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Abstract: In Engineering-to-Order (ETO) industries, configuration system and product architecture must be closely
aligned to support efficient customization, as both the digital model and the design model describe the same product.
However, in practice, there may be misalignments between these two domains. Using the Multiple-Domain Matrix
(MDM) framework, the study captures internal interfaces within product architecture and configuration system, as well
as cross-domain relationships between them. The framework was applied in a modular construction company as a case
study and demonstrates the practical value of MDM for diagnosing alignment issues and supporting more consistent
development of product architecture and configuration system. While the findings are based on a single case, this study
offers practical insights and sets a foundation for future research, particularly in ETO companies with complex
configuration systems.
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1 Introduction

To address the growing challenge of delivering customized products without compromising on time, cost, or quality, many
companies have adopted the mass customization strategy (Hvam et al., 2008; Pine, 1993). This strategy is often described
as the ability to provide tailored products through flexible processes and organizational structures while maintaining the
low costs associated with standardized mass production (Hart, 1995). One effective approach to achieving mass
customization is the development of modular product architectures, which reduces internal complexity while preserving
external variety to meet diverse market demands (Huang et al., 2005; Meyer and Lehnerd, 1997). Another critical factor
is technology, such as configuration system, which serves as an important toolkit to realize the mass customization strategy
(Da Silveira et al., 2001; Tseng et al., 2017).

In the Engineer-to-Order (ETO) industry, characterized by complex designs tailored to unique customer requirements,
configuration systems are widely adopted (Hvam et al., 2008; Rudberg and Wikner, 2004). The literature documents
several configuration systems implemented by ETO companies and highlights their potential to streamline sales and
engineering processes and deliver various benefits (Haug et al., 2019, 2011; Hvam, 2006; Kristjansdottir et al., 2015).
However, the technical realization of ETO configuration systems is both demanding and complex, and ETO products often
consist of multiple sub-products that interact with each other, making it difficult to implement traditional single
configurators (Blecker et al., 2004; Christensen and Ditlev Brunoe, 2017).

Multiple configurators in ETO configuration system, similar to the multiple modules in ETO product architecture, must
be aligned because both the digital model and the design model are intended to describe the same product. This study aims
to address this research gap by exploring how to analyze the alignment between configuration system and product
architecture in ETO products. Just as modules in the product architecture must be structured and integrated into a coherent
system, configurators in the configuration system must also be organized accordingly. With many modules and many
configurators involved, understanding their alignment and analyzing their interactions presents a significant challenge. To
support this analysis, we apply the MDM framework, which can capture both internal interfaces within product
architecture and configuration system, and cross-domain relationships between them.

The paper is structured as follows: Section 2 reviews related literature. Section 3 describes the MDM framework. Section
4 states the research methodology. Section 5 presents a case study. Section 6 discusses the results and outlines future work.
Section 7 concludes the study.

2 Literature Review

2.1 Product Architecture and Configuration System in ETO

ETO companies are responsible for designing, manufacturing, installing, and commissioning complex systems tailored to
highly specialized customer requirements (Caron and Fiore, 1995). Unlike the automotive and electronics sectors, which
are characterized as the high-volume sector, ETO products belong to the low-volume sector, with examples including oil
platforms and power plants (Hicks et al., 2000). Based on the position of the customer order decoupling point in value-
added material flow, ETO companies usually require a considerable amount of work in design and specification to fulfill
customer requirements (Hvam et al., 2008; Rudberg and Wikner, 2004). In the ETO industry, increasing competitive
pressure has pushed ETO companies to seek new ways to reduce costs and manage technical complexity (Large plant
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manufacturers group (VDMA), 2014). One effective approach is the adoption of standardization, modularization, and
platform concepts in ETO product development. Rather than relying on fully customized solutions for each project,
companies are shifting toward solution approaches based on the reuse of predesigned and validated standard modules
(Gepp et al., 2016). This strategy is closely related to the concept of product architecture, which defines the structure,
functions, and interfaces of a product, essentially serving as a blueprint for product development (Ulrich and Eppinger,
2016). An ideal product architecture breaks down the product into practical and reusable modules. Well-designed modules
can be easily updated, removed for maintenance, or replaced to add new functionality. Furthermore, modules can be
designed across multiple levels to offer a wide range of product variations while managing complexity (Huang et al.,
2005).

