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1. Introduction
Today’s business environment is

increasingly characterized as turbu-
lent, complex, global and stochas-
tic, requiring supply chains to pos-
sess a different set of competen-
cies than in the past.  Historically,
linear representations of supply
chain networks have been useful
(such as the use of the SCOR
model, illustrated in Figure 1).
However, these models are
increasingly restrictive with respect
to today’s nuanced supply chain
environments.  If the purpose of
business is to create and keep a
customer1, it should be assumed
that these complexities are compli-
mentary to a consumer-based
economy, not in contrast to it.

Despite the emerging topic of
complexity in the supply chain
industry, today’s supply chain

research methodologies remain
largely consistent to the past, with
34.6 percent of research being
conducted in surveys, 16.1 percent
in case studies, 10.4 percent with
mathematical models,  and only 5
percent using simulation modeling
techniques2. Similarly, many sup-
ply chains (and their processes,
organizations, and systems) follow
deterministic and reductionist
processes and algorithms that
simplify solutions and discard
unexplainable variances as errors
rather than identifying stochastic,
or random, variables.  As a result,
these techniques in both research
and practice assume there is only
one possible solution to a prob-
lem, and that market environments
produce repeatable and pre-
dictable outcomes.

To be able to use new tools that
measure stochastic variables

instead of reducing them, users
must first achieve a foundational
understanding of the business
environment to properly diagnose,
design and analyze these prob-
lems.  The purpose of this paper is
to address the theoretical under-
pinnings of Complex Adaptive
System (CAS) theory, and its
importance in the design of supply
chain strategies.  Three aspects
necessary for laying the CAS foun-
dation will be discussed: One, the
firm must possess openness with-
in its entire business ecosystem,
not just its supply chain.  Two, the
supply chain must be flexible
enough to support the random-
ness of a non-linear supply chain,
and finally, a supply chain environ-
ment and its agents must possess
adaptiveness to achieve an opti-
mal solution.  

2. The Complex Adaptive
System (CAS)

The earliest theorists of system
thinking sought to understand sci-
ence not as a closed conglomera-
tion rather a process to open
interactions to examine larger and
larger slices of nature3. Theories
in system thinking became more
useful after John Holland’s
famous work, “Adaptation in
Natural and Artificial Systems”
(1992), advocating use of comput-
er simulation that defined physi-
cal systems as possessing nonlin-
ear qualities.  Through the emer-
gence of nonlinear equations,
simulation software, and the
exponential growth of computing
power, the CAS concept became
increasingly relevant to the physi-
cal sciences, and is emerging in
the social sciences as well.  By
definition, a complex adaptive
system is a dynamic network of
agents acting and reacting in par-
allel to what each other is doing,
as is illustrated in Figure 2.  Key
to this model is the role of the
agent in a nonlinear and path
dependent process not mathe-
matically tractable using tradition-
al techniques4.

10

By Jack Buffington, Department of Industrial
Marketing, e-Commerce and Logistics, Lulea University
of Technology, Lulea, Sweden

Figure 1 – SCOR Model
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In contrast to this holistic view
of a business ecosystem, tradi-
tional supply chain models have
been represented by linearity and
reductionism: the concept that
complex problems can be under-
stood through reducing them to
the interaction and/or isolation of
individual components.  Research
has found that while this
approach has been very success-
ful in physical sciences such as
physics, chemistry and biology, its
practical applications have been
less useful in the social sciences.
In business, enterprise-resource
planning (ERP) software compa-
nies have often used reduction-
ism in forecasting and supply
chain planning, seeking to elimi-
nate rather than enhance
unplanned variations in order to
adhere to a linear process5, a
counterintuitive proposition in a
dynamic and non-linear business
environment, and one not validat-
ed through research.  

Schneider and Somers (2006) in
their conceptual framework devel-
opment of “Organizations as
Complex Adaptive Systems”
found how organizations are
adaptive for the sake of their own

self-preservation but not at the
expense of other agents in their
environment6. These organiza-
tions are ‘poised at the end of
chaos for optimal buffering and
adaptability,’ but if chaos is not
managed, the firm will become
frozen non-adaptive, unable to
change.  Through the concept of
a CAS, homeostasis leads to both
progress and self-preservation
through a balance in the environ-
ment achieved with other agents.
Without such a balance, the firm
has the possibility of being unwill-
ing or unable to adapt (frozen
non-adaptive) or too willing to
change (chaotic non-adaptive),
both of which are sub-optimal.  

Therefore, the present con-
sumer-driven market and supply
chain is defined as a complex
adaptive system rather than a
Schumpeterian 20th-century sys-
tem, in which brute force and
power were the primary means to
achieve innovation and growth.
The recent collapse of America’s
Big Three automakers is perhaps
the best known example of how
such Schumpeterian systems will
fail if they cannot adapt to their
environment.  Microsoft’s fortress
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mentality, ignoring the opportuni-
ties and threats associated with
upstarts, such as Google, is anoth-
er example.  Dick Brass, a former
Microsoft vice president, wrote an
op-ed for the New York Times in
which he spoke of an internal sys-
tem that thwarted innovation
through ‘internal competition that
required ideas to compete.’   

