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Abstract. Product Lifecycle Management (PLM) has become a crucial element
to handle request for quotation management, throughout the product develop-
ment process, bill of material management, product data management etc. The
use of traditional PLM software has increased, having been applied to traditional
manufacturing, and product development efforts. However to date the integration
of PLM in the fashion industry has been limited with varying success. Although
certain variables such as size, range, color, or collection have been integrated into
the management system with ease, the specific functionalities of the PLM remain
unclear. This is often contributed to the fact that fashion industry has a shorter
product lifecycle and greater variation of product offerings. Based on the availa-
ble literature and a use case study, the purpose of this research is to establish a
set of standard PLM functionalities based on the needs of the fashion industry.
By leveraging unique set of industry specific functionalities the conceptual
framework developed aims to provide a competitive advantage to those involved
by supporting the production of goods in mass market, premium market and lux-
ury market fashion products.

Keywords: Product Lifecycle Management, PLM, Sustainability, Fashion.

1 Introduction

PLM is the process of managing the entire lifecycle of a product from engineering
design and manufacture to service and disposal of manufactured product. From the con-
cept design to the ultimate disposal, the whole lifecycle of a product is described
through a detailed data collection. From this viewpoint, Product Lifecycle Management
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can be described both as a product-focused database and a communication process
among different entities (e.g., manufacturing, marketing, and commercial depart-
ments).

By helping people understanding how a product is designed, produced, and finally
disposed of, PLM leads to many different benefits such as reduced time to market, in-
crease full price sales, improved product quality and reliability, reduced costs, more
accurate request for quote generation, ability to quickly identify potential sales oppor-
tunities and revenue contributions, savings through the re-use of original data, reduced
waste [1]-[3]. PLM helps to ensure that the right data is available to the right person at
the correct phase of the development process. At the same time, increasing consumers’
awareness about product safety and error reduction can increase sales opportunities and
revenue [4].

Fashion companies manage different product categories (e.g., leather goods, cloth-
ing, shoes, and accessories) and might belong to different market positioning (from fast
fashion to luxury), but the critical success factors driving the industry are above all
quality and time-to-market (TTM) [5]. The search for quality is revealed in the selection
of materials and care in manufacturing processes, which are in some cases still bound
to handcrafting traditions (especially for luxury brands). Then, the need to streamline
TTM in order to please demanding consumers is pushing the fashion industry to revise
its own processes and to reduce the bottlenecks within the entire supply chain.

The fashion market is characterized by rapid changes, where cases of success and
failure can often be linked to organizational flexibility. These markets exhibit typical
characteristics: short lifecycles, high volatility, low predictability, and high impulse
purchasing [5]-[7]. As fashion industry is complex and diversified, we need to segment
it in order to have a better understanding about the company, the product and the pro-
cesses that company follow to produce the product. Therefore, a distinction has to be
made in the fashion industry. In this research, the main criteria have been considered
as the market that particular servers, mainly divided into mass market and luxury mar-
ket, in order to understand distinction of the fashion industry.

1.1  Problem statement and Research Objectives

PLM puts the focus on “the product”. The company’s products are what the customer
buys. PLM addresses the heart of the company, its defining resource, the source of its
wealth, its products. Considering a product development process in which a core team
of professionals from many disciplines sets out to create a product that satisfies a spe-
cific customer need [8]. In case of fashion industry, companies need to be agile, sensi-
tive to changing customer needs, constantly monitoring customer buying behavior and
delivering high quality. What often takes second place is the way these features are
managed and balanced. Fashion companies currently are facing challenges to improve
their competitiveness; a demand for innovation is currently affecting the whole supply
chain, from product development [2], [9]. The information pertaining to fashion indus-
try needs and its usage of PLM system is little and scattered. It is necessary to compile
the information to understand how fashion industry is currently using the PLM to over-
come those challenges. Therefore, the research question is formed, “How PLM solution



has been adopted in the fashion industry?” To answer it, the approach to answer this is
to have a systematic literature review pertaining to definition of PLM systems and fash-
ion industry. The second approach is to have the interaction with the industry experts
in the PLM and fashion industry. By answering this research question current scenario
of PLM usage in the fashion industry can be captured which will help to identify PLM
functionalities used to solve the needs and challenges of the fashion industry.