To fully leverage the benefits of modular product architecture, companies often implement configuration systems, which
are typically software-based expert systems that support users in creating product specifications (Haug, 2008). At the same
time, a well-defined modular product architecture is also a prerequisite for the effective development and use of
configuration system (Hvam et al., 2008). In the ETO industry, the benefits of using configuration systems are well
documented (Haug etal., 2019, 2011; Hvam, 2006; Kristjansdottir et al., 2015). Configuration systems can include several
configurators, for example, sales and technical configurators, as well as configurators operating at different levels of
abstraction (Forza and Salvador, 2006; Petersen, 2007). Several examples of ETO configuration systems from the past ten
years are presented in Table 1. These articles cover a range of application areas, including construction, energy, machinery
and plant industries. They highlight some observed benefits, explain how configurators can be developed or structured,
and discuss challenges encountered in practice. A common theme across these studies is that different configurators are
often applied to particular project phases or specific product levels.

Table 1. Example of ETO companies using several configurators

Article Application
(Cao et al., 2021) Apartment buildings
(Ghosh et al., 2019) Chemical process plants
(Christensen, 2019) Wind turbines
(Kristjansdottir et al., 2017) Catalyst plants
(Kristianto et al., 2015) Ship engines
2.2 DSM and MDM

Design structure matrix (DSM) is a matrix-based tool used to represent and analyze the structure of complex systems by
capturing the relationships between system elements, and it enables visualization of dependencies and supports system
decomposition, modularization, and sequencing of tasks or components (Eppinger and Browning, 2016). DSM has been
widely applied in product development, project planning, project management, systems engineering, and organization
design (Browning, 2001). Over the years, DSM has been extended through clustering algorithms, iteration modeling, and
integration with optimization methods (Browning, 2016). While DSM is effective for modelling within a single domain,
it has limitations when analyzing systems that cross multiple domains. This led to the development of Multiple-Domain
Matrix (MDM) (Lindemann and Maurer, 2007). MDM builds on the DSM concept by integrating several DSMs into a
single framework, using Domain Mapping Matrices (DMMs) to represent relationships between different sets of items
across domains. MDM provides a more holistic view of complex systems by showing how domains interact, rather than
analyzing them in isolation.
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Figure 1. "Periodic table" of DSMs and DMMs, forming an MDM (adapted from (Danilovic and Browning, 2007) ).
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2.3 Research Gap

Although configuration system is closely linked to product architecture as it is a prerequisite for effective development
and implementation, and many researchers have addressed the challenges of handling complex ETO product architectures
to support configuration systems, there is still a lack of studies focusing on the alignment between ETO product
architecture and configuration system and how to analyze and visualize the alignment.

Technically, misalignment should not occur. However, based on our observations across various configuration projects in
the ETO industry, such misalignments are common. A recurring cause is the organizational separation between the teams
responsible for product architecture development (typically engineering-driven) and those developing configuration
models (typically IT-driven). These teams often operate with different languages, tools, and objectives. As a result,
misalignments emerge not due to technical limitations, but due to a lack of coordination and shared understanding.

In reviewing the literature, we found numerous studies on using DSM for analyzing product architecture, but none on
using MDM to analyze product architecture and configuration system together. Based on this gap, we chose to apply the
MDM framework to provide a structured method for analyzing and visualizing both the internal interfaces within ETO
product architectures and configuration systems, as well as the cross-domain relationships between them.

3 MDM Framework

Figure 2 illustrates the central idea of this paper: product architecture and configuration system are fundamentally
interlinked in ETO products since the design model in product architecture and the digital model in configuration system
are intended to describe the same product. They are two sides of the same coin, and the edge of the coin represents their
alignment. The proposed framework is structured as an MDM below the coin, which consists of three matrices:

Product architecture (PA) DSM captures the interfaces between modules within the product architecture.

Configuration system (CS) DSM captures the relations between configurators, specifically the logical constraints
that govern interactions between them.

PA-CS DMM links modules and configurators, identifying which configurators are responsible for which modules.

A key proposition is that the interfaces among modules defined in the PA DSM should be reflected in the relations among
configurators in the CS DSM. Misalignment between these two can result in inconsistent and incompatible configuration
processes.
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Figure 2. Two sides of one coin: the alignment between product architecture and configuration system by MDM.
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This framework can be applied in different scenarios. One possible application is prior to the implementation of
configuration system. In this context, ETO companies can first analyze their product architecture using the PA DSM to
gain insights into potential configuration system structures. For instance, the analysis can support decisions such as
whether to implement a single configurator or multiple configurators. If multiple configurators are required, CS DSM
enables a structured analysis of the interfaces between configurators and how these can be effectively managed.

