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ABSTRACT

Maintaining a long-term partnership with a supplier is
considered an effective strategy to achieve collaboration
success in supply chain management (SCM). However,
individual companies find that this approach does not always
improve business performance. In this paper, an agent-based
model (ABM) is developed to investigate the effect of duration
of collaboration on supply chains from a market perspective.
The model represents two-stage supply chains of an innovative
product market, involving suppliers and manufacturers. The
model outputs are measured by the rate of demand fulfilment
and the number of supply chains which can survive in the
market. The results show that duration of collaboration has no
significant impact on both demand fulfilment and
survivability of supply chains. This finding contradicts the
common belief held in the literature about the benefits of long-
term collaboration, but it corroborates examples encountered
in practice. This study provides new insights to the practice of
supply chain collaboration by taking a market perspective.
The results show that a longer duration of collaboration does
not provide a significant improvement to the supply chain's
competitiveness from a market point of view, in terms of
demand fulfilment and supply chain's ability to survive over
the long-term. The implications of this finding to practice are
discussed in the paper.

Keywords: supply chain, duration of collaboration, market
perspective, agent-based modeling, simulation

1. INTRODUCTION

In most supply chain management (SCM) literature,
long-term collaboration strategy has been generally
understood as an effective approach to optimize a supply
chain’s competitive advantage. It promotes better
communication between collaborating firms and accelerates
the innovation process along the supply chain (Boddy et al.
1998). The strategy can also secure the supply flow,
particularly when it is applied along with single-sourcing
strategy, where the manufacturer only collaborates with one
supplier (Kraljic 1983). Furthermore, this strategy can
reduce the time to market of a new product as it speeds up

the product innovation process through supplier
involvement (Christopher 2000). These claims of
collaboration advantages are also supported by the

successful SCM practices in several large companies, such
as Toyota and Benetton, Dow Chemical, BASF, General
Motors, and DuPont.

On the other hand, from a market point of view, a
long-term collaboration does not always lead every supply
chain to success. Many firms failed to achieve successful
collaborations even though they have adopted this strategy.
When this collaboration strategy does not provide the
impact as expected, the operations of the supply chain turns
to be less effective and inefficient (Barratt, 2004; Cao and
Zhang, 2011; Holweg et al. 2005; Lambert and Cooper,
2000). Several studies also suggest that this collaboration
strategy does not always enhance supply chain
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performance, investigated by Anderson and Jap (2005),
Burke et al. (2007), Leeuw and Fransoo (2009), Squire et
al. (2009), and Sun and Debo (2014). In addition, from a
strategic management's perspective, as recommended by
Porter (1997), long-term close partnerships may hinder
firms to innovate and improve their performance as the
strategy can deter the benefit of competition.

The contradicting views above serve as the motivation
for the paper, which aims to understand the effect of
duration of collaboration on supply chains. Furthermore,
the literature points out that longer term collaboration does
not always improve supply chain competitiveness. Hence,
this study aims to gain a better understanding of the effect
of duration of collaboration on supply chains, by analyzing
the supply chains from a market perspective.

An agent-based modeling (ABM) approach is adopted
in order to incorporate the dynamics of partnerships in
supply chains that are driven by individual firm behavior.
The approach also allows system level observation on the
emergent impact of the individual firm behavior from a
market perspective. This approach offers a novel
perspective in supply chain analysis, particularly in
exploring the impact of a supply chain collaboration
strategy over the long-term of competition.

In this paper, we assess the impact of duration of
collaboration on the supply chains competitiveness over the
long term measures against the supply chains ability to
meet the customer demand (demand fulfillment) and the
number of supply chains that survive in the market. The
hypothesis tested in this study is "longer duration of
collaboration does not increase supply chain’s
competitiveness, in terms of ability to fulfil the demand and
survive over the long term in the market". This hypothesis
is formalized based on the contradicting views on the effect
of long-term collaboration found in the literature.

The remaining sections of this paper are organized as
follows. First, a brief review of the duration of
collaboration SCM literature is presented followed by an
overview of agent-based modeling. Then, the agent-based
model is explained in section 4. The experiments and
results are discussed in section 5, followed by the
discussion of the findings.

2. DURATION OF
COLLABORATION IN SUPPLY
CHAINS

Collaboration with suppliers is one SCM strategy to
improve supply chain performance. This strategy allows
suppliers to be involved earlier in the process of product
development, so both supplier and manufacturer can obtain
long-term joint competitiveness, as practiced by Benetton
with its supplier (Dapiran 1992). Moreover, it promotes a
better efficiency and lower output variability since this
method reduces the number of suppliers that affect
transaction costs (Matthyssens and Van den Bulte 1994).

