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Abstract- In order to operate effectively manufacturing entsgsrimust be able to coordinate and
utilize their limited physical and managerial resourcfiectvely in an effort to deal with
uncertainty and complexity, following certain strategic gwise guidelines. Manufacturing
enterprises must be able to acknowledge the tensions betveadrilify and stability forces
operating within them, and then manage them in a waybigstt reflects their strategic options.
This paper looks at manufacturing enterprises as complexiitysgstems which ought to operate
under certain strategic guidelines and constraints in oodee both effective and efficient, and at
the same time, ought to be flexible enough to be abldetd effectively with perturbations,
generated both within and outside the system, which affectnieepeise system differently, in
order to guarantee, on the one hand, effectiveness andttabdperations, and the achievement
of enterprise strategic objectives on the other.

In this control problem approach to enterprise flexipiite go to a higher level and examine how
both properties, flexibility and stability, depend on what eadl the metacontrollability of the
enterprise system, that is the control of the very ensergontrol system, the role of management
in the metacontrollability of the enterprise, and how thesdral actions, which determine when,
where and how much flexibility is applied, are linked to #pestrategic needs and objectives that
reflect the strategic options of the enterprise, which in tust be part of the enterprise strategic
framework at the operational, business, and corporatrespectively.
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1. INTRODUCTION

In order to operate effectively, manufacturing enterpriseist be able to coordinate and
utilize their limited physical and managerial resourtesdeal with uncertainty and
complexity, following certain strategic enterprise guided. Manufacturing enterprises
must be able to acknowledge the tensions between flexiailitlystability forces operating
within them, and then manage them in a way that ledlscts their strategic options.

This paper looks at manufacturing enterprises as compfagnaic systems which need to
operate under certain strategic guidelines and consteaidisat the same time, ought to be
flexible enough to deal effectively with perturbations, gatext both within and outside

the system, which affect the system differently. tdes to guarantee on the one hand
effectiveness and stability of operations and, on therdthnd, the achievement of the
enterprise strategic objectives, we can think of the matwiag enterprise as a dynamic



system in constant need of control, coping with bothnded to be flexible and malleable
in order to change and adjust itself in different ordersnafjnitude and frequency upon
requirements being impressed upon it, and at the same thmeneed to be robust and
steadfast in order to maintain order and regularity ofaijmers, in order for the system to
hold itself together even when it is called upon tomasich a way as to push itself to the
limits.

This control system and its hierarchy, which we will laxp later, are in turn responsible
for controlling the behavior and performance of the mpmige system at every level,
accounting for and managing the stability and flexibil#guirements that arouse within
the system continuously as operations go on in the elagyryife of the enterprise. In our
control system approach to enterprise flexibility, wewvilexibility and stability as
desired properties of the manufacturing enterprise and &whequally important and
necessary for the enterprise system to be viable.

We will define now what we mean by Flexibility and Stisjpi as desired properties or
gualities of the enterprise system.

Flexibility: it is first of all the capacity of an enterprise &spond to change. It is also the
property of an enterprise system to be malleable and eapélddjustment in order to
change and accommodate its operations to scenar@svoonments other than those for
which it was specifically designed. The need for flexipilarises when the enterprise
system is faced with requirements which are exerted up@nich demand actions that go
beyond the scope of its regular operations environment.fl&kiility of a system may
also be viewed as the capacity of an enterprise systebe managed or controlled
successfully in order to meet its objectives, being capsblathstanding stress and strain
without causing significant cost or any other type of impaprejudice to the enterprise.

Stability: it is, on the other hand, the quality or attribute of an ens¥@ystem of being
firm and steadfast in maintaining regularity of operagieven upon extreme conditions. It
may also be viewed as the quality or property of an emserpy preserve its equilibrium
when undisturbed (or only slightly disturbed) but able tesga a more stable equilibrium
when sufficiently disturbed. In sum we may say thabity is the quality or property of
an enterprise system to maintain its course in spiferoes acting upon it. This of course
means that the enterprise is capable of maintainingoiisse and regularity even after
incurring in major adjustments to withstand change.

In this control problem approach to enterprise flexibiltg go to a higher level and
examine how both properties, flexibility and stability,pded on what we call the
metacontrollability of the enterprise system, theerobf management in the
metacontrollability of the enterprise, and how thessml actions, which determine when,
where and how much flexibility is needed at any one t@ne linked to specific strategic
needs and objectives, which are part of the enterptisgegic framework at the
operational, business, and corporate levels respectively.

It is management the one which is called upon to establslright balance between
stability and flexibility in the enterprise, understargithat both are desired properties or



gualities of the system, which must be engineered ienberprise system itself, not added
onto and which do not oppose one another. Likewise, ityalsl just as important as
flexibility, and stability may not be taken for granteditais false pretense to assume that
enterprise system’s stability is the normal statafédirs, which occurs in the absence of
flexibility, just as it is also false to assume thattlie absence of change there will
automatically be stability in the system.

1.1 The Metacontrollability of the Enterprise

Metacontrollability, as the term signals, is the highegel of control within the enterprise,
the control of the enterprise’s control system, ancests basically on the shoulders of
enterprise management. It is indeed the control afthér control layers of the firm, and it
is responsible for coordinating, amalgamating and effelgtieveraging the multiplicity of
control actions taking place and resources being usaayatne time in the manufacturing
enterprise, whether these may be managerial, infragtajoorganizational and cultural,
technological or strategic, in order to secure a cotheamd successful use of the
enterprise’s limited physical and managerial resourcesletl with uncertainty and
complexity following a set of specific strategic guideline®rmally laid out on the
enterprise’s mission and vision statements.

As we all know there are multiple instances of cdnirithin a manufacturing enterprise,
designed for very specific purposes and they are found iry déeeel and area of the
company, yet there must be a higher level of contmad, which is above all other layers,
and which makes sure that the enterprise system asla whdks in a way that satisfies
the ongoing need for flexibility and stability within thent, thus making it possible for the
enterprise to deal effectively with uncertainty and pédtions affecting the organization,
yet securing continuity of operations amid the variousoastiand changes in the
operations taking place, aimed at providing greater flatibibr the firm to achieve its
objectives.

1.2 Management of Uncertainty and the Organization

Manufacturing organizations are essentially open, livipgfesns, which are constantly
faced with various forms of uncertainty, instability darmomplexity, yet requiring
continuity/stability, clarity of purpose and an adequate egf flexibility at every level
of the enterprise system to operate in a rational eram@s it has been pointed out by Slack
(Slack, 1997 and 1987). Change and uncertainty in its variooms fare familiar ghosts to
enterprises of all types, yet a complex concept nwayd straightforwardly linked to
flexibility, as the different approaches in literatureowh In the case of uncertainty,
flexibility can be seen as coinciding with the ability deal with the unexpected, both
within the manufacturing enterprise and outside (De ToniTetthia, 1998). The main
issue appears to be whether the measurement of unteriai adequate for either
perceived or objective approaches (Swamidass and Nel@8[F) and more recently the
effort to link various forms of flexibility to the emarise’s strategy. The objective
measures of uncertainty are classified and scaleeldbas the environmental conditions



and perturbations surrounding the enterprise system. Envirdamencertainty has been
argued to be one of the main reasons for a firm to degibifity (Gerwin, 1987; Slack,
1989), and some researchers provide empirical support forassehtion (Swamidass and
Newell, 1987), yet little attention has been given to eesipf variation and the uncertainty
emanated from it within the enterprise system itself.

The manufacturing enterprise is described as a comp&tgmn (Pritsker, 1990). Change
and uncertainty and the tensions derived from them hee@ind us all the time. This is
particularly true in a manufacturing environment, whergueces at every level of the
enterprise try to cope with ever changing conditiongosed by inside forces and by the
system interaction with its environment. It is no dotlfatt the challenge of coping with
change and the uncertainty derived from it begs thstmumeof how much flexibility is
needed and how do we apply it. It assumes that masteomanagerial problems created
by change derive from its nature and rate, but it is appahah we cannot deal with
change effectively unless we understand its nature (ck®31). The problem of change
and uncertainty affecting organizations and the wagdal with them from a systems’
theory stand point have also been analyzed extensiveduthprs such as Chris Argyris
(Argyris, 1973 and 1985), Carlsson (Carlsson, 1989) and by Aleffler in The Adaptive
Corporation (Toffler, 1985), correctly asserting that aigations need to be designed to
deal with internal and external factors that cause getions effectively. That is to say,
they must have flexibility as well as stability incorgt@ad as properties of the enterprise
system itself, inherently operating in the system ashaley and being determined at all
times not but independent forces but by the elementdwaoimprise the control system of
the enterprise. Hence if we want the enterprise systetransit from stable to flexible
mode and vice versa quickly and effectively, we mudtensaure that the control system is
engineered in such a way as to satisfy these requirement

1.3 Establishing the right balance between Flexibility and t&bility

Organizations no doubt need stability as much as they feeellility in order to operate,
because if everything about the organization were tovieeyalchanging or change without
latitude, the organization would be crippled by chaos arafrdig. Hence some aspects of
organizations must change in a controlled fashion whsnniecessary to do so, making it
possible for the enterprise system to survive, and eveloiethe benefits of changes both
inside the organization and in its environment. We can tintterstand how to establish
the right balance between enterprise flexibility an@dbiity, by looking at the
manufacturing enterprise as a control system. Thus depgeot the need or objective
being presented upon the system, the enterprise altebstesen flexibility and stability
phases all the time, in different measures and extlmmending on the situation being
faced. Furthermore, we assert that the system needgpply its different types of
flexibility constructs to compensate for uncertainty argk at different levels of the
system, but always in correspondence with the strateggéxs and objectives of the
enterprise. This is in our view the ultimate proof ofeeptise flexibility’s effectiveness.