A hypothetical example could be an ETO company that designs and manufactures beverage filling lines, comprising
multiple types of machines. Each machine is customizable to meet specific customer requirements, and these machines
must operate together to complete the overall filling process. From a product architecture perspective, each machine can
be viewed as a module within the overall system. These modules have interfaces; for example, all machines must operate
at a synchronized transport speed to ensure an uninterrupted flow of bottles. Due to the complexity of the overall system,
it may not be feasible to include all machines within a single configurator. As a result, the company may decide to develop
separate configurators for different machines or functional groups. In this case, the MDM framework can be applied to
support the alignment between the product architecture and the configuration system, helping to identify what information
or constraints must be shared to ensure configuration consistency and system compatibility across the entire filling line.

The framework is also applicable in situations where a configuration system is already in use. Here, companies can apply
the MDM to assess the alignment between the existing product architecture and the configuration system. Specifically, the
framework allows for verification that the interfaces between modules in the architecture are correctly mirrored by the
relations between configurators.

Returning to the previous example, suppose the company introduces an upgraded module that increases the number of
interfaces with other modules. By using this framework, the company can systematically analyze which relations between
configurators need to be revised and identify which configurators are affected. This ensures that the configuration system
remains aligned with the evolving product architecture.

4 Research Methodology

The framework was initially inspired by DSM literature on product architecture, as DSM has been widely used to study
interfaces and has been successfully applied in various cases (Eppinger and Browning, 2016). Additionally, research on
DSM applications in software and IT systems (Lagerstrom et al., 2014) inspired the use of DSM to model configurators.
By combining these two, we decided to use the MDM framework to analyze the alignment between product architecture
and configuration system.

This study adopts a case study methodology as it allows for the study of a phenomenon in its natural setting and a fuller
understanding of the nature and complexity of the phenomenon(Voss et al., 2002). A single case study was used because
it enables in-depth observation of phenomena in exploratory investigations and provides an opportunity to access multiple
contexts within the case (Barratt et al., 2011). The selected case company has implemented a building system concept
composed of different modules, where each module includes several customizable submodules. A building system is a
coordinated set of prefabricated components or modules designed to work together structurally and functionally as part of
a larger construction framework. It standardizes elements to improve design efficiency, production, and on-site assembly
(Gibb, 1999). To support the design process, the company utilizes a set of configurators that enable the configuration of
individual modules or submodules based on specific project requirements. The company designs and develops buildings
on a project-by-project basis, and the construction sector aligns well with the characteristics of the ETO industry. With a
mature product architecture and a well-established configuration system, this case company serves as a strong case for this
study.

Data for this study was collected from multiple sources, including internal documentation and previous knowledge gained
by one of the authors through several previous projects conducted with the company. In addition, we conducted in-depth
semi-structured meetings with the CEO and engineers to understand the product architecture, and with the system manager
to gain insights into the configuration system used in the company. This data and information were used to build the final
MDM model, and it was reviewed by the case company. Results, feedback and discussions of interviews are documented
in the following sections.

5 Case Study

5.1 Case Content

The case company is a construction company from Sweden, and this company is able to fully integrate automation and
modularization into its design and construction processes. This helped them control product quality, reduce variation, and
improve efficiency. A key strength of the company is its early focus on digital tools, including configuration system.
Unlike most traditional construction companies, it brings together many areas of expertise under one roof, which includes
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architecture, engineering, electrical, ventilation, and plumbing. This allows for better coordination and standardization.
The company is part of a larger group that manages most of the construction value chain, from choosing building sites to
producing modules off-site and assembling them on-site. Most work is done in-house, with only a few services like
acoustics and fire safety outsourced.