Speaking about the fashion industry, today’s fashion business demands a high degree
of collaboration and global business skill. What often takes second place is the way
these features are managed and balanced. Fashion companies currently are facing chal-
lenges to improve their competitiveness; a demand for innovation is currently affecting
the whole supply chain, from product development, through PLM systems and 3D soft-
ware, to retailing, thanks to the ‘digital revolution’. The economic pressures bearing on
fashion companies come from both end users and retailers expect lower and lower
prices, while the costs of sourcing, manufacturing. Fashion industry, in particular, is
characterized by trends that change rapidly and consumers across the world expecting
to choose the latest product. Managing a large repository of information involving
stakeholders from different parts of the world brings down the operational efficiency
of the company [4], [5]. PLM strategies aim to integrate information throughout a prod-
ucts life cycle from the imagination of the product to the design and realization of the
product and information about the use and recycling of the product. PLM system sup-
ports everyone in the organization, from purchasing and selecting the raw materials, to
product designs, production preparation. The notion of cohesion and traceability of in-
formation is reported as being crucial for improved data management of PLM systems
[10]. After understanding the adoption of PLM solution in fashion industry, the prob-
lem still remains on recognizing which PLM functions can help optimize activities of
fashion industry because the PLM system is very complex as it covers full lifecycle of
the product. Hence, the second research question of this paper, derived from the first
one, can be formed, “How PLM functionalities can suffice the characteristics which are
affecting the fashion industry, leading to the specific needs?” Firstly, it is important to
understand the PLM functionalities through the literature. A conceptual framework is
developed to understand the link between needs of the fashion industry and PLM func-
tionalities. This research questions puts a different perspective to understand the fash-
ion industry.

1.2 Research Methodology

This research focuses on PLM system functionalities and the fashion industry. A new
perspective towards the adaptation of enterprises to PLM systems will be analyzed as
well as the current challenges in the fashion industry, also unlocked certain character-
istics that did not exist before. Following Erro! Fonte de referéncia ndo encontrada.
represents the flow chart of the approach.
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2 Technological Background

The literature review started by understanding the PLM system. PLM is able to manage
the data concerning a product, and all the internal and external factors involved in the
development of this product [1], [10], [11]. PLM has marked the transition from a de-
partmental approach in product development, when each department defined its own
activities independently of the other functions, to a collaborative and holistic approach
[9]. PLM is viewed as a system that supports the evolution and change of data during
the product lifecycle. PLM enables the optimization of business processes, improved
integration and reduced costs [5].

Many research have characterized the literature about PLM in the last two decades[9].
A limited number of contributions related to retail companies exist, such as the ones
belonging to the high-end and low-end market segments of the fashion industry [4], [5].
The first step in achieving the goal of this study has been the examination of the relevant
literature. Three main sources were used to gather relevant research papers which are
“Scopus”, “Google Scholar” and “sci-hub”. The main key words used to understand
the PLM systems were “PLM”, “Product data management”, “PLM deployment”,
“PLM software implementation”, “PLM definition”, “PLM functionalities”. After
looking at the literature, it is understood that that there had been many published papers
and case studies pertaining to PLM systems and its usage particularly in automotive
and industrial sector. To see the relevant literature pertaining to fashion companies,
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“fashion industry”, “luxury market”, “classification of luxury market”, “mass market”,
“needs of the fashion industry”, “characteristics of the fashion industry”. The most rel-
evant papers were found by the keyword “PLM fashion industry”. Through this, re-

search and usage of PLM functionalities used in fashion industry were found. These



functionalities were used as a key word in order to look for the definition of these func-
tionalities. Moving forward the detailed explanation regarding PLM systems, fashion
industry, PLM usage in the fashion industry, fashion industry characteristics and needs
have been discussed.

2.1  Fashion market segmentation

Definition of luxury is not merely a philosophical or academic exercise. Most studies
in the research literature do not differentiate between the term’s “prestige”, “status”,
and “luxury” [12], although the first two terms display different nuances of meaning
for consumers. Some researchers have investigated luxury as a property of brands and
have described it using vague terms such as “dream value” or “impression” [13]. Fi-
nally, a few studies have differentiated between the concept of “luxury” and the luxury
product or service. For instance, researchers have focused on what the concept of luxury
means to consumers (e.g., “luxury for me is having more leisure time in the day”); other
researchers have examined the meaning of luxury in the marketing context (e.g., what
differentiates a luxury product from a high-quality product). An additional confusion is
whether the term “luxury” primarily refers to a product or to a brand [14].

On the one hand, consumers confused using the word luxury for a wide range of goods
progressively lose the ability to recognize the characteristics that justify the premium
price of a luxury good or service, increasing the risk of dissatisfaction with the products
they purchase. On the other hand, manufacturers who have noticed that the return is
much higher when premium prices are charged for slightly above-average products
might be less motivated to engage in a quest for excellence, leading to a slow but steady
decline in product quality [15].

