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Abstract In recent years, companies have been struggling to best cope with the 
increasing request for customized and personalized products that characterizes mass 
customization paradigm. The efficient management of product variety requires effec-
tive solutions to make companies able to deliver such products in a short time and 
at a high-quality rate. The Delayed Product Differentiation (DPD) is rising as one of 
the most effective strategies to manage mass customization, implemented in practice 
using product platforms. Platforms are intermediate products formed by the most 
common components within a product family and managed through a make-to-stock 
strategy. After the arrival of the customer order, platforms are transformed into the 
final variants through assembly/disassembly customization tasks, delaying the final 
product differentiation point. In such a scenario, this paper proposes an innovative 
decisional algorithm for product platform design and selection to reduce the overall 
effort for platform customization into final variants. The application of the procedure 
to a reference industrial case study showcases its relevance and validity in managing 
high product variety. 
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1 Introduction and Paper Positioning 

Mass customization (MC) is a business strategy that combines the efficiency of mass 
production with flexibility to meet individual customer preferences. This approach 
has seen significant growth due to advanced technologies, manufacturing processes, 
and consumer demand for personalized products. However, managing an increasing 
variety of products, both in terms of design and configuration, remains a major 
challenge. Product platforms offer a solution, enabling companies to create product 
variants through shared components, thus reducing management complexity. These
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platforms are produced following a Make to Stock (MTS) strategy and then recon-
figured into the final variants through a Make to Order (MTO) approach, achieving 
economies of scale while maintaining customization [1, 2]. MC is particularly rele-
vant in industries such as automotive, electronics, and fashion, where customers 
ask for personalized products. However, the growing variety increases challenges in 
production and inventory management. Existing literature proposes various strategies 
and models for product platform design and implementation, including optimization 
methods. For instance, Ben-Arieh et al. [4] proposed a model for designing multiple 
platforms to minimize production costs. Hanafy and ElMaraghy [5] introduced a 
model for modular product platform design, while Xiong et al. [6] addressed product 
modularity and supply chain management through a Stackelberg game approach. 
Other studies developed non-linear bi-objective models to optimize platform design 
and inventory management [1, 7]. While optimization models are effective, they 
are computationally intensive, making heuristic methods necessary for practical 
industrial applications. Studies by Hanafy and ElMaraghy [8] and Galizia et al. [9] 
developed decision-support systems using heuristic algorithms for platform design. 
Additionally, Longo et al. [10] and Bortolini et al. [2] proposed two-stage plat-
form design models to manage MC in industrial contexts, applying these methods to 
real case studies. However, heuristic methods often simplify production constraints, 
lacking the ability to consider technological precedencies and customization activ-
ities’ impact to produce the variants’ demand in the creation of efficient platforms 
platforms. According to this background, this paper presents an innovative deci-
sional algorithm for product platform design and selection with the aim of reducing 
the global effort customizing the platform into final variants. Based on the research 
object, the paper attempts to answer the following research question (RQ): How 
can a decisional algorithm optimize platform design to reduce customization effort? 
The proposed algorithm is validated through an industrial case study, showcasing its 
relevance for the industrial context. 

2 The Decisional Algorithm 

The increasing variety in production mixes characterizing the current industrial 
scenario requires innovative strategies to manage the resulting high manufacturing 
complexity. The adoption of a Delayed Product Differentiation (DPD) strategy, 
taking advantage of the positive sides of MTO and MTS, is of help in reducing the 
manufacturing complexity delaying the customization activities through the intro-
duction of product platforms. The proposed decisional algorithm generates product 
families and associated product platforms trying to reduce the global effort for 
platform customization into the final variants. The customization effort considers 
the number of assembly/disassembly customization tasks required to reconfigure 
the platform structure deriving the associated variants. The algorithm lies on the 
following assumptions, validated by the standard literature and industrial practice 
[2, 9, 11]: the production mix is known, as well as the bill of materials (BOMs)



Managing Variety in the Era of Mass Customization: A Decisional … 145

and assembly cycle constraints of each product variant; the manufacturing is made 
through assembly tasks and the cycle is expressed as a linear sequence of components 
to be assembled; each product family is associated with a single product platform 
from which derive all the product variants in the family; customization of product 
platforms is realized by assembly and disassembly of components to/from platforms; 
a product variant can be obtained from a product platform if the variant assembly 
cycle shares the platform’s technological cycle from the beginning. 

The following notations are introduced. 

Indices 

Component c, d = 1,  .  .  .  ,  C
Product variant v = 1,  .  .  .  ,  V
Product family f = 1,  .  .  .  ,  V
Product platform p = 1,  .  .  .  ,  P

Parameters 

n Number of components shared by the product variants from the beginning of their 
assembly cycles 

BOM cv 
1if variant v includes componentcin its BOM 

0otherwise 

Dv Demand of variant v [pcs/month]. 
The proposed algorithm is divided into two consecutive steps. Step I requires 

the BOM and the assembly precedence relationships among the components for 
each product variant. In output, this first step defines product families based on the 
similarity of the assembly cycles of the variants and made of at least two variants. 
This last consideration is required to avoid the situation where a single variant is 
derived from a platform. These families are used as input to step II to further design 
the product platform for each family minimizing the customization effort to derive the 
associated variants according to the Platform Reconfiguration Index (PRI) introduced 
by [9]. The flowchart of the algorithm is proposed in Fig. 1.