The importance of flexibility management for organizaaibeffectiveness may not be



underscored. We cannot cope effectively with uncertainty éhange unless we develop
an appropriate set of flexibilities of different typeslanetrics, and at the same time we
have to make sure that these flexibility types and iogetare in tune with specific set of
strategic options, which are part of the enterprisdalstrategic model. Flexibility is
desired in order to handle uncertainties and variationdoitih internal and external
environment (Ramasesh and Jayakumar, 1991). It has beerctlgoasserted that
flexibility is a multi-dimensional concept (Gerwin, 1993pton, 1994), and like agility
and simplicity, it is also a property of manufacturimgegprises that can be interpreted and
measured differently (Upton, 1995) at different levels oéaterprise system, and as it has
been said, it holds a different meaning at differenelle of the enterprise system
depending on the means by which it is to be achieved (Chexlg £997).

Since at any point in time there are multiple situatiamsl conditions affecting the
enterprise system, and these are associated with ediffdevels of uncertainty and
variations, therefore they call for different sodk flexibility at different levels of the
enterprise system. These levels are impacted by tleedif elements which comprise the
organization. Flexibility is generally seen by some arglas a situation specific in nature
(Gupta and Buzacott, 1996). Gerwin (1993) advocates the needrtloerfresearch to be
aimed at an applied orientation, and the need to link fléyilfin terms of the methods
and technology used), as well as to the benefits they tadifferent situations. Correa
(1994) when referring to the manufacturing system, requbatsat clear link be made
between desired or required system flexibility levelad the resources necessary to
achieve them. These resources, in our view, are thosghwmist be engineered in the
enterprise as parts of its control system. The pnger control system is responsible for
providing the necessary flexibility and stability to thystem when it needs it and, at the
same time, it controls how much of both are needed a\certain time frame. Hence it is
none other than the control system of the enterpitieekey element which determines the
enterprise system viability by generating the necessamgrajoactions to attend the
enterprise’s flexibility and stability/continuity requments and it achieves this by
operating its different components at different levefsthe enterprise system, thus
generating the said control actions that account hdr manage the various disturbances
occurring inside and outside the enterprise system aske.wh

Research on flexibility is extensive and abundant, whemgortant works surfaced
particularly in the 1990s decade. Sethi and Sethi (1990) and Dieamd Tonchia (1998)
provided broad literature reviews. The major interest deearch appears to be the
classification of flexibility. Several authors have eds organizational, hierarchical,
temporal, or objective criteria to build flexibilityxanomies (De Toni and Tonchia, 1998).
Most authors focused on either exploring the relationshepvden flexibility and
performance or building conceptual typologies or taxoesn(Narasimhan and Das,
1999), but without addressing the flexibility issue as a ptgpenich must be built in the
enterprise system. Likewise, few studies have focusdtiefinks between flexibility and
operations improvements under a certain strategic framewAmong those, Collins and
Schmenner’s (1993) rigid flexibility model appears to provide of the most consistent
answers to producers squeezed by market volatility.

In this very point we think it is essential to understtrat flexibility, as well as stability,



is an important property of the enterprise systemwalsae, not only at the manufacturing
system’s level. Both stability and flexibility are iretkindispensable for the enterprise’s
viability as a dynamic system, but more importantly,ythee not properties which are
independent of the enterprise system, nor may they bel dddeor taken away from the

system simply as an accessory. These are both fumdi@npeoperties of the enterprise
system itself. They are built into the enterprised as part of the enterprise’s control
system toolbox they must be engineered effectivelysinantrol system in order for this to
adequately respond to the enterprise’s needs and objectives.

1.4 The entropy analysis: a road not taken

Unlike other authors such as Shuiabi et al (2005); Kumar (198@887) and Piplani et al
(2006) who choose to view entropy as a measure of opedafiexibility and seek to
analyze entropy and entropy generating factors as detensinaf manufacturing
flexibility within manufacturing systems, following thegic of entropy maximization as a
way to foster and generate higher degrees of flexibiitjnanufacturing, we don’t believe
that flexibility is directly linked to entropy and théwee we do not advocate entropy
analysis and much less entropy maximization as a nteamaximize flexibility. On the
contrary and based on experience in various manufacturtegpeises of different size and
industry sector, we think that entropy is not necessarggod thing, and indeed too much
entropy might be detrimental to the purpose of generaigiger degrees of flexibility.

We can think of entropy as a measure of disorder in #neufacturing enterprise system,
and the more information (in all its forms) there isha system, the more entropy there is.
Too much information and too many choices can lead todis@nd immobility, just as
we feel overwhelmed when going into a supermarket aridnigdor soap only to find that
there are so many options to choose from that to #vek of analyzing which one is
better is just mind boggling. Although we agree that havingrwdent number of
alternatives of action in operations (a controlled apginoto flexibility) is absolutely
desirable, and that such flexibility must exist ideallyewery one of the elements that
comprise the enterprise system as a whole and deteritsrggserational viability, we also
believe that having stability and order is just as equallyortant as having enterprise
flexibility, and thus we feel that flexibility, as a dedble property of the manufacturing
enterprise, is much too complex to simply analyze iteinms of the possible entropy
linkage between flexibility and entropy, much less to argtan terms of entropy.

More over, we think that looking to maximize entropy aseans to maximize flexibility
is the wrong approach, not only because flexibility @eplex property of the enterprise
system that must be studied and analyzed from mulaiptdes and can not be simply
explained as a byproduct of entropy, but also because entrapy view is a measure of
disorder and, although it may seem at first that havingnasy options or alternatives of
action in operations is a positive fact that generadesliions for higher flexibility, it is
only apparent. The truth is that unless flexibility ha&erb carefully engineered in the
enterprise system by judiciously designing which altereatmught to be present in every
element of the enterprise control system, too muchhtmse from can be negative, and
lead to rigidity, inefficiency and disorder.



In general, disorder and entropy in work environments, anthinufacturing enterprises in
particular, arise when there is too much informatiomgaround in the system (sales
targets, work orders, products/parts routing options, diffeseck volumes as buffer, etc.)
making it difficult for the system to handle itsellemuately and timely given a certain
time constraint. There is also the degradation of tifisrmation, as it is being handed
down and applied from higher to lower hierarchical ranks.

Also disorder emerges from internal perturbations @f émterprise system when, for
example, there are conflicting goals and needs engergom such information when

involving common resources to accomplish a certain albg@cthat is the case when two
or more products of a production plan dispute their acceasntachine so that they can
continue their production sequence and finish an order. @ahe ghing happens with

various other scarce resources within the enterpridgerayparticularly human resources
and time. Examples of this type are most commonlyrebsgein manufacturing enterprise
environments when there are a limited number of key ressytone, machines, skilled

operators, work orders to be processed and limited raeriaat dispatching/delivery, etc)
and multiple requirements/needs set upon them.

Likewise, manufacturing systems, being open, dynamiesgysare constantly struggling
between stability and change. Variations and disordes Hédferent sources, and come in
different forms and magnitude at different levels & thanufacturing enterprise system.
Perturbations come from outside and from within theesystand both have to be dealt
with differently. While flexibility needs are importamh hindering adverse effects of
unexpected changes and disturbances coming from outsidsyskem, it is equally
important and necessary for management to deal witinddis and chaos springing within,
at different levels and sections of the manufacturyggesn. Both types of uncertainty and
change are different in nature and require a diffeneatment. Therefore the enterprise
control system is called to act upon the differemgety of perturbations affecting the
enterprise system at different levels by deploying theesgary control actions to
overcome such perturbations.

Thus the need for flexibility as well as stability isvays present. As in a dynamic
environment, the two terms seldom balance each othanfpoextended period of time, so
in the real world systems tend to fluctuate around tkesthat define their steady states,
rather than settle into them without further varmatidSo enterprise systems tend to
fluctuate between stable conditions (steady state)chatiging conditions (uncertainty
provided by variations) which require the system to balfle, but within certain defined
guidelines and boundaries, to cope effectively with theds@nges. Hence in order to
display its flexibilities, manufacturing systems, asadber human activity organizations,
generally move from a state of higher organization @rgtable state) to one of lower
organization (higher entropy level), from order to disordes far as it is known, this
process always moves in the same direction, and snioepg is a measure of the disorder
in a system, a highly organized system is said to be ldv@@n while a disordered system
is said to be high-entropy. Thus entropy increases as dedezases.



