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Abstract: Shorter product lifecycles, new technologies, and competitive pressure result in the constant need to renew 

product portfolios. For variant-rich product platforms, this confronts companies with complex transition scenarios. 

Existing approaches largely treat product platforms as static and offer limited support for analyzing their evolution and 

replacement over time. Based on requirements derived from literature and industrial insights, this paper proposes a 

comprehensive modeling method that integrates the commercial and technical portfolio with a temporal dimension and 

analytical capabilities. DMMs are utilized to model cross-generational dependencies, lifecycle information, and future 

scenarios. The application to an industrial case demonstrates how the approach supports quantitative evaluation of 

different scenarios, by deriving configuration-level roadmaps, estimating sales volumes and assessing product 

complexity during the transition. The results illustrate how such models can support cross-functional planning and 

decision-making of platform renewals in practice and provide a strong foundation for future research on data-driven 

platform lifecycle management. 

Keywords: Product Portfolio Management, Modular Product Family, Product Lifecycle Management, Product 
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1 Motivation and Background 

Modular product platforms are a concept used by companies to efficiently generate and maintain a variant-rich 

(configurable) product portfolio through shared modules and standardized interfaces (Jiao et al., 2007). This approach 

eases the tension between customer-orientation and economies of scale (Schuh et al., 2009). Product platforms are not 

static. Companies continuously face changing customer requirements, strong competition and evolving regulatory 

frameworks, that demand adaptation of the platform and the products derived from it (Schlegel et al., 2024). As technology 

and product lifecycles shorten and products become more complex, this challenge is intensified. The ongoing renewal of 

the portfolio over multiple lifecycles therefore is necessary for securing the long-term success of companies and is a 

growing strategic priority (Cooper et al., 2001; Schlegel et al., 2023a).  

1.1 Lifecycle and Renewal of Product Platforms 

The lifecycle of a platform-based portfolio is inherently multi-layered: platforms, products derived from them, and the 

modules composing those products each carry their own lifecycle, and their development must be timed and sequenced 

coherently in a product and platform roadmap (Schuh et al., 2010; Schenkl et al., 2011). A platform typically spans 

multiple product generations, with products built on it successively introduced into the market. Individual modules may 

be revised or carried over across generations. This platform evolution is realized through the incremental renewal and 

revision of individual elements of the platform and its derivative products while preserving the core architecture and 

interfaces (Meyer et al., 1997).  

However, a platform's ability to accommodate additional variants is bounded: de Weck (2006) argues that platforms cannot 

be stretched indefinitely without compromising the competitiveness of the individual variants derived from them. As 

markets evolve and new technologies emerge, the same limit is reached when a platform can no longer efficiently integrate 

these advances, causing its overall efficiency to degrade over time (Meyer, 1997; Schuh et al., 2009; Van den Broeke et 

al., 2020; Boas et al., 2013). A different dynamic arises at the portfolio level: when multiple platforms coexist across 

brands, product lines, or segments companies pursue consolidation into fewer, shared platforms (Meyer, 1997; 

Williamsson et al., 2018). In both cases, incremental evolution is no longer sufficient, and a platform eventually must be 

replaced. The replacement of a platform usually means that a large portion of modules, interfaces, or the overall 

architecture are changed. This requires a lot of investments and resources in R&D, production and procurement, which 

also leads to increased risk (Meyer et al., 1997; Sköld and Karlsson, 2012; Schlegel et al., 2024). 

Managing the renewal of a product platform confronts companies with a set of interrelated complexities. Because a product 

platform derives multiple products that share components and modules and serve different markets and customer needs, 

changes can impact not only a single product, but the entire portfolio. This complexity of the portfolio structure, both from 

a commercial (customer offering) and technical (realization) view, must be considered when renewing a portfolio (Tolonen 

et al., 2014b; Sköld and Karlsson, 2012). Further, an explosion of the portfolio must be limited when renewing the portfolio 

to ensure the platform remains efficient and complexity can be handled throughout the organization (Tolonen et al., 2015). 