A parameter n is introduced, with n = 1,  .  .  .  ,C, to represent the level of similarity 
of the assembly cycle of product variants in the same family. 

Step I starts with setting the value of n and grouping the product variants sharing 
the same initial n components of their assembly cycle in product families. As a 
fixed value of n corresponds to a specific and univocal set of f different product 
families, by varying the n parameter different sets of product families are obtained. 
Small values of n are normally associated with large families of variants sharing a 
small initial part of their assembly cycle, while higher values of n are associated 
with smaller families of variants having more similar assembly cycles. To design 
the related product platform, each product family has to be composed of at least 
two variants, so its feasibility is checked. If a single family is composed of a single
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Fig. 1 Flowchart of the decisional algorithm proposed

variant, this variant is considered too different from the others, requiring ad-hoc 
production methodologies such as Assembly to Order (ATO) and MTS according 
to its characteristics and demand. If more than one family is composed of a single 
variant, the value of the n parameter is decreased by one trying to group these unitary 
families to get feasible ones. If n is already set to 1, the variants in the families do not 
share even the first component and they are considered too dissimilar to be obtained 
by DPD.
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The set of f feasible product families obtained from the step I is given in input 
to step II to provide the design and assessment of the related product platforms. 
Fixed a family among the f feasible ones, step II starts defining a tentative product 
platform associated with the family. This tentative platform includes the n,  or  less  
if the family is obtained through merging of unfeasible ones, shared components 
among the variants in the family. According to this identified tentative platform and 
to the variants’ assembly cycles, the values of the following variables are computed.

apcv 
1 if component chas to be assembled to platform p to derive variantv 
0 otherwise 

dpcv 
1 if component c has to be disassembled from platform p to derive variant v 
0 otherwise 

xvp 
1 if variant v is associated to platform p 
0 otherwise 

The platform considered is then evaluated according to the PRI index, that repre-
sents the effort required to reconfigure the product platform into a specific variant. 
The PRI is calculated for each variant v that is derived from the platform p, i.e., 
PRIpv, comparing the number of assembly and disassembly tasks required for the 
platform customization with the total number of assembly tasks required to produce 
the variant from scratch, e.g., using an ATO approach, hence assembling the total 
number of components of the variant. A global platform reconfiguration effort, i.e., 
PRIp, is calculated as a weighted average over the associated variants’ demand. The 
mathematical formulation of PRIpv and PRIp is expressed by Eqs. [1] and [2]. 

PRIvp = 
C 
c=1 apcv + C 

c=1 dpcv 
C 
c=1 BOMcv 

v = 1, . . . ,V (1) 

PRIp = 
V 
v=1 PRIvp ∗ Dv ∗ xvp 

V 
v=1 Dv ∗ xvp 

p = 1, . . . ,P (2) 

According to the value of PRIvp three cases are considered: 

• PRIvp = 0, no effort is required for platform p customization as the structure of 
p coincides with the assembly cycle of the variant v; 

• 0 < PRIvp < 1, platform p shares some components with variant v but requires 
some assembly/disassembly customization tasks to derive the variant; 

• PRIvp ≥ 1, the effort to produce variant v through platform p customization is 
greater than the effort to assembly v using an ATO strategy so the use of the 
platform p should be avoided. 

The values of PRIvp and PRIp are used throughout the algorithm to assess the plat-
form structure. The algorithm evaluates whether to enlarge the platform by adding 
a new component, prioritizing variants with higher market demand. If the added
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component helps serve high-demand variants, it is included, forming an enlarged 
platform p . The PRI values are updated accordingly to assess the impact on recon-
figuration effort. If any PRIvp > 1, or if the average PRIvp increases compared 
to PRIvp, the platform is considered inefficient, and the component is removed. 
Otherwise, further components may be added. This process continues until stopping 
conditions are met, defining the final platform for each product family. Step II is 
repeated for each family f from Step I. The algorithm can be rerun with a different 
n value to generate alternative product families and platforms. The decisional algo-
rithm is implemented in Microsoft Excel through VBA, enabling the resolution of 
real industrial case studies over an Intel® Core™ i7-3770 CPU @ 3.40 GHz and 
16.0 GB RAM workstation with an almost null computational time. 