2. SYSTEM CONTROLLABILITY: ENGINEERING A PROPER USE OF
ENTERPRISE FLEXIBILITY

While flexibility measures may be well prescribed folatneg unexpected variation from
outside factors, which threaten the system with dsoand disarray, the same prescription
may not be used just the same and to the same datamiexpected variations and their
derived uncertainties, and then expect similar resutis.ifstance, variations and their
derived uncertainties may be dealt with effectively inmermof increasing stocks of raw
materials, when there is uncertainty about the albdity of the required types and
guantities of materials due to external conditions sicheliable suppliers or shipment not
readily available, or on the other hand, an enterpsaating to produce for stock of
finished products when there is uncertainty as to how rteldlemand for a certain key
product may vary over a certain period, risking expecteag §glares.

However, in the case of perturbations arising within $ggtem, as for example an
unexpected machine break-down, the unexpected problems wwititlaine’s set-up or a
key machine operator falling sick and not reporting for wand just a few examples of
adverse situations that are quite different from outp&léurbations and uncertainty in the
sense that these factors, which are but a smallgpartiong list of factors and conditions
which are part of the system itself, that is theyfactors and conditions that are dependent
upon the structure and organization of the manufacturibgr@ise system, and as such
they are built in the system, and depend essentialljeonght managerial decisions, aided
by an adequate operations and business strategy to strowaseires to fend off such
perturbations effectively.

Therefore, while perturbations and uncertainty coming foutside forces may be more
readily understood and more clearly dealt with and thelilities measures required to
deal with them and their strategic linkage more realyarent to the trained observer, the
conditions which originate perturbations and uncertamityin the system are, for the
most part, factors which depend on the way the manufagtsystem is structured and
organized and on the resources built into the systenms Tt deal effectively with inside
forces that cause perturbations and uncertainty (lacktaddility) in the manufacturing
system, management has to consider first and foremasdt sital aspects as the
manufacturing and business strategies of the entermmise,how well the enterprise
organization and structure are aligned with these gieste and make sure that the
manufacturing enterprise system as a whole is apptelriandowed with the necessary
resources, both physical and human, and the managemerdadardistrative policies
needed to ensure that the system is able to sortdwatrse situations and conditions
effectively.

Appropriate measures of flexibility at different levels the manufacturing enterprise
system are part of these resources, and it is a noditherw well and how appropriate these
flexibilities measures are engineered in the enterpristesy which determines how
capable is the system when it comes to respondingee thdverse conditions, and how
apt and effective it is at maximizing its performance desps limitations and
perturbations. Hence it is clear from this that fledkjpmeasures ought to be built into the



system in a way that they are deeply ingrained in thentrggon and structure of the
enterprise system, so that when the system makes tlsese resources they don’t come at
a high extra cost to the enterprise system itself.

2.1 Enterprise’s Metacontrollability and the Role of Management

The role of management is a complex one. First ittbadeal with securing company
profits and enterprise system overall performance, aritieasame time has to always
monitor the coherence of company vision and mission wstloperation maneuvering to
make sure that the ship is set on the right coursthisnvay management is responsible
for controlling the organization at all levels, andsithis high level controlling which we
call metacontrollability and its capacity to exert ighte, localized control within the
system, what will ultimately determine how able andcessful the system is at dealing
with perturbations and uncertainty coming from outside \aitkin the system. Thus, the
responsiveness of the enterprise manufacturing syst&ts)upon appropriate and timely
control actions engineered and built into the systemmlyagement and this in turn
determines the success or failure of the manufacturingergse system’s
metacontrollability.

Hence Metacontrollability rests on the hands of rmgenzent and its capability to
adequately monitor the system’s strategic needs and okgetnd at the same time, assess
the necessary system’s requirements and provide tharcesoto fulfill these needs and
objectives, which determine when, where, how much andhatlgpe of flexibility measure

is to be used. Like a ship’s automatic control systerargehes when, how and how much
the ship’s rudder moves at any point of its journey, the¢aoomtrollability of the
manufacturing enterprise system as a whole depends wmaitagement and the resources
and capabilities that were engineered in the systemipandn both flexibility and stability

at every level of the manufacturing enterprise systepend on the success or failure of its
metacontrollability.

3. LINKING ENTERPRISE FLEXIBILITY TO SPECIFIC CONTRO L ACTIONS

Companies are increasingly concentrating on flexibility agay to achieve new forms of
competitive advantage (Upton, 1995). Strategy should influeramufacturing flexibility
requirements and hence the choice of production techm@@grwin and Kolodny, 1992).
As Palominos put it, when referring to the textile ofacturing industry, the enterprise
production system’s capacity to respond must be addressedafrbronader and more
general perspective (Palominos, 1996), which, in our view macgssarily account for the
strategic implications of enterprise flexibility. Thegpproach to flexibilty we feel is
appropriate, rather than trying to reduce flexibility tgarticular subset of system and
analyze it just from the operations point of view withdinking it to the enterprise’s
strategic framework. Thus we feel that this concept lexilfility is not only more
appropriate, as viewed from a wider perspective, but alse raffective in terms of
measuring the system’s responsiveness to change and howaffduss the enterprise



standing in terms of its strategic framework, whethdrsei at the corporate, business or
operational level.

3.1 Flexibility and Stability as properties of the manufactumg enterprise system

Not only do we think that the manufacturing enterpriseamopen dynamic system, must
respond adequately to changes outside its environment lutalshanges that occur
inside the system itself. Unlike other authors, who chots view flexibility as the
capacity to respond to outside changes that affect drufacturing enterprise, we think
that flexibility and stability are both properties oétanterprise system which are indeed of
a very complex nature, and this complexity is reflectedhe fact that there are multiple
elements that determine the degree and extent of tkibility measure generated by the
control system of the enterprise. Thus flexibilitydastability must not only be viewed as
necessary properties of a firm’'s operations, as so raathors have done, but also as a
business and corporate necessity of the enterprise as hale,wgiven the
multidimensionality aspect of flexibility as the need fiexibility is present at every level
and in every area of the enterprise, and must be adrated by management at all three
levels.

Also flexibility at each level means different things,iais associated with specific needs
and objectives that are particular of the level and depattment of the enterprise at any
given time. These specific needs and objectives musuinview be linked to specific
strategic goals of the enterprise. For example in oipeed flexibility, it makes sense that
the manufacturing system may have multiple routingoopt for any given product’s
manufacturing, a flexible, multidisciplinary workforce variety of flexible machines, that
can manufacture multiple parts of a product or familypfducts, and that can also be
reconfigured to handle other tasks such as adding finishohgther special customization
characteristics to a particular product. At the busihegsl, on the other hand, flexibility
may take the form of financial flexibility, sales and ketng flexibility, flexible
merchandizing or distribution flexibility. Finally, aheé corporate level, the corporation
must be able to tap on new markets when conditions s@ribr change to a new market
when a particular market it is in is declining or beamgnbobsolete, and also, for example,
build a new plant when particular market demand conditgo requires it. Understood this
way, flexibility is not only coherent but also strateg

As stability is sought as a much needed property of matuiag systems to reach a
certain equilibrium state when it is required, so lIexibilty an important and
indispensable property in today’s manufacturing enterprise \way to face uncertainty
and manage perturbations effectively, which may evenmedden opportunities that the
enterprise system must realize. The problem of unceytamd choice risk derived from it
is one which affects the enterprise at every level ydwahis problem was recognized
formally in the literature by authors such as Stig&tigler, 1939) and others in which the
production curve flexibility was studied with respect to utaisty in prices of goods.

Hayes and Wheelwright (1984) point to flexibility as a baslement of a firm’s

competitive advantage, thus underlining the strategicactex of flexibility as a desired
property of manufacturing systems. Skinner (1978, 1985), oottle hand, argues that
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flexibility may be considered in a strategic context, paldrly in the investment process.
In Figure 3.1 we show the model whereby flexibility mayabhieved by means of control
actions of the enterprise, and a feedback control systpnesented by a performance
measurement linked directly to strategic needs and olgsctind to the control system
itself. It is important to note here that flexibilitpust be viewed as a necessity of the
enterprise to survive, just as stability or continugyai permanent need of the enterprise
system upon reaching steady state. Therefore flexibglityot a goal in itself but means to
an end. It is by being flexible and agile when conditiaffecting the manufacturing
enterprise so requires it that the enterprise may betaldehieve its strategic needs and
objectives and not the other way around. Thus flexibiigasurement is not relevant in
itself but only when it is viewed in the context of gteategic needs and objectives of the
enterprise that the measure of flexibility helps to aahie

In order to illustrate our approach, we have taken tmeeaptual framework of flexibility

proposed by Gerwin (Gerwin, 1993), which presents an integefstedback loop approach
which gives support to our systemic view of flexibility &, and have modified it in
order to elaborate on our control system approach nodsiterprise flexibility.

Uncertair]ties, Strategic The Control Actions
perturbations and Needs and Enterprise’s which determine
opportunities arising —j| Objectives 2> Control > Flexibility and
both within and of the System Stability
outside thesystem Enterprise Y
7 S
A A
Interpre
Enterprise
Adap! P System’s
Performance
Measurement

Figure 3.1 Control System Approach Model to Enterprise FlexXility

On the other hand, Jordan and Graves (1995), develop som@les of the benefits of
flexibility in the production system of the automotive inglysfor n plants and m products.
The main principles, as resumed by Palominos (1996), are:
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a) With small amounts of flexibilities, it is possabio get all the benefits of having total
flexibility.

b) The way to incorporate flexibility is to createvfbut different products in each plant.

