production Planning and Control 

· SCM: Supply Chain Management

· UML: Unified Modeling Language

· XML: eXtensible Mark-up Language




































































































































































































































































































































































































































