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Abstract— Companies aim to increase their prof-
its by continuously striving to offer their customers
what they want, when they want and where they
want it. This makes it imperative for them to pro-
vide customized products at mass production prices
while reducing the design-to-market times and lead
times. There are many techniques available in the
research literature today that purport to help com-
panies achieve these often-times contradicting and
complex goals. Some of these techniques like lean
principles have gained widespread popularity partly
fueled by the success story of companies that pio-
neered them, Toyota for one. However, others like
mass customization and agile manufacturing have not
yet taken off as well as they should have been. The
reasons for this laggard response might be partly due
to the lack of understanding of the underlying funda-
mentals and partly due to the inability to keep up pro-
lific rate at which newer concepts are being brought to
fruition. This work aims to compare these techniques
and provide practitioners with an understanding of
these techniques thus enabling them to select one or
a combination of many of these approaches best suited
to their needs.
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1 Introduction

Global competition has engendered a trend among com-
panies towards continuously improving operations so that
they can provide customers the right products in the right
quantities at the right times. Ever since Toyota Produc-
tion Systems (TPS) became popular after the oil crisis
during the 1970s, researchers and practitioners have come
up with numerous manufacturing paradigms that purport
to be a one-stop technique for companies to achieve these
goals. However, not all of these paradigms are geared to-
wards achieving all these aforementioned objectives. Of-
ten times, companies get disillusioned after implement-
ing one or more of these techniques and not achieving
the expected results. This can be attributed primarily to
the lack of clear understanding of subtle nuances of these
paradigms and their potential benefits.

In this work, we attempt to dispel some of the confu-
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sion in this regard and provide a framework for compar-
ing these various paradigms with one another. Section 2
gives an initial background to the relevance of manufac-
turing technologies in today’s world. Section 3 covers the
main thrust of this work - comparing various manufac-
turing technologies. Section 4 gives the conclusions and
identifies future direction of research.

2 Basics

In this increasingly “flat world” [5], markets and supply
chains alike have become truly global with each located
in geographically diverse locations. This results in in-
creased competition with companies vying for what is
often misconstrued as an elusive goal - customer satis-
faction. Companies also aim to increase their profits by
continuously striving to offer their customers what they
want, when they want and where they want it. This
makes it imperative for them to provide customized prod-
ucts at mass production prices while reducing the design-
to-market times and lead times.

Since the rise to popularity of Toyota Production System
(TPS) after the oil crisis in the 1970s, numerous manufac-
turing paradigms have been introduced to help companies
achieve this goal. Some of these paradigms include lean
and six sigma, agile manufacturing, mass customization,
quick response manufacturing and holonic manufactur-
ing. In the following section, we explore in some detail
these paradigms and provide a taxonomic comparison of
their benefits.

3 Manufacturing Paradigms

The primary thrust in all manufacturing paradigms is to
improve the company’s operations so as to make it more
profitable. That being said, it is important to realize that
each of the manufacturing paradigms have a core objec-
tive for which it works best. Here, we discuss the features
of some of these manufacturing paradigms such as Toyota
production system, lean principles, quick response man-
ufacturing, agile manufacturing, mass customization and
holonic manufacturing. We compare these various tech-
niques vis-a-vis their specific objectives.



3.1 Toyota Production System

Toyota Production System (TPS) was developed by Tai-
ichi Ohno[13] in 1950s when Japanese companies were
trying to catch up with the Western world. Around this
time, productivity was significantly lower in Japanese
companies with it taking 9-10 workers to do what a sin-
gle American worker could do. Kiichiro Toyoda, the then
President of Toyota Motor Company urged his employ-
ees to ’catch up with America in the next three years’
[13]. This was the driving force behind the development
of TPS. The objective was to produce a variety of models
of cars in low volumes. This was in stark contrast to the
prevailing mindset of mass production of a few models
pioneered and popularized by Henry Ford. The Toyota
Production System was not developed overnight; it was a
result of constant improvement over a period of 10 years.
The underlying philosophy behind TPS is succinctly ex-
pressed by Yasuhiro Monden [9] as

“The ultimate purpose of the Toyota Produc-
tion System is to increase profit by reducing
costs”.

The central concept behind Toyota Production System
is to reduce costs by eliminating wastes. The 7 types of
wastes that have been identified by Taiichi Ohno [13] in-
clude overproduction, waiting, transport, processing, in-
ventory, motion and defects. Toyota aims to continuously
reduce costs by putting into effect improvements to elim-
inate each of these wastes. The basic features of TPS [19]
can be briefly stated as

• Reduce cost by eliminating wastes

• Eliminate overproduction through minimum inven-
tories

• Shorten the production cycle by having smaller lot
sizes, reducing set-up times

• Producing only what has been ordered

The two main pillars of TPS are Just-In-Time(JIT)
manufacturing and Autonomation(jidoka) or Automa-
tion with a human touch. Techniques like kanban, TPM,
kaizen, SMED, 5S, and poka-yoke assist in achieving these
two important pillars. Figure 1 shows how the various
techniques work in cohesion towards achieving the ulti-
mate objective of reducing costs through elimination of
wastes. TPS works best in low product variety and sta-
ble product demand type environments, although modi-
fications to the original system have been developed for
high-variety, low-volume environments.