Additionally, products built on a common platform exhibit lifecycle offset. Lifecycle offset denotes the temporal 

separation between corresponding lifecycle phases (development, ramp-up, series production, market presence, and phase-
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out) of two or more elements that share a common platform (Boas et al., 2013). Such offsets can occur horizontally, 

between products or modules within one platform generation, and vertically, between an outgoing and an incoming 

generation of the same product or module. They are driven by finite R&D, production, and supply-chain capacity, 

sequenced market launches across regions or segments, staggered certification and regulatory approvals, and prioritization 

decisions in the product roadmap (Boas et al., 2013; Schenkl et al., 2011; Bersch et al., 2021). Consequently, a new 

platform and its predecessor typically coexist in the market and in production for extended periods, creating complicated 

supply and demand dynamics through dual capacity contentions and the risk of cannibalization (Bersch et al., 2021; Erhun 

et al., 2007). New products associated with high risk usually overlap over long periods (Schlegel et al., 2024). When 

planning such transitions many decisions have to be made based on a thorough understanding of the market, the 

organization, and the product portfolio, therefore requiring extensive collaboration and effort from various functions. 

These decisions include but are not limited to the demand forecasts, pricing, timing, production capacities, resource 

allocations, inventory planning, and handling of suppliers (Erhun et al., 2007; Bílgíner and Erhun, 2011; 

Katana et al., 2017). 

1.2 Problem Definition and Research Objective 

Managing product platforms as outlined above involves many challenges. Companies must coordinate multiple lifecycles 

with different future scenarios and handle long transition periods during platform renewal. Further, the complex 

interrelated dependencies of the commercial and technical product portfolio make analyzing the changes of a portfolio 

over time difficult to predict. These challenges collectively expose a fundamental gap: Existing approaches treat platforms 

as largely static structures and provide limited formal means to represent their temporal evolution and replacement across 

a portfolio, both from a technical and commercial point of view (Schlegel et al., 2023a; Tolonen et al., 2014a). 

Platform lifecycle management requires ongoing, iterative planning, and tracking how different development projects 

impact the portfolio over time (Cooper et al., 2001). Portfolio management frameworks recommend lifecycle-oriented key 

performance indicators (KPIs) to, for example, monitor financial data related to products, renewal rates, portfolio size, or 

resource allocation and utilization. However, these KPIs are not embedded in any integrated modeling approach that 

explicitly include structural and temporal relationships. Therefore, combining a roadmap or lifecycle view, with the 

portfolio structure, as well as integrating data, metrics, and analytical capabilities is required. (Meyer et al., 1997; Tolonen 

et al., 2014a; Tolonen et al., 2015; Lahtinen et al., 2021; Hannila et al., 2022; Schlegel et al., 2024) 

Analytical approaches (e.g. de Weck, 2006) already exist, to determine the optimal platform scope based on multiple 

factors such as cost, demand, value, and product architecture. However, these methods treat this as a static decision 

problem at a single point in time and do not address the evolution and renewal of a platform. In their literature reviews, 

Zhang (2015) and Fu et al. (2018) confirm this, stating that product platform renewal and replacement is underrepresented 

in the body of knowledge on product platforms, even though its importance was already recognized in the late 1990s 

(Meyer, 1997). Existing models developed since then isolate singular aspects of platform renewal, such as the platform 

longevity and obsolescence (e.g. Van den Broeke et al., 2020; Bersch et al., 2021), or the technical view (e.g. Williamsson 

et al., 2018; Mo et al., 2025). These models are often related to operations research or the development and design of the 

platform itself. Other models in literature entirely lack analytical capabilities or explicit intergenerational dependencies 

(e.g. Schlegel et al., 2023b; Küchenhof et al., 2020). Existing models also do not consider the complexity of highly 

configurable modular product platforms. Overall, the practical relevance of existing methods for managing transitions 

from a planning and execution perspective is limited. This observation is further supported by Tolonen et al. (2014a), who 

identify missing understanding of the portfolio structure, its lifecycle (especially post-launch phases), and associated ramp-

up and down activities, as well as the lack of supporting IT tools, as important challenges in product portfolio management. 

Due to the above-mentioned gaps, the objective of this research is to develop a method for modeling variant-rich, platform-

based product portfolios that considers their complex relationships in both the structural and temporal dimensions. Thus, 

the key research question guiding this work is: How can a modeling method be designed, to represent, analyze, and support 

the evolution and replacement of platform-based product portfolios over time across multiple portfolio levels, lifecycle 

stages and future scenarios? 