5.2 Product Architecture

The case company’s building system concept can be considered as modular product architecture, which divides buildings
into distinct modules that can be customized for individual projects. Key modules include the roof, balcony, foundation,
facade, and building volume, each made up of several submodules. For instance, the foundation module includes
submodules such as the base wall, foundation assembly, foundation frame, and hammock. Figure 3 shows the product
architecture using both 2D and 3D visualizations. The building volume is the most complex module in the product
architecture, consisting of up to twelve submodules, some of which are optional while others are required. Different
combinations of the optional submodules result in six distinct volume types. In the product architecture, the building
volume is represented as a single module rather than being split into six separate volume types. This approach avoids
duplication in the representation of shared submodules. As a result, the building volume module includes all submodules
necessary to configure any of the six volume types. Merging the six types into one module provides a clearer and more
consolidated view of the building volume within the product architecture. There are 21 submodules in total and each
submodule has defined interfaces with other submodules, such as mechanical, electrical, heating, water, etc.

Roof element

Building volume

Balcony

‘. / Facade wall

Foundation assembly

Building Volume Facade Balcony

I Foundation I

Base wall

Figure 3. 2D and 3D visualizations of product architecture from the case company (Adapted from internal documents)

5.3 Configuration System

The company's design process is divided into three stages. Stage 1 involves concept design, where architects use 3D tools
to create early designs and visualizations while working within the scope of the product architecture. Stage 2 begins with
design validation to ensure compliance with the defined product architecture. This is followed by the detailed design of
electrical, ventilation, and plumbing systems. The final step in this stage is exporting design data into spreadsheets that
serve as inputs for the configuration system. Stage 3 involves the use of the configuration system, which automatically
generates detailed 2D drawings, 3D CAD models, bills of materials, and other production documents. These outputs
support off-site manufacturing.
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Electricity,
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Information
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—— | —
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execution
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Figure 4. The company’s design process (Adapted from (Gay, 2024))
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The configuration system comprises 33 configurators, and each module or submodule of the product architecture is
configured individually in one configurator. Furthermore, complex modules will have multiple specialized configurators.
For instance, five configurators are dedicated to handling the roof, balcony assembly, assembly tension, terrace, and
foundation. These configurators operate independently and do not directly interact with one another. Constraints within
each configurator are managed internally, while constraints between configurators are addressed in earlier steps. At the
end of the configuration stage, the system generates detailed 3D and 2D CAD drawings, which are then delivered to the
off-site manufacturing company to support production.

5.4 MDM Result

After collecting information from the case company, it became clear that the MDM could help analyze the company's
product architecture and map relationships between product architecture and configuration system. Although there are no
direct interactions between configurators, the digital model within the configuration system still mirrors the product
architecture. Therefore, the company could still use MDM to analyze potential constraints that should exist between
configurators based on the relationships identified in the product architecture. In conclusion, the MDM framework
addresses three objectives:

- Visualization of constraints between modules and submodules using PA DSM.

- Mapping configurators to corresponding modules and submodules via PA-CS DMM.

- Identifying potential constraints between configurators, even though actual configurator interactions do not occur
in practice. CS DSM can still be derived from the PA DSM and PA-CS DMM. This DSM helps visualize
constraints that should be considered and managed by engineers during the configuration stage.
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Figure 5. The MDM result from the case company
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Based on information from the product architecture, the PA DSM was constructed. In this DSM, only mechanical or
physical interfaces between submodules are represented. The elements of the PA DSM are the submodules, grouped
according to their respective module types, clearly showing the physical constraints within the product architecture. Next,
information from the configuration system was used to create the PA-CS DMM. In the PA-CS DMM, columns represent
individual configurators, while rows represent the submodules from the product architecture. This matrix illustrates the
relationships between configurators and their associated submodules. Finally, the CS DSM was derived from the PA DSM
and the PA-CS DMM. If physical constraints exist between submodules in the product architecture, these constraints are
mirrored in the CS DSM, indicating constraints that engineers should consider during the configuration stage. The
complete MDM is illustrated in Figure 5.

5.5 Findings

A key insight from the MDM analysis is that the company's product architecture and configuration system are not fully
aligned. Firstly, certain modules or submodules in the product architecture correspond to multiple configurators. For
instance, the building volume module is represented as a single generic module in the product architecture, whereas the
configuration system includes multiple configurators for different variants of the building volume. Similarly, there are two
distinct roof elements handled by two different configurators, but the product architecture only recognizes a single roof

type.

Additionally, some configurators do not have clear counterparts in the product architecture. For example, passage frames
are essential connections between building volumes, and they are explicitly configured but not clearly represented in the
product architecture. Conversely, certain submodules identified in the product architecture lack corresponding
configurators. Interior elements, for instance, are represented in the architecture but are intentionally excluded from the
configuration system. This is because the case company prefers to manage interiors separately from the off-site
manufacturing process.

