
LAPPEENRANTA UNIVERSITY OF TECHNOLOGY 

Department of Industrial Engineering and Management 

 

 

MASTER’S THESIS 

LIFECYCLE INFORMATION MANAGEMENT OF  

A MASS CUSTOMIZED PRODUCT 

 

The Master’s Thesis subject has been approved by the Board of the Department of 

Industrial Engineering and Management, December 12, 2006 

 

Master’s Thesis Examiner: Professor Hannu Kärkkäinen 

Master’s Thesis Instructor: Master of Science (Tech.) Kari Karstila 

 

Helsinki, January 18, 2007 

 

Lauri Kaskela 

Oskelantie 8 B 13 

00320 Helsinki 

lauri.kaskela@eurostep.com 

GSM +358 405051994



 

 

ABSTRACT 

Author: Lauri Kaskela 

Title: Lifecycle Information Management of a Mass Customized Product 

Department: Industrial Engineering and Management 

Year: 2007   Place: Helsinki  

Master’s Thesis. Lappeenranta University of Technology. 

102 pages, 56 figures, 8 tables and 4 appedices 

Examiner: Professor Hannu Kärkkäinen  

Keywords: Product Lifecycle Management (PLM), Mass Customization (MC), Product 

Data Management (PDM), Information Management, Standardization, Product 

Modelling, Configuration, Representation, PLM system 

The purpose of the Master’s Thesis is to study what new information management 

challenges are developed when a mass customized product’s information has to be 

managed throughout its lifecycle, and how these challenges could be solved. 

The problems and challenges are gathered from literature, and the mass customization 

process is combined with PLM phases. A solution is studied by testing how STEP and 

PLCS standardization and a PLM system supporting the standard could support the 

lifecycle information of the mass customized product. 

The found challenges are MC products’ complex product structures, traceability and the 

change management of MC products through the lifecycle. The STEP and PLCS 

standards are both able to support the information management, but separately. The 

linkage from MC generic product structure to lifecycle support had to be manually 

established. The PLM system is able to support the MC product’s lifecycle, but there is a 

further challenge in making the support more usable, as the support is not yet in-built. 
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Diplomityön tavoitteena on tutkia mitä uusia tiedonhallinnallisia ongelmia ilmenee, 

kun massaräätälöidyn tuotteen tuotetieto hallitaan läpi tuotteen elinkaaren, sekä miten 

nämä ongelmat voitaisiin ratkaista. 

Ongelmat ja haasteet kerätään kirjallisuuslähteistä ja massaräätälöintiprosessi yhdistetään 

PLM-vaiheisiin. Ratkaisua tutkitaan testaamalla kuinka standardit STEP ja PLCS sekä 

standardeja tukeva PLM järjestelmä voisivat tukea massaräätälöidyn tuotteen elinkaaren 

tiedonhallintaa. 

MC tuotteiden ongelmia ovat tuoterakenteen monimutkaisuus, jäljitettävyys ja muutosten 

hallinta läpi elinkaaren. STEP ja PLCS pystyvät kummatkin tahollaan tukemaan 

tiedonhallintaa. MC-tuotteen geneerinen tuoterakenne on kuitenkin manuaalisesti 

liittettävä elinkaaritiedon tukemiseen. PLM-järjestelmä pystyy tukemaan MC-tuotteiden 

elinkaarta, mutta koska toiminto ei ole järjestelmään sisäänrakennettuna, MC-tuotteiden 

tukemisen parantamisessa on edelleen haasteita. 
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1. INTRODUCTION 

This thesis studies what new information management challenges are developed when 

mass customization is combined with product lifecycle management, and how these 

challenges could be solved.  

This kind of study is necessary, because the industry is moving towards mass 

customization. Thus, it enables the satisfaction of more demanding customer requirements, 

and at the same time decreases manufacturing costs by mass production. This development 

sets new challenges for Product Lifecycle Management (PLM) with the increasing number 

of mass customized products and more complicated product structures. 

Another challenge is the intensified collaboration between enterprises, increasing the need 

of information exchange and complexity.  The possession and sharing of information are 

also significant challenges in information management of mass customized products 

through the whole lifecycle.   

PLM oriented strategies are still relatively new and PLM systems have not been around for 

a long time. PLM does not yet fulfill the requirements of efficient and systematic 

management of lifecycle information. 

The concept of PLM is combined with Mass Customization, leading to the core of this 

Master Thesis - Lifecycle Information Management of a Mass Customized Product. 

1.1 Background 

This Master’s Thesis is carried out as a research for Eurostep Finland Oy. It studies the 

usability of STEP, the Standard for the Exchange of Product Model Data, its Application 

Protocol Product Life Cycle Support (PLCS) and a software solution based on the standard 

called Share-A-space (S-A-s) for managing the lifecycle information of mass customized 

product. 
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On the background of this Master’s Thesis is the attempt to introduce the S-A-s solution to 

the Finnish software markets. The product is already in use in Sweden, and the situation in 

Finland is in a state of finding potential customers for the system.  

The intention of the Master’s Thesis to study how STEP, PLCS and S-A-s could form a 

solution to support the lifecycle information management of a mass customized product. 

The thesis is a document studying and analyzing the abilities and lacks of the standard and 

the software and serves as a research for further development of S-A-s to better serve the 

customer requirements.  

1.2 Objectives and Framing 

The table below describes the main question of this thesis, the secondary questions and 

objectives.  

The new information management challenges that are developed when a mass customized 

product’s information has to be managed throughout its lifecycle are gathered from 

background literature of PLM and MC. Solutions for the challenges are tested with STEP 

standardization and supporting PLM system. 

The scope of the thesis is framed to concern especially MC product structures by 

concerning the product lifecycle from generic product structure to an individual mass 

customized product. The definition section in product lifecycle is left out of the main 

concern. 
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Table 1. The research questions and objectives. 

The main 
question 

First assistant 
questions 

Second assistant questions Objectives 

What are the special 
challenges for the lifecycle 
information management of 
a mass customized product, 
and why these challenges 
are important to be solved? 

What does PDM and PLM consist 
of? What tasks are managed with 
a PLM system? What are mass 
customized products like 
compared to traditional products? 
How to merge the mass 
customization process with 
product lifecycle phases? 

To describe the 
challenges and 
why they have 
to be solved 

How standardization could 
support the managing of 
lifecycle information of a 
mass customized product? 

How to model modular product 
structure with the STEP/PLCS 
standard, at the same time, 
enabling lifecycle support? 

To develop an 
example model 
of a modular 
product 
structure  

How software application 
based on standardization 
could support the 
management of lifecycle 
information of a mass 
customized product? 

How to represent the model of a 
modular product structure in the 
Share-A-space software 
application 

To develop an 
example of a 
modular product 
structure 
representation in 
S-A-s 

What new 
information 
management 
challenges are 
developed when a 
mass customized 
product’s 
information has to 
be managed 
throughout its 
lifecycle, and how 
these challenges 
could be solved? 

To what extend 
standardization and software 
system are able to support 
the lifecycle information 
management of a mass 
customized product? 

How well standardization 
supports the information 
management of a MC product? 
How well did the representation 
succeed? 
What was solved, what was not? 
What further actions are needed? 

To measure the 
results and 
describe the 
further actions 
needed 
 
 

 

1.3 Research Method 

The basic structure of this research is based on problem-solution dilemma. The challenges 

are gathered from literature and the solutions are based on empiric testing. 

The capabilities of standardization are studied with empiric experimentation by applying 

existing example solutions with a new method combining approach. 
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The PLM system is tested through empiric studies by representing the standardized MC 

generic product structure in the system 

The results of the supporting abilities are measured in a scale of 1-5 and analyzed with a 

table comparing the results to the requirements. 

1.4 Structure of the Master’s Thesis 

The first two theory chapters in the thesis describe the basic features and requirements for 

PDM, PLM and MC, both as theoretical concepts and the information systems resolving 

them. Chapter 5 is a chapter where the theory parts are merged in order to find out how the 

challenges emerge.  

Chapter 6 describes how the theory of PLM and MC is transformed into a generic product 

structure with lifecycle support modelled using the STEP standard. Chapter 7 sets 

requirements for S-A-s to answer the theoretical challenges using the STEP model created.  

In chapter 8 the represented requirements to the system are documented. Chapter 9 

analyzes and measures how well the standardization and software application were able to 

support lifecycle information management of a mass customized product. The chapter also 

analyzes how the research questions were answered. 
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Table 2. Composition of the thesis. 

Input Chapter Output 

General information about 
the challenges 

1. INTRODUCTION Research questions, 
objections, frames and 
methods. 

Information about the 
company and the product. 

2. EUROSTEP OY AND 
SHARE-A-SPACE 
SOFTWARE SOLUTION 

An overview about the 
company, the product 
and the current state and 
future goals. 

Information about the 
terms, concepts and 
systems from literature. 

3. PDM AND PLM 
CONCEPTS AND 
SYSTEMS IN 
LIFECYCLE 
INFORMATION 
MANAGEMENT 

An overview about the 
terms and concepts and 
systems. 

Theory of mass 
customization from 
literature. Theory from 
chapter 1 and 3. 

4. MASS 
CUSTOMIZATION AND  
LIFECYCLE 
INFORMATION 
MANAGEMENT 

Explanation of the term 
and how it leads into 
modular product 
structure. An overview 
of the main questions of 
this thesis, and how mass 
customization and PLM 
can be merged. 

Theory on modelling and 
requirements from chapter 
5. Documents and 
examples of STEP and 
PLCS standards. 

5. MODELLING 
MODULAR PRODUCT 
STRUCTURE – STEP 
AND PLCS 

An example model of a 
generic product 
structure. 

Information about 
PLM/PDM systems and 
an example generic 
product structure 
modelled in STEP/PLCS. 

6. REQUIREMENTS FOR 
LIFECYCLE 
INFORMATION 
MANAGEMENT OF 
MASS CUSTOMIZED 
PRODUCT FOR PLM 
SYSTEM 

A set of requirements for 
PDM/PLM and specific 
requirements for 
modular product 
structure representation. 

Requirements set in the 
previous chapter. 

7. SHARE-A-SPACE AND 
GENERIC PRODUCT 
STRUCTURE 
REPRESENTATION 

An overview on S-A-s 
features reflecting to the 
requirements and 
documentation of 
modular product 
structure representation. 

All the previous chapters. 8. CONCLUSIONS AND 
RECOMMENDATIONS 

 

Overview on how well 
the modelling and 
representation 
succeeded. What further 
developments are 
required? How well does 
the empiric part answer 
the main question of the 
thesis? 

All the chapters. 9. SUMMARY A summary. 
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2. EUROSTEP AND SHARE-A-SPACE SOFTWARE SOLUTION 

This chapter describes the background of the organization and business goals behind the 

study. 

2.1 Eurostep 

Eurostep Group is an international solution provider for consulting, software, conferences 

and training. Started in 1994, Eurostep now operates in four countries: Sweden, Finland, 

Great Britain and USA. It has some 50 employees and a turnover of approximately 6 

Million euros. (Tarandi 2005, 2) 

Eurostep Group was established in Sweden where it is lead by Eurostep AB. Eurostep AB 

is the largest Eurostep office in the Group, and it is also responsible for Share-A-space 

software development and production. 

Eurostep specializes in product definition and management area and has a competence in 

open standardisation. Eurostep specializes in Product Data and Lifecycle Information 

Management in consulting, standardization and software production. (Tarandi 2005, 2).  

The idea is to deliver solutions that enable streamlining the sharing and exchange of 

product data within and across enterprises. (Eurostep.com, 2006) It is achieved with 

standardization and software supporting the standards. The focus is especially on STEP, 

the Standard for the Exchange of Product Model Data, PLCS, Product Life Cycle Support - 

the new Application Protocol in STEP and Share-A-space, software built to support STEP 

and especially PLCS. 

Eurostep Oy is the Finnish subsidiary inside the Eurostep Group. It has some 10 employees 

and was establishment in 1994. Its turnover is around 1 million euros, one sixth of the total 

turnover of the Group. Eurostep Oy has mostly concentrated on consulting, but is now 

planning a transfer of its business towards software sales following the example of 

Eurostep AB in Sweden. Eurostep Oy is building capabilities for marketing and selling 

Share-A-space to the Finnish industry. 
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2.2 Share-A-space 

Share-A-space software application is build on new information management requirements 

with extended/virtual enterprise. The purpose is to support the effective management of 

product data across the product lifecycle and across systems and company borders. (Share-

A-space, 2006) It is supposed to enable product data integration in different organizations, 

processes and IT-systems. (The Eurostep Product Suite 2006) 

The development of S-A-s was started in 2000, and currently it is in use in automotive and 

aerospace/defence industries with customers like Scania, Volvo and Hägglunds. (Share-A-

space, Company, 2006) 

The application is build to support STEP, and especially STEP AP 214 and AP 239, also 

known as PLCS standard.  

2.2.1 Business Goals and Positioning for S-A-s 

The goal of S-A-s is not to challenge the existing PDM and ERP systems, but to bring in 

an interface between the systems inside and across companies. The idea of S-A-s is to 

provide a neutral, standards-based repository for shared product information and a neutral 

environment for connecting the information sources of collaborating companies. It is a hub 

enabling interface between multiple PDM, PLM, and ERP systems, and actually adds 

value to the systems currently in use. (Positioning Share-A-space vs PDM/PLM and ERP 

systems 2006) 

S-A-s is an out-of-the-box solution that can be set up to enable business agility. It is 

independent of the business processes used by the partners, and can therefore provide an 

unambiguous exchange between the systems used by collaborating partners with different 

business logics. The data put into the system becomes automatically STEP and PLCS 

compliant, and therefore endures long-life product data storage, while projects and 

collaborators using the data may change.  (Positioning Share-A-space vs PDM/PLM and 

ERP systems 2006) 
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2.2.2 Current State and Challenges of S-A-s 

The market situation for S-A-s solution and the need for standardization of product data are 

high in Sweden. The development of both S-A-s and PLCS have been highly driven by the 

requirements of the international industry.  

STEP has never gained a significant foothold in Finland, and therefore PLCS as a part of 

the STEP family is not yet widely known.  S-A-s is not well-acknowledged in the Finnish 

industry either, because the marketing efforts for the application have been minimal so far. 

