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Abstract

Small and medium sized enterprises constitute a major
component of the Australian economy. In fact in 2000-
2001 they accounted for up to 91% of all businesses and
provided 80% of all private sector employment [1].
Therefore many service industries are interested in the
growth and potential of the small and medium business
sector. However, modelling these enterprises is difficult
because of their small size, and individual natures. One
largely untried approach is to use agent-based model-
ling. Agent frameworks have become a powerful tool for
modelling complex, interacting systems. Thisis a result
of an agent-based systems capacity to handle nonlinear
systems, their inherent flexibility and their ability to
learn and adapt as the model evolves.

INTRODUCTION

The importance of small and medium sized enterprises
(SMEs) to local, national and global economies is well
understood. This is illustrated by the increasing amount
of research aimed at understanding aspects of organisa-
tional change within the SVME business sector [2, 3. In
particular this research studies the process of growth and
innovation that an enterprise eeriences as it evolves
over time.

High-Level View

The agent framework presented in this paper focuses on
the strategic behaviour of SMEs and the implications of
different behaviour types, represented by a fuzzy logic
ruleset, to information flows. This research is not an eco-
nomic pricing model, rather, it is part of a larger project
which aims to improve customer relationship management
(CRM) practices by enabling more integrated marketing
research and improving data mining practices within or-
ganisations servicing the SME sector. To this end, cus-
tomer data on SMEs and measures of the economic envi-
ronment form the two principle inputs to the over-arching
agent-based system (figure 1). These data sources reflect
the accent on customer relationships and the fact that
SMEs are influenced by economic changes [4, 5]. The
current agent-based framework model represents a com-
ponent part of this over-arching framework. The frame-
work will be extended to utilise commonly captured cus-
tomer demographic data (about SMES) that is often avail-
able in organisational data warehouses. The environ-
mental condition indicators are also publicly available

Charles Sturt University

Keith Nesbitt
School of IT,

Denise Jarratt
School of Marketing & Mg,
Charles Sturt University
Bathurst, NSW, Austraia
djarratt@csu.edu.au

Bathurst, NSW, Australia
knesbitt@csu.edu.au

measures. Of course in the future, one might envision
extending our agent-based framework so that mobile “in-
formation agents’ proactively seek out their own data
from electronic sources. However, currently the main
agents we have modelled are SME-Agents. SME-Agents
are designed to capture the concept, i.e, the needs and
the behaviours of SMEs.

Customer data

Changing
resource needs

(SME’s)

SM E-Agents

~
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Figure 1. A high-level view of the agent system.

Current Model

As in the real-world, different SME-Agents have different
beliefs, desires and intentions. Different businesses adopt
different strategies of growth or survival. Some busi-
nesses operate in competition, while others may collabo-
rate. SMEs consider not only broad environmental m-
pacts, but also local spatialised competition and demands.
For example, alocal business may find it difficult to grow
beyond its existing customer base. Perhaps, similar busi-
nesses may find themselves in direct competition if they
are too closely situated. While the need to include spatial
interaction is acknowledged, the inclusion of these dy-
namicswill be left for future work.

A key success factor for businesses is the ability to align
resources and strategies to changing environments. For
example, computer or telecommunication needs change as
aresult of both environmental factors and the company’s
changing state in that environment. Importantly, a busi-
ness may need to also change in response to customer
needs. Our agent-based model is designed to allow for
exploration of the role strategy and changing customer
demands play in the telecommunications needs of an
SME. The end goal is to predict changes in the resource
needs of SMEs that result from change in the way a busi-
ness employs strategies to compete under changing envi-
ronmental conditions and customer demands.
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STRATEGIC BEHAVIOUR

In today’s business environment (exhibiting changing
technology, economy, industry structure and partici-
pants, demand and supply), the barriers of economies of
scale, differentiation, switching costs and distribution
access have become obsolete. Consequently, strategy
frameworks that address the fleeting nature of competitive
advantage are argued to play a more dominant role [6].
The development of core competencies and capabilities,
and strategies drawing on these resources, will be driven
by the desired attainment of a future position. This pre-
supposes that senior managers have a view about the
future and, that their view is shaped through understand-
ing al the relevant and appropriate devel opments that will
drive the future. More particularly, it implies that their
decisions will be shaped by a mental model that results in
aconsistent pattern of decision making.