Finally it is important to point out that the issue lekibility types and their incorporation
at different levels of the enterprise system has lménforward by many researchers
before, who present different research approaches ¢o fléxibility problem in
manufacturing systems, and lay out the basics of gwstulates for future research to
follow, however three fundamental problems remaindfalos, 1996). These are:

i) The need to define, in precise terms, which type ofoperdnce measures are they
making reference to when they talk about flexibility in of@eturing; so that it may be
possible to establish comparisons among different fastori

i) The metrics of Flexibility continue to be a probleéhat needs to be address in a more
general way, since a given measure of flexibility thayhbe adequate for a manufacturing
enterprise, may not be a representative measure oflsuihlity when applied to another
enterprise;

i) The little knowledge available on the principlekat rule the different types of
flexibilities.

3.2 A Controlled Approach to Flexibility: The Lessons of Dscipline, Simplicity and
Agility

Engineers are taught early on in life the importancgroplicity and flexibility. They learn

in theory and later by experience that simple but effeas better than perfect, and that
too much information and too many options are usually detrahémproduction systems
performance. Managers have known and applied theseiptemcfor years, and we
ourselves have been witnesses to this several tmas work life to know how valid they
are, to the point that even top managers, of the sustessful companies in the world,
have signaled these principles (or properties) of enserpystems as key to their success.
Two sources of such principles and how they are apphemanufacturing are Lean
Manufacturing (Womack et al., 1990) and the Rigid Flexibititydel Collins et al. (1998).

In 1990 James Womack wrote a book called "The Machine Thatgétathe World"

(Womack et al., 1990). Womack's book was a straightfonaaodunt of the history of
automobile manufacturing combined with a study of Japaneseri¢an, and European
automotive assembly plants. What was new in it wahrase-- "Lean Manufacturing”
which caught the attention of the manufacturing world. wes all know, there is no
cookbook for building a successful manufacturing enterpeiaeh firm has its own unique
environment and its own set of products, processes, peopehistory behind it. While
certain principles may be immutable, their applicatismeot. Like its homologous, the
Rigid Flexibility model, Lean manufacturing representset &f tools and a stepwise
strategy for achieving smooth, predictable product flow, maxirpuoduct flexibility, and
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minimum system waste. Such flexibility competencies ba achieved through building
simplicity and discipline in operations.

As Collins et al. (1998) show in their study, the rigicithglity model provides evidence to
link simplicity, discipline and agility to what we terncontrolled flexibility, in
manufacturing companies from the five western Europeantdes of Britain, Germany,
Switzerland, the Netherlands and Finland. Here oneleam that a well coordinated,
controlled and focalized use of flexibility measured, @drt of a concrete strategic
enterprise model, can really make a difference and ernthat operations choices are
adequately linked to strategic options.

Like the Rigid Flexibility model Collins et al. (1998), LeaManufacturing is another
source of what we term controlled flexibility. In thisanufacturing enterprise model,
flexibility types are quite focused and discrete but atife, and they respond to a
controlled and measured standard which is adequately linkked $pecific strategic
framework, favoring particular set of strategic optjoas Toyota and so many other
companies which have successfully applied this model caw.shs it has been
appropriately put by author Giovani J.C. da Silvéitge rigid flexibility model suggested
that flexibility competence could be developed by building simplicity asaipbine in
manufacturing. Simplicity was about streamlining information and materiads fl
processes. Discipline was about carrying out procedures in dedicated angsteonhs
fashion. Both (properties), simplicity and discipline, would result firoyprovements in
several areas including information and process technology, labor developmeshticpr
design, and process configuratiofpa Silveira, 2005). And Da Silveira sheds more light
into the model success when he adds ttegt fhodel’s premise was somewhat paradoxical,
as flexibility would result not from building capacity or inventory lrsffgas suggested by
several studies in operations and supply chain management, e.g. Fisher, 188§ ét
al., 2002; Jack and Raturi, 2002] or from allowing improvisation in manufaguri
Instead, flexibility would result from rigid processes that cdestty and diligently
pursued strategic tasksThus we learn that too much leeway and too many optimasin
turn create confusion and disarray, letting ambigustyoawhich way to go and when mark
the norm. This excess and focus lacking flexibility nsayply work against a proper,
discrete and strategically sound use of flexibilityjtagas partially hinted by Collins and
Schmenner (Collins and Schmenner, 1993). Management actares¢hwell focused on
order, agility, discipline and simplicity to pursue openasi objectives, all under a strict
operational strategy framework, such as the one providdcedyg Manufacturing or the
Rigid Flexibility Model can prove not only effective applying a controlled use of
flexibility with very good results but also successfuliaking the application of a set of
well defined flexibility measures to concrete strategjectives, rather than just reducing
the number of options available to the firm.

There is ample evidence in the firms that have suadgssépplied either Lean

Manufacturing or the Rigid Flexibility Model (see Collie$ al. (1998) to suggest that
streamlined manufacturing processes, order, focus and loiscipake quite a difference
in operations. Japanese manufacturing is a very good éxahphese traits. Also the
concepts of simplicity and discipline in manufacturing elearly defined in the empirical
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study by Collins et al. (1998). Simplicity in the manufaictgienvironment takes the form
of streamlining processes, procedures, information andriadatiew. Special work and
labor arrangements and greater visibility of stocks rmaterial flows are other forms of
simplicity, which may include product modularization, clalfuayout, reduction of waste
including wasted motion, inventory reduction at all levelsyoz defect, improved
information exchange and processing both with suppliers @amstomers, and the
importance of internal customers within the system dedrésponsibility of work force
with one another in order to respond effectively tha fime.

Discipline has to be embedded in the organization’s culincemakes up for important
practices such as process control, effectivenessefifidency metrics, process focus,
process automation, and an ever ending quest for a reducterations complexity and
variation have made many companies that have applied thasefacturing models
successful. Discipline is best illustrated by the 5+8tsgy which is one of the best and
most effective tools of Japanese manufacturing, andopasan Manufacturing. It refers
to making sure that the manufacturing system and everyithiimgs reliable and effective.
Everything, from work methods, procedures, and process peamaento information
processing, machine utilization, organization in materialg &nd stock obey certain rules
and constraints.

Much of this manufacturing philosophy has to do with besttipescand effectiveness at
no extra cost to the system. As Kaoru Ishikawa (Ishikal@85) and Shigeo Shingo
(Shingo, 1995) taught, it involves quickly identifying and solvingbfgms, improving
work methods, and carrying out procedures in a dedicaigd@nsistent fashion to secure
the system response upon sudden requirements. Disciplimives included preventive
maintenance, workplace development, housekeeping, cousnimprovements, and
operator checking of quality in general. These practicepled with the way in which
management actions account for their unique and effetypes of flexibility, provide
convincing evidence that in these manufacturing companiesiteotted, well disciplined
form of flexibility is a key part of the equation, makiitgpossible for manufacturing
systems and processes to reconfigure themselves whendnaedeadapt to changing
requirements at no significant cost or chaos to therpnse. But it is metacontrollability
the one which is ultimately in charge, and it is itspansibility to exert measured,
controlled flexibility in the system but keeping certainnstraints like those easily
observed in Lean Manufacturing for example, where samwpl discipline, and a well
balanced form of flexibility. Similar conditions and meciples govern is the case of the
rigid flexibility, where management, rather than stifihg procedures and processes,
promote company best practices at every level and pushefimient and effective work
methods that enabled the firm to respond quickly to markanges as well as being agile
and responsive to changes inside the system.

4. LINKING ENTERPRISE FLEXIBILITY TO STRATEGIC OPTIO NS

In order to carry out an immense number of complexaifmers and tasks, which in turn
demand a multiplicity of complex decision making proesssll of this in very dynamic

14



environments, manufacturing enterprise systems must degpbim uncertainties and

unpredictability arising both from outside and within thetsys, when and how to plan

and when to act, how to detect and recover from erferw to handle conflicting goals

and decisions, etc. In short, management at every tdvisle manufacturing enterprise

must effectively plan, coordinate, and control themited physical and human resources,
trying to optimize the systems’ outcomes as a redultansformation of their given inputs

and outputs at any given time.

As the tasks and decision making environments become smgéa complex, explicit
constraints and boundaries are needed to impose a csitadure on the control of
planning, perception and action of the systems to imprgsee® performance and to
ensure that they are able to operate effectively withgpecific operational framework
which delimits their flexibility in operations and enssitbat their decision making options
are mapped to specific strategy options and not the ethgraround. This we feel is
essential in making sure that the systems will achibee goals while strategic options
remain secured. In our view, this approach handles unugrimd unpredictable changes
better, since it reduces the amount of entropy and @xitplbeing produced within and
outside the manufacturing enterprise system. Howevés tnclear how systems can
maintain their balance between flexibility and stabifiéguirements and at the same time
keep their strategic coherence as tasks and environmergase in diversity. The problem
is that, as manufacturing systems grow bigger and neysatile, complexity increases and
so does entropy, hence complex interactions among aesisind actions within the
system increase as well, to the point where it becatiféeult to predict the system’s
overall outcome, measure its flexibility-linked effeetiness and much less secure the link
between this effectiveness and the enterprise straipt@ans.