The transformation of luxury into precious objects and lavish living was necessary to
open the realm of luxury to any social class. Finally, the second industrial revolution at
the end of the nineteenth century gave the concept of luxury the modern meaning of the
“habit of indulgence in what is choice or costly” or “something enjoyable or comforta-
ble beyond the necessities of life”. Of course, this transformation contributed to the
different interpretations of the concept of luxury, such as status symbol, personal indul-
gence, and leisure time, among others [16].

Luxury goods are not consumed for their intrinsic value but to impress others and signal
wealth and conspicuous consumption. Luxury goods are defined by their relative price
and are valued because they are costly and exclusive. In contrast, luxury cannot be
defined solely in terms of higher price, [12] note that expensive products may not nec-
essarily be viewed as luxuries. For luxury goods, perceived high cost — in absolute or
relative terms — is a necessary but not sufficient condition. In addition to high price,
luxury brands feature excellent quality and specialized distribution channels [6].

From a subjective point-of-view, the term luxury might refer to “things you have that I
think you shouldn’t have” [17]. Most luxury products are also associated with a strong
brand name and logo, as well as a tradition of craftsmanship and high performance [18].
The role of the brand in evoking exclusivity; in their view, current luxury products have
a well-known brand identity, enjoy high brand awareness and perceived quality, and
maintain customer loyalty and sales levels. Hence, luxury objects should be



recognizable, stimulate an emotional consumer response, and become incorporated into
the customer’s lifestyle. [19] proposed to divide luxury brands into two categories:
those that primarily have symbolic value for the customer and are valued due to lifestyle
rather than functionality (e.g., Louis Vuitton), and those that primarily are valued due
to their technical features (e.g. the world-class performance of Porsche vehicles).
Another important feature is the prestige associated with the brand and its uniqueness
or exclusivity [6]. Luxury brands such as Rolex are perceived and marketed as timeless,
and modern through the selection of materials, and the premium price that is attached.
Balance between these characteristics is difficult to achieve, luxury brands exist in a
highly exclusive market niche that is driven by unique marketing phenomena which
suggests why uniqueness and exclusivity are relevant. Furthermore, this suggests that
specific management approaches for luxury businesses are worth developing in depart-
ments other than marketing. [20] suggest that success in the luxury market is primarily
related to:

e Excellence. For the consumer, the feature most strongly associated with lux-
ury is the superior quality of the product and associated services, which is es-
sential to justify the premium paid by consumers.

e Brand aura. For the consumer, continued excellence over time allows the
brand to acquire a strong reputation and maintain a first-class position. To
achieve luxury status, brands need to have a strong, legitimate, and identifiable
aura.

o Desirability. Luxury goods companies must create and maintain desirability.
One feature of desirability is a strong aesthetic appeal that is modern but re-
lated to traditional values; another feature is high price, which strengthens the
product’s social status. The product’s rarity and uniqueness also increase de-
sirability.

The luxury market separates into exclusive goods and accessible lines. Exclusive goods
rely on rarity due to natural shortages of materials and manufacturing capacity, limited
editions, or artificially maintained rarity, while in accessible lines, rarity is information
based and achieved through selective distribution, exclusive shopping atmosphere,
price, provenance from heritage centers, packaging, or combination of two brands [21].
A new luxury category in which consumers are less interested in the product itself and
more interested in the image associated with the brand. New luxury refers to goods that
are not necessarily rare or manufactured in low volume; these goods acquire the luxury
label due to design, additional services or the aura created by the brand. The emergence
of “accessible luxury” products is due in part to the tendency to trade up that currently
characterizes consumption habits. Heritage and prestige have always been the hall-
marks of many luxury brands. Because some luxury brands are hundreds of years old,
the enduring quality of a particular luxury good can be part of its appeal, and this is
especially true for the traditional view of luxury. However, some consumers — particu-
larly those who are young and fashion-conscious — prefer a product with a fresh and
unusual look and an exclusive aura rather than actual rarity [22]. To attract this category
of consumer, the brand image — focused on a label, a logo or a symbol — is crucial. This
is the idea behind accessible luxury (or new luxury) as opposed to old luxury (or tradi-
tional luxury), which targets elite consumers and relies on product authenticity based



on precious materials, heritage, craftsmanship, and natural rarity. Instead, new luxury
targets the upper middle market, is positioned at a lower price, and includes three types
of products [23]:

e Accessible super-premium goods. Products that are priced at near the top of
their category that middle-market consumers can afford.

e  Old luxury brand extensions. Lower priced versions of goods that traditionally
only the wealthy could afford.

e Masstige (merging mass with prestige). Premium products midway between
mass-produced and first class, which are well below the highest priced goods
in their category.

