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THE GLOBAL IMPACT OF INFORMATION TECHNOLOGY
ON MANUFACTURING SYSTEMS

Akram El-Tannir, Ph.D!

This paper explores the recent trends of researdhdavelopment in modern

manufacturing systems. Those trends happen totdivedusiness activities of

this sector towards the globalisation of the usnatkets and the creation of a
new virtual, agile, and extended production envinent whose purpose is to

ensure fast, responsive, and adaptable reactidhetmew market conditions.

This paper also attempts to investigate the impbtoa and consequences of the
new trends on emerging and developing economies.

1. INTRODUCTION

It is clear that the last decade of this centurg haen witnessing the
emergence of economic globalisation, a phenomenloarevdifferent

economies are merging into a unified global marKétis matter has
been of vital importance to the advanced industsiesse objectives are
to expand their markets and to sustain growth kpkitgy for new

opportunities worldwide. On the other hand, it ¢teda a new
challenging environment for developing and emerggapnomies as
well as their industries, which have become obéidato face such
immediate changes in the new environment. Henctingeto know

those global trends in all their aspects, espgciall the sector of
manufacturing, becomes of paramount importancéofmal producers in
those economies to cope with these changes andiltbthe necessary
infrastructure that ensures their progress andasest growth within

this new atmosphere of globalisation.

This inevitable process of transformation into gllidation, put on a
fast track, can be thought of as the combinatiotheffollowing three
main factors:
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*  The wide proliferation of information technology,

* The development of international standards for pebdjuality and
performance, and

» The emergence of regional and worldwide trade ageeds that
yield larger markets with consumer-dominated charéstics.

This paper intends to describe how these factoes eaterting
significant pressures on international manufactutercooperate for the
development of new strategies for global competitith describes as
well how these cooperative efforts are making eifecuse of the
strategic tools of information technologies and wWlealge-based
systems to form multinational enterprises. Suchrétative has been
provoked by leading international industries andfasusing on the
efficient use of computer and telecommunicatiorhtetogies such as
the Internet, world-wide web and teleconferencimgiider to enable the
realisation of a virtual work environment. The maireme for these
cooperative ventures is based on seizing new magkabrtunities fast,
at lowest cost and with minimum organisational ctaxity. This has
led to the new concept of “agility”, which is théaracterisation of a
virtual work environment being highly responsivapidly adaptive, and
significantly intelligent, using a very advancedalik of innovative
technologies. This new environment has been rehlisevhat is called
the Agile Virtual Enterprise (AVE).

The next section presents a partial look at theuarsources of data
and the literature about AVEs and their charadiess Section 3
elaborates further on the drives of change towaldbalisation, and
definitions for AVEs, agility, and their characsits are given in
section 4 and a brief description of the preretgssifor the agile
environment is presented in section 5. The infoiomatnfrastructure
necessary for AVEs and the new concept of “smaentsj and their
role in the corresponding virtual system are exgose section 6.
Section 7 addresses the implications of the new ogradeveloping
countries as well as some necessary measuresahdgke to follow the
new trends. The paper concludes with section 8.

2. SOURCES OF DATA AND LITERATURE

Most of the sources of data and information abbettbpic of agility
and AVE have been identified by surfing over theetnet for various
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sites on relevant interest. This search showedthieatopic of agility has
been a hot area for research and investigationtbedast few years due
to its significant benefits to global businesséslso showed how those
benefits have been pushing major international rfaturers from
different parts of the advanced world to join theiforts in this
investigation and what implications agility can Ban their activities.

An important such effort was realised in the grogpbf several
international industrialists in what is called théntelligent
Manufacturing Systems programme (IMS). This waaldisthed in 1995
by leading producers from many international indaksts whose main
objective was the preparation “for the next genenadbf manufacturing
technologies and systems through cooperative r&seaand
development, by encouraging projects into all aspecf
manufacturing”[3]. A report of one such project walsout the “next
generation manufacturing systems” that proposecva paradigm on
how manufacturing would benefit from the leveragimgpact of
information technologies as well as other key tetbgical
developments [11].

Several web sites on the Internet have been cantgiy presenting
relevant reports, discussions, papers and pregargabout agility and
agile virtual enterprises. A partial list of thasiges from which valuable
data were derived and incorporated in this workgigen in the
references. These sites belong to organisationsymfg journal
publishers, electronic libraries and others, wissr@ch engines are used
efficiently to identify objective information.