2 Methodology 

This research was conducted following the approach outlined in Figure 1. It is initiated by problems found in industry that 

have been outlined in the introduction. The identified gap and formalized research objective are used to derive 

requirements for a modeling method in regards to the challenges of managing high-variance product portfolios and their 

evolution and renewal (Section 3). This is done through a literature review which is complemented with insights gained 

through workshops and interviews at a vehicle manufacturer (VM), in addition to data provided by the VM. Relevant 

literature was identified through keyword-based searches on Scopus using combinations of terms such as product platform, 

product portfolio management, replacements, evolution, renewal, and rollover. Literature was screened based on 

challenges with renewing product platforms and needs for better methods to manage their lifecycle. The requirements for 
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the model are then derived based on the identified characteristics of modular product platforms and platform renewals, as 

well as the challenges encountered while transitioning towards a new platform stated both in literature and identified 

through the interviews. Company data related to a planned transition was analyzed to identify weaknesses and 

discrepancies in current approaches and identify improvement potential. The requirements are then used to derive a novel 

modeling method based on known concepts (Section 4). The method is then applied to the data provided by the VM to 

build a first prototype (Section 5). This data contained detailed descriptions of the current and future product portfolio, as 

well as historical and planned sales volumes and future market trends. The prototype is used to explore different scenarios 

and analyze their implications on the product portfolios complexity and performance. Finally, the prototype is used to gain 

initial feedback from experts at the VM. The feedback is then used to define future work for the further refinement of the 

modeling approach towards the goal of its eventual operationalization (Section 6). 

 

Figure 1. Research methodology. 

The interviews and workshops to support this work took place during an on-site project with the VM. The interviews were 

semi-structured and unstructured with the goal of understanding the current process for managing transitions between 

product generations, as well as outlining problems that have occurred in the past and are anticipated for future projects. 

The participants were stakeholders (n=17) from the following cross-functions: product planning (4), sales & marketing 

(3), product architecture (2), production (4), logistics (2), and procurement (2). The participants' experience ranged from 

2 to over 20 years, with the average being 8 years. Biweekly 2-hour workshops with members of these functions took 

place during a period of six months to iteratively derive requirements and possible solutions based on the problems faced 

by the transitions caused by future projects. The insights gained through the on-site stays, interviews, and workshops have 

been used to further support or enhance key statements from literature used for this research. The experts for the initial 

feedback on the model were from product planning, sales, and procurement. 

3 Requirements for Modeling an Evolving Product Portfolio 

The challenges as well as opportunities to overcome them, stated in the motivation, will be further decomposed based on 

literature and interviews at the VM. These are then used to derive the requirements for a modeling approach. An overview 

of all the requirements derived is provided in Figure 2. These will be elaborated in more detail in the following sections. 

 

Figure 2. Overview of the defined requirements for the modeling approach. 

3.1 Structural Requirements 

Platform-based product portfolios have complex structures and relationships between elements. Therefore, modeling them 

can help with understanding the portfolio and later identify how changes propagate through the portfolio.  

Multi-Level Hierarchy (S1): A product portfolio spans multiple levels of aggregation. Portfolios can be structured as two 

interlocking hierarchies: a commercial portfolio ranging from product families down to individual sales items, and a 

technical portfolio spanning from platforms through subassemblies to components (Tolonen et al., 2014b), a definition 
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widely used in product portfolio management and product platform literature (Schlegel et al., 2023a; Krause and Gebhardt, 

2023).  For configurable product platforms so-called features can bridge the gap between the commercial and technical 

view. A feature is a customer-selectable property with discrete options that characterizes the product externally (Tidstam 

and Malmqvist, 2010). A clearly defined commercial and technical product structure acts as the common key for querying 

the overall portfolio to aggregate or break down metrics (Lahtinen et al., 2021). Additionally, Sköld and Karlsson (2012) 

identify understanding how these dimensions evolve as a key challenge of platform replacements. The modeling method 

must therefore explicitly include this hierarchical view.  

Dependencies (S2): For configurable variant-rich modular products, the structural model must represent all possible 

combinations of options. Since explicitly enumerating all configurations results in a combinatorial explosion, rules and 

constraints are defined instead to govern permissible combinations (Tidstam and Malmqvist, 2010). The configurability 

through features resides on the commercial side of the product structure, which is enabled through modularity residing on 

the technical side (Lahtinen et al., 2021). Modularity is defined through the interfaces and components that are shared 

across variants. A structural model must therefore also capture these interfaces and part validity rules that constrain how 

variants on a component level can be validly assembled. Design Structure Matrices (DSMs), Domain-Mapping Matrices 

(DMMs), and Multiple-Domain Matrices (MDMs) are established approaches for modeling such intra- and cross-domain 

dependencies, linking functions and customer-facing features to technical components across the full product structure, 

making traceability possible (Browning, 2016). (Schmidt et al., 2025) 

Attributes and Properties (S3): For fact-based portfolio management, each portfolio element should carry relevant 

information, such as product properties, sales turnover, cost, suppliers, or lifecycle status. This information is needed to 

later analyze and measure the performance of the portfolio by aggregating or breaking down the individual element's 

information. Information has to be stored in a structured way to ensure it is efficiently usable. (Hannila et al., 2022) 

3.2 Temporal Requirements 

Product portfolios change continuously through the addition, modification, or removal of individual elements. Managing 

this dynamism requires temporal visibility that spans three interconnected dimensions: when each element is active, how 

it relates to its predecessors and successors, and how transitions between generations are orchestrated. 