3.2 Lean Principles

James P. Womack and Daniel T. Jones introduced the
concept of lean production in their book titled “The Ma-

Figure 1: Toyota Production System (Obtained from [9])

chine That Changed the World” [22]. The five lean prin-
ciples highlighted by Womack et al. [23] all of which have
the same underlying central concept of doing more and
more with less and less include

1. Identify value of product/service to customer

2. Identify value-stream using Value-Stream Map-
ping

3. Ensure continuous flow

4. Ensure customers pull value using kanban systems

5. Continuously strive for perfection through kaizen

Lean production focused on streamlining the operations
in an organization and eliminating wastes.

• Define - identify the value

• Measure - identify the value-stream

• Analyze - study the value-stream and identify wastes

• Improve - to eliminate defects and wastes through
TPM, SMED, kanbans

• Control - implement poka-yoke devices

Figures 2a and 2b compare the emphasis in lean method-
ology and six sigma techniques. Figure 3 shows how lean
and six sigma concepts can be combined to focus both
on lead-time and variability reduction. Studies [1, 3, 18]
have shown that companies achieve high performance lev-
els when six sigma implementations are combined with
lean principles.



(a) Lean (b) Six Sigma

Figure 2: Comparison of Lean and Six Sigma

Figure 3: Lean and Six Sigma Combined

3.3 Quick Response Manufacturing

In today’s world of increasing global competition, di-
verse customer demands and sprawling supplier networks,
speed is of essence. It is imperative that companies intro-
duce products as quickly as possible to gain market-share.
An extension of the time-based competition (TBC) strat-
egy, Quick Response Manufacturing (QRM) focuses re-
ducing lead times. QRM techniques enable companies to
cut down on their lead time by almost 75-90% [20]. Just
as in TPS, QRM too advocates that machines don’t have
to be running all the time. QRM infact recommends that
critical machines be scheduled only to 70-80% of their ca-
pacity. This allows more flexibility thus enabling compa-
nies to respond quickly to customer order changes. QRM
seeks to improve processes by asking questions quite sim-
ilar to the 5W1H technique often employed in TPS and
lean principles.

Paired-cell Overlapping Loops of Cards with Authoriza-
tion (POLCA) cards[20] are used for material and ca-
pacity planning and control. While kanban cards are
suitable for high-volume, low-variety product-type en-
vironments, POLCA cards are suitable for high-variety
product-type environments. This mechanism uses a com-
bination of push and pull methods. Figure 4a shows a
typical POLCA card and Figure 4b shows how POLCA
cards control inter-cell movement and help monitor pro-

duction.

Since the main thrust in QRM is on lead-time reduction,
this paradigm can work very well with other techniques
such as lean and six sigma principles which focus on re-
ducing wastes and variability respectively. QRM also
works well with existing materials requirement planning
(MRP) systems. MRP systems can be used to high-level
materials planning while the lower level details can be
managed through POLCA cards. Once QRM principles
and techniques are in place, companies can embark upon
the journey of being truly agile.

3.4 Agile Manufacturing

Agile manufacturing or agile production serves as a
framework that integrates lean principles with mass cus-
tomization. Agility can be defined[14] as

“the ability to respond with ease to unexpected
but anticipated events ...the capability that al-
lows for a response to be executed with ease”.

Agility provides the organization with a competitive edge
in today’s world of global competition and cost-conscious
consumer. The reader is referred to Oleson[14] for a more
detailed historical perspective on agility.

Flexibility and responsiveness are the hallmarks of an ag-
ile enterprise. In order to implement agile manufacturing
principles, companies need to focus on various aspects
of its processes as seen in the aforementioned taxonomic
framework. It has been shown [10] that majority of the
research has been in the area of product design and pro-
duction planning. There needs to be more research into
the impact of facilities design and location and logistics
on the agility of an enterprise.

A comparative study[21, 24] of lean and agile manufac-
turing showed that while lean principles has its benefits
under stable market conditions , agile manufacturing is
better suited to the vagaries and volatility of today’s mar-
kets and tends to focus more improving the company’s



(a) POLCA Card (b) In Action

Figure 4: POLCA Cards in Action (Adapted from [20])

competitiveness. However, it has also been shown[12], in
order to be truly agile, companies must have lean princi-
ples implemented while the reverse is not necessarily true.
Lean and agile production can be combined [2, 6, 7, 17]
to help companies reduce operating costs while being re-
sponsive to customer demands.