Finally, divers literature about agility and reldt®pics is referred to
in the body of the paper. The main observation his tliterature
inspection is the explosive flourishing of acadeatticrefereed journals
in the area of agility, which is a clear indicatiohthe vast interest in
doing research in this area and investigating @rrthe characteristics
and benefits of this new era of agile manufacturing

3. GLOBAL DRIVERS OF CHANGE
The new business environment that major manufastared industrialists

faced over the last decade was the era of globalsalt has been
established through several dimensions, among winich [13]:
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* The open markets and regional economic coalitibasresult from
regional and worldwide economic cooperation agregs)e
especially those of GATT and its inheritor the VdorTrade
Organisation (WTO). This spurred growing and sesioompetition
worldwide and contributed to the fragmentation bé tclassical
mass production markets.

« The mass customisation of the product as a reguttonstantly
evolving customer’s expectations and requiremehitss changed
the product into something more sophisticated whichild be
viewed as a solution rather than just a commoditycbnsumption
[14].

 The universal access to information and widespreaow-how
through the Internet provided manufacturers easieess than ever
to new markets and enabled customers to look ferradtives to
the products they needed using high speed seagitesn

* The expansion of available new technologies wod@wthat is
accelerating the pace of global competition. Thas been forcing
international producers to heavily invest in reskand development
and to look for means and solutions that maint&eirtsurvival
among the fresh, burden-free new manufacturetseinvorld.

» The vast proliferation of telecommunications thedt different
societies together and forced the emergence of cemsumer
attitudes and consumption habits.

Such new trends towards economic globalisation efirc
manufacturers to strive for survival and search dpportunities for
growth through keen self-adaptation to the changés. strategy that
global manufacturers came to agree upon as a @olut the new
challenges was “cooperate to compete” in coorcimatvith partners
scattered all over the world. This has led to trengation of think-tank
consortiums of researchers as well as academigisim producers who
joined their efforts for the objective of accommtidg new technologies
into the business environments, namely informatom knowledge
based technologies.

On the other hand, this evolution towards glob&bsa exerted
pressure on producers to set objectives concethgig global business
activities such as:
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* Cutting costs of production and operations whilgriaving the
quality of the globally-marketed product.

» Responding fast to the continuously changing customeeds and
providing immediate support to new and emergingkeis; where
prompt delivery and shorter lead times are impadrfactors to win
new customers.

* Reducing risks in a world of fierce competition d¢ontinuously
changing, highly segmented, customer-dominated etsrfull of
unexpected and unpredictable courses, and aimimgrnefit from
these trends and to seize further opportunities.

* Accessing crucial information and extending the Wdealge base
using the recent advances in information technemgind artificial
intelligence systems.

» Accelerating the pace of developing and deployieg rproducts
with highly flexible and easily reconfiguring maacfuring systems.

To help in adapting to these pressures, producerghs integration
of efforts with global partners. Such partners dobé members of a
vertical integration through the supply chain o€ tproducts where
suppliers, distributors, and customers cooperatthénproduct design
and production processes. Partners could as wedobgpetitors who
would like to broaden their global share througbfpund horizontal
cooperation for the common cause of survival armvtr (mergers,
take-overs). Expansion could be even as simple emetmating new
markets through the establishment of franchisenpestworldwide.

This drive towards globalisation necessitated thistence of a solid
infrastructure of telecommunication network and ezsgly the
extensive use of the Internet due to its capabititjacilitating the fast
flow of shared information among partners and witlstomers in a
more collaborative environment than ever [2]. Oa ¢ither hand, speed,
flexibility, openness, adaptability, responsivenasd scalability became
key factors for success for such collaboratingaistitucture. This has led
to the emergence of the agile virtual enterprise.

4. DEFINITION AND CHARACTERISTICS OF AN AGILE
VIRTUAL ENTERPRISE

This is a new form of global manufacturing venturégmt seeks
collaboration and cooperation between partner comepgain order to
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integrate their capabilities and resources in aeriational business
context. This coalition is viewed as “an opportticisaggregation of
entities working toward a common goal’ [9]. It app® as a single
entity, but in fact it consists of many, legallypaeate partners bound
together by occasional contractual agreements.p8iners in such an
enterprise communicate in a virtual work environindrased on
“collaborative computing” [15], which is the integion of strategic
technologies permitting communication to any plaeany time, on a
totally shared information and knowledge-basedstiucture.