Temporal Dimension (T1): Every portfolio element and its relationships must be placed on a shared timeline spanning 

its full lifecycle. Sustainable portfolio management requires coupling new product introductions with planned ramp-

downs, a synchronization that is impossible without end-to-end lifecycle tracking (Tolonen et al., 2015). Data at the VM 

showed this effect: While some elements contained lifecycle information, it was not always used because of incomplete 

or difficult to understand temporal relationships. This results in obsolete and unneeded elements persisting in the active 

documentation and creating maintenance overhead. Additionally, only some unneeded parts of the portfolio are removed. 

This a good illustration of the portfolio explosion stated by Tolonen et al. (2015) and Lahtinen et al. (2021). 

Multi-Generational View (T2): Each element must carry explicit relations to its predecessors and successors, since most 

renewals of product portfolios reuse or modify existing elements (Schlegel et al., 2024; Sköld and Karlsson, 2012). These 

cross-generational dependencies enable comparative analyses between generations of products and platforms, as well as 

tacking lifecycle metrics over multiple lifecycles (Tolonen et al., 2015) and tracing change propagation over time 

(Küchenhof et al., 2020). Combined with the structural relationships, a comprehensive view of the product portfolio over 

multiple generations is made possible which is needed to inform renewal decisions and manage portfolio evolution 

(Tolonen et al., 2014a; Schlegel et al., 2023a).  

Transition Management (T3): When moving between product generations, manufacturers often follow a so-called dual 

rollover, in which both the outgoing and incoming product are simultaneously available on the market and in production 

(Erhun et al., 2007). This concept applies equally to modular product platforms and all elements within the product 

structure. Lifecycle offsets between platform elements make such transitions particularly challenging, as engineering and 

production resources must be accurately scheduled in parallel across overlapping generations (Schenkl et al., 2011; Bersch 

et al., 2021). Production and logistics stakeholders at the VM confirmed this, stating that if complexity during the overlap 

is not handled adequately, costs can increase drastically through reduced efficiency and product quality as well as 

additional personnel, equipment, and logistics centers being required. Product planners also confirmed that a long overlap 

is required because R&D resources and budgets limit how much of the future platform can be introduced at the same time. 

Elements must therefore carry explicit start- and end-of-production information which, combined with cross-generational 

dependencies, enables the coordinated planning of ramp-up and ramp-down activities. Additionally, understanding how 

the commercial portfolio (i.e. demand) and technical portfolio (i.e. supply and cost) of both generations change during a 

transition is necessary to plan timings, capacities, and inventories (Katana et al., 2017). This enables balancing supply and 

demand of both platforms to ensure cannibalization as well as risks and costs are minimized. (Erhun et al., 2007) 
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3.3 Analytical Requirements 

To extract actionable insights from the model, analytical capabilities are required to evaluate different scenarios as well 

as measure and forecast the portfolios performance. 

Scenario-Based Planning (A1): Due to the inherent uncertainty of future markets and technologies, scenario-based 

approaches have been proposed to develop platform-based portfolios that remain robust across multiple possible futures. 

These structure the planning problem as a choice among alternative development paths under different environmental 

trajectories (Schuh et al., 2012; Jonas et al., 2012; Nielsen et al., 2022). Considering the impact of multiple future scenarios 

therefore is important when planning the renewal of platform-based product portfolios to ensure its resilience. 

Interviews at the VM identified some possible causes for scenarios: disruptive technologies or legal requirements lead to 

changes on the product roadmap; the risks of possible delays in projects have to be assessed; the impacts of changing 

customer demands have to be analyzed; or the obsolescence of components leads to an earlier end of production. Showing 

the impact of changes defined by scenarios on the commercial and technical portfolio both in the structural and temporal 

dimension is therefore needed to make the analysis of scenarios through a modeling method possible. 

Metrics and KPIs (A2): Comprehensive assessment of platform decisions requires integrating architecture, performance, 

value, demand, cost, and investment perspectives (de Weck, 2006). Further, Tolonen et al. (2015) identified the need for 

tracking metrics related to strategic fit, value, and portfolio size over the lifecycle of product portfolios to ensure it is 

efficiently managed and renewed regularly to stay competitive. A modeling method for platform renewal must therefore 

support the derivation of metrics along the mentioned dimensions over time.  