Based on the literature it is appropriate to segment the market in luxury market and
mass market. Following Erro! Fonte de referéncia ndo encontrada. is the chart which
explains the distinction between luxury market and mass market.

Fashion Market

Luxury Market Mass Market

Mass-market brands are ones

Exclusive Luxury

Accessible Luxury Masstige Luxury

Exclusive goods rely on
rarity due to natural
shortages of materials and
manufacturing capacity,
limited editions or
artificially maintained rarity

Rarity information based
and achieved through
selective distribution,
exclusive shopping
atmosphere, price,
provenance from heritage
centres, packaging.(Catry

Premium products midway
between mass-produced
and first class, which are
well below the highest
priced goods in

their category. To create
symbolic sense of prestige.

that produce goods in mass
guantities from inexpensive
materials, and they are
affordable to
consumers.{Tungate 2012)

2003) (Silverstein and Fiske,
2003)

Premium products which
middle-market consumers
can afford.

(Silverstein and Fiske,
2003)

Fig. 2. Fashion Market Segmentation

2.2 PLM functionalities in the Fashion Industry

The literature review was conducted on papers related to PLM functionalities with a
specific focus on the fashion system, due to the evidence that there is a lack in a unique
definition of the overall functionalities of a PLM software for that industry. More spe-
cifically, a single reference that exhaustively collects all the functionalities has not been
found. Therefore, this gap is filled with the expert interviews and the case study and the
research is focused on a selection of them. In addition, a specific functionality is often
differently named in different papers, making the identification of a complete and clear
set of unique PLM functionalities for the fashion industry difficult to figure out.

Based on the literature, a review of the PLM functionalities has been carried out. The
results of this part of the work are not included into this paper due to limit restriction.



3 PLM conceptual model

The Industry 4.0 revolution has pushed PLM software houses towards the introduction
of new functionalities that cover a wider range of supply chain (SC) processes, espe-
cially in the fashion industry [4]. According to this, a research framework has been
created to understand needs and characteristics of the fashion industry.

Conceptual framework is focused on six main characteristics which are affecting the
fashion industry. These characteristics as shown in the table below are linked with the
needs of fashion industry based on the literature.

Table 1. Fashion Industry Characteristics

Ability to meet delivery time [24], [25]

Sufficing demands of the fashion products based on weather, seasonality, current and
near future trends [10], [26]

Globalization, new product design and development activity [15], [16]

Features, style and patterns of product [5], [25]

Quality inspection from raw materials to the delivery of the final products [27], [28]
Complexity of the fashion industry [29]

=

N

oA W

These characteristics push the company towards the specific needs that we have listed
based on what we have found in the literature. We are analyzing relationship between
characteristics and needs of the fashion industry in the framework. How these charac-
teristics are affecting the fashion industry and PLM system, PLM functionalities can
cover those needs. Moving forward we have correlated these characteristics to more
than one need of the fashion Industry.

/ Characteristics

(i) Ability to meet delivery time. (Christopher
(2004); Bames and Les-Gresnwood (2006);

{ PLM functionalities \

Line Flanning

ﬂeeds of the fashion Industry

Production of style, non-style products.

Material Manzgement

To have color and size combination
within a style tends to create a vast
number of end-product, which coupled
with reducing batch sizes results in ever
higher order volumes.

QOrder Callection

Product Data Wanzgement

(il Producing pparel, footwear, home textiles and
accessory which iz sufficing demands through
digitalization based on westher, seasonality,
current and near future trends. ({Ramune

Report Intelligance

Size Rangs Planning

Demands based on weather, seasonality,
trends.

To identify trend in the market for }

Quality Management

Request For Guotation

Sustsinability and Compliznce

colors/materials and share this within the

Trend Analysis
company thanks to digitalization.

2014)

Bill of Material Management

product (Frederic Sezonds, Fabirce Mantelet, Calendar Manzsgement
Nicolas Maranzan & Stephane Gaillard, 2014) product and bring it to the market.

Callaborative Toal

‘ (i) Features, style and patterns of the ‘

To work together and interact with each
other in order to reach an agreement and
make shared decisions.