Agility, on the other hand, provides the unpreceeeérilexibility of
adding, substituting or deleting services of padnat any time. This
also means the possibility of either dissolving reconfiguring the
enterprise in accordance with changes in the bssiaavironment, only
for the purpose of increasing its capacity in trekmat.

Agility is ideally obtainable in dynamic, highly stomised markets
where a manufacturer cannot just rely on long-tsumgpliers and neglect
other resource providers competing worldwide wigttdr quality, lower
price, and faster delivery. Establishing relatiapstthe usual way with
new suppliers can take forever compared to thelrapd swift customer
behaviour. With the use of the Internet, worldwélectronic commerce
has increased the potential for finding highly @&t suppliers, as well
as looking for new customers, while contractingpéeoming smoothly
rapid with the use of electronic mail technologiesktop conferencing
and multimedia tools have been providing real-tzoaferencing where
participants including producers, suppliers, andt@mers are getting
involved in designing and developing new produdfgnitoring the
production process on-line has also become higttgssible to clients
who wish to check the whereabouts of their ordeith the use of
information navigators. Third party brokers are ihgvtheir jobs of
matching customers with producers and producets suipport service-
providers amply simplified through the world-wideelw All of this
favoured the perception of agility as “a strategy profiting from
rapidly changing, continuously fragmenting globalarkets for
(consumer) ‘individualisable’ relationship based moducts and
services”[1].

Agile virtual enterprises are therefore manufaciralliances that
pay little attention to legal bonds, but ratheru®on “integrating many
businesses and processes with mechanisms thabpable of rapidly
changing to unpredictable and unexpected directiphs This new
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paradigm of collaborative environment provides eatdmber in the
coalition with more readiness to contingencies lrgs together their
core competencies and associated resources tosaddesv business
opportunities [9].

Synonyms for agility in characterising the new fowh global
enterprises have been widely used in many partthefworld. They
include “fractal”’, “distributed”, “holonic* “lean”, and “extended”.
Extended enterprises, however, are meant to regrédse integration of
partners in the same supply chain of the product.

Among the characteristics of AVE as recently shabgd many
researchers and practitioners are the following:

» The objective of an agile enterprise is to gattetrer companies
to team up in mastering all parts of the value rchafi a given
product in global markets.

e Agility is maximised when production systems ardtkhased on a
distributed, virtual infrastructure relying entyelon electronic
communication and computing capabilities. This eesunaximum
coordination with the use of special protocols foformation
exchange, contracting, and job delegation amonim@es.

» AVEs are coalitions that have the capability of lewvw with
changes in their markets and have the ability tmmégure or to
dissolve at the end of their common ventures.

* Agile systems should be quickly responsive to ueetgd and
unpredicted changes in consumer-dominated markatste full of
uncertainties but of opportunities as well. Suchrkets are further
manifested into a new “era of virtual customer’ttiacceeded the
“quality era,” fuelled by globalisation factors, metechnologies,
zero lead time delivery and influencing prices [8].

5. REQUIREMENTS FOR AGILITY

To achieve an agile environment, several requirésneged to be fulfilled
in terms of selecting and coordinating with parsneproviding the

! Holonic is a name that was introduced by Koes{Bf to represent
autonomous elements called holons in manufactugypstems that are
capable of cooperating with other holons, and msssehigh degree of self-
reliance, stability, and ability to survive distarictes. A holon can be a
machine, a schedule, or a production process.
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enabling technologies, developing the standardstefactive procedures
and securing the internal infrastructure of eacmber company.

With regard to the selection of partners in an AVY&search was
conducted to test two alternative criteria. Thetfgngaged information
about the manufacturing processes that were almilaibthe partner
plant, and the other was based on using data awoilar products in
terms of design and manufacturing processes in whiatended to be
fabricated, as well as the plant’'s own capabiligesl performance. It
was found [10] that selecting a partner based @n ability to
manufacture the product, and validated capab#igarding the intended
design using feedback information at early stagemare beneficial in
determining the right partner.

Following their selection, collaborating with agipartners should
provide the necessary ground to share and gairnrtesgpand knowledge
rather than simple access to new markets. Thoseguarshould respond
collectively and quickly to seize opportunitiesrfrainexpected changes,
and must facilitate information feedback that sHokélp reduce turn-
around life cycles and costs [15]. For this purpgsetner certification
becomes of paramount importance to new candidateslable
worldwide.