Miles and Snow’s Typology

Miles and Snow [7] described an organisational strategic
orientation theoretical framework, based on the consis-
tency of management decision patterns. This framework
was subsequently validated across a breadth of domains,
from health care markets [8] to electronic manufacturing
[9]. Therefore this framework is adopted in our model as it
also provides an appropriate segnmentation basisto study
resource change decisions.

Miles and Snow [7] define four categories, defender,
prospectors, analysers and reactors. The typology views
organisational patterns of strategic behaviour as an
‘adaptive cycle’, characterising behaviour using three
strategic ‘problem and solution’ sets: (1) entrepreneurial
problems focussing on the product-market domain; (2)
engineering problems centring on the choice of technolo-
gies, and (3) administrative problems involving structure
and processes. Each of the three problem sets involve
multiple dimensions with atotal of eleven distinctive stra-
tegic dimensions used to characterise the defender, ana-
lyser, prospector and reactor strategic types. Prospec-
tors have been demonstrated to emphasise technology
leadership, invest heavily in technology and exploit new
product and market opportunities. Defenders, on the
other hand are conservative, only investing in proven
technology directly related to their line of business, pro-
ducing a constrained product range for a narrowly de-
fined market. Analysers are only willing to invest in new
technologies following a detailed investigation of the
issues surrounding its application and benefits, while
Reactors are characterised by extreme organisational iner-
tia[21, 12, 8]. These distinct behavioural orientations are
argued to shape resource change decisions of managers
as they respond to information on changes that occur in
the economy, technology, industry structure, supply and
demand.

Strategies define the purpose of organisations, the com-
petitive domain of firms and the resource commitment
these organisations make to achieve and sustain competi-
tive advantage [12, 13, 14]. Hence, developing an appro-

priate strategy that fits the marketplace is one necessary
ingredient for business success, which according to
Miles and Snow, is ‘achieving fit' between the firm and its
environment. In operationalising the business strategy
concept, Miles and Snow [7], Porter [15] and Miller and
Friesen [16] as well as other researchers have done much
in developing empirical and conceptual typologies of
strategies. The typology as proposed by Miles and Snow
remains one of the most popular goproaches for defining
and measuring the effectiveness of business level strat-
egy [17]. It has been debated and supported by many
researchers over the years [18, 19, 20, 17]. These studies
have contributed significantly to the body of knowledge
on strategic archetypes. The Miles and Snow typology
has been demonstrated to predict 24% of the variance in
overall organisational effectiveness [10]. Furthermore, the
behavioural categories of this typology have been
aligned with strategic aspects of product and service in-
novation and the degree and nature of market focus[11].

MODELLING AN SME AGENT

Holland [22] describes a complex adaptive system as an
“evolving perpetually novel world where there are many
niches with no universal optimum of competitor, where
innovation isaregular feature and equilibriumrare and
temporary and wher e anticipations change the cour se of
the system, even when they are not realized". This de-
scription also seems well suited to describing a popula-
tion of SMEs.

SMEs can also be conceptualised to fit John Casti's work-
ing definition of a complex adaptive system [23], compris-
ing a population of "individual agents' who adapt their
rules of behaviour over time. This could be interpreted to
apply to a population of SMEs or the individuals who
comprise them. If descriptions of SMEs are analogous to
acomplex adaptive system, then it follows that complexity
theory may provide an understanding of the dynamic
behaviour of SMEs, and assist in predicting changes in
individual or populations of SMEs.

SMEs are not a homogeneous population, they vary con-
siderably in size and sector activity, in their ownership,
their location and the markets served. Some of the fea-
tures of their domain are commonly shared, such as inter-
action with key economic stakeholders, such as banks
and government agencies. Businesses operate in a regu-
lated environment, providing at least some of the "rules’
of behaviour. Financial resources represent the exoge-
nous "energy", without which activities usually cease.
Other resources, such as human and information and
communications technology (ICT), are also requirements
for operation.

One contribution that complexity theory makes to SME
and entrepreneurship research isthat it provides for multi-
level views of both individual and populations of SMEs.
It also provides concepts for making sense of changing
patterns in the data. The notions of emergence, bifurca-
tion and symmetry breaking in complexity are all notions
of the "natural" formation of structures that behave with
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different characteristics from the agents that constitute
the structures. This may provide general propositionsfor
why SMEs do not behave exactly like their owners.