One way in which we can try to limit the amount ebdbility in the enterprise system to a
level and scope that is adequate and manageable based on’'ssystguirements and
objectives, is to limit the options available in operasi (too many options and too much
leeway in operations is just as bad as not having optioradl), thus preventing it from
spanning out of control. This may be achieved by adding top-dowstraints upon the
system’s available actions and allow it to take advantdgegularities in its domain to
coordinate actions in a more recursive fashion, thus negemtropy and complexity at
different levels of the system and, in this way, préwgnor at least attenuating these
adverse conditions from happening. Good examples of this bearfiound in Lean
Manufacturing and the Rigid Flexibility Model, both citeetypously as examples of what
we call a controlled approach to manufacturing enterflagéility.

The approach advocated here, which we term metacadtildyl of the manufacturing
enterprise system, is basically one in which, like Ligamufacturing (Womack, 1990) and
the Rigid Flexibility Model Collins et al. (1998), strategiptions are closely linked to and
secured by their operational and business strategic frarkelsy means of adequate
control actions of the system. System reliability affdctiveness is increased by using an
operation model whose pillars are adaptability, simgliand agility, maintaining specific
operational constraints and system’s boundaries toresdts quick, agile and effective
response and incrementally layering on additional opfiogerations behavior to handle
exceptions and extreme, unbounded situations. Thus, theseparf regular/nominal and
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exceptional behaviors of the enterprise system increggsiem understandability and
controllability by isolating different concerns: the mo&acturing enterprise system’s
behavior during normal, regular operations and conditisneeadily apparent, and its
efficiency and responsiveness are maximized, while stestdgr handling exceptions can
be developed as needed. Furthermore, complex intara@im@ minimized by constraining
the applicability of behaviors to specific situations,tlsat only manageable, predictable
subsets will be active at any one time.

Finally, this control problem approach acknowledges thd that creating agile,
operationally flexible and strategically sound manufacguenterprises is indeed, in itself,
a very complex and formidable challenge which must lzeddeas an incremental process:
one in which managers and engineers should be ableatosirgularities with caution.
They should think twice before adding more behavioral optosvariety to the system
(thus incrementing the system’s complexity and entropy),adding new behaviors only
when it is extremely necessary to do so, and witke lbr no modification to existing
systems and operations, thus limiting the cost and opeaaticompromise as
consequences of these additions. There are many su¢eessfiples of companies in the
manufacturing world which have accomplished a sound, ctedrahd cost effective use
of flexibility in a variety of forms at all levels othe enterprise system. Lean
Manufacturing and the Rigid Flexibilty model already niemed here are both good
examples of manufacturing enterprise strategies whicly &pis rational, control system
approach to the use of flexibility, and with excellensules. Examples of this are
companies like Honda and Toyota, which combine the besttigga of Lean
Manufacturing with Japanese manufacturing principles.hSacthe case of Nissan's
Smyrna plant recently named North America's most proguauto plant by Harbour and
Associates. Employing more than 5900 persons, with a productipacity of 450,000
vehicles per year, Nissan knows the importance of sgniting flow, JIT manufacturing
and optimizing production processes.

Another forerunner, which combines the best of Lean W&aturing with Japanese
manufacturing principles and philosophy is Honda, which likgota, has developed a
built-in flexibility with clearly defined boundaries, acliieg high quality, cost efficiency
and productivity with appropriate measures of flexibility.ydta Motor Company for
example, like its competitor Honda, developed a highlyxolised and process-focused
production system, with the sole objective of minimizing consumption of resources that
do not have any added value to the product. Just-in-time angréggams are also good
examples of this particular form of achieving a contbflerm of enterprise flexibility5S
refers to the five structured programs using the Japanes@faof seiri, seiton, seison,
seiketsu, and shitsuke —or commonly referred to as sdrt,skme, standardize and
sustain, respectively. The Japanese words are shorthandssions for principles of
maintaining an efficient and effective workplace and ceffi In essence Japanese
manufacturing is much more concerned with having the le@sy options to run the
system properly. Only the truly necessary options, wpiolwve to make the manufacturing
and the company’s operations in general most efficieshipanductive, are left. Nothing is
wasted and everything is strictly for a reason, otherwisbould not be there. Therefore
excess flexibility in the system, far from being beciefior desirable, is seen by Japanese
managers as a waste.

16



4.1 Metacontrollability of the enterprise system: tying the kot between flexibility
metrics and strategic objectives

Organizations in general, and particularly manufacturingrenises, fluctuate between
periods of stability and change in the course of theiraijmers almost permanently. The
degree of stability and change in the enterprise systemflalstuates, depending on a
myriad of factors. This becomes even more so as producaosits from low season sales
to high season during the course of a regular year, ananbre evident toward the end of
the month, as work orders pile up disputing scarce manuifiagt resources such as
equipment and machinery, labor, materials and time forgssing.

As work orders are run thru the manufacturing system aodupts are fabricated,
customers’ purchase orders strive hard for the chanbeind served on time, in order to
meet dead lines and deliver the products to the customéearate agreed upon with the
sales agent. All of this imposes different levels wéss on the system, which in turn
reflect various degrees of uncertainty affecting thempnise system’s operations, which
must be dealt with. Thus every successful organizatioarder to deal with this ongoing
reality in an effective manner, ought to combine flexi¥pibtnd stability judiciously by
triggering the appropriate actions in the system when amerevthey are needed, to
adequately monitor and control its requirements for nooriess flexibility or stability as
operations unfold.

Although the latter is rather evident, especially foos# with vast manufacturing and
operations management experience, it is by no meansnewndg this delicate balance
between stability and flexibility of varying degrees is heechieved. For the outside
observer, who witnesses the enterprise control systeaction, amid all the frenzy of
change and uncertainty being brought upon the system hyoltgide and inside forces
acting differently upon the enterprise and therefoggéring different system responses,
things seem to work fine and for the successful manufagtugnterprise, its control
system appears to respond. But if we look closer and attestively, we will notice that
this clockwork coordination at every level of the entsgiystem is not random, much
less mechanical. There must be a higher control layavhat we term metacontrollability,
a supra control system operating around the clock in todemsure the system capacity to
respond to the various exigencies being brought upon it.

This higher or supra control, which can be understoochasontrol of the enterprise
control system, is what we have termed metaconhittia Metacontrollability is in the
hands of enterprise management and it is no other tf@ragement the one which is
ultimately responsible for its success or failure. &dentrollability is in charge of applying
and adjusting the degree of stability and flexibility serg level of the manufacturing
enterprise system as needed. The amount of flexibiliggde@ depends on the degree of
both, environmental disturbances (changes outside the patjan) and perturbations
inside the organization as well, and how these forcextadipecific strategic needs and
objectives. Both flexibility and stability are generatechd acontrolled by the

17



metacontrollability of the organization. This metacoltbility is the very central nervous
system of the enterprise, meaning that it is overredl ather forms of control which
operate at every level of an enterprise, being eachnizaegén a unique system.

The control system of the enterprise, which we hauedd metacontrollability, is in turn
comprised of five basic elements. These elementseoktherprise must be strategically
interconnected and operate closely intertwined in ordercorrectly determine the
enterprise requirements for flexibility (or stabilitg} any given time, and what control
action is needed to generate such flexibility. Fig. 4..vshihis construct and its relations
with one another. The five basic elements which dater the controllability of the
enterprise system are:

1. Enterprise management

2. Strategic goals and management policies at all levels;
3. Organizational structure and culture;

4. Enterprise infrastructure

5. Technology.

Enterprise
management
\ 4
Strategic goals v
and managemen -
policies at all Enterprise

levels infrastructure

A

A

Organizational
structureand
culture

Technology

Enterprise

Flexibility

Fig. 4.1 The 5 basic elements which comprise the control sysiérthe enterprise.
However differently, they all impact both enterprigexibility and stability capabilities
and determine the enterprise system’s viability in terin#tsocapacity to adequately
manage both.

The above fundamental elements, which comprise theralostystem of every
organization, particularly manufacturing enterprises, laowl these elements are ensemble
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and coordinated, will ultimately determine the type of argation, its control capability
and operational characteristics, and most importaitlycapacity to effectively manage
and satisfy the enterprise system’s needs for fletsilzihd stability. The most important of
all five is of course the enterprise management, as rihanagement indeed the main
articulator, and as we said earlier, it is upon managenshoulders that the
metacontrollability of the entire enterprise systessts. Hence at the heart of the system
there is always management which is responsible for ifle and timely interplay
between flexibility and stability at every level andeivery unit of the company.

The degree and extent to which flexibility and stabilitg 0 be used in the enterprise
system, as well as the lack of either one, at any time, depends on enterprise
management capacity and skills to articulate all tledsments correctly at every level of
the enterprise, and on the other four elements being aeéggdasigned and implemented
to sustain the enterprise control system capabiliBes.management alone is not enough.
It is fundamentally important to distinguish how th&etent elements are assembled in
the organization and the logic and coordination behind thendsdage. In the 1990’s and
still today, many business reengineering efforts are chioieefly at securing this very
point.