The development of S-A-s and PLCS has very much been influenced by the requirements 

of the automotive and aerospace industries. But as the Finnish industry lies mainly on 

telecommunications, forest, machinery, and electrical industries, the needs differ, as well. 

However, as the scope of S-A-s and PLCS are in the management of product lifecycle 

information with long-life products, in particular, business needs in Finland should also 

exist. Finnish industry products, like paper mill machines and elevators, have a long 

lifecycle, and therefore an obvious need for efficient product data management throughout 

the lifecycle. 

Another growing business trend is mass customization. Mass customization brings new 

challenges for product lifecycle information management with the more complex and 

varying product structures. Although S-A-s and PLCS are in use in automotive companies 

which use mass customization, there is not very much information available on how S-A-s 

and PLCS can be used for supporting the lifecycle information management of mass 

customized products. This is a clear business requirement from the industry. 
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3. PDM AND PLM CONCEPTS AND SYSTEMS IN LIFECYCLE 

INFORMATION MANAGEMENT 

This chapter serves as background information for specifying what the special challenges 

for lifecycle information management of mass customized products are. The chapter 

answers the questions of what PDM and PLM consist of, and what tasks are managed with 

a PLM system. The chapter helps to understand the requirements set for life cycle 

information management of a mass customized product for a PLM system handled in 

chapter 7, and how the representation is done, as discussed later in chapter 8.  

3.1 Product Data Management 

Product Data Management has different definitions depending on which perspective it is 

observed. Sääksvuori and Immonen (2002, 13) define PDM as a strategic approach to 

product information management; a systematic, controlled method to manage and develop 

industrially manufactured products.  

PDM can also be seen as a tool for managing data and product development process and 

for keeping track of data and information for products. (Philpotts 1996, 11) 

Product data and information result from processes concerning the product and the 

customer relation. The two main processes that effect and concern product data through the 

lifecycle are Product process and Customer processes (also called Order-delivery 

process). (Sääksvuori and Immonen 2002, 13) 
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Figure 1. Product Process and Order-delivery Process and their relation. (Adapted from Sääksvuori and 

Immonen 2004, 40) 

In figure 1 Product process is the process that covers the lifecycle of the product. It 

consists of sub-processes called New Product Development (NPI), Product Maintenance 

and Marketing that crosses the border between design and maintenance. The order-delivery 

process defines the customer activity reflecting the product as a stream from sales to 

delivery and service. The information from product process serves as an input for the sub-

processes of order-delivery process. 
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3.2 Product Lifecycle Management 

Product Lifecycle Management is a strategic business approach applying business 

solutions for collaborative creation, management, dissemination and use of product 

information across an extended enterprise and the whole lifecycle of a product. (CIMdata, 

What is PLM? 2006) Therefore, PLM is much more a strategic decision than PDM and 

more than just information management of the product. In this thesis, however, the focus is 

on the information management view and tasks of PLM.  

  

Figure 2. PLM maturity model. (Sharma 2005, 1432) 

Figure 2 by Sharma (2005, 1432) describes the maturity model of PLM, and compared to 

time, how the system tools and strategic approaches have developed from manual to PDM. 

The collaboration trend has extended the value of the information management needed to a 

new level with the need for external data and process sharing. 

Just like PDM, software providers see PLM as a software tool for managing product 

information. The information management side of PLM is focused on the creation, 
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preservation and storage of data relating to the company’s products. The idea of the 

lifecycle is that the work once done should remain exploitable in the PLM information 

system. (Sääksvuori and Immonen 2004, 1-2) 

The rising factor, making PLM systems more and more important, is the new business 

opportunities in service, particularly the after market services that concern the product. The 

objective is to provide services covering the whole lifecycle of the product which can be 

with some long lifecycle products up to 30 years. (Sääksvuori and Immonen 2004, 2) 

Another challenge for PLM systems is the growing networking of companies. Many 

products are developed and produced in collaboration. The product might be assembled 

from parts produced by different manufacturer and the product may be designed in 

collaboration of different engineering offices. The sales and the maintenance services may 

also be organised by a different company than the manufacturing. (Sääksvuori and 

Immonen 2004, 2) 

3.3 PLM System as an Extension of PDM Systems 

PLM software application is an extension of the PDM systems. PLM systems refer to 

distributed technical information systems for archiving, administrating and providing all 

product information at the right time and place. (Abramovici and Sieg 2002, 2) 

Lifecycle information management systems were treated as separate information systems a 

few years ago, and one acronym for the system was LCMS (Shaw and Hickok 2000, 26).  

Data vault and document management functions are the core of functionality of traditional 

PDM systems (Kääriäinen et al 2000, 29), but according to Abramovici and Sieg (2002, 4), 

almost all modern PLM systems extend the scope of basic features for product information 

management: 
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• Data (file) vault management 

• Document and object management 

• Release and change management 

• Product structure management 

• Viewing, mark-up and image service 

• Classification and retrieval 

• Configuration management 

Figure 3 below describes the main features of a PDM system, how they relate to each 

other, and the types of those elements compared to others. 

File VaultFile Vault

Document ManagementDocument Management

Product Structure ManagementProduct Structure Management Item ManagementItem Management

Configuration ManagementConfiguration Management

WorkflowsWorkflows

 

Figure 3. The sectors of PDM. (Adapted from Sääksvuori and Immonen 2002, 23) 
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Traditionally PDM systems are only able to manage the stable product data, whereas PLM 

systems extend to manage the product in different states. PLM systems enable the 

Engineering Change workflows for products and the managing of several different product 

structures of the same product. 

3.3.1 Product Views 

The product structures may differ in definition, design, sales, manufacturing and 

maintenance views. In PLM systems this is managed by filtering the structure of the 

product depending on the users and organizations, their tasks and responsibilities of the 

product during its lifecycle. If the view is, for example, manufacturing, the system shows 

only the product structure with items concerning manufacturing and filters other items out. 

(Sääksvuori and Immonen 2002, 46) The maintenance view usually shows the individual 

product, which may be a whole different object in the system. 

Definition Design Sales Manufacturing Service

 

Figure 4. The lifecycle views of a Product in a PLM system. (Adapted from Sääksvuori and Immonen 2004, 

45) 

The way Sääksvuori and Immonen (2004, 45) define the lifecycle stages in figure 4 is not 

the only definition. Grievis (2006, 41-45) defines seven stages for a product’s lifecycle. 

Instead of definition, design, sales, manufacturing and service, Grievis uses the terms plan, 

design, build, support and dispose. The lifecycle stages very much define the same 

information managerial tasks, but Grievis has added the disposal stage as the last phase of 

a product. 

There are also attempts of modelling product lifecycles. Thimm et al (2004) have studied 

the modelling of product lifecycles with UML. The study presents Use Case diagrams for 

different product lifecycle stages (Thimm et al 2004, 333). The study, however, does not 

take into account the product structures in the lifecycle which are the main interest in this 

thesis. 
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3.3.2 PLM System Categories 

In figure 5 PLM systems are divided in two categories. The first one uses system modules 

which have a procedural software kernel without the ability of using the Internet. The 

second uses modules that are based on object oriented software kernel, and have the ability 

to communicate directly using Internet technologies. In this system called web-enabled 

system, the web-access is enabled to particular functions and models. Usually, full access 

to web-enabled PLM systems is only provided via platform-specific clients. In web-centric 

solutions the Internet-based technologies are consequently used in all modules. 

(Abramovici and Sieg 2002, 5-6) 

 

 

Figure 5. Web-Centric and Web-Enabled architecture for PLM Systems. (Abramovici and Sieg 2002, 6) 
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3.3.3 Item Management 

PDM and PLM systems are based much on items and product structures the items form 

together. An item is a systematic and standard way of identifying, coding and naming a 

model of a physical product, part, component, material or service. (Sääksvuori and 

Immonen 2002, 19) A document is also a type of an item.  

The code of an item can also classify the item, when the code itself informs where it exists 

in the classification of the items. The code classification can also be non-existing. In that 

case, all the classification information of the item exists in the attributes. (Peltonen et al 

2002, 17) When discussing about parts in this thesis, an item that cannot be split in other 

items is called part. An assembly of parts that is not a product, but is capable of being 

assembled in a product is called component. 

Different companies in different countries use different ways of coding and classifying 

items. One solution to this is a global, common agreed coding. (Peltonen et al 2002, 17-18) 

Grieves (2006, 165) suggests different codings for manufacturing and service, for example, 

but this does not take into account the differences in organizational coding.  

Some PLM systems, like Share-A-space, are able to manage different item codings for the 

same item used in several organizations. (Färneland 2006, 18-19) 

Items usually have a description, a free format explanation of the item. Descriptions have 

to be logical to enable different users to understand the nature of the item. (Peltonen et al 

2002, 17) 

Attributes describe what the item is like. The code and description are examples of 

attributes, but also size and material of the item are attributes. Item type defines which kind 

of an item it is - for example, a part, product or a document. 
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3.3.4 Document Management 

In some cases PDM is understood as a document management system. But the PDM 

system is actually much more than that. The difference between a document management 

system and PDM is the way to link documents, items and product structures together. A 

document management system just manages text, picture, CAD or other documents and 

their versions, whereas PDM manages several other items, as well. In PDM products, parts 

and components and documents can be linked to each other. PDM enables documents to be 

attached to a certain item as the manufacturing drawing of the part, or the assembly 

instruction of a product. One item or a product can be linked into several documents, and 

one document can be linked to several items. (Peltonen et al 2002, 47-48) 

3.3.5 Product Model and Structure 

Product structure describes on how a product is composed, from parts to components and 

components to product. The product structure may also exist in different views. Some 

views may only describe the physical structure, while others also include workflows and 

documents in the structure. (Peltonen et al 2002, 60-61) 

Product structure is often displayed with a Build of Material, BOM. This is an index of all 

the parts and components a product includes, but only expresses the relation between the 

items by how they are composed. (Peltonen et al 2002, 61-62) 

Mass customization brings new challenges for product lifecycle information management 

with the more complex product structures that vary depending on customer requirements. 

This means that instead of just different views of product structure, there is a generic 

product structure that the structure of the manufactured product is generated from. There 

are usually several different variants based on the same generic product structure. 

According to Peltonen et al (2002, 69), there are three main modelling objects that are 

important for mass customization: 
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Generic product structure describes a product structure that includes all the variant parts or 

modules in the same structure, meaning that all the parts and components that are exclusive 

to each other are presented as optional parts/components. Product family is the 

combination of all the product variants. 

Product as planned. This structure describes the planned physical structure of the product 

in a way that it enables the manufacturing of the product.  

Product individual. This product structure differs from the physical product so that it may 

also contain specific information that is only relevant to the individual, not the physical 

product it is based on. The processes concerning the individual are also different from after 

sales processes, like maintenance. If the product is a part of a family, it is called a product 

variant. 

3.3.6 Product Maintenance and Change Management 

Product maintenance and change management are a vital part of product lifecycle 

management. A small change in some information may cause other information to change, 

as well. Because changes usually cost and require work, it is often required that there are 

one or more people who check and confirm the changes before they are actualized. 

(Peltonen et al 2002, 71) 

The most usual way to control the changes on an item or a document is versioning. The 

changes concerning a single version are observed through states. Each item or any kind of 

object can therefore contain a state diagram which explains the possible states of a version 

and the supported transformations from one state to another. State diagram can also be 

thought to present the lifecycle of an object. The object has a different state in different 

lifecycle stages. Lifecycle states of a document could, for example, be development-draft-

checked-confirmed. (Peltonen et al 2002, 71-72) 
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Often, though, the change is not just a case for engineering. The later the changes occur in 

the release lifecycle of the product, the more vital it is for other functions than engineering 

to understand the changes occurring in the product. (Grieves, 2006, 171) The information 

has to be visible to other organizations that take part in the lifecycle of the product. A 

change in the design may lead to a change in the product maintenance, for example. 

For larger changes in items, like components and products with more complex structure 

than documents, a more formal change process is required. Usually, in a PLM System 

there are a few standardised activities that a change has to go through. (Peltonen et al 2002, 

74) 

First of them is called Engineering Change Request (ECR). ECR is made when it is 

noticed that a change to a product is needed, but the request does not yet explain whether 

the change is technically and economically possible or sensible. (Peltonen et al 2002, 74) 

According to one or several ECRs an Engineering Change Proposal is made. This is a 

more accurate plan on how to accomplish the changes requested in the ECR. The proposal 

describes which components are to be changed and in which way, how much it is going to 

cost and what are the advantages of the change. After that, the proposal is appraised and 

either approved or rejected. (Peltonen et al 2002, 74) 

If the ECR proposal is approved, the involved items will be changed according to the 

proposal, and an Engineering Change Order (ECO) / Engineering Change Note (ECN) is 

made. The order, or note, depending on which term is used, includes all the detailed 

instructions to all the people the change involves. The order/note may, for example, tell in 

which schedule the new components are supposed to be represented, what is supposed to 

be done with the old ones, and what actions are necessary to take with the products already 

delivered to the customer. (Peltonen et al 2002, 74) The procedure of Engineering Change 

Management can be managed as a workflow in some PDM and PLM systems. Workflow 

describes how the information is transferred between people and the system, and how the 

information is handled in different situations. (Peltonen et al 2002, 75-76) 
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3.3.7 Product as Individual 

Another view to Engineering Change Management and Maintenance is the management of 

individual products - the actual products that are already in customer use. If there is an 

Engineering Change workflow with a change that is to be represented to a product design, 

how will it affect the products already manufactured with the original design and sold to 

the customer? 

The individual product may change during maintenance, and therefore its product structure 

may no longer be the same as in the design state. In these cases, a product structure 

especially designed for an individual product is required. (Peltonen et al 2002, 77) This 

enables the changes both in the design and in the individual. Engineering change may 

affect only the design and does not have to affect the already manufactured products. In 

some cases, the change may also be applied to the individuals.  

This also leads to the term traceability which means that with a PLM system the company 

manufacturing the products is able to trace which components are used in which individual 

products. (Peltonen et al 2002, 77) This also applies the other way around. The path of a 

product’s travel in time has to traceable back to its origin, its design. This also helps the 

continuing progress by tracking down the successful designs, ideas and products for the 

future. (Grieves, 2006, 86-87)  
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3.3.8 PDM/PLM System Integration 

It is not a necessity for the PDM system to be integrated with every system in the 

company, but usually at least the document management side of the PDM system may be 

valuable for many business areas in a company. (Sääksvuori and Immonen 2002, 62) 

The level of integration may vary. Information may be transferred relatively manually 

using copy-paste. However, there are basically two ways of integrating a PDM system to 

another system or systems in a company. (Sääksvuori and Immonen 2002, 62) In figure 6 

examples of applications possible to be integrated with PDM system. 