The nature of a 20th-century
supply chain model is to simplify
and eliminate chaos and disorder,
assuming that what cannot be
defined within a linear equation
must be identified as an error
(acknowledged or unacknowl-
edged).  Linear models also draw
discrete and deterministic relation-
ships between factors, often
neglecting emerging or latent vari-
ables.  The traditional supply chain
structures remain largely con-
trolled around a static definition of
supply chain partners; a CAS sup-
ply chain model assumes open-
ness to be defined within less sta-
tic roles and partnerships.  In a
CAS model, a retailer may take on
manufacturing/assembly attribut-
es, a manufacturer may become a
retailer, and a customer may
become a co-producer, all defined
within the unique supply chain
environment8.

3. 21st Century Solutions
In a CAS environment, innova-

tions can come from any depart-
ment in the firm, agent in the
supply chain network, or practi-
cally any association within a
business ecosystem.  The sto-
chastic nature of the solution
demands more than one optimal
strategy, and the openness of
the business environment
enables the firms to adapt  in
the manner best suited for itself
and the overall supply chain.
Agents in the supply chain are
adaptive, meaning that the
results of the models can evolve
through a slow convergence of
good social outcomes (rather
than the theory of one best out-
come).  In this environment, if a
firm is non-adaptive to change, it

Figure 2  – Complex Adaptive System
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may slowly become irrelevant in
the market (i.e., the Big Three),
thereby making it practically
impossible for this firm to innovate
in a dynamic market economy.
This CAS concept more closely
resembles how agents engage in
a social structure, which leads to
convergence and adaptiveness. 

Computational models have
opened up vast new frontiers for
exploring the learning behavior of
agents;9 the sheer complexity
associated with calculating possi-
ble solutions was beyond the
capabilities of man’s mind and his
mathematical formulas.  In a con-
ventional supply chain system,
Firm A is chained to Firm B to Firm
C to Firm X in a deterministic, pre-
dictable and linear representation.
Many firms still organize them-
selves in a linear manner (supply
chain wholly segregated from mar-
keting, operations and sales),
including the determinist defini-
tions of ERP systems and linear
supply chain relationships (Firm B
interacts with Firm A and Firm C,
but not Firm X in the continuum).
Figure 3 provides an illustration of
a nonlinear representation of a

CAS supply chain environment.
Before firms can properly use

agent-based modeling and simula-
tion (ABMS) tools, they must con-
duct a complete assessment of
their existing relationships both
within and outside the firm, since
the CAS supply chain system is
founded upon the notion that the
whole of many systems or organi-
zations is greater than the simple
sum of its constituent parts.10 As
an example, researchers and prac-
titioners have acknowledged the
necessity of understanding the
dynamics between marketing and
operations, despite being unsuc-
cessful in doing so11.

Conceptually, ERP systems are
intended to bring together the
parts into the wholeness of the
organization, but ERP attemptes to
do so through a structured and
deterministic rule set that does not
enable a dynamic and open struc-
ture within social systems.  In con-
trast, a CAS/ABMS approach
seeks to model the complexities
of the relationships rather than
reduce them.  In this case, the
usefulness of computer simulation
takes the place when mathematics

fails,12 but not before the firm
accepts and understands the
notion of the CAS concept within
its supply chain.  Both research
and practice have significant
opportunities in understanding this
concept.

Not only have supply chains
been viewed as linear representa-
tions, the concept of innovation in
the marketplace has as well.
Following a linear path of pure and
applied research and then develop-
ment, the 20th-century made
strides in the execution of pure sci-
ence.  However, the concept of
innovation in today’s dynamic con-
sumer-based economy must not
only study what happened in a
present business situation, but
also what might have happened.
In reality, innovation within a sup-
ply chain can follow a variety of
paths, and must do so by its very
nature.  Innovation will progres-
sively become defined in terms of
multiple possible solutions rather
than the one right answer, as is
defined within Apple’s closed sys-
tem of an auteur model of innova-
tion.  Therefore, supply chain sys-
tems must be able to support an
innovation, New Product
Development (NPD), and fulfill-
ment process that enables multi-
ple optimal solutions.  Further, as
consumers desire customization
more so than standard design,
more complex, decentralized, non-
linear models of new product
development must be established
through ABMS, including the con-
sumer as a co-producer in the sup-
ply chain process.