The degree of responsiveness of the enterprise cogstEns will depend ultimately on

how well this objective is reached. The supra controltltd enterprise — the

metacontrollability of the system— will depend on the nggmaent’s capacity to act upon
the other four elements in an effective and timely mgrased will also depend on how
well aligned and coordinated are they with one anothes i§ha key measure of strategic
coherence. Each one of these elements has to becallpart of the whole, but finally it is

management which is responsible for the whole and everyenof its parts. Hence

effectiveness of the enterprise system as a whies r@n its management.

4.2 Describing the different types of enterprise flexibity

The different elements which comprise the controlesysof the enterprise give birth to
different types of enterprise flexibility as each edats flexibility contribute to the
enterprise flexibility differently although they all mplement one another, and although
each occupies its unique place and ranks differentlyhé dontribution hierarchy to
enterprise flexibility, with management flexibility dtet top, they all contribute their share
to accomplish enterprise objectives. We describe nawh eone of the five types of
enterprise flexibility.

1. Management flexibility. Management is by far the most important of all eleisien
ranking at the top of the contribution hierarchy to grise flexibility, as it is management
the one responsible for the metacontrollability of #nterprise system, with the other
elements’ decisions being dependent upon management. We daa defnagement
flexibility as the capacity of management to respondh@nge, and to be able to adjust its
policies and management style in order to create thess@ge conditions within the
enterprise system for the enterprise to become afédgtresponsive, agile and recursive in
its actions toward the need to adapt to changes, ahétky present themselves in the
form of perturbations or opportunities coming from insidewsiole the enterprise system.
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Management style and policies, its capacity to actvenyeother element of the enterprise
control system, and its influence in the organizationalcture and culture, directly
determine the degree of flexibility available. Rigid, hierdcal management styles and
policies are a basic hindrance to enterprise flexibilEynterprise management actions
which determine flexibility include making the right decisians timely and consistent
manner and taking a proactive approach to problem solving, psobiptging about the
necessary changes as needed without having hierarchidalictusal factors hinder their
actions. Also the enterprise management capacity togackly in making the right
changes in any of the other elements or in a combmatidchem, whether it may be a
problem with a particular technology being used, an inadegeguipment choice or a
production or storage facility layout that is affectinfrastructure flexibility, or a problem
with the culture of the company that might affecixitbality as well as stability of the
enterprise, will ultimately make the difference betwen enterprise control system being
highly responsive and effective and one that it is not .

Management style is a major determinant of enterptesability, most noticeably in
horizontal, almost flat corporations, where managengalways available and access to
decision making information regarding enterprise operatilongs freely and effectively,
without fear of sharing responsibility and accountabilitydecisions being made at every
level. Hence a good measure of management flexibililyedsease and effectiveness of the
decision making process and the degree of accessibilityeapdnsiveness that enterprise
personnel gets from management at every level. Theegitaoptions being served are
obvious in this case and need not be explained.

2. Flexibility of strategic goals and management policies at akVels Strategic goals
and management policies of the enterprise at all lewisthe one hand ought to be
flexible enough so that they may change and adapt to éwaerging conditions and
unforeseeable situations which may affect the entergRggd, inflexible strategic goals
may ultimately turn against the enterprise viability by allowing it to shift gears when
the circumstances call for it. Management policieshenother hand have to be such that
they may not hamper the changes that are to be impteth@s a result of the control
actions generated to deal with perturbations and uncertaBinategic goals and
management policies are both strong determinants ofpeist flexibility. Clear, concise
and enterprise’s mission-driven goals are important amtaining alignment and focus,
however they must also be flexible enough to adapt togihg conditions and situations,
whether internal or external, which may affect thenofacturing enterprise. Management
policies must not be rigid either, but adaptable and opasateeans-to-an-end, not an end
in themselves as unfortunately still occurs in so mamgpamies. The strategic option of
enterprises which follow these principles is clearspreing the organizations viability and
effectiveness over other considerations.

3. Flexibility of organizational structure and culture: Organizational structure and
culture are both determined by the enterprise managemeritisantluence is gravitating
at all levels. Therefore it is crucial to build a higfixible organizational structure and an
enterprise culture which supports and enhances this propéisy,why engineering
flexibility in the enterprise’s spinal cord. Organizatibs@ucture is, as it was pointed out
before, a major determinant of enterprise flexibil¥yith the advent of the horizontal
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corporation and the reengineering movement in the 3@Wspanies were seeking to
become much more productive, substantially reducing aubttieme in operations, plus
becoming more customer responsive, and create an agifmwered and result-driven
culture. The result of applying such innovations in themganise organizational structure
and culture paid off and thus provoked a major shift towgrdater flexibility and agility

in organizations throughout the world. On the other enghpemies which still employ tall,
rigid and highly hierarchical organizational structures &wster submissive, don’t-ask
type of culture find it extremely difficult to articukachanges by generating the necessary
control actions quickly and productively. Therefore, tfeasure of flexibility associated to
organizational structure and culture and the strategiorophereafter are obvious. The
ease and speed with which the organization’s structure odifynitself in order to meet
the organization’s needs and objectives when being facgdcanditions and situations
which make these changes necessary on the one hantheamgkasure of proactive and
responsive behavior of its culture on the other are Watdhto determine enterprise success
in accomplishing its objectives.

4. Enterprise infrastructure flexibility. The types of infrastructure being used in an
enterprise system are in themselves a major deternohdleiibility. Being subordinated
to management’s decision, infrastructure accounts mbt for manufacturing plants,
storage facilities and office buildings but for albeg of workspace arrangement within the
enterprise, including energy, power systems, and othéemgswhich make possible to
operate the enterprise at all levels. The infrastruciarm itself a key player in the
flexibility issue. There are abundant examples inlileeature of this type of flexibility,
from reconfigurable work spaces, manufacturing cells, moitlyla and even
reconfigurable factories which can modify themselves to raommdate new products
manufacturing, new machinery and multimodal work statidime measure of flexibility
associated to enterprise infrastructure is the eagecdbt and the speed with which
infrastructure can change and adapt to new operationgesgnts without hampering or
jeopardizing the manufacturing enterprise standards amaesgsobligations. The strategic
option is clear, to be operationally viable as muchassible without compromising cost,
quality and productivity.

5. Technology flexibility. Technology is a key architect of flexibility and thtisnust be
chosen correctly. From advanced manufacturing techissidg modern information and
communications technologies, they all impact flexipilit the enterprise at different levels
and in different ways, but undoubtly they play a majoe rml the enterprise control
system. Technology in all its forms is a key deterntidrenterprise flexibility anywhere,
particularly in manufacturing. Advanced manufacturing tetbgies of various kinds have
emerged over the last fifteen years, particularly wthle rapid advent of advanced
manufacturing automation solutions and the advancemeintdustrial robotics.

On the other hand, advanced integrated information teofiesloand communication
systems have made possible to have the right infoomatnywhere it is needed at
anytime. Thus flexibility associated to I.T. and commatians solutions plus advanced
manufacturing technologies have made a big differenceoday’s manufacturing
enterprise. The measure of flexibility is simple:sitgiven by what the technology allows
operations to do at every level. From the executifees to the manufacturing floor,
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whether it is an ERP system that provides multiddsantages and enterprise-wide
flexibility in terms of information access and procegsio advanced, state-of-the-art
manufacturing systems, which are capable of quickly astlygaconfigure themselves to

be used in a variety of product customization options oreiw product lines altogether.

The strategic option is unmistakable. It is simply tobémand/or enhance the enterprise
operations capabilities as much as it is economicakgipte to do so for the company to
achieve its full potential in terms of its mission dnwsiness objectives.

4.3 Linking Flexibility Types and Measures to Strategic Optios of the
Manufacturing Enterprise.

The effective control of the manufacturing system’sentanties and variations at all
levels of the manufacturing enterprise requires managemo opt for different ways of
handling uncertainty by using different flexibilities (@ea, 1994). However, not enough
research has been directed towards understanding the mdttine different flexibility
types, which flexibility type suits which specific maaafuring enterprise need, how the
appropriate flexibility type is achieved, and which strategption is being served by
applying this or that flexibility type. Moreover, it is Viten our view, to map flexibility
types and metrics to specific strategic options, this wasuring that specific strategic
needs and objectives are well served by a specificobananufacturing enterprise
flexibilities appropriately measured. These in turn are phe global strategic model to
which different flexibilities contribute with differémmetrics. That way each flexibility
type can be linked to a specific strategic option within finm, whether it is at the
operational, business or corporate level.

As an example of flexibilities that may be linked to bussstrategy options, there are
internal and external factors cited by the literatuks. an example of market-related
factors, from the marketing perspective, Chen et al. (188f)e three different sources of
flexibility need:

(1) increased product diversity;

(2) short product life cycle; and

(3) an increase in buyer concentration (resulting natians in demand).

In turn, De Toni and Tonchia (1998) offer an extended lignafket-related requests for
flexibility:
: the variability of the demand (random or seasonal);
shorter life cycles of the products and technolggies
wider range of products;

increased customization; and

shorter delivery times.