It is suggested that the analogy of a complex adaptive
system can provide a conceptual framework to under-
stand or illuminate the dynamics of SMEs because:

i. Each businessisdifferent

ii. Each hasitsown "initial conditions" and each incursa
number of "events" in their temporal path.

iii. Given that entrepreneurs are "innovative", then many
businesses will operate with their own "rules", as well
as complying (more or less) to more general rules.
Thereisagreat deal of "replication” in the population
as one SME copies another's ideas and government
policy encourages SMEs to adopt "best practice”.

The agent framework presented in the following section is
a step toward a dynamic, multi-level analysis of SMEs at
both the individual and population levels. By bringing

together empirically validated rules of strategic behaviour
typologies in a simulation environment, variations in

emergent performance and communication flow can be

analysed given differing levels of strategy types and con-
sumer demands.

OVERVIEW OF THE AGENT FRAMEWORK

One of the objectives of this paper is to determine the
minimum agent framework required to give rise to the
Miles and Snow typology. In order to assess the validity
of a fuzzy ruleset against Miles and Snow’s strategic ty-
pology, a simple agent-based system (Figure 2) was con-
structed. In this system, SME-Agents operatein an artifi-
cial market place using fuzzy behaviour rules based on a
subset of dimensions characterised by Defender, Ana-
lyser, Prospector and Reactor (DAPR) strategy types.

The model considers aretail scenario, where products are
bought by SME-Agentsfor sale to consumers. The model
accounts for only Business to Consumer (B2C) transec-
tions and not Business to Business (B2B) and is paramet-
rised using a chromosone like model (8 bits per parame-
ter). The behaviour of SME-Agents is determined by us-
ing a fuzzy logic ruleset, which is discussed in detail in
the following section.

D A ) R Performance &
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Figure 2. Agent framework with SME-Agents behaviour
rules from Miles and Snow'’s strategic typology.

At each time step, SME-Agents decide whether to obtain
customer demand information, how much of which prod-

uctsto buy. The model uses a pure data-push model, that
is, consumers are presented with a full product list from
which to select from. Changing products and obtaining
demand information nvolve information flow, which is
measured and tracked inthe SME-Agent’ s state. A simple
measure of SME-Agent performance, calculated by sub-
tracting the amount spent on product from the amount
received from sales to consumers, is also maintained in
the agent’ s state.

SME-Agent Behaviour and Performance

The Miles and Snow four strategic types are employed to
define the behavioural parameters of SME-Agents. Only
the entrepreneurial problems and sol utions adaptive cycle
component was considered in this framework. This is a
valid simplification as the current model focuses only on
SME-Agent engagement with products and consumers.
The behavioural parameters we model are:

i. Agressiveness (high, medium, low)
ii. ProductMix (high, medium, low)
iii. Awareness (high, medium, low)

SME-Agents maintain state parameters to be used for
decision-making. These parameters consist of:

i. Cashlevel

ii. Stock ID

iii. Stock level

iv. Product longevity

v. Profitsfrom last sale

vi. Average profit, and a

vii. Information flow measure.

A stock ID, level and longevity parameter is maintained
for each type of product purchased by an SME-Agent for
sale to consumers. The longevity parameter is incre-
mented each iteration of the simulation to indicate the
amount of time that an SME-Agent trades in a particular
stock item. All trading costs are associated with an infor-
mation flow.

Products

A simple product set is proposed, which are not agents,
and at each time-step SME-Agents purchase one or a
number of different products to sell to consumers. SME-
Agents are initialised with equal financial resources to
purchase products. Products are described using the fol-
lowing parameters:

i. ID

ii. Type

iii. Quality

iv. Cost per unit

v. Cost of entry

Consumer Demand and Growth/Decay

At the beginning of the simulation, the consumer set is
initialised with equal demand in all product areas. Con-
sumers are minimal agents with no adaptive behaviour
and preferences are recorded using the following parame-
ters:
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i. ID

ii. product

iii. quality

iv. price

V. conservatism

In order for an SME-Agent to complete a sale, only the
product preference of a consumer is fixed. A perfect
match between the quality and price of products for sale
and a consumers preferences is sought, however, an “ac-
ceptable tolerance” will allow consumers to purchase
products closest to their preferences. Consumers are d-
lowed buy requests until satisfied.

The consumer demand in the product areas will vary over
time. This will enable a number of simulations using dif-
ferent consumer environment situations to be considered,
namely:

1. Static
In this scenario, consumer demand is fixed.
2. Turbulent

A random replacement strategy is used to create a
turbulent consumer environment. Once a consumer
has made a successful purchase from an SME-Agent,
the consumer are deleted from the set and randomly
replaced.