Many metrics related to product platforms have been proposed in literature. Meyer et al. (1997) introduced platform 

efficiency and effectiveness to measure a platform's ability to economically generate derivatives and its overall commercial 

leverage. These metrics help with informing the need for platform renewal. Additionally, measuring commonality over 

the lifecycle can help reduce its decline over time (Boas et al., 2013). Schuh et al. (2014) also identified various metrics 

specifically for modular product platforms related to the complexity and performance of the portfolio, architecture, supply 

chain and production. All the metrics stated deliver insights into the platform therefore help with informed decision 

making. Therefore, a modeling method should support the tracking of these metrics to enable a better understanding of 

the portfolio, which often lacks in companies (Lahtinen et al., 2021; Schlegel et al., 2023a).  

Forecasting (A3): The combination of lifecycle offsets between derivatives (Boas et al., 2013), the commonality between 

products, and the customer-specific configurability of the products (Jiao et al., 2007), makes predicting demand on 

component level during the transition difficult. This is further worsened by the uncertainty of demand at the product level 

(Bílgíner and Erhun, 2011). This was also seen as a key challenge at the VM during interviews with procurement and 

logistics. These departments need reliable predictions to ensure the supply chain remains stable while transitioning towards 

new products by ensuring capacities for multiple components at lower volumes are available, material costs remain stable, 

discontinuations are mitigated, and scrapping is minimized after the end of production. Therefore, breaking down how 

demand propagates down to modules and components based on sales estimates on the portfolio level and different future 

scenarios is seen as a requirement for the modeling framework. To achieve this, the requirement for modeling the 

relationships between the commercial and technical product portfolio first has to be fulfilled. 

Additionally, forecasts for other metrics could be derived in similar ways to evaluate transition scenarios and product 

roadmaps from other perspectives. This applies to the metrics mentioned previously or other more specific needs. These 

could be the complexity of the overall technical portfolio (e.g. number of elements) which directly results into higher costs 

and decreased productivity (Trattner et al., 2019) or even legal views such as limits to CO2 emissions of the vehicle fleet 

(Bersch et al., 2021). Both of these examples where also identified during interviews with the VM. 

3.4 Implementation and Use Requirements 

Since a proposed modeling approach should be Applicable in Practice in the areas of project and product management 

of engineering organizations, the possible implementation and use of it will be considered from the beginning of 

developing it. For this the requirements on engineering design methodologies by Keller and Binz (2009) lay the foundation 

and are extended by requirements regarding the implantation of a potential method for practical use.  

To ensure the modeling method is useful to product and project managers as well as decision makers, it must be 

Comprehensible without deep modeling expertise. Therefore, the logic and assumptions of the model must be easily 

understandable. Supporting visualizations must be clearly understood by management and show what actions have to be 

taken or what problems exist (Cooper et al., 2001). This is especially important as product portfolio management methods 

and tools often do not find real applications in companies (Schlegel et al., 2023a; Tolonen et al., 2014a). This is supported 

through a Formal Description of the modeling method that provides consistent rules, relations, and procedures. Product 

planners at the VM stated that they regularly create different scenarios for the future. For this, presentation software and 
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spreadsheets were mainly used. This is time consuming, tedious, and error-prone. A formal description or model enables 

the implementation in a tool environment to make this process more efficient (Hannila et al., 2022). However, Flexibility 

should not be impaired by this, due to the need to assess scenarios with inherently distinct characteristics. A user must be 

able to easily tailor the method towards their specific problem and needs. (Keller and Binz, 2009) 

The efficient use of this data and linking it to the products over their lifecycle is important for successful and fact-based 

product portfolio management (Hannila et al., 2022). Thus, the model must be Interoperable with existing company IT 

infrastructure, such as PLM/PDM, ERP, MES, or CRM systems, because the data needed usually resides there (Hannila 

et al., 2022; Schuh et al., 2014). This ensures a faster and less error-prone use of the data. Similarly, the cross-functional 

nature of product portfolio management makes decisions difficult, as stakeholders have different and conflicting goals 

(Cooper et al., 2001). For product transitions, inadequate information sharing and coordination hinder effective planning 

(Erhun et al., 2007). Therefore, a modeling method must foster Collaboration by supporting each functions needs and 

enabling a complete view on the portfolio (Tolonen et al., 2014b). 