Due to the independent operation of configurators within the configuration system, errors sometimes occur in projects.
For example, 3D models generated by configurators could not match in dimensions for final assembly, and employees
often need to manually correct errors by revisiting earlier steps, such as modifying CAD models or updating spreadsheets.
In this context, the CS DSM derived from the MDM analysis could be valuable in the future if the company considers
transitioning to a centralized configuration system where configurators actively communicate and coordinate with one
another. Additionally, it is recommended that the current product architecture be refined into a more detailed version that
explicitly represents different building volume types, thus improving alignment with the configuration system.

6 Discussion

The implementation of the MDM framework was relatively straightforward in this case, as the interfaces between modules
and submodules were already well documented. The use of the MDM framework provided several benefits for the
company. First, it allowed the company to easily visualize all interfaces in a structured way. Second, it helped to clearly
show whether configurators were correctly linked to the appropriate modules or submodules. Third, it inspired the
company to consider what needs to be addressed in the future, particularly when aiming to integrate configurators into a
more connected system.

Although we could not fully validate the CS DSM because all configurators currently operate independently, this case
study still highlights that there could be misalignments, despite the company's mature product architecture and well-
developed configuration system. Misalignments were identified in several forms: when modules in the product architecture
were overly general, when modules existed in either the architecture or the configuration system but not in both, or when
physical interfaces in the product architecture were not properly reflected in the configuration system. These
misalignments could negatively impact the efficiency and effectiveness of the company's overall business processes. By
applying the MDM framework, the case company was able to clearly identify where these misalignments occur and gain
insights into how they can be addressed and improved in the future.

Previous research emphasizes that a well-defined modular product architecture is crucial for effectively developing and
utilizing configuration systems (Hvam et al., 2008), especially for ETO products. Therefore, ensuring alignment between
product architecture (design model) and configuration system (digital model) is essential. While certain misalignments
can be intentional and justified, unexplained discrepancies are problematic. This study contributes by employing the MDM
framework, known for effectively analyzing relationships between items across multiple domains (Eppinger and
Browning, 2016), to explicitly address and visualize these alignment issues. The presented MDM framework in this study
allows companies to visualize and systematically analyze the alignment between product architectures and configuration
systems. Applying this approach can offer practical insights into managing and maintaining consistency and integration
across both domains. Furthermore, as many ETO companies begin transitioning toward Configure-to-Order (CTO)
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strategies (Gepp et al., 2016), this framework can assist in planning and organizing a coherent configurator portfolio that
aligns with modular product architecture, supporting modularization and reuse while maintaining configurator efficiency.

The study has limitations due to its reliance on a single case company, which might affect the generalizability of the
findings. Additionally, the case company currently does not implement real-time interactions between configurators.
Therefore, the CS DSM here only serves primarily as an illustrative inspiration rather than representing actual configurator
interactions. Future research should consider investigating ETO companies with mature product architectures and fully
integrated configurators that actively communicate with one another. Such studies could offer a richer and more
comprehensive understanding of how alignment impacts the organization. Additionally, exploring and defining metrics to
assess the degree of alignment presents an interesting research opportunity. For example, Key Performance Indicators
(KPI) could be developed to quantify the coverage or redundancy between domains. These kinds of indicators could help
assess not only whether the configuration system is well-structured, but also whether it is efficiently and coherently aligned
with the product definition. Moreover, further research could focus on how the MDM framework can be used to actively
support and optimize the development of both product architecture and configuration system. Finally, since the current
MDM framework is built in a simple Excel environment, future work could explore how to digitize the framework or
integrate it directly into configuration system to enhance usability.

7 Conclusion

This study aimed to explore the alignment between product architecture and configuration systems in the ETO industry
using the MDM framework. The case study showed that several misalignments could exist despite the company's mature
modular product architecture and well-developed configuration system. By applying the MDM framework, the study
provided a structured way to visualize and analyze these misalignments. The study demonstrates the practical value of
using MDM to support alignment between the design model in product architecture and the digital model in configuration
system. While the findings are based on a single case, they offer insights that may be relevant for other companies working
with ETO configuration systems. Future research could explore similar alignment challenges in organizations with
interacting configurators or investigate time-based design processes using dynamic MDM models.