3. Fashion/trend

Trends in consumer demand are modelled using a
growth and decay strategy. Each time a customer
makes a successful purchase that customer will be
deleted and replaced with a mutation. Thus the level
of customers in the model remains constant, how-
ever, thetypes, quality and price of productsthey are
willing buy vary in atrending scenario.

The conservatism parameter captures the preference a
consumer has for buying products from an SME-Agent
with longevity in a particular product. For example, a
highly conservative consumer has a preference toward
SME-Agents who have been selling the product of inter-
est for the greatest amount of time, as measured by the
stock longevity parameter. Conservativeness is measured
as high, medium or low. High conservatism indicates that
a consumer will rank by longevity then price, medium
ranks by price followed by longevity, and low considers
only price irrespective of longevity. In all situations, con-
sumers will consider quality as the third ranking criteria
by which to select SME-Agents to purchase products
from.

Other Agents

The Research-Agent maintains information on consumer
demands and changing trends. The Research-Agent
maintains:

i. Listof consumersand current preferences

ii. History of consumers and preferences

SME-Agents decide whether to poll the Research-Agent
for information on consumer demands based on their be-
havioural rules. Obtaining information from the Research-
Agent involves a communication flow and incurs a finan-

cial cost, the amounts of which are dependant on the type
of information requested by an SME-Agent. The commu-
nication flow measure resulting from an information re-
quest is maintained in each SME-A gents state.

Fuzzy Logic Ruleset for SME-Agents

Through the use of fuzzy logic, rules can be organised
and written to address the uncertainty and imprecision of
business strategic decisions.

Decisions

Decisions are made based on the behaviour rules of SME-
Agents and result in differentiations in information flows
and profits. The outputs of defuzzification are crisp and
relate to the following decisions:

i. ProductMix (add, delete)

ii. Buy (more, less)

iii. Research (getinfo, nolnfo)

At various stages throughout the simulation, SME-
Agents will make decisions about whether to add or de-
lete products from their product mix, whether to buy more
or less products in their chosen product mix and whether
to buy research information about customers.

Rules of Engagement

The fuzzy rules aim to reproduce the Miles and Snow ty-
pologies. SME-Agents will evaluate the rules in the con-
text of the current product mix, customer demand informa-
tion and profits from previous sales. The following out-
lines the fuzzy ruleset and the implied strategy types.

Information
If Awareness = High THEN Research = getinfo ? Prospector

If ProductMix ? Low AND Awareness= Medium THEN
Research = getinfo WHEN any profits< Avg? Andyser

If ProductMix = Low AND Awareness = Medium THEN Re-
search = getlnfo WHEN any profits< Avg? Defender

If Awareness = Low THEN Research = getlnfo WHEN al prof-
its<Avg? Reactor

Buying and ProductMix

If Agressiveness = High AND ProductMix = Low THEN Buy
= more WHEN profits >= Avg? Defender

If Agressiveness = High AND ProductMix = Low THEN Buy
=lessWHEN profits < Avg AND customer demand >= Avg ?
Defender

If Agressiveness = High AND ProductMix = Low THEN Pro-
ductMix = Add WHEN profits < Avg AND customer demand
<Avg ? Defender

If Agressiveness ? Low AND ProductMix = High THEN Pro-
ductMix = add AND Buy = more WHEN profits >= Avg ?
Prospector

If Agressiveness ? Low AND ProductMix = High THEN Pro-

ductMix = add AND Buy = lessWHEN any profits <= Avg
? Prospector
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If Agressiveness ? Low AND ProductMix = High THEN Pro-
ductMix = add AND ProductMix = Delete WHEN all profits
<=Avg AND consumer demand < Avg ? Prospector

If Agressiveness? Low AND ProductMix = Medium THEN
Buy = more WHEN Profits >=Avg ? Analyser

If Agressiveness = Low AND ProductMix = Medium THEN
ProductMix = add AND Buy = more WHEN profits >= Avg?
Reactor

If Agressiveness = Low AND ProductMix = Medium THEN
ProductMix = delete AND Buy = less WHEN profits< Avg ?
Reactor