Beyond its use in NPD, the use
of agent based modeling tools in a
CAS concept presents enormous
opportunities to assist firms in
their supply chain planning and
forecasting processes.  Today’s
ERP system tools largely possess
deterministic, black-box algorithms
hard-coded into the software, mini-
mizing the user’s opportunity to
respond adaptively to a discrete
data set.  Agent data received in
the forecasting process defines
the agents as static rather than
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path dependent, contradictory to
how consumers, retailers, distribu-
tors and manufacturers respond to
one another in a social structure.
Therefore, the agents in the supply
chain are defined as believing in
one best approach without under-
standing the results of all agents
undertaking a similar approach of
self-interest (as illustrated through
the MIT ‘Beer Game’ simulation).
This, of course,  leads to the bull-
whip effect with the supply chain,
as is illustrated in Figure 4.

Implementing a system design
that will allow each of the supply
chain agents (manufacturer, retail-
er, consumer, etc.) to be adaptive
agents will enable a path-depen-
dent approach that seeks to define
a supply chain plan based upon
the social interactiveness between
firms in the supply chain, respons-
es to and from competitors, as
well as different interactions within
the firm.  Despite the allure of
using the CAS concept in supply
chain planning, researchers and
practitioners often conclude that
such efforts are riddled with sub-
jectivity, so why bother?  Probably
for most firms, deployment of this
CAS concept seems more daunt-
ing than its potential benefit.
Without knowledge of how a sup-
ply chain must be structured and
understood to undertake the CAS
concept, this is certainly true.
Therefore, before firms seek to

implement the CAS concept, or
start using ABMS tools, they must
understand the implications and
changes that must first occur with-
in the firm

4. Conclusions
The future of supply chain sys-

tems will be defined within
Complex Adaptive Systems rather
than linear models; however, it is
unclear as to when this future will
arrive.  The CAS concept and
ABMS tools have largely con-
tributed to successes in other
fields of research and practice, and
are just beginning to emerge with-
in  social sciences, such as mar-
keting and supply chain.  Given the
dynamic and unpredictable nature
of today’s supply chains, it is a rea-
sonable conclusion that firms, sup-
ply chains, software providers and
others will gain competitive advan-
tages through the proper use of
this concept.  Yet as supply chain
researchers and practice leaders
continue to congregate around tra-
ditional techniques and tools, the
question is not when most firms
will be ready for the CAS concept
as a function of their supply
chains, but rather when they will
design their people, processes,
and technologies in order to
accommodate it.  

The greatest concern is that
researchers and practitioners will
focus their efforts on using ABMS

tools before they understand the
foundation of the CAS concept;
this would be a mistake, and
would likely lead to the use of
these stochastic processes in a
deterministic, traditional supply
chain manner.  This concern
relates not only to supply chain
researchers and practitioners, but
software providers as well, particu-
larly given research on the defini-
tion of a fixed algorithm in a soft-
ware tool that the user doesn’t
understand.  

Supply chain researchers and
practitioners must understand the
elements needed to develop a
CAS supply chain strategy and its
impact on the cultures of the firm
and the supply chain network
before they launch an ABMS
effort.  Similarly, software
providers must learn from imple-
mentation gaps between the func-
tionality of their ERP tools and
how the end user and the corre-
sponding business processes
interfaced with the tool.  With
greater opportunity, the CAS sup-
ply chain offers greater risk; how-
ever, given the increasingly dynam-
ic, complex and uncertain environ-
ment, practitioners and
researchers would be wise to take
these risks and realize perhaps the
greatest chance for supply chain
transformation over the next
decade.

1Drucker, Peter, http://www.druckerinstitute.com/
2Sachan, A., & Datta, S. (2005). Review of supply chain manage-
ment and logistics research. International Journal of Physical
Distribution & Logistics Management. 35 (9), 664-705.
3Bertalanffy, L. v. (1968). General system theory: Foundations,
development, applications.
4Miller, John H. and Page, Scott E. (2007) Complex Adaptive
Systems: An Introduction to Computational Models of Social Life
5Lengnick-Hall, et. al.. "The role of social and intellectual capital in
achieving competitive advantage through enterprise resource
planning (ERP) systems". Journal of Engineering and Technology
Management: JET-M. 21 (4): 307.
6Schneider, M., & Somers, M. (2006). Organizations as complex
adaptive systems: Implications of Complexity Theory for leader-
ship research. The Leadership Quarterly. 17 (4), 351.
7Brass, Dick, “Microsoft’s Creative Destruction”, New York Times,
February 4, 2010.
8For more on this concept, see Buffington and Amini’s (2010)
Mass Customized Supply Chain Conceptual Framework, (under
review).
9Miller, John H. and Page, Scott E. (2007) Complex Adaptive
Systems: An Introduction to Computational Models of Social Life.
10North, M.J. and Macal C. (2007).  Managing Business
Complexity. 
11Swink, M., & Song, M. (2007). Effects of marketing-manufactur-
ing integration on new product development time and competitive
advantage. Journal of Operations Management. 25 (1), 203.
12Ruelle, D. (1991).  Chance and Chaos.

Figure 4 – Beer Game Illustration