CAD 1

PDM

CAD 1

CRM

ERP

MS Office

 

Figure 6. An example of PDM integration. (Adapted from Sääksvuori and Immonen 2002, 62) 
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An Exchange file is automatically created in the system where the information is 

transferred from. This is called information export. The other system where the file is 

brought to is where the information is imported. In the exchange file, the information is 

usually in a different format than in the exporting or importing systems. The information is 

transformed to an agreed format, and in the file it is usually in a predefined data format 

which may not be understandable before the importing system has transformed it back to 

information. The information transformation is usually defined by some kind of a mapping 

document defining all the different fields of data, like objects and attributes. The most 

important thing is that the format of the transformed data is agreed on beforehand, and that 

all the systems using the data are able to read it from the file, whether the systems 

exporting and importing the data themselves are using a similar information system or not. 

(Sääksvuori and Immonen 2002, 62-63) 

Another way of integrating PDM with other systems is database integration. Information 

is shared with two or more systems, but the data itself is saved only in one database. The 

information may be replicated to other databases, but still the method is database 

integration. (Sääksvuori and Immonen 2002, 64) When using database integration, a 

master system has to be defined. The master system has access to changing the 

information. (Peltonen et al 2002, 107)  

3.4 Collaboration as a Challenge to Product Lifecycle Information Management  

Ever growing international competition has forced organizations to enhance product 

variety and shorten the time-to-market. Vendors’ early participation in the design process 

may be critical for improving product quality and dramatically reducing the development 

lifecycle. (Chavu and Kamrani 2004, 147)  

Collaborative Product Design (cPD) can be seen as a part of PLM, aiming at managing all 

aspects of product development information from a commonly shared view throughout the 

product lifecycle. (Grieves, 2006, p.161) The idea of PLM systems is to enable the use of 

the data and information in different organisational verticals. (Sääksvuori and Immonen 

2004, 38) This means that the organizations inside a company, and ever more often the 

network of the company produce the products together.  
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PLM systems usually have the ability to connect suppliers, subcontractors and 

collaborators together in all processes throughout the product lifecycle (Sääksvuori and 

Immonen 2004, 38). This is also a feature that usually distinguishes PLM systems from 

PDM systems.   

Standardization of product data is necessary to enable sharing of the data. Some 

organizations have agreed to integrate their way of describing data with collaborators, but 

enabling a more flexible and easier way to start collaboration means using international 

standards. For product data, STEP family is the best known standard family. In Finland the 

use of the standard, however, has not yet been expanded enough to enable more flexible 

transition to collaboration. PLCS is a part of the STEP standard family, but it is more 

concentrated on supporting the lifecycle standardization of product data. STEP and PLCS 

will be further discussed later in this thesis. 

23



 

4. MASS CUSTOMIZATION AND LIFECYCLE INFORMATION 

MANAGEMENT 

The purpose of the first part of the chapter is to define mass customization. The chapter 

also answers to the question what mass customized products are like compared to 

traditional products. The chapter defines the different levels of mass customization 

concentrating especially on product modularity, the method used for mass customization in 

this thesis because of its challenging complexity for lifecycle information management. 

The latter part of the chapter tries to answer questions about what the special challenges for 

lifecycle information management of a mass customized product are, and why these 

challenges are important to be solved.  

4.1 The Concept of Mass Customization 

One of the first authors to come out with the term of mass customization was Joseph Pine 

II. His book Mass Customization set the principles for this type of production, product and 

service design. After this book, the theory and practises of mass customization have grown 

and developed. Pine describes mass customization as a production type where all 

practitioners share the goal of developing, producing, marketing, and delivering affordable 

goods and services with enough variety and customization that nearly every customer finds 

exactly what they want. (Pine 1993, 44) 

In technical literature, there is no consistent or uniform definition for mass customization. 

This may be because the term is a paradigm. Another reason is that the work on mass 

customization involves many researchers from different fields of science, for example 

business administration and mechanical engineering. (Blecker et al 2005, 40-41) 

The driving force leading to mass customization is customer driven development. The 

requirements for products are specified more according to customer specifications than in 

traditional mass production. (Grieves, 2006, 160) Mass customization can also be divided 

in a triangle of parties involved. Mass customization is the interaction of customer, 

provider and product. The product adapts to the needs of the customer, and the 
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customization is an outcome of customer-product interaction. The adaptability, however, 

has in most cases limits, and producer-customer interaction is needed in customizing the 

product. (Mäkipää et al 2005, 226-227)  

The term mass customization comes from combining the two ways of production; mass 

production and the customized production. In the first case, the goal is to produce with 

high volume and low costs (economics of scale) and with a very limited variety. The latter 

refers to products that are designed and customized according to the customer - each 

product being individual. The goal of mass customization is to combine these two 

approaches, to enable mass production with a high variety of products customized to the 

customer’s needs. This is further explained in the following chapters. 

4.2 Levels of Mass Customization 

The demand for individual products has decreased over time. Customer needs have 

changed into the demand of different “flavours” of similar products. Because of this, the 

usually homogenous markets have become heterogeneous; the customers’ demand for 

products with high quality and a match for their individual desires. (Pine 1993, 45) 

At first, the customer needs can be met using postproduction methods of tailoring the 

product to its niche, often with services. This, however, does not count for long. The 

variety must come through product variety. (Pine 1993, 46) This development is leading to 

a more complex product design, and therefore more challenges in the lifecycle information 

management for the products. 

Piller (2004, 320) divides mass customization in three levels: style, fit (measurement), and 

functionality, whereas Kenn Steger-Jensen and Carsten Svensson (2003, 86) express their 

view of dividing mass customization in 8 different generic levels, according to an article of 

Da Silveria et al (2001) they used in their study. The Steger-Jensen and Svensson (2003) 

levels also include the idea of the Piller (2004) levels, but have a wider perspective. Piller’s 

style, fit and functionally refer to Steger-Jensen and Svensson’s levels 3, 2 and 4, more or  

less. 
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Table 3. Generic levels of mass customization. (Steger-Jensen and Svensson 2003, 86, according to Da 

Silveria et al 2001) 

MC generic 
levels 

MC 
approaches  

MC strategies Stages of MC Types of 
customisation  

1. Standardisation 
 
                                
2. Usage 
 
 
3. Package and 
distribution 
 
 
4. Additional 
services 
 
 
5. Additional 
custom work 
 
 
6. Assembly 
 
 
 
7. Fabrication 
 
 
8. Design 
 

– 
 
 
Adaptive 
 
 
Cosmetic 
 
 
 
– 
 
 
 
– 
 
 
 
– 
 
 
 
– 
 
 
Collaborative 
transparent 

Pure standardisation 
 
 
– 
 
 
Segmented 
standardisation 
 
 
– 
 
 
 
– 
 
 
 
Customised 
standardisation 
 
 
Tailored 
customisation 
 
Pure customisation 

– 
 
 
Embedded 
customisation 
 
– 
 
 
 
Customised services; 
providing quick 
response 
 
Point of delivery 
customisation 
 
 
Modular production 
 
 
 
– 
 
 
– 

– 
 
 
– 
 
 
Customising 
packaging 
 
 
Providing 
additional 
services 
 
Performing 
additional 
custom work 
 
Assembling 
standard 
components into 
configurations 
– 
 
 
– 

In table 3 according to Steger-Jensen and Svensson (2003, 86), level 1 is very useful, as it 

refers to pure standardization. At level 2, mass customization occurs only after delivery. 

The products can be adapted to different functions and situations. Level 3 presents mass 

customization as an alternative way of distributing or packing the product, for example 

different package sizes or labels. Mass customization is achieved on levels 4 and 5 by 

simply adding the customers to some of the work stages, like putting the pieces of furniture 

together by themselves. At the same levels, mass customization can also be achieved by 

adding services to standard products.  

At level 6, mass customization is reached with enabling the configuration of products 

according to customer needs by combining modular components differently to achieve a 

different product variant. At level 7, mass customization means manufacturing customer-

tailored products based on predefined design. (Steger-Jensen and Svensson 2003, 86) 
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4.3 Mass Customization in Contrast to Mass Production and One-of-a-kind Products 

When Pine (1993) discusses the differences of mass production and mass customization, 

he uses the phrase the old competition against the new competition, the first referring to 

mass production and latter to mass customization. Pine compares these phrases with 

production function, the research and development function, marketing function and 

finance/accounting function. 

Steger-Jensen and Svensson (2003, 87), on their behalf, see mass customization as a state 

between mass production and one-of-kind production. In figure 7 Steger-Jensen and 

Svensson (2003, 87) combine the generic levels of mass production, as seen in table 3. Da 

Silveria et al (2001), discussed in the previous chapter, and their picture of mass 

customization are in the midfield between mass customization and one-of-a-kind 

production by Hoekstra and Romme (1992). 

When nearing mass customization from mass production, variety of products increases. 

When nearing from mass customization to one-of-a-kind production, the stability of the 

process decreases. This can be seen in the left side of the picture. On the right side Steger-

Jensen and Svensson (2003, 87) show the point where product development ends, and the 

product is available for the customer in a different way of production. When the focus is on 

mass production, it means product development is done before customer contact, and the 

customer has no influence on the development of the product. This is referred to by Make-

to-Stock (MTS) 

When the focus is on customer-driven manufacturing, customer contact is done well in 

advance, and the product is developed together with the customer. This is referred to by 

Engineer-to-Order (ETO). 

Assembly-to-Order (ATO) and Make-to-Order (MTO) are somewhere between the two 

different focuses, and can be mapped into mass customized presented in the left side of the 

picture. 
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Figure 7. Mass customization in MC levels and different manufacturing. (Steger-Jensen, Svensson.2003,  87, 

according to Da Silveria et al (2001) and Hoekstra and Romme (1992)) 

Conventional product data models cannot effectively support configuration, thus it is 

crucial to establish a configuration-oriented product model with rich knowledge for MTO 

(Jinsong et al 2003, 41), The most efficient mass customization process can be derived 

with CTO, Configure-to-Order which could be situated somewhere between ATO and 

MTO to describe the configuration of product variants. CTO uses pre-assembled 

components, like ATO, but adds variation to the product by adding the final components 

according to customer requirements. (Kratochvil and Carlson 2005, 24)  
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4.4 Product Modularity 

Like discussed earlier, product modularity is the key solution for enabling mass 

customization with assembling components in ATO and CTO production. Modular 

products are the type of products that can be assembled and configured with different kind 

of selection of modular components that are reusable in different products. 

To enable mass customization effectively, the product structures have to be designed to 

support modularity. This means that the structure has to be constructed in a way that it can 

be divided in modules that are reusable and possible to comply with other different kinds 

of components.  

The components or modules used also have to be standardized. Standardization not only 

increases variety and lowers costs; it also enables product development to produce new 

designs and to create more variety more quickly. (Pine 1993, 199)  

4.4.1 Product Modularity Concept and Terminology  

Product modularity has several terms that need to be explained to understand how mass 

customization is enabled with this kind of method. The terminology is needed for 

understanding how mass customization with modular product structure can be merged with 

lifecycle information management. 

Modularization means the division of a product into functional elements that are called 

modules and have clear interfaces in technological, functional and higher business reasons. 

(Modulointi ja MFD metodi, 4) 

Modules may be either variant modules, that are used to create the product variants, or 

common modules that are used in the products of a modular system. Modular system is the 

system that includes all the possible modules that are usable in variants. 

Modularity means ability to create product variants assembling ready designed modules. 

(Modulointi ja MFD metodi, 7) 
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Modular product structure is a designed structure to enable the creation of profitable 

product variety to satisfy customer needs. (Modulointi ja MFD metodi, 7) Modular product 

structure is also called in many occasions Generic product structure. 

Variant is the individual product generated from the modular product structure assembling 

the modules that satisfy customer needs but are within the bounds of configuration rules. 

All the product variants that are possible to be assembled using the modular product 

structure together form a product family. 

Figure 8 presents the terminology explained. 

  

All the 
modules = 
Modular 
System

Variant 
Modules

Common 
modules = 

Product 
Platform

All the 
Product 

Variants = 
Product 
Family

 

 

Figure 8. Product family and modular system. (Adapted from Modulointi ja MFD metodi, 17) 
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4.4.2 Modular Structures 

There are different ways of how product modularity can occur in product structure. Six of 

the most common are explained in this chapter. 

 

Figure 9. Component-sharing modularity (Modulointi ja MFD metodi, 8) 

In figure 9 component-sharing modularity, the same components are used in different 

products. This kind of modularity does not, however, result in true individual 

customization, but allows low-cost production, as it reduces the number of parts needed. 

(Pine 1993, 201) 

 

Figure 10. Component swapping modularity (Modulointi ja MFD metodi, 8) 

In figure 10 different components are paired with the same basic product to create as many 

products as there are components to swap. The method is the complement of component-

sharing modularity, but in many cases, the distinction is a matter of degree. (Pine 1993, 

202) 

 

Figure 11. Cut-to-fit modularity (Modulointi ja MFD metodi, 8) 
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In cut-to-fit modularity, figure 11, one or more of the components is continually variable 

within preset or practical limits. This method can be used, for instance, in clothes 

manufacturing, where sleeves for example are cut-to-fit. It may also be seen in a salad bar, 

where customer chooses the portion they desire of the ingredients they prefer. (Pine 1993, 

203) 

 

Figure 12. Mix modularity (Modulointi ja MFD metodi, 8) 

In figure 12 Mix-modularity can use any of the previous modularity types with the 

difference that the components are so mixed together that they together become something 

different. Examples of mix modularity are the colours of paints that become a new colour 

when mixed together, and neither of the original colours is visible in the product. (Pine 

1993, 203-204) 

 

Figure 13. Bus modularity (Modulointi ja MFD metodi, 8) 

Bus modularity in figure 13 uses a standard structure that a number of different 

components can be attached to. The bus term comes from the computer and electronic 

industries, but the bus is a kind of a base component that exists in all variations of the 

product. The variations are created with a different kind of additional component attached 

to the bus. (Pine 1993, 205-206) 
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Figure 14. Sectional modularity (Modulointi ja MFD metodi, 8) 

In figure 14 sectional modularity allows the configuration of any number of different 

components in any possible way, but only as long as each component is connected to 

another at standard interfaces. From all the types of modularity, sectional modularity is the 

most robust, but also the most demanding, as the interfaces enabling the configuration have 

to be created. A modern example of sectional modularity is a computer programme 

programmed using object-oriented program languages. The programmes may combine 

different objects into one programme. (Pine 1993, 205-206) 

4.4.3 Configurators 

A configurator is a software system for configuring a product from the modules according 

to customer needs in CTO manufacturing. Configurators are therefore important for 

enabling mass customization. (Blecker et al 2005, 80) Configurators may either exist in 

enterprise wide solutions, like Enterprise Resource Planning (ERP) or Customer 

Relationship Management (CRM), or they may exist on a separate system integrated in 

ERP and PDM systems. 