The second important requirement for agility is thanctional
requirements for the enabling technology that sthobé used in
coordinating activities among partners. Such teldgies are mainly
characterised by [12]:

* Openness to allow any approved partner to pro\edaces.

* Scalability that is needed to link numerous agilartmers of
different sizes, from multiple companies, and dftedent levels of
the production process. In this sense, even acpéati machine at
the shop floor could become a partner when propetipduced to
the system.

» Extensibility and graceful degradation that alloarvices to be
added, substituted, or removed at any time but witremental
impact on capacity and performance.

* Compatibility that is needed to link partners havidifferent
platforms in the same system.
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Some enabling technologies for agility already ethisough the use
of concurrent design of the product and its produncprocesses in what
is called “concurrent engineering.” This makes uske available
Computer Aided Design (CAD) and Computer AssisteahMacturing
(CAM) systems. To provide fast design and rapid ettgyment,
prototyping and deployment of new or improved prddurapid virtual
prototyping and simulated manufacturing processesuaed with agile
enabling technologies that look for optimising desi and intelligent
closed-loop control systems for performance andyxcbvity.

A third type of requirement for an agile environmenthe need for
standardisation of the metrics that will be commonsed across the
enterprise in setting directions, experiments, measents, and shared
information [15]. The international Standards forcBange of Product
Data (STEP) code listed under ISO 10303 internatiostandards
provide the necessary ground to support the frehange of product
design data between the firm and its partner comepd0].

Last but not least, an agile partner needs to devé$ own internal
agile environment and to match its information astructure with those
of other partners in the agile enterprise. The akean Enterprise
Requirement Planning (ERP) system is eventuallyttis purpose. This
is due to ERP’s capabilities in integrating themfiactivities into a
comprehensive system with “more flexibility to cmufre business
processes at much more reasonable cost and riskydre importantly,
creating the opportunity for a competitive advaetafy]. This should
also enable reforms on existing financial proceslaed the use of the
new “activity-based” costing techniques that hightiwhere and where
not value is added and by which activity.

6. THE INFORMATION INFRASTRUCTURE FOR AGILE
MANUFACTURING — THE CONCEPT OF AGENTS

As mentioned earlier, there are no differences dasesize or location
between partners in an agile environment. A partoeuld be a
worldwide supplier of material or a provider of guztion services, or
even a small work-cell or a machine at the shogrftd a factory around
the globe. The only criterion for accepting sugbaéner is its capability
to provide the needed service, whenever needett, wihimum lead
time, minimum cost, and the right quality and parfance
specifications. This means that any partner shbelddentified at any
time by three attributes: Cost, Capability, and ialality (CCA) [12].
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On the other hand, the high degree of flexibilitpdarapid
responsiveness to changes are assured by the alithie agile system
to add, substitute or take out partners at any time only with the
objective of incremental impact on the capacitytted whole system.
This requires certification and standardisationcpoures that every
partner should undergo upon joining the venturee Thollaboration
between partners in a virtual infrastructure idised through the use of
electronic telecommunication means that link thetrgas with each
other as well as extend information and businessgsses uniformly
throughout all enterprise levels. An example oflswdready available,
information infrastructure that can be used to fosuch virtual
enterprise is the Internet and the world-wide-wHle question remains
however, as to how partners should remain operationsuch a virtual
environment and how they should interface withsixstem. The answer
is through the introduction of “agents”.

Agents, as defined in [6] are an “autonomous safiveade that takes
independent action or response to local conditiowgh a reliable
knowledge-based system and “represents factorymess)y systems and
jobs.” This makes the “smart” [15] or “intelligentigent [6] capable of
coordinating with other agents by interchangingiinfation about cost,
capability and availability. Thus, agents shouldi¢apsulate production
resources at any level, transforming them into kewsp capable of
responding to service requests’[12], and shoulddpable to seek bids for
jobs, find manufacturing service providers, repnésactory resources, etc.
It therefore becomes quite obvious that the foromatif a network of such
smart agents leads to a highly interactive viraggle infrastructure.

Some of the immediate objectives of smart agemts ar

* To allocate resources on cost/delivery based @&jter
* To reduce lead time,

* Toincrease labour and equipment utilisation, and
* To adapt the mass customisation of the market.