Acknowledgement

We would like to thank the case company for their valuable support and willingness to share information throughout the
study.

References

Barratt, M., Choi, T.Y ., Li, M., 2011. Qualitative case studies in operations management: Trends, research outcomes, and future research
implications. Journal of Operations Management 29, 329-342. https://doi.org/10.1016/j.jom.2010.06.002

Blecker, T., Abdelkafi, N., Kreutler, G., Friedrich, G., 2004. Product Configuration Systems: State of the Art, Conceptualization and
Extensions, in: Eighth Maghrebian Conference on Software Engineering and Artificial Intelligence. pp. 25-36.

Browning, T.R., 2016. Design Structure Matrix Extensions and Innovations: A Survey and New Opportunities. IEEE Trans Eng Manag
63, 27-52. https://doi.org/10.1109/TEM.2015.2491283

Browning, T.R., 2001. Applying the Design Structure Matrix to System Decomposition and Integration Problems: A Review and New
Directions. IEEE Trans Eng Manag 48. https://doi.org/10.1109/17.946528

Cao, J., Bucher, D.F., Hall, D.M., Lessing, J., 2021. Cross-phase product configurator for modular buildings using kit-of-parts. Autom
Constr 123. https://doi.org/10.1016/j.autcon.2020.103437

Caron, F., Fiore, A., 1995. “Engineer to order” companies: how to integrate manufacturing and innovative processes. International
Journal of Project Management 13, 313-319. https://doi.org/10.1016/0263-7863(95)00023-J

Christensen, B., 2019. Stage Configuration for Capital Goods Supporting Order Capturing in Mass Customization. Aalborg Universitet.

Christensen, B., Ditlev Brunoe, T., 2017. Product Configuration in the ETO and Capital Goods Industry: A Literature Review and
Challenges, in: 9th World Mass Customization & Personalization Conference (MCPC 2017). Springer Publishing Company,
Aachen, pp. 423-438. https://doi.org/10.1007/978-3-319-77556-2_26

Da Silveira, G., Borenstein, D., vio Fogliatto, F.S., 2001. Mass customization: Literature review and research directions. Int J Prod
Econ. https://doi.org/10.1016/50925-5273(00)00079-7

Danilovic, M., Browning, T.R., 2007. Managing complex product development projects with design structure matrices and domain
mapping matrices. International Journal of Project Management 25, 300-314. https://doi.org/10.1016/j.ijproman.2006.11.003

Eppinger, S.D.., Browning, T.R., 2016. Design structure matrix methods and applications. The MIT Press.
https://doi.org/10.7551/mitpress/8896.001.0001

Forza, C., Salvador, F., 2006. Product Information Management for Mass Customization: Connecting Customer, Front-office and Back-
office for Fast and Efficient Customization, Product Information Management for Mass Customization: Connecting Customer,
Front-office and Back-office for Fast and Efficient Customization. Palgrave Macmillan.
https://doi.org/10.1057/9780230800922

Gay, 1.C., 2024. Configuration Systems in Construction A Path to Sustainable and Efficient Practices (PhD thesis). Technical University
of Denmark.

DSM 2025 71



Qingsong Zhao, Lars Hvam

Gepp, M., Foehr, M., Vollmar, J., 2016. Standardization, modularization and platform approaches in the engineer-to-order business
Review and outlook, in: 2016 Annual Ieee Systems Conference (Syscon). IEEE, p. 1022.
https://doi.org/10.1109/SYSCON.2016.7490549

Ghosh, A.;, Myrodia, A.;, Mortensen, N.H., Hvam, L., 2019. Reusing components across multiple configurators, in: Configuration
Workshop 2019. CEUR-WS, pp. 53—60.

Gibb, A.G., 1999. Off-site fabrication: prefabrication, pre-assembly and modularisation, Article in Journal of Financial Management of
Property and Construction. John Wiley & Sons.

Hart, C.W.L., 1995. Mass customization: conceptual underpinnings, opportunities and limits. International Journal of Service Industry
Management 6. https://doi.org/10.1108/09564239510084932

Haug, A., 2008. Representation of Industrial Knowledge-as a Basis for Developing and maintaining Product Configurators (PhD thesis).
Technical University of Denmark.