3 Industrial Application 

This section applies the proposed decisional algorithm to an Italian industrial case 
study, representative of a SME facing a medium–high product variety of standard 
products. In particular, the company produces 38 different plastic valves involving 
93 different components and is investigating the possibility of implementing a DPD 
strategy by introducing appropriate product platforms, to face the production and 
management complexity. For the sake of brevity, the BOMs and assembly cycles of 
the production mix are omitted, and they can be found in [2]. 

According to the algorithm structure, step I defines a set of feasible product 
families for each fixed value of the parameter n.  The  value  o  f n is set in the range from 
1 to 8, grouping the product variants having from a single shared initial component 
up to 8 in different families and identifying 8 main scenarios. Since the maximum 
number of shared components among the variants is 8, higher values for n are not 
considered. Each different set of families is given as input to step II, that provides 
the final platforms minimizing the reconfiguration effort to derive their associated 
variants. 

Two metrics are used to analyze and compare the platform’s results for the different 
scenarios. A total demand for a platform is derived as the sum of the demand of the 
associated variants and used to compute a mean PRI for the n scenario, i.e., PRIn.  It  
is calculated as a weighted average of all the PRIp of the platform related to each n 
over the platform’s demand, and it is used to map the mean platform reconfiguration 
effort for a single scenario, as in Fig. 2. The second metric in Fig. 3., i.e., “Variety”, 
represents the number of different items required to be stocked in the n scenario. 
It considers the number of different platforms designed and the number of possible 
variants detected in step I where the DPD strategy cannot be applied, assuming they 
are managed according to an MTS strategy, due to industrial considerations.

According to the graphs, as the value of common components among the variants 
associated to a platform n is set from 1 to 8, the mean reconfiguration effort for the 
platforms corresponding to the n-scenario decreases while the number of different 
stocked items increases. More generalized and broad platforms, including a low
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Fig. 2 Trend of PRIn as 
function of the n value 

Fig. 3 Trend of variety as 
function of the n value

number of shared components among variants, require many assembly tasks to derive 
the associated variants, while more specific platforms require fewer customization 
tasks and corresponding reconfiguration effort. As an example, the first scenario is 
associated to PRI 1 = 0.8892 while the last one corresponds to PRI8 = 0.3994.  On  
the contrary, using broad and small platforms allows companies to stock a low number 
of different items from which derive the entire production mix, while fixing a high 
value o f n leads to the definition of a high number of different families and associated 
specific platforms. Thus, the Variety index ranges from 5 to 19 at the extremes of 
the second graph, considering 18 different platforms to stock and a product variant 
to produce using an MTS when n = 8. 

A reference example of the outcome of the algorithm when n = 3 is presented in 
Table 1. Step I defines 12 different families, 10 of which are associated with variants 
sharing n initial components while the last 2 are obtained by grouping previously 
infeasible families decreasing the value of n. Two product variants, i.e., V19 and 
V27, are left out from the grouping and it is assumed they are produced through an 
MTS. Step II enlarges the tentative platform associated with each family, designing 
the final platform structure in Table 1. Such a scenario is characterized by a value of 
the Variety index equal to 14 and an average PRI3 equal to 0.5638.
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Table 1 Outcome of the algorithm for n = 3 
Family/platform 
ID 

Associated 
variants 

Included components PRIp 

F/PL1 V2, V3, V5, V6 C2–C6–C7–C10–C16 0.6009 

F/PL2 V4, V7, V10 C1–C2–C4–C7–C8 0.6825 

F/PL3 V8, V9, V11, 
V12 

C2–C7–C10–C13–C15–C25–C27–C29–C30 0.5767 

F/PL4 V13, V16 C13–C34–C35–C36–C37–C38–C39–C40–C41 0.0491 

F/PL5 V14, V15, V17, 
V18 

C13–C40–C41–C42–C43 0.6487 

F/PL6 V23, V34, V37 C10–C15–C16–C17 0.6804 

F/PL7 V24, V35, V38 C10–C15–C25–C26 0.6941 

F/PL8 V25, V26, V29, 
V30 

C10–C15–C78–C79–C80–C81–C82–C83–C84 0.2327 

F/PL9 V28, V31, V32 C78–C79–C84–C86–C87 0.4977 

F/PL10 V20, V21 C10–C50–C52 0.6729 

F/PL11 V22, V33 C1–C3 0.8091 

F/PL12 V1, V36 C1 0.9016 

The scenarios represent different possible platform configurations for the case 
study, leaving the final decision on which scenario or single platform structure to 
adopt according to the company marketing and production considerations. 

4 Conclusions and Future Research 

In today’s industrial landscape, marked by growing product variety, strategies like 
Delayed Product Differentiation (DPD) help reduce manufacturing complexity. This 
paper introduces a decisional algorithm for defining product families and designing 
product platforms, using a reconfiguration index to assess customization effort. 
Applied to a real case in the plastic valve sector, the algorithm proved effective 
in managing variety and streamlining production. These results suggest its poten-
tial for broader application, especially in industries facing high product variability. 
Future work will focus on validating scalability and integration with digital tools for 
automated decision-making.
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