Another example, although restricted entirely to thaeufacturing function, is provided by
Correa (1994) and Gerwin (1993) both of whom have alse@atell a number of internal
factors requiring the need for flexibility:

1. uncertainty with respect to machine downtime;
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2. uncertainty of whether the material input meets thedstals of the process;
3. changes with regard to delivery times of raw materéaist
4. Variations in workforce.

Now that we know the five elements and their intecactin the enterprise system, as
determinants of enterprise flexibility at different éés; we will attempt to link concrete
examples of flexibility measures, triggered by contrtians of the system, to specific
strategic options, thus closing the loop on enterpresebiility performance measurement.

Likewise, there are several types of manufacturiegilfility addressed in the literature. In
order to illustrate our point, we will use the 11 typédlexibility proposed by Sethi and
Sethi (1990) plus others that we have added to complenesd th order to illustrate our
basic construct shown below in Figure 4.2

As we saw earlier, the five basic elements which datex the controllability of the
enterprise system are namely:

1. Enterprise management

2. Strategic goals and management policies at all levels;
3. Organizational structure and culture;

4. Enterprise infrastructure

5. Technology.

Hence, the flexibility types we have added to complertierge offered by Sethi & Sethi at
the manufacturing system level are: Labor FlexibiliGhang, A.Y., 2004); Delivery
Flexibility; Supply Flexibility (Elcio Mendonga Tachizawet al, 2005 and Caniato et al,
2004); and Maintenance Flexibility. Now, in order to diealifferentiate our approach
which aims to analyze flexibility with a feedback loopntrol system approach at the
enterprise system level, and with a systemic view oftioblem, we will proceed to add
the 5 types of enterprise flexibility we explained earlio clearly illustrate our control
system approach to enterprise flexibility, namely: Mpamaent Flexibility (Harwood,
2004); Flexibilty of Strategic Goals and Management Redic Flexibility of
Organizational Structure and Culture; Enterprise Infragirad=lexibility, and Technology
flexibility which account for the five

Our control system approach to enterprise flexibilitgupported by our vision of how the
different flexibility types being present in the enterpreg/stem, and which derived from
each one of the five basic categories we have ternedutidamental elements of the
control system itself; determine the controllabilifitlee enterprise system as a whole.
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Requiremenf  Source Flexibility Control Actign Measure ragtgic need
type type to generate of andor objective
the flexibility flexibility being served
Variety of operations that a machine can perform réypens
Machine technology | without incurring in major or ¢ghy set up changes capacity and
operationé interna flexibility enhancement | and significant extra cost pailities
Market market the ease with which a manufacturing rikéieshare ang
business external flexibility development | system can adapt to changiragket conditions. penetration
production | the set of products that a manufacturing per@tions
Production versatility andl system can produce witfaalding major capacity and
operatione interna flexibility enhancement | equipment or capacity. capabd
the ability of a material-handling system to Opiorst
Material-handling operational | move different papesg through the capacity and
operatione interna flexibility enhancement | manufacturing system capabdit
the ability of a product to be produced Operations
Operational operational | in different ways withoutjor changes capacity and
operational | internal flexibility enhancement | and significant extra costhe enterprise capabilities
Process flexibility operational | the ability of a nudacturing system to produce Operations
operational | internal enhancement| different products without major setups. capabilities
Product flexibility | manufacturing| the ability of aamufacturing system to produce Operations
operatione interna enhanceme! |different products or various product mi» capabilitie!
operational | the ability of a manufacturing systemitoduce a Operations
operationé interna | Routing flexibility | enhancement| product by altermatioutes through the system capabilities
the amount of overall effort needed to increase reipmns
manufacturing| the capacity and capability of the citgand
operational | internal [Expansion flexibility enhancement| manufacturing system when required tapab
manufacturing| the ability of a manufacturing systerbe profitable | Operations
operational | internal | Volume flexibility | enhancement| within a wide ranggpooduct output levels. capacity
manufacturing| the ability of a manufacturing systermun Operations
operational internal Program flexibilit enhancemerjt  villpanattended for a long period of time. capalait
abilities and skills that are common to most of the |Multidisciplinary
operational fwork force of a manufacturing system allowing quickand polyvalent
operationé interna Labor flexibility enhanceme! |replacement or interchange of labor as needed vaode f
internal logistics the capacity of an enterprisedwehmultiple delivery | Customer
operational | external | Delivery flexibilit enhancemeny options authedules Satisfaction
logistics the capacity of a manufacturing firm towdanultiple | Reliable supplie
operational | external | Supply flexibility | enhancement| suppliers and flexitigivery conditions network
the ability to perform quick maintenance and repair | Equipment and
Maintenance operational | to machines and equipmesityding infrastructure machinnery up|
operationé interna flexibility enhancement | without substantially disriu]gﬁ production processes| time maximizal

*FE.F. Yanine, 2007
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Requiremenf  Sourcq Flexibility Control Action Measure raftgic need
type type to generate of andor objective
the flexibility flexibility peing served
Managers actively review and | Managers are respobsitie organization's needs Managerial
Management evaluate their practice and policles amterprise requirements, adjusting their actions espansiveness &
managerial | internal flexibility to ensure workforce responsivenedsnd adapting their management style and compangypol  |leadership
Management Managers flexibilize command & | The effestess of management actions and style in Managerial
manageric | intema flexibility control in the organization dealing witirganizational needs and enterprise objectives tféaess
Strategic goals & Managers strive to align The degrecoherence & effectiveness of strategic Openati
Management Policies enterprise objectives goalsigmiaig with company policies and managerial bussngtrategy
strategic | interna flexibility & management policit style to meet enterprise objectives is a measufiexibility.  |congruenc
Strategic goals & Reformulate business plans The aad effectiveness with which an enterprise Enigzpr
Management Policies and adapt operations can chengesiness and operations practices to adaptatality
strategic | interna flexibility to deal with changing scenarios|  adaptt@nging business environments. changing conditlons
organization § Organizational Structufe Create azual, The speed and effectiveness with which vilorks thru Organizational
culture & Culture business process the organizatiahtae responsiveness and dilligence performance ard
internal flexibility driven organization. of workforce in déag with everyday operations. effectiveness
organization § Organizational Structufe Culture aetjweflects The degree and extent to which enteepulture and Structure & cultur
culture interna & Culture Flexibility company values and goal  [structure support enterprise needs and objectives. strategic alignment
Enterprise Infrastructur Easy reconfigurable preduc |Work places and storage facilities can easilyenged Operations
infrastructurt] interna Flexibility tion and storage facilitie and adapted to meet unexpected requiren flexibility
Enterprise Infrastructur Infrastructure can easfignge | New processes and production lines can Herirepted Operations
infrastructurt| interna Flexibility to accomodate new processes|  without sauttglly disrupting production processes. flexibilit
Enterprise Infrastructur Create versatile work spac | Work spaces and plant floor can easily adaptdorao- Operations
Flexibility & production arrangements that| ~ date neigment and/or relocate existing equipment to cépacd
infrastructurt ] interna easily accomodate new lines |  serve various produetichoperations requirements flexibility
organization § Organizational Structufe Create muftiftional teams | Employees are grouped in task foieelsiding workers Organization cultufe
culture interna | & Culture Flexibility and interdepartamentales | work crosses departamental boundaries amafbiges & structure flexibility
Strategic goals & Manage-  Align company objectivéthw |Enterprise needs and objectives and compangipsleasily | Strategic alignmeryt
strategic | interna | ment Policies Flexibility]  business & operations fiiees | adapt to clearly reflect strategic alignmend acherence. & max performange
Technology Flexibility | - New production technologies and|The high volume mass cutomization of products teteser | Technology
automated manufacturing systems  |changing customer needs and styles, plus the dgygdci flexibility and
operationz | interna that allow large mass customizatiofprocesses to reconfigure themselves is a measéiexfility ~ fadaptability
Technology Flexibility | Technological versatility and New and flexible technologies that provide flekitgiand Technology
operational | internal enhancement adaptability to new and changiogesses, business needs. flexibility
Management Managers actively seek feedbagk, Manadsmepacity to value and foster heterogeneity, flmgdional
Flexibility value diversity and foster changd leamand proactiveness within the organization to diipgr and
operationz | interna to enhance organizational flexibilityenhance the workforce capacity and skills to haohlknge. flexibility
Management Managers are quick to adapt| ~ Managemeptgity to be supportive, offer feedback Organizatio
Flexibility to change and provide suppc  |and guidance throughout the organization in oroler¢at: commitment, sati:
manageric | interna leniency & guidance to workforce |an atmosphere of trust, commitment and loyalthfirm faction and loyalty

*FE.F. Yanine, 2007

Fig. 4.2 Concrete examples of our control system approachteypise flexibility and the
strategic needs and objectives being served.
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In Figure 4.3 below we show the metacontrollability bé tmanufacturing enterprise
system, represented by management and its actions upossthef the enterprise control
system elements. The model shows the elementscarieectedness and the flexibility
metrics linked to performance measurement compatibititig. evident, by looking at the
sketch, that management is the key player in the akattility of the enterprise system,
and as we said earlier it is at the very top of tleeanchy within the five elements which
make up the control system of the manufacturing enterpris

Management is itself the metacontrollability of tha&tezprise system, and as such it is
responsible for the other four elements. It is managgésnesponsibility to choose them
correctly and to elaborate on them in order to adequatgport the enterprise needs and
objectives.