Haug, A., Hvam, L., Mortensen, N.H., 2011. The impact of product configurators on lead times in engineering-oriented companies.
Artificial Intelligence for Engineering Design, Analysis and Manufacturing: AIEDAM 25, 197-206.
https://doi.org/10.1017/S0890060410000636

Haug, A., Shafiee, S., Hvam, L., 2019. The costs and benefits of product configuration projects in engineer-to-order companies. Comput
Ind 105, 133—-142. https://doi.org/10.1016/j.compind.2018.11.005

Hicks, C., Mcgovern, T., Earl, C.F., 2000. Supply chain management: A strategic issue in engineer to order manufacturing. Int. J.
Production Economics 65, 190. https://doi.org/10.1016/S0925-5273(99)00026-2

Huang, G.Q., Simpson, T.W., II, B.J.P., 2005. The power of product platforms in mass customisation. International Journal of Mass
Customisation 1, 1. https://doi.org/10.1504/ijmassc.2005.007348

Hvam, L., 2006. Mass customisation in the electronics industry: based on modular products and product configuration. International
Journal of Mass Customisation 1, 410-426. https://doi.org/10.1504/ijmassc.2006.010442

Hvam, L., Mortensen, N.H., Riis, J., 2008. Product Customization. Springer Science & Business Media. https://doi.org/10.1007/978-3-
540-71449-1

Kristianto, Y., Helo, P., Jiao, R.J., 2015. A system level product configurator for engineer-to-order supply chains. Comput Ind 72, 82—
91. https://doi.org/10.1016/j.compind.2015.04.004

Kristjansdottir, K., Shafiee, S., Hvam, L., 2017. How to Identify Possible Applications of Product Configuration Systems in Engineer-
to-Order Companies. International Journal of Industrial Engineering and Management (IJIEM) 8, 157-165.
https://doi.org/10.24867/1JIEM-2017-3-116

Kristjansdottir, K., Shafiee, S., Hvam, L., 2015. Utilizing product configuration systems for supporting the critical parts of the
engineering processes, in: IEEE International Conference on Industrial Engineering and Engineering Management. IEEE
Computer Society, pp. 1777-1781. https://doi.org/10.1109/IEEM.2015.7385953

Lagerstrom, R., Baldwin, C., Maccormack, A., Dreyfus, D., 2014. Visualizing and Measuring Software Portfolio Architectures: A
Flexibility Analysis, in: Risk and Change Management in Complex Systems: Proceedings of the 16th International DSM
Conference. Paris. https://doi.org/10.3139/9781569904923.007

Large plant manufacturers group (VDMA), 2014. Modularisation and Standardisation in Large Industrial Plant Manufacturing — Myth
or Reality?

Lindemann, U., Maurer, M., 2007. Facing multi-domain complexity in product development, in: The Future of Product Development -
Proceedings of the 17th CIRP Design Conference. Springer Berlin Heidelberg, pp. 351-361. https://doi.org/10.1007/978-3-540-
69820-3_35

Meyer, M.H., Lehnerd, A.P., 1997. The Power of Product Platforms. The Free Press.

Petersen, T.D., 2007. Product Configuration in ETO Companies, in: Mass Customization Information Systems in Business. IGI Global
Scientific Publishing, pp. 59-76. https://doi.org/10.4018/978-1-59904-039-4.ch003

Pine, B.J., 1993. Mass customization : the new frontier in business competition. Harvard Business School Press.

Rudberg, M., Wikner, J., 2004. Mass customization in terms of the customer order decoupling point. Production Planning and Control
15, 445-458. https://doi.org/10.1080/0953728042000238764

Tseng, M.M., Wang, Y., Jiao, R.J., 2017. Mass Customization, in: CIRP Encyclopedia of Production Engineering. Springer Berlin
Heidelberg, pp. 1-8. https://doi.org/10.1007/978-3-642-35950-7_16701-3

Ulrich, K.T.., Eppinger, S.D.., 2016. Product design and development. McGraw-Hill Education.

Voss, C., Tsikriktsis, N., Frohlich, M., 2002. Case research in operations management. International Journal of Operations and
Production Management 22, 195-219. https://doi.org/10.1108/01443570210414329

Contact: Q. Zhao, Technical University of Denmark, Department of Civil and Mechanical Engineering, Koppels All¢, 404, 221, 2800,
Kgs. Lyngby, Denmark, +45 52799952, qzha@dtu.dk, https://orcid.org/0009-0001-4725-5460

DSM 2025 78