One way of describing configurators is to divide them into internal and external 

configurators. Internal configurators are for the company’s internal use, where engineers 

and other persons in contact with the products can create variants according to customer 

needs. External configurators are front end interfaces that should support customers in a 

way that they could even themselves configure a product due to their needs. (Blecker et al 

2005, 85-86)  
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There is also another classification of configurators that is similar. Product configurator is 

a software for configuring a product combining product modules, and therefore could act 

as an internal configurator. Sales configurator then configures the product according to the 

features customer wants. Sales configurator does not necessarily show the product 

structure, and could be then used by a customer who does not know or understand the 

structure of the product. (Configure One: Product Configurator 2006) In that case, the 

Sales configuror could act as an external configurator. 

Before a configurator is selected and represented, the architecture for product 

configurability has to be determined. There are basically two different approaches, top-

down hierarchical and bottom-up flat, but often the actual solution is a mix of both varying 

from one approach to the other depending on the case. (Kratochvil and Carlson 2005, 103) 

In a hierarchical approach, the configuration process starts from the top-level, for example 

by choosing the product that is wanted to be bought, like a car, and then continuing to the 

model, the product family and finally to the variant wanted. After every selection from the 

alternative components, the selections available further down in the branch are 

consequently restricted according to the choice made in the previous selections. The 

configuration is therefore formulated as a tree structure. The configuration logic is simpler 

than in a flat approach, but the component sharing opportunities are not as apparent across 

several hierarchies, as from a tree to another tree.(Kratochvil and Carlson 2005, 103) An 

intelligent configurator can use selection rules to determine which families, products or 

components are required to satisfy customer needs. (Kratochvil and Carlson 2005, 104) 

A flat approach aims at a minimum of restrictions in selecting the components. This means 

that the configurator enables a configuration of a product that has not been made before. 

For example, if a customer wanted a vehicle that is a combination of a bus and a truck, the 

configurator would try to create the configuration using any components possible. The 

components then would not be restricted to be used in a certain product family or category, 

but could be configurable with minimum restriction. This increases the possibility of non-

possible combinations that are neither profitable nor mechanically possible. Therefore, the 

configurator must be able to take into account the relevant business rules and technical 

constrains. (Kratochvil and Carlson 2005, 104)  
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4.5 Lifecycle Information Management of a Mass Customized Product 

Mass customization and product lifecycle information management can become merged in 

three levels; concept level, standardization level and in PLM system level. The purpose 

of the conceptual level is to define how the theoretical terms are matched to each other. 

The standardization is needed so that the exchange of product data between the 

collaborating companies would be possible, and the third level so that the exchange and 

storage of the standardized product data can actually be realized.  

This chapter explains in concept level how the merging could be done by defining mass 

customization process and merging it with PLM stages. Another model shows how the 

concepts of mass customization map with PLM stages. 

4.5.1 Challenges in Lifecycle Information Management of Mass Customized 

Products 

As the industry is moving more and more towards mass customization, the need for 

lifecycle information management of the products has increased. As mass customized 

products have a large variation in product structures, the lifecycle management of all the 

components and modules becomes more complex. Figure 15 by Björn Avak (2006, 204) 

shows how product modules have a lifecycle of their own inside the lifecycle of modular 

product family.  

Figure 15. Lifecycles of modular product family and modules. (Avak 2006, 204) 
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There is not very much literature on how mass customization affects lifecycle information 

management of mass customized products. Lifecycle management of product families has 

been discussed by Hata et al (2001), but the discussion concerns more designing modular 

products with a purpose of recycling the existing modules in new products. The study does 

not really comment on the challenges of information management throughout the lifecycle. 

Avak (2006, 204) defines the linkage between mass customization and PLM as the 

intersection of Variant Management Objective and Engineering Change Management 

Process. The idea is that the combination of the two is a Lifecycle Adaptation (see figure 

16). 

 

Figure 16. Lifecycle adaptation. (Avak 2006, 204) 

Lifecycle Adaptation of modular product family is a process, where the documentation of a 

product family is changed after its initial release. The process includes the refining of an 

appropriate degree of variance in a modular product family. (Avak 2006, 204) 

The issue of change management for mass customized products is related in Männistö et al 

(1993) issues in long term information of product configurations. Männistö et al (1999) 

also define a framework and conceptual model for reconfiguration. This study introduces a 

reconfiguration model to be included besides the configuration model for managing the 

changes in existing product individuals (Männistö et al 1999, 4). In this thesis, however, 

the reconfiguration will be studied in the PLM system view applying standardized ECM 

methods for changes in a same way as for traditional products. 

To sum the main challenges for lifecycle information management of mass customized 

products are: 
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- Traceability 

o Mass customized products are often defined, designed, sold, manufactured 

and maintained by different companies in collaboration. How to manage the 

different product structures through the lifecycle? 

o Mass customized products are often assembled from modules which may be 

manufactured, designed and maintained by different companies because of 

the global trend of networking of companies. How to manage different 

access rights and views for a product with several owners throughout the 

lifecycle? 

o Mass customized products have varying and complex product structures 

that all have individual lifecycles.  

- Engineering Change Management for mass customized products is more difficult, 

as not only the product structure, but also the configuration rules may change 

through the lifecycle. How to manage ECM of the product as well as the 

configuration rules? 

4.5.2 Merging Mass Customization Process with Product Lifecycle Management 

Stages in Concept Level 

To better understand how these two concepts are related to each other, it is good to study 

them through the mass customization process and how it is spread in different lifecycle 

stages. The PLM phases are according to Sääksvuori and Immonen (2004, 45). 
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Figure 17. The process of mass customization creating the information items in different PLM phases (PLM 

phases by Sääksvuori and Immonen 2004, 45). (See APPENDIX I Cross functional flowchart notation) 

In figure 17, in the definition state, customer requirements for creating a product family are 

gathered and systematically documented. Generic product structure is designed to match 

the product family. In the sales phase, a product variant is configured according to 

customer requirements. In the manufacturing phase, an actual product is assembled 

according to the product structure model of the variant. In the service stage, the actual 

product is maintained. As a result of activities in mass customization process information 

items are created. 
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Figure 18. Information items in PLM phases. (PLM phases by Sääksvuori and Immonen 2004, 45) (See 

APPENDIX II UML class diagram notation) 

In figure 18, the relations of the information items from the mass customization process are 

modelled and linked with lifecycle phases. Compared to traditional products, a mass 

customized product’s product structure differs significantly in design and manufacturing 

phases. The product variants’ design in manufacturing is based on the same generic 

product structure in design, but as a result of the mass customization process, the variants 

differ from each others and have different product structures. 
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5. MODELLING MODULAR PRODUCT STRUCTURE – STEP AND PLCS 

The purpose of this chapter is to study how the merging of mass customization and product 

lifecycle information management can be done by standardization of the product model 

with STEP and PLCS. The chapter answers to the question how standardization could 

support the managing of lifecycle information of a mass customized product. The method 

is to study previous examples of modelling modular product structures and product in 

lifecycle stages, and to find a solution in an example model to serve the requirements for 

lifecycle information management of mass customized product. 

The use of STEP and PLCS for lifecycle information management of a mass customized 

product in this thesis is based on three categories of product definition by McKay et al 

(2004, 113) for an information system to support lifecycle processes: 

- Description of product in its lifecycle point 

- Information needed to support configuration management activities 

- Relationships for product realization 

The chapter starts with common features of modular product structure modelling in terms 

of theory. After that, STEP and PLCS standards are introduced, and the possibility of 

modelling a modular product structure is studied. Modular product structure is then applied 

to the product lifecycle state. An example modular structure is modelled based on the 

theory, and examples are presented and represented in the PLM system in chapter 7. The 

example model will reflect the possibilities of STEP and PLCS in modelling modular 

product structures and supporting the lifecycle. 
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5.1 Modelling Modular Product Structure 

Product lifecycle has a large impact on product modelling and configuration. In mass 

customization design, production, assemble and maintenance of the product take place 

more or less parallel. New customer requirements emerge, regulations change and new 

versions of components are introduced. All of these have an impact on the product models. 

(Männistö et al 1993, 2) 

There are several reasons why it is important to be able to model product structures, and in 

this case especially the modular product structures. The model of modular product 

structure has several names depending on in which context it is used, but they generally all 

mean the same. The model for modular product structure is also called product family 

model, configuration model or generic product model. (Modulointi ja MFD metodi, 7) 

The purpose of the model is to show in one model all the possible ways to configure a 

product from the available parts and components - modules. The model therefore also has 

to include the configuration rules to prevent non-functioning configurations. 

Companies that are implementing product configuration require a solid terminology and a 

systematic methodology to be able to develop their modular products. It is therefore also 

important to use well-defined terms and terminology to avoid all misunderstandings. 

(Jørgensen 2003, 12) When a configuration is performed, the properties wanted in the 

product must be determined by defining attributes in the product family model. The basic 

elements of product family models are the total set of attributes of the product models and 

the set of identified modules with their internal attributes. (Jørgensen 2003, 7-8) 

There are several ways to categorize modules and modelling procedures into categories. 

Tiihonen et al (1998, 3) categorizes configuration knowledge in three categories: 

configuration solution knowledge, configuration model knowledge and requirements 

knowledge. 
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Configuration solution knowledge specifies a configuration that does not only represent the 

outcome of the configuration process, but also its intermediate stages. An incomplete 

configuration describes a set of possible product individuals when a specific configuration 

presents a single variant. (Tiihonen et al 1998, 3) 

Configuration model knowledge represents configuration models. In other words, 

configuration model knowledge specifies the correct product configurations with respect to 

the configuration model and requirements.  

Requirements knowledge specifies the requirements constructed in the configuration. 

According to Tiihonen et al (1998, 3), requirements knowledge can be specified with the 

same concepts as configuration solution and configuration model knowledge.  

Jørgensen (2003, 10-11) divides modelling of generic product structures in two methods; 

Rule-based method and Constraint-based method. Rule-based method is a so called if-then 

method. For example; if a part is included, then another part is included, as well. 

Constraint method contains constraints; logical constraints, arithmetical constraints or 

both. Logical constrains use operators like AND, OR and NOT to decide in which cases 

which module, part or functional part is to be included in the product structure. 

Arithmetical constraints set the configuration rules by using arithmetic operators like =, > 

or <. These symbols mean that the configuration is possible if some value is the same, 

bigger or smaller than the compared value. (Jørgensen 2003, 10-11) 

The table 4 below explains the differences between these two methods. 
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Table 4. Rule-based versus constraint-based algorithms in product family models. (Jørgensen, 2003, 11) 

Rule-based method Constraint-based method 

Rules are defined in relation to a predefined 

sequence of questions. Additional rules 

must be defined if other sequences are 

needed. 

Freedom of making the choices in any 

sequence. 

Extending and maintaining is risky and 

time-consuming because of redundancy in 

the model. 

Building and maintaining is simpler. 

‘Batch mode’, i.e. a number of choices are 

made as an input, after which the algorithm 

are executed to check, that no illegal 

choices has been made 

‘Interactive model’, i.e. consequences are 

derived immediately after each choice. 

5.2 STEP Standard Family 

STEP, the Standard for the Exchange of Product Model Data is an ISO standard (ISO 

10303) for representing and exchanging digital product information. The scope of STEP is 

to support the exchange and share of product information throughout the supply chain to 

the end customer and through the entire lifecycle of the product. (Mason 2002, 1) 

The relation and scope of STEP and PLCS standard with other standards covering the 

lifecycle of a product, process and enterprise services can be seen in figure 19. 
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Figure 19. An example of current standards and their coverage. (Rachuri et al 2006, 133) 

Figure 19 shows, that STEP covers the lifecycle from design to manufacturing while PLCS 

extends the standard till product use and disposal. 

STEP is divided into 40 different Application Protocols (AP), sometimes also called as 

Parts. All the APs have a different scope that they support. Each AP includes a description 

of that scope. Each AP also includes an activity diagram describing the functions of the 

scope, and an Application Reverence Module for describing the information requirements 

within the scope. (STEP Application Protocols 2006) 
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5.2.1 EXPRESS 

STEP standard family includes a standard for EXPRESS data specification language for 

formally describing product information. EXPRESS-G is a graphical modelling notation 

for conceptual or information modelling and it is object-based. Its purpose is to graphically 

express classes and their relationships. It also describes classification, composition, 

generalization and associations between classes or objects. (Karstila 1996, p. 3) (See 

APPENDIX II EXPRESS-G notation) In STEP EXPRESS describes product data and all 

information related to product and its lifecycle. 

5.2.2 PLCS 

One of the Application Protocols of STEP is AP 239, Product Lifecycle Support (PLCS). It 

is a standard of its own and is at the moment in development in the standardization 

organisation OASIS (Organization for the Advancement of Structured Information 

Standards) (OASIS Product Life Cycle Support (PLCS) TC 2006). PLCS is as a STEP 

Protocol focused on the lifecycle support of product information. The main features of 

PLCS are the different classes of products in different lifecycle phases and particularly the 

support of product individuals. (Product Life Cycle Support (PLCS) 2006) 

 

45



 

 

Figure 20. Product_as_individual. (ISO/TS 10303-1164:2004 Product_as_individual) 

In PLCS, the product does not only have different views, it also has a class of its own for 

different lifecycle stages. Product_as_individual (figure 20) is the product configuration 

which the product in manufacturing is based on, and the Product_as_realized is the actual 

product - the result of the manufacturing. The sales phase can be seen as relating to both 

the Product, Product_individual and Product_as_realized classes, as the Product is sold as a 

ready product, but may be configured as Product_as_individual according to customer 

requirements and finally sold as an actual product, Product_as_realized. In PLCS the PLM 

phases are called views, like the Product_as_individual view. Product and Part also have 

classes for versioning, like Product_version and Part_version. This enables the history 

tracking of the changes made to the product. (ISO/TS 10303-1164:2004 

Product_as_individual) 
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Another important feature of PLCS is the standardization of Engineering Change 

Management information. 