4 Proposed Modeling Method for Evolving Product Portfolios 

Based on the requirements defined in the previous section a modeling method is now proposed. The VM (where the 

method will be tested initially) already has an implemented structural model. Additionally, structural modeling of complex 

products and portfolios is well-represented in literature (e.g. Schmidt et al., 2025; Tidstam and Malmqvist, 2010; 

Bongulielmi et al., 2002; Kreimeyer et al., 2016). For more general overviews, refer to Jiao et al. (2007), Browning (2016), 

or Krause and Gebhardt (2023). These methods as well as the implemented method at the VM mostly fulfill the 

requirements S1 and S2. Therefore, the focus of this work will be to extend these structural models to include the temporal 

and analytical requirements. Figure 3 shows the overall structure of the modeling method. In the structural model the 

commercial portfolio is defined through features and their options, and the technical portfolio is defined by modules and 

module variants, as well as the components used in these variants. The structural model defines how feature options can 

be combined with each other and what components are necessary to realize combinations of feature options. 

 

Figure 3. Overview of the proposed modeling method. (a) Relations between structural models of platform generations. (b) Temporal 

model of market trends. (c) Result: Metrics and attributes over time per configuration per platform with shifts between them. 

The main aspect of the temporal model is mapping equivalencies and changes, between the current and future platform 

(T2). This is done through a series of DMMs (Figure 3a). On the technical level of the portfolio equivalency means 

carrying over modules or components. Therefore, here only 1:1 relations are possible. For the commercial portfolio, 

equivalencies can be understood as the movement of customers or volume shift. The concept of shifting volume is used to 

project historical data (sales volumes, etc.) into the future via the temporal relationships between elements of the platforms 

and market trends. Features could be changed, added or removed, meaning that customers might choose different options 

in the future. Thus, relations can be n:n, with the factors being between 0 and 1. The addition of new option could attract 

new customers, therefore, factors larger than one are possible in this case. For new customers existing configurations are 

Future Trends
Market

Commercial 

Portfolio t+2t+1t

Context

 olume

Shift 

(mapping)

C
o
m
m
er
ci
al
 

P
o
rt
fo
li
o

Future PlatformCurrent Platform

AttributesMarketTechnicalCommercialTechnicalCommercial

e.g. SOP, 

EOP, price

Margin, 

 olume

C
o
m
m
er
ci
al

C
u
rr
en
t 
P
la
tf
o
rm

e.g. cost, 

supplier

T
ec
h
n
ic
al

e.g. SOP, 

EOP, price

C
o
m
m
er
ci
al

F
u
tu
re
 P
la
tf
o
rm

e.g. cost, 

supplier

T
ec
h
n
ic
al

Context

M
ar
k
et

A
tt
ri
b
u
te
s

Structural 

Model

Structural 

Model

(a)

Carryover

 olume

Shift

Propagation

 olume Shift (factor)

(b)

t+1tt 1Market
Commercial 

Portfolio

C
o
n
te
x
t

Configurations

C
u
rr
en
t 

P
la
tf
o
rm

Configurations

F
u
tu
re
 

P
la
tf
o
rm

Metrics   Attributes

(c)

    T    

       

T  

   

        T  



Sean Ryan Mueller, Daniel Roth, Matthias Kreimeyer 

DSM 2026   27 

used as reference to base the new volume on historic data in regard towards the selection of other options that would be 

combined with the new option. The loss of customers is also possible when features are removed without substitution. 

Context can be defined based on what markets and configurations a volume shift is anticipated for. With a defined context 

the shift of the historic data only occurs for specific configurations from a specific market (e.g. Euro 7 emissions only 

become relevant for European markets). 

Each element of the portfolio carries information about their lifecycle (T1). The most important being the dates for the 

start and end of production (SOP, EOP), since this defines when a volume shift can occur. This also includes a ramp-up 

period after the start of production, during which the volume is gradually shifted towards the new platform. For the model, 

the roadmap of the product portfolio is then defined on the commercial level by specifying what features will be introduced 

and phased out at what time. Based on the relations in structural model, this propagates down to the component level, as 

shown on the right-hand side of Figure 3a. 

The temporal model also includes future trends (A1), such as the trend towards battery-electric vehicles (BEV). Here the 

shift between features is defined over time. The factors for volume shifts are specified in discrete time steps, as shown in 

Figure 3b. Different scenarios can be defined by changing factors, introduction dates, or relationships, to enable analysis 

of the resilience towards different future developments. Generating the temporal model requires deep expertise of the 

market, customers, and future trends. It should therefore be created through the collaboration of experts in sales and 

product management.  