The strategic options chosen by management, on the ludine, must clearly reflect the
needs and objectives of the company and if misalignnveeits to occur as identified by
the enterprise performance measurement system, appeogcizons ought to be taken, in
the form of control actions, in order to correct thelggm and thus allow the enterprise
system to thrive.
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Fig. 4.3 The metacontrollabilty of the manufacturing entegprisystem, its
interconnectedness and the flexibility metrics linked tafgpmance measurement
compatibility.

As the figure shows, enterprise needs and objectivesgegplat the top of the hierarchy,
constitute the basic beacon which must guide the managsnefforts to engineer
enterprise flexibility at every level. Enterprise neadd objectives are clearly impacted by
all the elements in the control system, which in & controlled by management. Thus
we have termed management the metacontrollabilitheénterprise.

Management is at the bottom of the top down model symibg the foundation (at the

base) of the model. Thus everything rests upon managenautets and although the
other four elements are clearly linked within the entegpaiad their action is systemic,
influencing enterprise flexibility in terms of their s of operation and particular role in
the enterprise system, it is management which ulaipadetermines the other four and
their successful interaction as well as the dynamakisg place in the ladder comprised of
control actions determining flexibility; flexibility mats linked to performance measures;
operations’ performance measurement system and finadlytdp of the ladder, enterprise

27



needs and objectives. Therefore we can say that eneefigodbility, being a desired property
of the enterprise system, whose action is indeed systemumtunenis strongly leveraged by
enterprise management and the success with which tleynaaage the different elements
which comprise the control system of the enterprise, including maeagdself.

The success of failure of the dynamics shown in ladder ggingo enterprise needs and
objectives in the figure 4.3 is also management respongittiigrefore we may justly say that
management is after all the nervous system of the enterpndehas it is in charge of the
metacontrollability of the enterprise as a whole. This of @axscounts for all the different
types of flexibility that we saw earlier and also ftatslity, all being desired properties of the
manufacturing enterprise.

Management determines and controls the control actioesndieing enterprise flexibility
at every level of the enterprise system. These in auenused to elaborate the flexibility
metrics which are linked to performance measures and theses also provide feedback
to management in order to adjust and correct misaligranghich may affect strategic
options.

Flexibility metrics in turn are responsible for adequatslipporting the Operations’
performance measurement system without which the cosystém would collapse and
management would become blind to enterprise strategiorpghce. Thus there must be
feedback between the two as in every other casealar dor the system to learn and adjust
itself until it finds its right setting. Finally it ishe Operations performance measurement
system which is closest to enterprise needs and olgedtivthe model, as it is clear that the
information being gathered through this performance measatesystem will in turn
determine the management actions that are necess#eymis of its role and hierarchy in the
enterprise control system as the metacontrollability ofetfterprise, to guarantee alignment
and performance.

Although it is obvious that the remaining four elementshef enterprise control system
impact the satisfaction of the enterprise needs andtolge differently, they all contribute
to its sustainability and the degree of cohesion, integrand coherence in their operation
will make a difference between poor performance andativagidity of operations and
high performance, agile and highly flexible organizatiortsctv can easily and quickly
adapt to changing scenarios and perturbations.

4.4 Implementing flexibility metrics in terms of enterprise performance measures

Determining what to measure can take considerable eftoenh the right focus is not in
place. In order to build an efficient and effectivéegprise control system, a measurement
system equally efficient and effective must be in placeesas everyone knows, we can
not control what we can not measure. Data collecdod processing systems for all
enterprise operations that are tied to flexibility nestrwill have to be implemented to
produce the measures; everyone involved will have to beettan using the systems and
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measures at every level; and as the measures are osas,psoblems are sure to be
identified that will require changes to the system.

Certainly developing the appropriate measures to havabthey to determine if sales and
profit problems are caused by strategic options, operat@nboth and how much of a
factor it is the flexibility factor in the equation ot an easy task. Perhaps the greatest
challenge faced when implementing flexibility metricsferms of enterprisperformance
measurement systems, is changing an organization’s culfdeemust not forget that
culture is one of the key elements of the controtesysitself, and therefore its adequate
disposition toward work flexibility and change must alsonfieasured as well as measuring
how proactive and effective the work force is in terofsaccomplishing enterprise
objectives that are closely linked to culture flexibilit¥his is of course a task that must be
realized by enterprise management which, as we saigre#lat the top of the hierarchy
in the enterprise control system, the control over ¢bntrol if you will, and thus it is
responsible for the metacontrollability of the whetgerprise system.

Using performance measures requires managers and engplkoyebange the way they
think and act. For most people, this is relatively eaay,fdr some, changing old beliefs
and habits is very difficult. Overcoming such problemgqunees strong leadership to
provide appropriate direction and support. The best measureystam in the world will
yield few benefits if the right knowledge, skills, abdg, and values are not developed in a
company. We must understand that an organization doesn'tintetface with a
measurement system; it must be part of the systeeif. itSherefore, we propose
elaborating concrete flexibility measures that are tinteethe five fundamental elements
which comprise the enterprise controllability.

In order to have a good assessment of our enterpngeoteystem performance in terms
of being able to act quickly and effectively to provide thmprapriate measures of
flexibility and stability being required (control actions) by enterprise, we have to
develop an adequate measurement system. If we are tourmebiexibility in the
manufacturing enterprise, we have to make sure that apgtefdiexibility metrics are
developed that are adequately linked to the strategic @eeldsbjectives of the enterprise.
Hence we first have to make sure that we know whatdasore in order to measure it
well. Developing and implementing effective measurensistems requires leadership,
commitment and hard work and we have to make sure tisagftort will not go to waste.

Every company is different but one can start by lookigthe core processes of the
company and how these processes performance which spagtibut the enterprise, may
be affected (hindered) by flexibility problems ingrained in dnganization, which can be
linked to factors belonging to the five basic elements wbarnprise the controllability of
the enterprise system, namely Management Flexibjhtgrwood, 2004); Flexibility of
Strategic Goals and Management Policies; FlexibilfyOsganizational Structure and
Culture; Enterprise Infrastructure Flexibility, and Tedgy flexibility. A good example
of what we are proposing has already been done to smtesten the large business
reengineering wave that hit the United States in the 1990’s innaelenting quest to
achieve operational and business superiority over Japaeese dompetition, and which
is present still today although to a lesser degree ama ¢ifnes not targeting enterprise
flexibility directly as a goal in itself.
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Hence, it is all too important for manufacturing entesgsi to realize that enterprise
flexibility is a key catalyst of enterprise performantéh& organizational, operational and
business level and that flexibility in itself is a goalttimust be sought. It is also important
to understand that flexibility can not be added or ingtadle if it were an addition to
enterprise infrastructure. Flexibility must be engineemedthe enterprise system by
developing and integrating the appropriate control capabiltiehe control system itself,
the five basic elements which comprise the controltgbdlf the enterprise. At the same
time, enterprise flexibility must clearly reflect thbempany’s strategic options since it is in
how well these are served that the degree and successataprise flexibilty may
ultimately be measured. We believe that the benéifitishay be obtained by achieving the
latter can be in part summarized as follows:

« The ability to know what to enhance and what to prigritin terms of the
organization, operations and business needs in order to \alifpn enterprise
strategic options, making sure that these indeed reprdmepnterprise needs and
objectives.

- Early identification of problems with the elements whmomprise the enterprise
control system and opportunities to correct them; thétyalbo reach the right
balance between stability and flexibility in the manufaiclg enterprise: that which
allows for maximum enterprise performance without jeoparg the system
viability.

« Increased productivity, quality, and customer service at xica ecost to the
enterprise system. When there is perfect alignmenbpafrations and strategic
options which effectively meet company objectives,likedihood of having excess
flexibility or not enough of it is little.

« A cohesive organization and a supporting culture working twammon goals.

Conclusions

Flexibility and stability are both desired propertieste enterprise system. They are both
determined by the enterprise control system, which in tsircomprised of the five
fundamental elements which, although acting differerthye an impact on enterprise
flexibility, as we explained earlier. Flexibility as wels stability is systemic, and thus
cannot be explained by isolated actions or relegated tormpigaon that can be explained
by entropy, or worse to try to increase flexibility bgaging to additions in just one part
or another of the enterprise system alone without densg the dynamics and
interconnectedness of the enterprise system elemeatsvhole.

Management is responsible for handling the controltztoli the system and therefore it is
the control over the control, which we have termed thetacontrollability of the
enterprise. Management is both, at the top of the lkieyanf the control system of the
enterprise and also at the bottom, representing itsd&iiom. It is management which
determines and controls the actions determining enterpeisibifity or the lack of it at
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every level of the enterprise system. These in tulinbe used to elaborate the flexibility

metrics which are linked to performance measures ofritex@ise and these metrics also
will provide feedback to management in order to adjudt@rect misalignments which

may affect strategic options. Flexibility metrics arefus for adequately supporting the
Operations’ performance measurement system, withouthwthie control system would

collapse and management would become blind to enterpragegc performance. Thus

there must be feedback between the two as in every cdéise in order for the system to
learn and adjust itself until it finds its right seg.
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