Figure 21. Work_order. (ISO/TS 10303-1043:2004 Work_order) 

A Work_request (Engineering Change Request) leads to a Work_order (Engineering 

Change Order) and the actual activity of implementing the change, see figure 21. PLCS 

enables the Engineering Management processes both to the product design and the actual 

product. After the change, the actual product may differ from the designed and that is why 

there are different classes for Product_as_individual and Product_as_realized. Versioning 

enables tracking of the Engineering Changes made to the Product or Part. (ISO/TS 10303-

1043:2004 Work_order) 

5.3 Using STEP and PLCS for Modelling Modular Product Structure 

This chapter describes the possibilities of STEP and PLCS in product definition data for 

information needed in supporting configuration management (see McKay et al 2004, 113)  

STEP Application Protocols are divided into Application Modules (AM). To be able to 

model a modular product structure, an application module designed for that purpose has to 

be studied. STEP is divided into hundreds of Application modules, so the decision of 

which AM to use is based on literature concerning the modelling of modular product 

structures. (STEP Tools Inc. STEP Application Protocols 2006) 
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The Application module has to be able to handle a generic product structure and 

configuration rules for the configuration of product variants. PLCS model does not include 

any Application modules that would concern configuration rules conditions by default, so 

the module has to be searched from other STEP Application Protocols.  

Tomi Männistö, Hannu Peltonen, Asko Martio and Reijo Sulonen (1998) are researchers 

who have published academic papers on modelling product structures with STEP. Another 

source for references is ProSTEP, an organization doing research on using STEP in 

different implementations. (PROSTEP AG Company Profile 2006) 

Both Männistö et al (1998) and Manfred Fischer and Markus Sachers (2002) from 

ProSTEP base their models of generic product structures in STEP Application Protocol 

214 and its Application module Product_class. AP 214 is an Application Protocol designed 

mainly for automotive industry, and it addresses also the modelling of product variants and 

generic product structures. (Männistö et al 1998, 1111) 

5.3.1 Product_Class Application Module 

Product_class is a class representing both root of generic product structure and product 

variant depending on which level it is used in. Product_class has a relationship to other 

Product_classes and it has several attributes. (ISO/TS 10303-1103:2005 Product_class, 7-

8) The features describing the product are described in Specification classes (ISO/TS 

10303-1103:2005 Product_class, 8-9). The configuration rules describing how product 

variants are configured combining Specifications are described with 

Specification_expression and Specification_inclusion classes, see figures 22 and 23. 

(ISO/TS 10303-1103:2005 Product_class, 8-12) 
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Figure 22. Product_class AM part 1 of 2. (ISO/TS 10303-1103:2005 Product_class)
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 Figure 23. Product_class AM part 2 of 2. (ISO/TS 10303-1103:2005 Product_class)

The Specification_expression class has an attribute with Boolean operator values. This 

means the value is either  

- AND, all the Specifications 

- ONE OF, one of the Specifications 

- OR, either or both of the Specifications  

- NOT, none of the Specifications. 

(ISO/TS 10303-1103:2005 Product_class, 11-12) 
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Specification_inclusion class tells that if a certain Specification is included, then another 

Specification is also to be included in the configuration. (ISO/TS 10303-1103:2005 

Product_class, 12) 

The model created with Specifications could also be called a configuration model that 

Jinsong et al (2003, 43) describe in their study as a product model composed with features, 

but constrained with configuration rules. 

5.4 Different Views on Using Product_class Application Module 

The applying of STEP standard may differ, and often there is no explicit way of 

implementing the modules of the standard.  

5.4.1 Using Product_class According to Männistö et al (1998) 

Männistö et al (1998, 1111) criticize the abilities of STEP in modelling generic product 

structure. The claim is based on the fact that the modelling language EXPRESS-G can only 

be used for the data schema to be standardized. That means STEP restricts a company 

using the standard to model its products with EXPRESS-G, as it is only to be used for 

modelling STEP schemas, like the Product_class AP. Männistö et al (1998, 1112) suggest, 

that STEP should have the ability to be used in modelling company specific product 

structures, which is not possible at the moment, because company specific structures are 

not standardized. Männistö (2000, 37-38) also continues the criticism in a later study by 

defining the weaknesses of STEP as a conceptual mismatch between the traditional data 

modelling methods and the modelling of product families. 

Männistö et al (1998, 1116) present an addition to STEP to enable generic product 

structure modelling with EXPRESS-G. 
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Figure 24. A generic product structure as a schema extension (Männistö et al 1998, 1116) 

In this model, figure 24, the company could have its own extension in the STEP schema 

describing the company specific parts used in the configuration. The instance of that model 

would be a single variant based on the generic model. (Männistö et al 1998, 116) This 

model however does not anymore support the possibility of sharing standardized 

information. 
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5.4.2 Using Product_class According to ProSTEP 

ProSTEP organization is one of the main developers of STEP methods. They present the 

Product_class AM in modelling generic product structures. ProSTEP does not require any 

extension to STEP, because instead of using EXPRESS-G class models for modelling 

generic structures, ProSTEP models company specific generic product structures as 

instances of Product_class AM. ProSTEP divides the use of Product_class into four 

different levels, where in each level the instance of Product_class describes a different 

level of the product. (Fischer and Sachers 2002, 40) 

This is a direct copy of the ProSTEP description of the levels: 

Enterprise (Company): The highest level of the product_class instance in a file must 

always represent the company. This is necessary as some systems have this class as a 

general starting point. The id of this instance will be a unique identifier for the relevant 

company. This class carries no variant control information but only characteristics (e.g. 

specification, specification_category etc.) of that class. 

Technical information / platform: This instance of the product_class reflects the level of a 

Product_class in a BoM system which represents a main technical product base (e.g. 

project, platform, engineering series etc.). In some cases this level carries a complete BoM 

("Maximum BoM") for a project, platform, engineering series etc. This level is in some 

cases called technical documentation. This level carries only characteristics of this class 

level, no variant control mechanisms are attached. 

Configuration information / product family: This instance will be the one to which all 

variant control mechanism are attached. For trucks configuration information 

(specifications, specification_expression etc.) may be associated on level three and four. 

For cars this may only be attached on level three. 

Furthest pre-configured abstract Product_class: This instance of a product_class 

represents the furthest configured class of a product, which is not yet a real product. E.g. 

this could be a complete vehicle, engine, gear-box etc. which has not been evaluated 

against customer special choices or an abstract vehicle, engine, gear-box etc. which could 
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become a real one after the associated BoM is evaluated. The purpose of this level of a 

Product_class instance is in any case to reflect that level of Product_class of a BoM system 

which leads to the individual BoM for a single product. (Fischer and Sachers 2002, 40) 

The focus in this thesis is on levels 3 and 4, as level 3 presents generic product structure 

and level 4 a pre-variant which is not yet configured to meet customer requirements. 

The ProSTEP study divides the Product_class usage on level 3 in two definitions of the 

product structure; feature and physical. The feature-based product structure is a 

Product_class composed with a collection of Specifications representing features based on 

customer requirements. The feature and physical structure are both part of Product_class 

module and have a linkage to each other. 

 

Figure 25. Example overview of feature- based product configuration. (Fischer and Sachers 2002, 73) 
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Each Specification chosen in the configuration has a relation to specified 

Technical_solutions to fulfil the features of the Specification. The Technical_solutions 

chosen are realized as product components which compose the full physical configuration 

of the product. See figure 25. 

The physical structure of Product_class can be mapped with the terminology used for 

modular product structures in the theory part of this thesis. 

Table 5. Theoretical terms and AP214. 

Theoretical terms AP 214 

Generic / Modular 

product structure  

Product_class 

Product variant Product_class 

Module  Product_component 

Common Module Technical_solution 

Variant Module Technical_solution 

 

Product_class may be instanced as a generic product structure or a product variant. If there 

are different Technical_solutions that can be used as product components, the 

Technical_solution is a Variant module. In a case where Technical_solution is used in all 

the variants of the product family, it is a Common module. See table 5. 

5.5 Linkage to Product Life Cycle Support (PLCS) 

This chapter describes the product in its lifecycle point and relationships for product 

realization for information system to support lifecycle processes. (McKay et al 2004, 113) 

As the purpose of this thesis is to combine mass customization and product lifecycle 

information management, also a linkage to the standard has to exist.  
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As stated earlier, AP 239 PLCS does not include any AMs that would contain 

configuration rules. AP 214 Product_class, Product_component and Technical_solution 

have all version Ids, but do not have the different lifecycle classes for a product like in 

PLCS.  

Instead of AP 214, the physical generic product structure could be defined with PLCS 

classes to enable the existence of lifecycle classes. Technical solution and Product 

component classes would then be replaced with PLCS classes of Part and Alternate Part, 

and Product_class as PLCS class of Product. Part and Product_classes would then have the 

usual lifecycle phases with views of individual, planned and realized as well as the 

versioning, see table 6.  

Table 6. Mapping of AP 214 classes with PLCS classes. 

AP 214 PLCS AP 239 PLCS AP 239 Product_view 

_definition 

PLCS AP 239 

versioning 

Product_class Product Product 

_as_planned 

Product 

_as_individual 

Product 

_as_Realized 

Product_version 

Product_component Part Part Part Part Part_version 

Technical_solution Part / 

Alternate Part 

Part / 

Alternate Part 

Part / 

Alternate Part 

Part / 

Alternate Part 

Part_version / 

Alternate Part 
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The feature configuration of Product_class has an attribute of version id, so new versions 

of Product_class can be made. Also the Specification classes have an attribute for version 

Id, so updates in the features are possible. The configuration rules are formed using 

Boolean operators. The configuration can be updated by changing the value of the operator 

objects, but that is not as much a case of updating but changing the operator object, as the 

configuration is updated, not the operator objects. The changed configuration rules can be 

traced through Product_class versions. The Feature based configuration with rules exists 

mainly in the design phase and usually does not change in the physical product, if the 

specifications are updated, or the configuration changed. The change in the physical 

product appears as different Technical solutions or Product components. 

The lifecycle phases used in PLCS can also be mapped with the theoretical terms used with 

modular product terminology. 

Table 7. Mapping of theoretical terms with PLCS classes. 

Theoretical terms Modular 

product structure 

PLCS AP 239 PLM phases 

Requirements for Product Family Requirement Definition 

Generic / Modular product 

structure  

Product or Product_as_planned Design  

Product variant Product_as_planned and 

Product_as_individual 

Sales / Manufacturing 

Actual product Product_as_realized Manufacturing / Maintenance 

Module Part   

Common/Variant Module Part / Alternate Part  
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In general, generic product structure could be treated as Product in PLCS, but also 

Product_as_planned could be the planned generic product structure. Product_as_planned 

could also mean the product variant configured to the customer. Product_as_individual is 

the configuration of Product variant. Product_as_realized is the Actual product based on 

the configuration of Product variant. Mapping of PLM phases with Modular product 

structure terminology was explained in chapter 4.5.2 Merging Mass Customized Process 

with Product Lifecycle Management Stages in Concept Level. 

5.6 A Car Example 

The example model in this thesis for testing the abilities of STEP in modelling generic 

product structure is s generic product structure of a Car. The example is chosen, because it 

represents a type of product that has a history in the producing of mass customized 

products. The product type also has a relatively long lifecycle with all the stages from 

definition to maintenance. Cars are also often designed and produced in collaboration. The 

whole lifecycle may be managed by a network of companies which all have a need to 

access the product structure information in various different lifecycle stages. 

5.6.1 Modelling Using the Rule-Based Method 

The modelling is done based on the method used by Fischer and Sachers (2002) from 

ProSTEP with the feature and physical-based structures of the generic product structure, 

and that is based on the AP 214 Product_class AM. The modelling can be done in two 

different ways. The first version or the feature-based generic product structure is based on 

if-then structure. The structure is, however, not purely rule-based, as there are also 

constrains used, which makes the structure a mixture of rule-based and constraint-based 

methods. (see APPENDIX IV Instance diagram notation) 

In figure 26 C_s_a, C_c_a, C_i_a, C_cat_a all have a relation to Product_class object, but 

that has been left unmarked in the model to simplify the layout. 
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Figure 26. Feature-based generic product structure of a car, using mainly rule-based method.  
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The model is instanced as generic product structure, the third level of Product_class in the 

ProSTEP approach.  

The Car model is a Station Wagon, Sedan or Liftback. When the model is chosen, more 

specifications are to be included. All the models can have either leather or fabric seats, but 

only with Station Wagon and Sedan can automatic or 5-speed transmission be chosen, 

while Liftback is only available with 5-speed. However, Liftback can be chosen as a small 

2-door model, or as a 4-door family model, whereas Sedan and Station Wagon exist only 

as 4-door family models. The 4-door family models can have 1.6, 1.8, or 2.0 litre engines, 

whereas the small 2-doors models can only be chosen with 1.6 or 1.8 litre engines. 

Like in the ProSTEP approach, each of the specification have a relation to configuration to 

determine which technical solutions are to be included to realize the features described in 

specifications.  

In figure 27, the relations between Specifications of Car model and the Technical solutions 

realizing the features are straightforward, as there is one BACK Technical solution for 

each model Specification. The situation is the same with Transmission, where there are 

two different gearboxes to realize the two Specifications.  
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Figure 27. Model, Transmission and Seat Specifications related to the Technical_solutions. 

The Seat Specifications of leather and fabric each have a relation to the Technical solutions 

of front left, front right and back seats to realize the seat component of either leather or 

fabric. 