Volume shifts due to platform renewals and future trends are defined per feature. To derive them on the configuration 

level, the matrices for each feature must be multiplied with each other. This results in a 1:n mapping between all possible 

configurations of the current platform and the future platform. By including lifecycle information (SOP, EOP) and future 

trends, overall volume shifts can be calculated for every time step (Figure 3c). Historic volumes are shifted towards the 

new platforms configurations as soon as they become available. As a result, the portfolio split changes over time and thus 

other metrics such as cost or revenue may change as well, depending on their attributes such as cost of the required 

components and price of features (S3). Derived metrics per configuration can then be aggregated to analyze the anticipated 

portfolios performance over time, derive roadmaps on different hierarchical levels, and analyze the possible complexities 

during platform renewal transitions (A2, A3, T3). 

5 Exemplary Application to an Industrial Case 

5.1 Setup and Input Data 

The proposed modeling method is applied to data and scenarios from the VM to test its general functionality and gain 

initial feedback from practitioners. A structural model is already implemented at the VM. Data is extracted from it to 

model the temporal relations between the current platform and future platform currently under development. 

For the commercial portfolio, 15 features were selected, based on their importance for a customer's choice. Additionally, 

the introduction of the new platform is defined based on many of these features. The features each have between two and 

26 possible values, resulting in more than 20,000 possible configurations in the current and future portfolio combined. To 

perform the volume shift, historical sales volumes of the VM were mapped to these configurations. Volume shift DMMs 

are defined per feature between the platforms. Two exemplary and simplified DMMs are shown in Figure 4a and 4b. The 

context DMM for customer segments and regions is shown as a column for easier readability. The context DMM limits 

the volume shift to these markets. Future trends (new emissions standards and BEV) are modeled through multiple DMMs, 

each for a specific year. Different scenarios are developed through a new set of matrices with different relationships and 

factors. The factors used for these models have been derived by market experts at the VM and represent expected customer 

behavior. The illustrated matrices have been abstracted, to protect sensitive information. 

 

Figure 4.  Exemplary matrices used to map the current portfolio to the future portfolio. (a) A new body type is added splitting up 

volumes and attracting new customers. (b) Trend towards new emissions classes and BEV for discrete time steps. 
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5.2 Results 

By processing the input data following the procedure outlined for the proposed modeling method, the change of the product 

portfolio is forecasted. This includes changes related to the platform renewal and the technological trend towards BEV. 

All results shown have been abstracted to safeguard sensitive company-internal information. 

Figure 5 shows a small portion (n ≈20,000) of derived configuration-based roadmaps. Based on the availability (SOP, 

EOP) of individual feature options, these what explicit portions of the portfolio are available in which platform at what 

time. Each line represents a unique combination of the features used in the model. It is shown that certain temporal gaps 

exist during the ramp-up of the new platform due to the lifecycle offsets between individual modules. It is shown in Figure 

5 that the later introduction of the sports suspension leads to a critical lifecycle offset because the commercially relevant 

configuration is introduced at a later point in time than a less important configuration. Additionally, parallel availability, 

a period in which equivalent configurations from both platforms are available is shown. Parallel availability must be 

managed both from a sales and production/supply perspective (Erhun et al., 2007). Initial feedback from an experienced 

(>20 years) product planner indicated that this roadmap view suits detailed analyses well to develop transition plans or 

prioritize introductions. However, the visual complexity due to its size limits its usefulness in discussions and decision-

making contexts, thus, requiring a more consolidated representation to be better comprehensible by management.  

 

Figure 5. Derived roadmap of configured products, showing a possible gap caused by offset module introductions and parallel 

availability of the outgoing and incoming platform. 

Based on these detailed roadmaps which state the availability of every possible vehicle configuration, further analyses are 

made possible. Together with ramp-up curves, generational volume shifts, and future trends, volumes can be estimated for 

individual lines of the roadmap based on historic data. Examples for this are shown in Figure 6. Figure 6a highlights how 

the introduction offset causes only half of the portfolio to be covered by the first introduction. In Figure 6b, a significant 

growth of the BEV volume can be observed after the introduction of the new platform. This is illustrated for two different 

scenarios (fast vs. slow) for the ramp-up of BEV. The new introduces many new BEV variants therefore enabling more 

customers to switch to BEV than on the previous platform. By linking lifecycle information (which configurations are 

available at a given time) with historic sales data and the modeled volume shifts (which configurations customers will 

demand), the method projects future sales volumes at the configuration level rather than for individual features in isolation. 