The Miles and Snow typology differentiates strategies
along the aggression, product mix and research dimen-
sions, which are reflected in the fuzzy ruleset. Defenders
are characterised by a narrow and carefully focussed
product-market domain, which they aggressively defend.
They exhibit prominence in their product market(s) and
cautiously monitor activity in their domain. Prospectors
can be conceptualised along an opposing axis to defend-
ers (Figure 3). They are characterised by abroad and con-
tinuously expanding product-market domain, in which
they are ative initiators of change. They aggressively
search for new opportunities. Analysers exhibit a mixture
of both the defender and prospector behaviours. Analy s-
ers are characterised by a segmented and carefully al-
justed product-market domain, maintaining core prod-
uct(s) whilst “prospecting” in others. They are calculated
followers of change and employ competitively oriented
and thorough surveillance. Conventionally, reactors have
been presented as a ‘residual’ type, lacking consistent
characteristics. They exhibit uneven and transient prod-
uct-market domain behaviour, characterised by opportun-
istic thrusts and coping postures. Reactors employ only
sporadic and issue dominated surveillance [7].

Prospectors
high

‘Anajysers

product _
mix .Reactors high
enders
aware-

low aggressiveness  high

Figure 3. Characteristics of strategic types

The Simulation

1. Initialise product set, consumer set, SME-Agents and
simulation count. Select consumer environment sce-

nario.
2. Createrandom list of SME-Agent and Consumer IDs.

Research-Agent compiles list of consumer prefer-
ences. If simulation count ? O, copy current consumer
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preferences to history list then create alist of al con-
sumer IDs in the current simulation and their current
preferences.

SME-Agents obtain information on products and can
choose to obtain consumer demand information, de-
pending upon rules (Decision: Research).
a. Take the first SME-Agent ID from the randomised
list and send product information request to Prod-
ucts. Update information flow parameter.
Evaluate SME-Agent behaviour.
If decision = obtain information, request consumer
information from Research-Agent, update the cash
level and communications flow parameters, else
continue. Repeat (b) and (c) for all SME-Agent
ID’sin the randomised list.
SME-Agents buy products, update cash level and
stock level (Decision: ProductMix, Buy). Take the first
SME-Agent ID from the randomised list and determine
SME-Agent behaviour. Update the SME-Agent cash
level, stock level and communications flow parame-
ters. Repeat for all SME-Agent IDs in the randomised
list.
Update randomised list of SME-Agent I1Ds to include
product information.
a Takethe first SME-Agent ID from the randomised
list and add product 1D, amount, quality, and price
variables to the randomised list.
Update the product ID, longevity, amount and
price variables in the randomised list from the
matching SME-Agent. Update the quality variable
in the randomised list from the Product details.
If more than one product ID, add a row to the
randomised list for each product ID. Repeat for all
SME-Agent IDsin the randomised list.

Consumers obtain information on products for sale
and select which productsto buy from SME-Agents.

Take the first onsumer 1D from the randomised
list then search the randomised SME-Agent list for
consumer preference and SME-Agent product for
sale match. When a match is located, SME-Agent
details are added to atemporary list of prospective
salesfor that consumer.

List of prospective sales are sorted according to
closest match of price, longevity and quality to
consumers preference using the ranking criteria of
the consumers conservatism measure.

Sales occur, SME-Agents adjust cash and stock
levels. Select first record in temporary list of
prospective sales, reduce stock level of SME-
Agent, add the value of sales to the cash level and
retain the SME-Agent ID, with adjusted stock de-
tails, in the randomised list for future sales.
Consumer is replaced/reset depending on chosen
consumer environment conditions (i.e. static, tur-
bulent or fashion/trend) and simulation count is
incremented.

a

9. Continue steps 2-8 until end.



DISCUSSION

When implemented, the agent-based model presented in
this paper represents SME strategic behaviour and meas-
ures associated information flow. Simulations with differ-
ent populations of SME-Agent strategy typologies and
consumer demand scenarios will be used to assess
variations in and responses to information flow. The
model will be extended to incorporate:

1. emerging and evolving products;

2. other environmental conditions such as perceptions
of the broader economic climate; and,

3. additional dimensions of the Miles and Snow typol-
ogy, such as those in the engineering problem set,
focusing on the adoption of technologies.

Finally, the proposed model, and its subsequent exten-
sions, may provide insights into the structure of SME
populations and the flows and responses to information
within them. An analogy may exist between the flow of
information, considered as a resource, and the interpreta-
tion of that information in a population of SMEs buying
and selling products in a competitive environment, and
the structure of ecological communities, commonly repre-
sented by food webs [24]
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