In figure 28, each engine specification has an engine module of the Technical solution to 

realize the Specification. The structure of Technical solutions realizing model sizes are 

more complicated. The 4-door family model is configured with a long roof and long base, 

and with back left, back right, front left and front right Technical solutions.  
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The Small 2-door model is realized with a short back and short base and only with front 

left and front right doors. The Technical solutions constitute the Doors, Base and Roof 

Product components. 

Specification
description: ’ENGINE, 1.6’
id: ’5-1' 

Specification
description: ’ENGINE, 1.8’
id: ’5-2' 

Specification
description: ’ENGINE, 2.0’
id: ’5-3' 

Technical_solution
description: ’ENGINE, 1.6’
id: ’5-1' 

Technical_solution
description: ’ENGINE, 1.8’
id: ’5-2' 

Technical_solution
description: ’ENGINE, 2.0’
id: ’5-3' 

Specification
name: ’Small 2-doors model’
Id: ’3-2'

Specification
name: ’4-doors family model’
Id: ’3-1'

C_s_a

C_s_a

C_s_a

C_s_a

Configuration

C_s_a

ConfigurationIs_solution_for

Product_component
Description: ’ENGINE’
Id: ’5-0'

Product_component
Description: ’BASE*
Id: ’1-0'

Product_component
Description: ’ROOF’
Id: ’4-0'

Configured_element

Configured_element

Configuration Configured_element

Configuration Configured_element

Configuration Configured_element

Configuration Configured_element

Is_solution_for

Is_solution_for

Technical_solution
description: ’BASE, short’
id: ’1-2' 

Technical_solution
description: ’BASE, long’
id: ’1-1' 

Technical_solution
description: ’ROOF, short’
id: ’4-2' 

Technical_solution
description: ’ROOF, long’
id: ’4-1' 

Product_component
Description: ’DOORS’
Id: ’3-0'

Is_solution_for

Is_solution_for

Is_solution_for

Is_solution_for

Configuration
Configured_element

Configuration Configured_element

Configuration
Configured_element

Is_solution_for

Is_solution_for

Is_solution_for

Configuration Configured_element

Configuration Configured_element

Technical_solution
Description: ’DOOR, back left’
Id: ’3-3'

Technical_solution
Description: ’DOOR, back right’
Id: ’3-4'

Technical_solution
Description: ’DOOR, front left’
Id: ’3-1'

Technical_solution
Description: ’DOOR, front right’
Id: ’3-2'

Is_solution_for

Is_solution_for

Is_solution_for

C_s_r

C_s_r

C_s_r

C_s_r

Product_class
Level_type: ’product family’
Version_id: 
´100-0 CAR_Generic, product family’

.

Figure 28. Engine and Model size Specifications and their relation with the Technical_solution objects. 
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5.6.2 Modelling Using Constraint-Based Method 

In pure constraint-based modelling, the Car’s generic product structure is modelled with 

using only Boolean operators for describing the configuration rules. In the Car example, 

the difference to the rule-based model is rather small, only the Specification_inclusion 

objects are removed and replaced with multiple relations between Specification_expression 

objects. 

The constraint-based method does not change the physical product configuration modelled 

in figures 27 and 28. The Specification objects are the same in both rule-based and 

constraints based models and have the same relations to the Technical solution objects. 
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Product_class
Level_type: ’product family’
Version_id: 
´100-0 CAR_Generic product structure’

Specification_category
description: ’MODEL’
id: ’2-0' 
Implicit_exclusive_condition: ’true’

Specification_category
description: ’ENGINE’
id: ’5-0' 
Implicit_exclusive_condition: ’true’

Specification
name: ’Liftback’
id: ’2-1' 

Specification_expression
Operation: ’ONEOF’

Specification_category
description: ’MODEL SIZE’
id: ’3-0' 
Implicit_exclusive_condition: ’true’

Specification
name: ’Small 2-doors model’
Id: ’3-2'

category

Specification
name: ’4-doors family model’
Id: ’3-1'

category

Included_specification

Category

Specification
name: ’ENGINE, 1.6’
id: ’5-1' 

Specification
name: ’ENGINE, 1.8’
id: ’5-2' 

Specification
name: ’ENGINE, 2.0’
id: ’5-3' 

Specification_expression
Operation: ’ONEOF’

Category

Category

Category

Specification
name: ’Sedan’
id: ’2-2' 

Specification
name: ’Station Wagon’
id: ’2-3' 

Specification_expression
Operation: ’ONEOF’

Category

Category

Specification_expression
Operation: ’ONEOF’

Category

Category

Category

Category

Specification_expression
Operation: ’ONEOF’

C_cat_a

C_cat_a

C_cat_a

C_cat_a

C_cat_a

C_s_a

C_s_a

C_s_a C_s_a

C_s_a

C_s_a

C_s_a

C_s_a

C_s_a

C_s_a

C_s_a C_s_a

C_c_a

C_c_a

Operand

operand

operand

Operand

Specification_expression
Operation: ’AND’

Specification_expression
Operation: ’AND’

Operand

C_c_a

Specification_expression
Operation: ’AND’

operand

operand

Included_specification

Specification_category
description: ’SEAT’
id: ’7-8' 
Implicit_exclusive_condition: ’true’

Specification
Name: ’SEAT_leather’
Id: ’7-0'

Specification
Name: ’SEAT_fabric’
Id: ’8-0'

Specification_category
description: ’TRANSMISSION’
id: ’6-0' 
Implicit_exclusive_condition: ’true’

Specification
name: ’TRANSMISSION, automatic’
id: ’6-2' 

Specification
name: ’TRANSMISSION, 5-speed’
id: ’6-1' 

Operand

C_c_a

C_c_a

C_c_a

C_c_a

Specification_expression
Operation: ’AND’

C_c_a

Operand

Specification_expression
Operation: ’AND’

C_c_a

Operand

 

Figure 29. Feature based generic product structure of a car, purely constraint-based method.  
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6. REQUIREMENTS FOR LIFECYCLE INFORMATION MANAGEMENT 

OF MASS CUSTOMIZED PRODUCTS FOR PLM SYSTEM 

In this chapter, requirements for lifecycle information management of a mass customized 

product in PLM system are documented and analyzed based on the challenges stated and 

other information given in the previous chapters. According to these requirements, the 

representation of the example generic product structure of a Car in S-A-s is done. 

The requirements are documented and analyzed using IEEE Standard 830-1998 IEEE 

Recommended Practice for Software Requirements Specifications. The standard is 

originally designed for software development, so in this case only the parts concerning 

basic requirements for the system and the specific requirements for the model 

representation are concerned. 

6.1 Overall Description for Basic Requirements 

In this chapter, basic requirements for S-A-s are documented according to the features of 

PDM and PLM systems presented in chapter 3.3 PLM System as an Extension of PDM 

system. 

6.1.1 Product Functions 

In order to meet the requirements of lifecycle information management of a mass 

customized product, basic functions for PDM and PLM systems have to exist in the 

system. In this case, these functions also have to apply for mass customized products: 

Basic Product Data Management features: 

- Item Management (see chapter 3.3.3 Item Management) 

- Product structure and configuration management (see chapter 3.3.5 Product model 

and Structure) 

- Document Management (see chapter 3.3.4 Document Management) 
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Product Lifecycle Information Management features: 

- Product Lifecycle views/stages (see chapter 3.3.1 Product views) 

- Item, product and document versioning (see chapter 3.3.6 Product Maintenance and 

Change Management) 

- Engineering Change Management (see chapter 3.3.6 Product Maintenance and 

Change Management) 

- Individual product information management (see chapter 3.3.7 Product as 

Individual) 

- Traceability of items and product structures (see chapter 3.3.7 Product as 

Individual) 

- Solution integration with e.g. ERP, Configurator (see chapter 3.3.8 PDM/PLM 

System Integration) 

- Inter-organizational product information management (see chapter 3.4 

Collaboration a Challenge for Product Lifecycle Information Management) 

6.1.2 User Characteristics 

The system has to support different kinds of user profiles: 

- Advanced users are able to create and update the products, product structures, items 

and documents 

- Users are able to view the products, product structures, items and documents 
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- Different lifecycle views should have different user rights 

o e.g. design and maintenance,  

o different users should have access to change or view only the data assigned 

to them, e.g. product engineer has access to items in the design view, and 

maintenance to the items concerning maintaining the product 

- Different collaboration companies should have different access rights to the data of 

their own, and the other companies’ data  

6.2 Specific Requirements 

This chapter defines the specific requirements for the system to manage the lifecycle 

information of mass customized products according to the challenges stated in 4.5.1 

Challenges in Lifecycle Information Management of Mass Customized Products. 

6.2.1 Functional Requirements 

In order to the PLM system to fully support the lifecycle information management of mass 

customized products, it has to be able to support the information generated through mass 

customization process in all product lifecycle stages. The system has to be able to: 

- Store the different product structures: generic product structure, product variants, 

actual products, and assign the structures in lifecycle phases 

- Store the configuration rules to enable product configuration function 

- Have the traceability for all the parts in all the configurations in different views 

from maintenance to generic product structure and the other way around 
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6.2.2 Classes and Objects 

For the system to be able to handle the lifecycle information management of a mass 

customized product according to STEP standardization, it has to be able to store and 

manage the data model of STEP AP214 Product_class to a certain extend. The main 

objective for the system is to understand the basic concepts of a mass customized product; 

generic product structure, the product features and configuration rules and of course the 

features’ linkage to the physical structure. With these requirements, the needed classes for 

the system are: 

- Product_class 

- Specification_expression 

- Specification 

6.2.3 Attributes and Relations 

For the PLM system to understand the represented structure it has to be able to manage and 

store the attributes of the objects and the relations between them. (see chapter 3.3.3 Item 

Management) 

Product_class has to have at least the attributes: 

- version id (string) 

- level type (string) 
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Specification has to have attributes: 

- name (string) 

- id (string) 

- description (string) 

- version id (string) 

- package (Boolean) 

Specification_expression has to have attributes: 

- operation (expression_operations (Boolean)) 
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7. SHARE-A-SPACE AND GENERIC PRODUCT STRUCTURE 

REPRESENTATION 

The chapter attempts to answer the question of how software application based on STEP 

and PLCS standardization could support the managing of lifecycle information of a mass 

customized product by studying how to represent the model of modular product structure 

in Share-A-space software application. 

The chapter describes the features of Share-A-space reflected to the requirements in 

chapter 7.1 Overall Description of Basic Requirements. After this, the features answering 

the specific requirements are defined including the representation of the Car generic 

product structure based on AP 214 Product_class. The representation is done based on 

chapter 7.2 Specific Requirements. 

The aim of the analysis of the Car example here is to try to estimate the overall abilities of 

S-A-s in managing a mass customized product’s lifecycle information. The presumption 

here is that the representation of the selected sufficiently complex product example (Car) 

carried out in share-a-space software reflects quite well the overall abilities of S-A-s in 

managing a mass customized product’s lifecycle information 

7.1 Overall Description 

Share-A-space is based on a rich information model. Some of the entities of the 

information model are identified as Business Objects. The Business Objects are mainly 

based on the STEP 214 and PLCS information entities, but as all features used in software 

applications are not in the scope of standardization, some objects outside the standards 

enabling fluent use of the application are included in the S-A-s information model. 

(Färneland 2006, 27)  
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7.1.1 Basic Product Data Management Features 

Item in S-A-s collects all the information of a part version. It is an object that mainly 

belongs to the design domain. It holds a part number and a version identifier. In S-A-s user 

is always presented with an item version, since it is an object itself. All information is 

actually connected to the version to keep the information as clean as possible from 

processes. All information is related to the views the item is observed in. (Färneland 2006, 

29)  

 

Figure 30. An item logo in S-A-s. (Färneland 2006, 29) 

The document object in S-A-s holds information of the document identifier and version. 

The document can be classified as e.g. “test specification”. Multiple files are possible to be 

connected to one document. (Färneland 2006, 28)  

Product structure in S-A-s can be visualized by viewing product breakdowns, where the 

structure opens as a tree. The product configurations in S-A-s are composed of items 

linked to each other with each node representing a child. In the breakdown view the 

configuration as well as the items it is composed of can be modified. The root item in the 

configuration marks the configuration. The configuration, as well as each of the items, has 

an ID, version and name. (Färneland 2006, 14) 

7.1.2 Product Lifecycle Information Management Features 

A view to the product structure is also called Application Context in S-A-s. All the 

information describing items are connected to a view, for example Design view. This way 

the information concerning Design can be filtered away when the view is for example 

Manufacturing. The information can also be valid for more than one view. See figure 31. 

(Färneland 2006, 21) 
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Figure 31. Different views of an item in S-A-s. (Färneland 2006, 21) 

All the items in S-A-s are actually versions. New versions can be created both from 

product assemblies as well as from items separately. A special key feature in version 

management with S-A-s is the efficiency concept. Efficiency is used for controlling the 

occurrence of an item in a structure. This means it is possible to set a date when an item 

was replaced or is to be replaced with another version of the item in the configuration. 

(Färneland 2006, 19) Versions and efficiency are both objects derived from PLCS models. 

S-A-s has an in-built system for Engineering Change Management. The EC object comes 

in two shapes in the system; as an EC Proposal and EC Order. Actually, it is the same 

object but with different status and different effect on the information in S-A-s. The EC 

object can hold information on items and documents as well as instances. They can be 

added, removed and replaced in the object. Where ECP captures a proposal of a designed 

solution, ECO captures the real changes to the information in S-A-s. 

An individual product’s information management in S-A-s is handled using Products as 

realized objects that are derived from PLCS. However, PLCS’s Product as individual does 

not exist in S-A-s as a basic object type, like Product_as_realized does. It is just enabled by 

giving “Product as individual” classification for a plain item, as any other classification can 

be given. Just like in PLCS, in S-A-s Product_as_realized is an object described as a real 

thing that is in-use. Product_as_realized is based on an item in the design domain. The 

relationship of the item and the Product_as_realized is efficiency-based.  

72



 

 

It enables the possibility that the item can be changed over time, while the 

Product_as_realized maintains following the original design. There may be several 

Product_as_realized based on the same item with unique multiple identifiers, e.g. a 

registration number for a car, see figure 32. 