Sales and product planning stakeholders perceived this configuration-level view as more accurate than their current 

feature-based forecasts. Figure 6 only shows aggregated results over all configurations of the portfolio. More detailed 

analyses are possible (e.g. for market segments) since the information exists for every single configuration of the portfolio.  

 

Figure 6. Some analytical results of the model. (a) Portfolio coverage of the incoming platform (the production ramp-up is not 

included here). (b) Estimated volume of BEV based on two scenarios. (c) Size of the portfolio during the transition period. 

Additionally, by evaluating the structural model for every time step, the technical portfolio complexity can be shown 

during the transition period (Figure 6c). For every available configuration at a given point in time the required realizing 

components are determined through the configuration rules and bills-of-materials. Their union defines the size of the 

technical portfolio. Even as the commercial portfolio (i.e. products) of the outgoing platform (P1) is gradually ramped 

down, the corresponding technical portfolio shrinks only modestly, because the commonality and modularity of product 

platforms mean that components are shared across many configurations and therefore remain required. Meanwhile, the 

incoming platform (P2) introduces an entirely new set of components. Since its elements are introduced with lifecycle 
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while new P2 components are already active, causing a significant but temporary spike in technical complexity. Such 

complexity increases translate directly into higher costs in production and logistics (Trattner et al., 2019). Based on these 

analyses the transition could now be optimized by changing SOP and EOP dates. These new scenarios could then be 

compared based on potential volume or margin losses and additional costs caused due to excessive parallel production. 

For this, the cost and limits of increased complexity during a transition must be made quantifiable through suitable metrics. 

Deriving these metrics as part of the proposed method was not yet explored in this work. 

6 Discussion and Outlook 

In this paper, a modeling method for modular platform-based product portfolios was proposed to address the challenges 

of managing their evolution, replacement, and the associated transitions. It integrates the structural complexity of modular 

platforms with portfolio planning, roadmapping, and analytical capabilities to forecast future developments. A prototype 

was implemented in an industrial context to obtain initial feedback on its practical applicability and usefulness.  

The prototype received positive feedback regarding its analytical capabilities. The configuration-based view of 

introduction and phase-out dates clarified how a long ramp-up of a new platform affects the portfolio from a commercial 

perspective. The propagation of sales volumes enabled quantitative analyses of how markets and segments are gradually 

switched to the new platform, helping the development team to easily identify which modules must be introduced jointly 

to achieve a commercial effect. Stakeholders from sales and product planning noted that future volumes regarding the 

ramp-up, and ramp-down can be planned more accurately on this basis. By deriving phase-out dates of the current portfolio 

from the introduction dates of equivalent future configurations combined with the structural model, phase-out dates could 

also be defined on the component level, an important insight for procurement, as it enables coordinated ramp-down 

planning with suppliers. Overall, the small-scale validation confirms the potential of such a modeling method to make 

platform lifecycle management easier, less error-prone, and faster. Future work should attempt to quantify these benefits. 

Several limitations remain. As the focus was on the basic modeling logic, requirements for practical implementation 

received less attention, and day-to-day use was not yet tested. Future work must address this, including identifying the 

required data and their sources, likely resulting in necessary adaptations to the method. In addition, only a limited set of 

analytical capabilities was implemented; future work should identify the most relevant data, metrics, management levels, 

and capabilities for platform lifecycle management, enabling detailed scenario-based business case evaluations. Since 

renewal planning is a multi-dimensional, cross-functional problem, a procedure to iteratively generate, evaluate, and 

optimize transition scenarios could be developed on this basis, drawing on the product rollover literature, which so far 

does not explicitly cover variant-rich product platforms (Erhun et al., 2007; Katana et al., 2017). Further formalization is 

required to make the method practically usable. Candidate approaches include MBSE (e.g., SysML, UML), matrix-based 

approaches (DSM, MDM), and network- or graph-based approaches, each to be assessed regarding applicability, 

implementability, and flexibility. Feedback from the initial validation indicated that the method must remain easily 

understandable, as the intended users are typically not proficient with system modeling or programming. Balancing this 

need with the flexibility required for the analysis of various types of scenarios is therefore a key task for future work. 

Lastly, complete validation will require testing the method against the actual scenario development process and comparing 

its results with current practice. Evaluating acceptance and usefulness with practitioners and management on a larger scale, 

together with a validation of the accuracy of the analytical models and assumptions, is needed. To demonstrate general 

applicability, validation should ideally rely on data that is independent of the data used to motivate and develop the model. 
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