3.5 Mass Customization

Coined by S. M. Davis [4] and popularized by Joseph B.
Pine II[16], mass customization is defined as [16]1

“providing tremendous variety and individ-
ual customization, at prices comparable to
standard goods and services...with enough
variety and customization that nearly every-
one gets exactly what they want”.

The Venn-diagrams shown in Figures 5a and 5b puts in
perspective the product variety available in the aforemen-
tioned strategies. It can been seen from Figure 5b that
mass customization fits in somewhere in the middle in the
spectrum which has craftsmanship at one end and mass
production at the other end.

Mass customization definitely results in improved market
share and reduced inventory levels in a company. It also
leads to customer “delight” as opposed to mere customer
satisfaction when combined with lean and agile principles
[15]. However, due to certain limitations discussed above,
this concept has not yet taken off despite its immense
potential. The yawning gap between research in the field
and its implementation needs to be addressed. Moreover,
it has been shown [11] that the bulk of the focus has been
on product design and configuration. According to the
author, the supply and logistics aspect which forms a
vital component of mass customization also needs more
focus too.

1emphasis added

3.6 Holonic Manufacturing

Holonic manufacturing systems (HMS) was introduced
in the late 1980s purporting to be the next-generation
manufacturing system with features such as scalability,
reconfigurability, adaptability, and responsiveness. HMS
is a network of holons which interact with one another
and achieve specific functions like controlling production,
responding to unforeseen or unexpected conditions.

The term holon was originally coined by Koestler[8]
who attributed properties of the “whole” and “part”
to individual constituents of a system. Koestler argued
that each constituent of a system behaved at times like
the entire system and at other times exhibited unique
component-level behavior. An hierarchy based on holons
is called holarchy which is quite contrary to traditional
hierarchies with no defined upward or downward control
paths.

Each holon has a control unit, a coordination module and
an internal database. The coordination module main-
tains communication with other holons and control sys-
tems. The control unit with the help of built-in al-
gorithms helps achieve the objectives using information
stored in the database. A network of holons and the
resulting holonic manufacturing system facilitates better
control of manufacturing systems and easy reconfigura-
tion of systems in response to changes in product volume
and variety.

3.7 Comparison of Paradigms

From the brief discussion above of the various manufac-
turing paradigms, it is evident that each of these tech-
niques serve some objectives more than others. These
paradigms, albeit all focused towards the general goal of
increased profitability and improved customer satisfac-
tion, focus on achieving specific objectives. Techniques
such as TPS and lean principles are focused mainly on
waste elimination and quality improvement. QRM, and



(a) Product variety (b) 3 Manufacturing Strategies

Figure 5: Comparison of Strategies vis-a-vis Product Variety

Table 1: Taxonomic Comparison of Manufacturing Paradigms

Feature TPS Lean/6σ AM MC HMS QRM

Customization � � �
Flexibility � � � �
Inventory reduction � � �
Lead Time � � � �
Organization-focus � � �
Quality � � � �
Reconfigurability � �
Responsive � � � �
Waste elimination � � �

agile manufacturing help making the organization re-
spond quickly to changing customer demands and thus
ride the wave of new customer demands maximizing prof-
its in the early stages of product introduction. Mass cus-
tomization is focused on improving the company’s ability
to manufacture these diverse products through modular-
ity and other techniques. HMS helps with the reconfigu-
ration and scaling of manufacturing systems in response
to the changes in product volume and variety. However,
that being said, it is important to realize that despite
the specific primary focus for each of these paradigms, all
paradigms contribute in one way or another towards mak-
ing the company more agile, reducing operating costs,
improving the market-share and increasing profitability.
A taxonomic comparison of aforementioned manufactur-
ing paradigms is given in Table 1. The intend is to fa-
cilitate easy identification of the required manufacturing
paradigm to achieve a specific objective.

4 Conclusions and Future Work

Global competition, stringent regulations, higher oper-
ating costs, scarcity of resources and last but not the
least, demands from increasingly informed customers are
some of the issues facing companies in today’s world.
Companies world over are constantly on the look out for
techniques and practices that will enable them to reduce
their operating costs while increasing their market-share

thereby generating higher profits. As elusive as that goal
might seem, numerous manufacturing paradigms have
been introduced by researchers and practitioners alike
which aim to do just that. However, it is imperative to
realize that not all of these paradigms achieve all of the
above objectives. Some techniques like QRM and agile
manufacturing help improve responsiveness, while others
like TPS and lean principles help improve operations by
reducing wastes and still others such as mass customiza-
tion help improve market-share through customized prod-
ucts. Hence, in this work, we have attempted to provide
a taxonomic categorization of these various paradigms
vis-a-vis the aforementioned objectives of responsiveness,
customization, quality, wastes etc. The hope is that
this helps companies identify specific techniques for their
specific objectives as they embark upon this journey of
achieving higher profitability through reduced costs and
improved customer satisfaction.
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