 

 

Figure 32. Several Product_as_realized objects based on same item. (Färneland 2006, 35) 

When observing any object in S-A-s, traceability is visible. All the information about the 

assemblies and collections in which the object occurs and which versions the object has is 

available. The linkage between Product_as_realized and the item it is based on is also 

visible. There is also a Location object in S-A-s, which can be attached to the 

Product_as_realized objects. Location object can share information about address-based, 

geographical-based, product-based, organization-based and regional-based locations. The 

location object also enables the information about the location history of the attached 

objects. (Färneland 2006, p. 36-37) 

S-A-s supports both kinds of integration that were described in chapter 3. It supports first 

of all Exchange files. The user can import and export product structures using different file 
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formats, like .CSV format for data exchange. It also supports AP214 STEP based data 

exchange file setting. 

For inter-organizational product information management, S-A-s also supports database 

integration, which is another integration option alongside exchange files. In one customer 

case, S-A-s was set as a common area between a company and its supplier. All the shared 

data was stored in S-A-s. (Share-A-space Customer Case: Supplier Integration, 1) 

 

Figure 33. A customer case of S-A-s as common area between an organisation and its suppliers. (Share-A-

space Customer Case: Supplier Integration, 1) 

In this case, see figure 33, the OEM was responsible of extracting the required information 

from the common area, when the supplier’s responsibilities laid on the correctness of 

information stored in the common area. (Share-A-space Customer Case: Supplier 

Integration, p.1)  

7.1.3 User Characteristics 

In Share-A-space, access management is controlled by setting different roles for different 

users. The roles are within an organization context and are assigned to a person. (Färneland 

2006, 16) 
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S-A-s enables five types of user rights for different users. The user may have Create, Read, 

Update, Delete or Grant Seats rights, or a mixture of them. Grant Seats means in S-A-s that 

the user can create new users and organizations inside a project. Grant Seat user also has a 

right to control other organizations’ access to the information owned by the organization of 

the user. (Färneland 2006, 17-18) 

 

Figure 34. Access management in inter-organizational information management. (Färneland 2006, 18) 

The figure 34 shows how “John Doe” as an administrator has all the rights to his own 

company’s data, but cannot delete or grant seats within the other organization. It also 

shows how “John Doe” has disabled the other company to have any access to his own 

company’s data. 

7.2 Specific Requirements - Product_class Representation 

First part of the integration was to study all the available information from the previous 

customer cases where S-A-s was used for managing modular product structures. However, 

after a short email questionnaire round it turned out there were cases where S-A-s was used 

for storing generic product structures and variants, but none of the cases had included 

storing configuration rules or specification based configurations. (Dunford, e-mail 

18.10.2006) 
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According to the S-A-s User Guide, there is an Information Collection object in S-A-s that 

is designed, along with other purposes, for managing generic product structures and 

variants. It suggests that Information Collection object can be used as Configuration 

Control object. This means variants can be filtered from the generic product structure and 

stored as an Information Collection. (Färneland 2006, 46-47) Information Collection is a 

feature of Share-A-space, and it is not strictly based on STEP or PLCS. It also does not 

have any in-built functionality for saving configuration rules or supporting a specification-

based configuration, like the Product_class in AP 214. Information Collection enables the 

collection of all possible items in one collection, but in Configuration Control it does not 

take into account the different lifecycle views, as the object does not have that kind of 

property. Using Information Collection in the way User Guide suggests does not meet the 

requirements.  

Share-A-space does not have an in-built feature for understanding AP 214 Product_class 

specification based configurations or configuration rules. This means that the Car model 

has to be represented in the application by building it up with classifications, properties, 

nesting and members from the objects available in the system.  

7.2.1 Representation Method 

For storing and managing lifecycle information of mass customized product, S-A-s has to 

be able to store the Car example AP 214 Product_class. How well S-A-s is able to support 

the CAR Product_class reflects the overall abilities of S-A-s in managing a mass 

customized product’s lifecycle information. 

In order to the lifecycle information management features to be applied to mass 

customized products as well as to traditional products, the representation has to be done 

using the existing objects in S-A-s. The lifecycle tasks should be working as well with 

mass customized products, if the products are based on the same objects as the traditional 

products. The typical mass customized products’ properties, attributes and classifications 

given to the objects should not restrict their lifecycle management features. 

76



 

The model of physical generic product structure and product variants were decided to be 

built with the item objects in S-A-s by giving the items properties to define it according to 

the Car example. The actual products were built from Product_as_realized objects that are 

in-built objects in S-A-s and based on the PLCS information model. 

There was a possibility to also use items for building the feature-based generic product 

structure and rules. But instead of that Information collection objects was chosen. 

Product_class, Specification_expression and Specification objects were decided to be 

represented by giving Information collection objects the properties defined in the 

requirements. The advantage of using Information objects instead of items is that 

Information objects can include all kinds of objects.  

When building the feature based generic product structure, the model of physical items 

used in the configuration can also be included in the Information collections. When 

viewing the structure in S-A-s, it is obvious which objects are part of configuration rules 

and Specifications, and which objects are the items actually realizing the physical product 

structure in each configuration. 

 

Figure 35. The created product structures in S-A-s user interface collected in user’s favourites.  

In figure 35, the created product structures are collected in S-A-s favourites. From the 

bottom, the first line presents the feature based generic product structure including the 

configuration rules. The second from the bottom is the physical generic product structure. 

Second from the top is a variant created based on the generic product structure and rules, 

and the first from the top the actual product.  
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The symbols on the left of the product Ids represent the type of object the configurations 

are composed from. The bottom symbol represents Information collection, the two 

gearwheels in between are symbols of items, and the above presents Product_as_realized. 

7.2.2 Feature Based Generic Product Structure and Configuration Rules 

Representation 

The representation was decided to be based on the purely constraint-based generic product 

structure modelled in chapter 6.6.2. The other modelled structure with rule-based method 

includes a Specification_inclusion class that is a vital part of rule-based models, but not a 

class required in the requirements. The purely constraint-based model has less classes to 

represent, and therefore matches the requirements better than the rule-based method. 

There were two options on how to represent the specification-based generic product 

structure in S-A-s based on the theory of architecture of product configurations discussed 

in chapter 4.4.3. The first option was to represent the structure as flat (see chapter 4.4.3 

Configurators). That would mean that the variant configuration could be started from any 

of the possible Specifications, and that any Specification objects that are not restricted by 

configuration rules could be configured together 

This approach would have been possible in representing the Car example in S-A-s, but the 

downside was that when building the relations strictly according to the Car example, the 

visualization of the generic product structure could not be possible. The generic product 

structure would exist, but it would not be viewable in S-A-s, which only enables viewing 

product structures in father-son breakdowns. 

The chosen approach was then hierarchical. The structure was configured with a top-down 

approach, where the configuration of a car variant is seen as a process - a certain decision 

has to be done first, before the next decision. 
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Figure 36. Car generic product structure – the configuration items of one variant visible. 

In figure 36, the generic product structure of a Car is built with Information collection 

objects. The top-down configuration starts with choosing the BACK, in the example 

Liftback. Each chosen Specification object includes the physical items realizing the 

configurations as well as a Specification_expression with some value, like ONEF. The 

Specification_expression object then includes a set of Specifications from which the 

Specification to the configuration is chosen. A Specification may also include another 

Specification as a default, without a Specification_expression object pointing out how the 

next Specification is to be chosen. 
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As seen in the previous figure, Product_class has an ID 100-0 and a version ID 1.0. All the 

items in S-A-s have an ID and a possibility for version ID 

 

Figure 37. Specification object in S-A-s 

The Liftback object, as well as all the other Specification objects in S-A-s, has a 

Classification set as Specification. The Specification object has also ID, version ID and a 

Description attributes. See figure 37. 

 

Figure 38. Specification_expression classification. 

In figure 38, Information collection is classified as Specification_expression. 

 

Figure 39. Specification_expression property. 
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In figure 39, the Specification_expression has a property set as Logical Operation with a 

value ONEOF.  

The requirements of the level type attribute for Product_class and package attribute for 

Specification are not in-built in S-A-s, but are possible to be added as possible Properties 

for Items with the Project administrator user rights. Adding these attributes in this phase of 

the representation are not thought necessary, as the representation is a test.  

In a real customer case those attributes are needed, as there are several generic product 

structures, variants and actual products that have to have different level types to clear 

which type of Product_class is in question. There also has to be a possibility for package 

Specifications, when they exist in the product structure. However, in the Car example there 

are no such Specifications. 

7.2.3 Physical Generic Product Structure Representation 

The model of physical generic product structure was built using the item objects in S-A-s. 

The father item in the structure was called the same as the specification-based structure and 

classified as a Product_class, like in the Instance model in chapter 5.6.1 Modelling Using 

Rule-based Method based on AP 214 Product_class. But the physical modules that are 

Technical solutions in AP 214 are replaced by Part Classification to support AP 239 PLCS. 

The configuration was built for the Design view, as the generic product structure is a 

configuration existing only in the design world. The view is presented as Application 

Context in S-A-s and set as Mechanical/Design that is comparable with the design view in 

the theoretical approach. This means the configuration is only visible in the design view. 

The view definition set is based on the theoretical merging of the mass customization 

process with PLM phases in chapter 4.5.2 Merging Mass Customized Process with Product 

Lifecycle Management Stages in Concept Level. 

81



 

 

Figure 40. Physical generic product structure model in S-A-s. 

The physical generic structure in figure 40 is using the same parts included in the 

Specification-based generic product structure. 
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7.2.4 Creating Product Variant 

The idea of representing the generic product structure a configuration rules in S-A-s is to 

enable product variant configuration with a configurator integrated with S-A-s. The storage 

of configuration rules with STEP standardized product data is to enable any kind of 

configurators to configure the variants. The configurators should just be able to understand 

standardized data. 

In this case, the configurator itself is out of scope, and the configurator is presumed to be 

any possible configurator with an integration possibility with S-A-s. To show how product 

variants configured from a generic product structure are managed in S-A-s, product 

variants are created with S-A-s manually without a configurator. 

A product variant can be assembled according to the configuration rules in the 

specification-based generic product structure in S-A-s. An example product variant was 

made according to the chosen Specifications visible in the Figure x presenting the generic 

product structure represented in S-A-s. 

 

Figure 41. Product variant structure in S-A-s. 
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The variant structure in the figure 41 is set to be visible in both design and manufacturing 

view, as it is a design structure which also the manufacturing of the actual product is based 

on. The classification of the variant is set as Product individual, to match the PLCS 

Product_classes. The ‘variant’ text on every selected item is an ID for the item. This means 

every item chosen in the variant Item structure is actually an instance of the original item 

in the generic product structure. The view definitions are based on the theoretical merging 

of the mass customization process with PLM phases in chapter 4.5.2 Merging Mass 

Customized Process with Product Lifecycle Management Stages in Concept Level. 

7.2.5 Creating the Actual Product – Product_as_Realized 

The actual product, Product_as_realized in S-A-s and AP239 PLCS, can be created from 

an existing Item structure in S-A-s. See figure 42. 

 

Figure 42. The actual product – Product_as_Realized in S-A-s 
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The Product_as_realized in S-A-s is visible in all the views, Application Contexts. There is 

no need for filtering the structure for different views, as Product_as_realized is the real 

product resulting from manufacturing an object in maintenance. The Product_as_realized 

is also in use somewhere, and the product that the maintenance services are directed to. 

7.2.6 Traceability between the Represented and Created Structures 

Traceability of structures can be started from the actual product in use to the design of the 

generic product structure it is based on. 

 

Figure 43. Actual DOOR. 

In figure 43 the actual manufactured front left DOOR is in use in 1-0-1, 1.0, Car_variant, 

based on the DOOR design of 3-1, 1.0, DOOR, front left. 

 

Figure 44. DOOR as designed. 

The designed DOOR in figure 44 is part of Cv1, Car_variant 1.0, both in Manufacturing 

and Design views of the configuration. It is also a part of the 3-0 DOORS module. 
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Figure 45. DOORS module. 

The DOORS module in figure 45 is in use in several versions of 100-0 CAR_Generic 

product structure. 

 

Figure 46. DOOR in Collections. 

In figure 46 the design DOOR is in use in two collections which both are Specification 

objects in the Specification based generic product structure 100-0, 1.0, Car_Generic 

product structure. 

7.3 Lifecycle Information Management Tasks for a Mass Customized Product - 

Conclusions 

The different structures of a mass customized product were represented in S-A-s for 

different lifecycle views. All the product structures, items, information collections and 

Product_as_realized objects used also had a version ID and a possibility of later 

versioning.  
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All the structures used and created are based in basic objects in S-A-s, and therefore are 

possible to be integrated with other applications using exchange files. The database 

integration was not tested, as it requires a more specific approach and is every time a 

unique solution. 

For the same reason, the product structures created can be assigned to different 

organizations, and different users can be given varying user rights by using the basic 

features in S-A-s. All the objects in the structures also have the ability to have a secondary 

ID for the use of different organisation. 

However, in case of ECM, all the requirements cannot be fulfilled. The ECM feature in S-

A-s is able to control the changes in the physical product structures, the physical generic 

product structure, product variant and the actual product, as they are based on Item and 

Product_as_realized objects. The ECM is not designed for handling the changes for 

Information collection, as in its original purpose there is no requirement for controlled 

changes in collections. However, in the case of feature-based generic product structure and 

configuration rules, a request for changes is a possible requirement, so the opportunity 

should exist. 
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8. CONCLUSIONS AND RECOMMENDATIONS 

In this chapter the key results of the theory, and the standard and the software application 

for supporting the lifecycle information management of mass customized product are listed 

and evaluated. 

The chapter answers to the following questions: To what extend STEP standard and 

software system supporting are able to support the lifecycle information management of a 

mass customized product? How well did the representation succeed? What was solved, 

what was not and what further actions are needed? 

8.1 The Key Results of the Work 

The challenges and solutions for the challenges in lifecycle information management of a 

mass customized product were studied. The key results can be divided in three. 

In the concept level, the merging of mass customization with product lifecycle 

management stages was done using the theory basis from both concepts as a background. 

The theory concepts were mapped with STEP and PLCS standards, and a modular product 

structure was modelled using STEP AP 214. The structure was linked to Product Life 

Cycle Support PLCS. 