(+) Quality Inspection from raw material 1o the Colour Management

,,,,,,,,,,,,,, Costing
{Mantgomery 2005).

Integration Mznagement

(vi) Complexity of the fashion industry. (Cristina
Maring, Chizra Lorenza Remonding, Faalo Marco

Qﬂbﬁmm, 2020).

To inspect the quality at different stages

Q)mdu ct life-cycle.

Fig. 3. Conceptual Framework
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Further, each characteristic has been deeply explained, in terms of needs and PLM
functionalities. Due to space limit, only the first characteristic is reported in the paper.
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Characteristics Needs of the fashion Industry PLM functionalities

A

Size Range Planning

(e
X
‘
A
j Calour Management

Integration Management

Producing apparel, footwear, home
textiles and accessory which is
sufficing demands through
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seasonality, current and near future
a §

,.[ Production of style and non-style products.

.| style trends to create a vast number of end-
product, which coupled with reducing batch
sizes results in ever higher order volumes.

‘ To have color and size combination within a |

Demands based on weather, seasonality,
trends.

"‘ To identify trend in the market for
colors/materials and share this within the
company thanks to digitalization.

Fig. 4. Product apparel, footwear, home textile and accessory which is sufficing demands
through digitalization based on weather, seasonality, trends

Apparel, footwear, home textiles and accessories manufacturers mainly produce a
mix of style-based and non-style-based products. The combination of color and size
combination within a style tends to create a vast number of end-product, which coupled
with reducing batch sizes results in ever higher order volumes. At the same time, cus-
tomers are demanding shorter and shorter lead times, increasing the pressure to make
decisions more quickly. Demand for these products is rarely stable or linear. It may be
influenced by many external factors such as the shifts in weather, seasonality and social
trends.

Fashion companies produce goods based on trends and seasonality, in order to sell
higher volumes. As far as exclusive luxury is concerned, they create the market trends
and companies who belong to Masstige luxury and Mass market follow that trend.
Based on the seasonality appropriate color, material, size combination is selected. Com-
panies consists of multiple departments with multiple locations, digitalization plays an
important role to collaborate with each other.

Digitalization is also helping companies in a current pandemic situation where em-
ployees of the companies are interconnected with each other as well as since many
touchpoints with customers are closed online channels are working very efficiently.
Exclusive luxury companies never put their goods on a wholesale channels. They have
their own platforms to present their collection.

Exclusive luxury companies focused heavily on inhouse product design and devel-
opment of goods. Their exclusivity can be seen from their very high-quality standard
and heritage aura of the product. As far as mass market is concerned even though they
have some design activity may be inhouse or outsource, they start their line plan with
the design activity or even before design activity.
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4 Outcomes

In order to verify the conceptual framework exposed in the previous section, a focus
interview is dedicated with a shoe industry PLM expert. Through the practical and the-
oretical information obtained the conceptual framework was refined and validated.
Speaking about the organization he is working, the company is in Detmold, Nordrhein-
Westfalen, Germany and is part of the Shoe Stores Industry. The company is one of the
largest shoe production and distribution companies in Europe.

Based on the needs and characteristic, the company representative supported the vali-
dation of the conceptual framework, whereby sustainability and compliance and were
further addressed. Especially when it comes to the sustainability, from the beginning it
is the request of the market and consumers are also focused on this now more than the
past. Companies have demands on laws which are coming now, and companies must
consider sustainability of the product. Due to these reasons, sustainability and compli-
ance has become the important need of the fashion industry. The verification of the
framework ensured that the relationships between characteristic and the quality inspec-
tion from raw material to the delivery of the final product is well founded.

5 Discussion

The research proposes a framework to support PLM implementation in the fashion in-
dustry. The main result of the research study is a conceptual framework based on needs
of the fashion industry drawn from its characteristics and linking the needs of the fash-
ion industry to the PLM functionalities. The framework is based on the evidence col-
lected from the literature, case study and expert’s opinions on current scenario of PLM
and fashion industry. After the development of the framework, it has been validated
through structured focus interviews with an expert from fashion industry company.
From a scientific point of view, the proposed framework gives a new perspective to
understand the needs of the fashion industry and creates the link between needs and
PLM functionalities in the fashion industry which answers the research question per-
taining to how PLM functionalities can suffice the needs of the fashion industry drawn
from its characteristics.

To strengthen the validation of the proposed framework, a wider sample of companies
should be involved, differentiating both in terms of managed products (shoes, accesso-
ries, etc) and market segmentation (mass market, masstige, accessible luxury, exclusive
luxury).
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