Agents have the capability of taking independetibas in response
to local conditions. Some benefits of agents iagife environment are:

» Providing flexibility, rapid responsiveness, anakgl integration
for the whole enterprise.
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» Continuously adapting to new conditions and actaogpnomously
but not independently in a dynamic environment.

* Adjusting schedules in line with available resosrce

* Assisting in the recovery from faults in factoryebkdowns,
management problems or supply interruptions.

» Distributing work according to schedules, and strig@ng the
flow of material and services from an integrateppy chain.

Among the characteristics of smart agents is tt@ fhat they
operate on opportunity-based goals rather than tined-based
schedules. They can be upgraded independently neith functions as
they are needed or with new technologies as theprbe available.
Agents should integrate with other agents on trsshaf a symmetrical
scheduling architecture, market-based coordinationtinuous response
to varying demand, and independent control of wts oesources [6]. In
addition, agents compete with other agents of ainfiinctions through
dynamic, electronic marketplaces where all agee¢k sttention in the
whole system based on their attributes of CCA.

Agents act as mediators and intermediaries betwdients and
servers. Examples of functions for smart agentsannagile virtual
environment are:

* Bidding agents that can offer and advertise aviledsources.

* Scheduling agents that automate workflow dispatgcho various
available servers.

* Resource agents that keep track of inventory oker@tand tools
as well as setting reorders.

» Engineering product database agents that helpnguéiquests for
part information to appropriate engineering databas

* Manufacturing control agents that monitor mateusege, work-in-
progress, and re-order for shortages from stocksoom

The new infrastructure of agile networks of smaeras is therefore
highly dynamic, where agents are linked togethghtly through
telecommunication means, and where information relgeuniformly
through all levels of this virtual enterprise.
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7. IMPLICATIONS OF AGILITY ON MANUFACTURING IN
DEVELOPING COUNTRIES

Although the new concept of agility has been evavin leading

industrial economies, its effect will eventuallgkée every manufacturer
in the world one way or another. This is mainly doethe trends of
globalisation and the fact that the whole worlduming into a single
market. Those trends, being inevitable, are pusliirey developing
countries to deal with them sooner better thanr.lafis can engage
these countries into keen commitments to the maskian of their

production systems and laying down the necessdrgsinucture that
will help them integrate with the worldwide recedevelopments.
Several actions that can help those economies e mio this track are:

* Understanding the new trends that lead to glob#&isaand to
consider them as opportunities for progress rathan threats
against previous achievements. Taking advantagmfofmation
technologies and computing telecommunication, figtance, is an
immediate must to improve manufacturing capabdii@d enhance
global marketing.

» Getting convinced that using state-of-the-art pobidum systems
based on information technology and knowledge meamagpt is of
imminent priority. The example of the agile virtuaiterprise in this
paper shows the usefulness of those powerful foolgroducers to
strategically benefit from.

» Attempting to form partnerships with suppliers, tomsers as well
as other manufacturers regionally and worldwidel #machieve a
satisfying degree of agility while working at thanse time towards
achieving internal agility through the introductiaf necessary
information infrastructure in each manufacturer’s orkv
environment, and conducting a comprehensive revidgweach
other’s business processes and practices.

» Concentrating on ensuring the continuous and fageldpment of
new and evolving products, and on improving theratizristics of
existing ones in accordance with what is satisfyimgcustomers’
changing requirements. This means the adaptatiomdefinced
tools like concurrent engineering, product dataeb&eowledge
systems and computer-assisted design tools ford ragisign,
development and deployment of the new products.



The Global Impact of Information Technology on Méacturing Systems 13

* Getting involved in case studies and research itesv with
regional and global partners, and which aim at owjng
cooperation with each other to develop means ang Wt help
face the new developments of economic globalisatiSnch
coordination can easily be set to be very effidjenbnducted on
the infrastructure of electronic telecommunicatiand advanced
information technologies.

8. CONCLUSION

In conclusion, this paper introduced the new trends global
manufacturing systems and the impact of informatemhnology on the
formation of agile virtual enterprises. This ise@wnera that is still under
formation and is taking shape year after year, wheoordination
between multinational partners is the new strategsurvive in a single
new global market, full of fierce competition andenovating
opportunities. Agility concepts are the eventuaiseguences of taking
advantage of the widely spread, efficiently provéwformation
technologies such as the Internet. Leading indhlsti$s are currently
using these technologies in their continuous ptisfuiheir new cutting
edge developments as well as for winning new marketl sustaining
growth.
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