The modelled structure was represented in Share-A-space software system using different 

product structures and PLM views for the example. 
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8.2 Evaluation of the Results 

Table 8 describes how well the literature, standardization and PLM system were able to 

support the lifecycle information management of a mass customized product. In the 

evaluation scale 1-5, 5 would mean that the result is fully capable of supporting the 

assistant questions. The grade 5 would also mean no further actions for enhancing 

literature, standardization or PLM system are needed. Grade 1 would mean the results do 

not give any support for the assistant questions and the main question. Grades 2-4 leave an 

opportunity for further development of literature, standardization and PLM system for a 

better answer of the questions stated.  

The scale and results are based on the author’s achievements and experience of the 

literature, standardization and PLM system. 
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Table 8. Questions, answers, results and evaluation.

The main 
question 

First Assistant 
questions 

Answer Result Evaluation 
scale 1-5 

What are the 
special challenges 
for lifecycle 
information 
management of a 
mass customized 
product, and why 
these challenges are 
important to be 
solved? 

Mass customized 
products have varying 
and complex product 
structures that all have 
an individual lifecycle. 
Change management of 
MC products is more 
difficult, as also the 
configuration rules may 
change. Collaborating 
companies have to be 
able to access and make 
changes in MC products. 

In conceptual 
level, the 
merging of mass 
customization 
with product 
lifecycle 
management 
stages was done 
using the theory 
basis from both 
concepts as a 
background. 
 

4 

How 
standardization 
could support the 
managing of 
lifecycle 
information of a 
mass customized 
product? 

With standardization, the 
information of mass 
customized products can 
be standardized and 
exchanged between 
collaboration companies. 
The product structures 
can be managed in 
lifecycle stages. 
 

The theory 
concepts were 
mapped with 
STEP and PLCS 
standard and a 
modular product 
structure was 
modelled using 
STEP AP 214. 
The structure 
was linked to 
Product Life 
Cycle Support 
PLCS. 
 

3 

How could software 
application based on 
standardization 
support the 
managing of 
lifecycle 
information of mass 
customized 
product? 
 
 

The software can be the 
actual tool to manage the 
products’ lifecycle 
information in a standard 
way. 
 

The modelled 
structure was 
represented in 
Share-A-space 
software system 
using different 
product 
structures and 
PLM views for 
the example. 
 

3 

What new 
information 
management 
challenges are 
developed when 
a mass 
customized 
product’s 
information has 
to be managed 
throughout its 
lifecycle, and 
how these 
challenges 
could be 
solved? 

To what extend 
were 
standardization  
and software system 
able to support the 
lifecycle 
information 
management of a 
mass customized 
product? 

See the results for 
evaluation. 
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The evaluation 4 out of 5 in the concept level is given, because the merging of mass 

customization and product lifecycle management phases is possible to be created on the 

basis of the theory. However, the grade would have been 5, if there was a clear example or 

source from the theory on how the merging could have been done. The evaluation 4 is a 

result of combining theories in a way they were not found in literature. 

The evaluation 3 for the usability of the STEP standard for the management of mass 

customized product lifecycle information is given because of the fact that both the 

configuration rules and the lifecycle support are not inside the same STEP Application 

Protocol. AP 214 and AP 239 PLCS were needed to be used separately, and the linkage 

between them had to be created with no actual previous examples. 

Evaluation grade 3 for Share-A-space for managing lifecycle information of mass 

customized products bears from the same facts as with STEP standard. Although in S-A-s, 

the different APs can be used for managing the data and linked together, S-A-s did not 

have an in-built system for storing feature-based configurations with Specification objects 

and configuration rules. The object had to be created with existing objects in the system, 

and the process was relatively complicated. This led to the situation where ECM 

procedures were not possible for configuration rules and feature-based generic product 

structure, as the process cannot be attached in Information collection objects. The 

traceability between the product structure, actual products and items was successful. 
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8.3 Discussion about S-A-s 

The Share-A-space PLM system is a system with a very flexible information schema. This 

means it is able to store and manage almost any kinds of items and their relations. 

However, if the requirements are very specific, like managing generic product structures, 

the items and their relation basically have to be represented in the system manually. The 

data can be brought in by importing the models from e.g. an excel sheet or a configurator. 

However, S-A-s is not able to manage the items and their relations, like generic product 

structures studied in this thesis by using the STEP classes designed for them automatically, 

as they are not in the schema of the system. This means that for example a product 

configurator based on the STEP standard would be able to import the structures from S-A-s 

to the configurator by automatically recognizing the same STEP classes like AP 214 

Product_class, but only if the generic product structure is represented in S-A-s strictly 

using the same schema than the configurator. Storing of generic product structures in S-A-s 

with STEP is left as the responsibility of the direction storing the data. 

For full management of the lifecycle of mass customized products, S-A-s would need a 

feature of setting product configurations or an integrated external configurator. The 

configurator would have to be able to import generic product structure and configuration 

rules from S-A-s, create a product variant and the actual Product_as_realized based on the 

variant configuration and to export these product structures back to S-A-s. 

All in all, the S-A-s PLM system has the advantage of a flexible information schema to 

manage all STEP modules, but at the same time it lacks the confirmation that the data 

actually is stored according to STEP, and therefore it may limit the configurators and other 

information systems using STEP not to function automatically together with S-A-s. 
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8.4 Further Actions and Recommendations 

To more effectively support the lifecycle information management of a mass customized 

product further research is needed. The theoretical literature for both concepts separately 

does exist, but there is no literature that would fully concentrate on the issue, except the 

article by Avak (2006). The challenges and the merging need more studying. The actual 

business cases also need further research. 

STEP and PLCS should be developed in the direction where the linkage between the 

different APs could be more logical. There should be a clear way of linking generic 

product structures with lifecycle classes. One solution is to import AMs, like Product_class 

from AP214 to AP239 PLCS. 

Share-A-space should be developed to support modular product structures more easily. In-

built objects for managing generic product structures and configuration rules would 

enhance the usability in managing mass customized products. The customer requirements 

exist, and at the moment the adjustment of configuration and feature-based configuration 

for S-A-s are studied. 
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9. SUMMARY 

The purpose of this Master’s Thesis was to study what new information management 

challenges are developed when a mass customized (MC) product’s information has to be 

managed throughout its lifecycle, and how these challenges could be solved.  

The study was necessary, because the industry is moving towards mass customization, and 

there are new challenges that this development sets for Product Lifecycle Management 

(PLM) with the increasing number of mass customized products and more complicated 

product structures. 

The information concerning mass customization and PLM exist to some degree. However, 

the impact and challenges of mass customization to PLM were not widely discussed. This 

lack of specific literature led to a challenge of defining the specific challenges by applying 

and finding congruent information from existing literature of both concepts. The features 

of mass customization had to be measured against the lifecycle of mass customized 

products and the usual tasks concerning PLM to find out how the management of a mass 

customized product’s lifecycle information differs from the lifecycle information 

management of traditional products 

The solution was studied by testing how STEP and PLCS standardization and Share-A-

space PLM system supporting the standard could support the lifecycle information of mass 

customized products. The greatest challenges were in studying the standard and in doing a 

research of earlier examples of modelling MC products’ generic product structures using 

STEP and PLCS. The challenge was very much similar to the challenges in defining the 

challenges, as the support for MC products and lifecycle information management were 

separately issued in the standard.  

Another challenge in the thesis was to find out how the Share-A-space PLM system could 

support a MC product through out its life cycle. There was no clear guideline on how the 

standard-based MC product’s product structures could be represented in the PLM system, 

and the representation had to be studied clearly by empiric testing. 
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As a result, the found challenges for lifecycle information management of MC products 

were defined as the complex product structures of the product type, traceability and the 

change management of MC products throughout the lifecycle. The STEP and PLCS 

standards were both able to support the information management. The challenge, though, 

was that the support for both MC product’s product structure and lifecycle existed in 

different Application Protocol’s of STEP. The linkage between MC generic product 

structure and lifecycle support had to be manually established. 

Share-A-space PLM system was able to support the MC product’s lifecycle information, 

but the support for STEP based MC generic product structure and configuration rules had 

to be manually represented in the system. The system lacked an in-built support for STEP 

based standardization of feature based generic product structures and configuration rules 

for MC products. The challenges of complex product structures and traceability could be 

solved using STEP standardization and the supporting PLM systems. The challenge of 

change management for MC products can be supported with standardization, but the PLM 

system could not support the Engineering Change process for the feature-based product 

structure and configuration rules. This, however, is not only due to the features of the PLM 

software, but also the representation method chosen. 

A challenge for literature, standardization and PLM systems for better supporting life cycle 

information management of mass customized products still lies ahead. The progress is 

ongoing, as these kinds of challenges exist also beyond this Master’s Thesis; in business 

life and academic world studying the phenomenon. 

In general, the research of this Master’s Thesis was very challenging, as specific 

background for this kind of study was not found in previous literature or business cases. 

Information sources were not comprehensive, as there were no existing examples of 

generally accepted practises on defining these challenges and solutions. 
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APPENDIX I CROSS FUNCTIONAL FLOWCHART NOTATION 

Purpose of this notation is to help the reader understand the used Cross Functional 

Flowchart diagrams in the thesis. The notation is based on Object Management Group/ 

Business Process Management Initiative PDF document Introduction to BPMN by Stephen 

A White. (White) 

An Activity, see figure 47 is represented by a rounded-corner rectangle (see the figure to 

the right) and is a generic term for work that company performs. An Activity can be atomic 

or non-atomic (compound). (White, 2) 

 

Figure 47. An activity. (White, 2) 

A Message (information) Flow, figure 48 is represented by a dashed line with an open 

arrowhead (see the figure to the right) and is used to show the flow of messages between 

two separate  Process Participants (business entities or business roles) that send and receive 

them. In BPMN, two separate Pools in the Diagram will represent the two Participants. 

(White, 3) 

 

Figure 48. A flow. (White, 3) 
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A Lane, figure 49 is a sub-partition within a Pool and will extend the entire length of the 

Pool, either vertically or horizontally (see the figure to the right). Lanes are used to 

organize and categorize activities. (White, 4) 

 

Figure 49. A lane. (White, 4) 
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 APPENDIX II UML CLASS DIAGRAM NOTATION 

Purpose of this notation is to help the reader understand the used UML class diagrams in 

the thesis. The notation is based on the tutorial material of JCommerce Development 

Network (UML Notation 2006). 

Classes and objects 

A Class is represented in the UML like this: 
 

Class 
 

Attribute1 
Attribute2 
MethodA() 
MethodB() 

 
The above table representing the class is divided in three rows, the top one showing the class name, the 
second showing the attributes and the third showing the methods. 
 
An object looks very similar to a class, except that its name is underlined: 
 

AnObject 
 

Attribute1 
Attribute2 
MethodA() 
MethodB() 

 

 

Figure 50. Classes and objects. (UML Notation 2006, 1) 
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Relationships 

Dependency: 
 
If A depends on B, then this is shown by a dashed arrow between A and B, with the arrowhead pointing at 
B: 
 
 
 
 
 
 
 
Association: 
 
An association between A and B is shown by a line joining the two classes: 
 
 
 
 
 
 
 
 
 
If there is no arrow on the line, the association is taken to be bidirectional. A unidirectional association is 
indicated like this: 
 
 
 
 
 
 
 

A B 

A B 

A B 

 

Figure 51. Dependency and association. (UML Notation 2006, 1) 
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Aggregation: 
 
An aggregation relationship is indicated by placing a white diamond at the end of the association next to 
the aggregate class. If B aggregates A, then A is a part of B, but their lifetimes are independent: 
 
 
 
 
 
 
 
 
Composition: 
 
Composition, on the other hand, is shown by a black diamond on the end of association next to the 
composite class. If B is composed of A, then B controls the lifetime of A. 
 
 
 
 
 
 
 
 
 
Multiplicity: 
 
The multiplicity of a relationship is indicated by a number (or *) placed at the end of an association. 
 
The following diagram indicates a one-to-one relationship between A and B: 
 
 
 
                                                                      1                        1 
 
 
 
 
This next diagram indicates a one-to-many relationship: 
 
 
 
                                                                      1                        * 
 
 
 
A multiplicity can also be a range of values. Some examples are shown below: 
 

1   One and only one 
*  Any number from 0 to infinity 
0..1  Either 0 or 1 
n..m  Any number in the range n to m inclusive 
1..*  Any positive integer 

A B 

A B 

A B 

A B 

 

Figure 52. Aggregation, composition and multiplicity. (UML Notation 2006, 2-3) 
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Naming an Association 
 
To improve the clarity of a class diagram, the association between two objects may be named: 
 
 
 
                                                                              teaches 
 
 
 
 
 
 
 
                                                                               lives in  
 
 
 
 

Teacher Student 

Person House 

 

Figure 53. Naming an association. (UML Notation 2006, 3) 
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Inheritance 
 
An inheritance (generalization/specialization) relationship is indicated in the UML by an arrow with a 
triangular arrowhead pointing towards the generalized class. 
 
If A is a base class, and B and C are classes derived from A, then this would be represented by the 
following class diagram: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Multiple Inheritance 
 
The next diagram represents the case where class C is derived from classes A and B: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C 

A 

B 

B A 

C 

 

Figure 54. Inheritance. (UML Notation 2006, 4) 
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APPENDIX 1II EXPRESS-G NOTATION 

Purpose of this notation is to help the reader understand the used EXPRESS-G diagrams in 

the thesis. The notation is based on Eurostep Oy training material. (Karstila 2004) 

 

page #, ref #  namepage #,  ref  # (#, #, ...) 

(simple data type) (defined type)

(select type) (enumeration type)

(entity type) 
(Super/Subtype relationships)

(Attribute / Relationship) 

(Reference to this page) (Reference to another page)

(Optional Attribute / Relationship)

 

Figure 55. EXPRESS-G notation. (Karstila 2004, 1) 
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APPENDIX IV INSTANCE DIAGRAM NOTATION 

Purpose of this notation is to help the reader understand the used instance diagrams in the 

thesis. The notation is based on Eurostep Oy training material (Karstila 2004). 

 

EntityType                #123
AttributeName1 = Value2
AttributeName1 = Value2

RelshipName

RelshipName

EntityType Page#, RefId#

An instance of Entity Type and
its simple Attribute Values.

A Relationship between Instances.

An aggregate Relationship
between Instances.

A reference to an Instance on
another page.

Instance diagram notation:

Page#, RefId# (fromPage#) A reference to an Instance on
this page.

EntityType
A reference to an Instance with
details omitted.

 

 

Figure 56. Instance diagram notation. (Karstila 2004, 3)  
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