The most effective collaboration suggested are the
ones where the manufacturers in the supply chain establish
a long-term relationship. This strategy has been widely
accepted as a basic approach in SCM to improve and
optimize supply chain competitiveness over the long term
(Matthyssens and Van den Bulte 1994; Li et al. 2006). The

strategy can secure the supply of critical materials or
components of the finished products (Kraljic 1983). Kraljic
also documented that a Japanese steel industry has
decreased their total spending by up to 18% by applying
this partnership style. In addition, long-term collaboration
enables information and operations integration that
improves supply chain performance (Prajogo and Olhager
2012). Using a game theory model, Ren et al. (2010) also
support the benefit of long-term collaboration that can
improve the quality of information sharing for sales

forecast and facilitate frust between collaborating
enterprises.
However, intense partnerships through long-term

collaboration do not always have positive impacts on the
firms. Failures on partnerships have been found at a
relatively high rate, which is between 30% and 50%
(Anderson and Jap, 2005). In addition, Parker and Hartley
(1997) find that long-term partnerships tend to make
suppliers to be vulnerable to losing their power to control
the price of the material. Kraljic (1983) also suggests that
long-term partnerships would provide a significant benefit
if the suppliers operate beyond their capacity, and the
supply market is highly uncertain. Furthermore, Porter
(1997) does not recommend long-term collaboration as it
can reduce supplier’s willingness to innovate.

In addition, several studies suggest that long-term
relationships lead the partners to be more likely dissatisfied
with the cooperative arrangement. Several studies in
marketing management found empirically that long term
relationships can lower trust and the service performance
(Grayson and Ambler 1999). This finding is supported by
studies in strategic management which posits that close
partnerships can encourage the collaborating partner to be
too dependent on each other (Inkpen and Beamish 1997). In
addition, when a firm has a better understanding of what the
other knows through a high degree of information sharing
between parties, the partnerships become unstable and
fragile. This risk will be more apparent if the demand
uncertainty is very high or very low (Sun and Debo 2014).
In the case of Japanese car manufacturers, Dyer and Ouchi
(1993) find that a long-term collaboration does not
necessarily need a very high involvement of collaborating
firms. In addition, the long-term relationships strategy is
also often doubted by SCM practitioners. This strategy is
viewed to be risky as developing and maintaining trust
between firms are difficult in business relationships. This
negative opinions often come from suppliers with larger
scale buyers who aggressively established strategic and
long-term cooperation with them (Bensaou 1999).

An empirical study conducted by Wagner (2011)
suggests that the length of partnership has no relationship
with performance improvement. Instead, according to
Wagner (2011), supply chain performance is influenced by
the level of supplier development - a set efforts of a
manufacturer spends to enhance supplier performance
and/or capabilities. However, the effectiveness of supplier
development tends to follow a curve-linear pattern against
the length of partnership. It implies that excessive duration
of relationship would not provide a significant benefit to the
success of supplier development.

This suggestion is consistent with the study conducted
by Squire et al. (2009) who also conclude that collaboration
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has a curve linear relationship. It improves manufacturer’s
responsiveness, but when manufacturer becomes dependent
on the supplier, it may have an adverse impact on suppliers’
performance. However, both Wagner (2011) and Squire et
al. (2009) do not explain the length of relationships
duration for a specific unit of time.

In summary, contradicting views on the effect of long-
term partnerships on supply chains is found in the literature.
This gap indicates that longer duration of collaboration
does not always benefit every single supply chain in the
market. Hence, this study investigates this issue by
considering all competing supply chains from a market
perspective. The next section provides an overview of the
modeling approach employed in this paper as well as
framing the existing literature of ABM in supply chain
competition and collaboration.

3. OVERVIEW OF AGENT-BASED
MODELING

Investigating the effect of duration of collaboration
from a market perspective is hard to perform empirically. It
will consume a great amount of cost and time, as well as
causing potential problems related to ethics as it requires
high level of transparency in formalizing firm’s behavior in
strategic decisions. Therefore, agent-based modeling
(ABM) is an appropriate approach for studying supply
chain collaboration with market-level viewpoint.

In supply chain operations, ABM has been a growing

body of research with many applications, such as
manufacturing, telecommunications, transportation
systems, information management, interactive

entertainments, and healthcare (Jennings et al. 1998). The
agents are commonly described as companies with
decision-making intelligence to manage sourcing, stocking,
and shipping (Macal and North 2011). However, compared
to discrete-event simulation (DES) and system dynamics
(SD), the use of ABM in supply chain analysis is still
limited to date. No paper has reviewed the applications of
ABM in SCM, while the use of DES and SD has been
discussed in depth by Tako and Robinson (2012). Where
ABM has been applied to the SCM context, it is mostly
conducted through computer science research. The work
tends to focus on software architecture rather than
analyzing collaboration from a market approach. Moreover,
ABM is still a relatively new tool to operational research,
compared to DES and SD (Onggo and Karatas 2015). The
following subsections briefly discuss the features of ABM
and the previous ABM research in a SCM context.

3.1 Features of ABM

ABM consists of five main features: the agent, the
environment, interactions, autonomy, and the schedule. An
ABM simulation model is composed of a set of agents
acting in an environment. The agent represents the
intelligence object that we want to simulate. It can make a
decision without explicit guidance of humans or other
agents (Wooldridge and Jennings 1995). The agents are
modelled individually to create the system. They take
actions autonomously based on particular interaction rules,
and these individual actions generate the global patterns of
the system. The agents can be sociable and interdependent,

so they can influence the others in response to these
observations. Meanwhile, the environment is the abstract
space where the agents are populated. It can be a two-
dimensional world in the simplest representation
(Robertson and Caldart 2009) or N-dimensional space
(Robertson 2003). Agent’s positions in the environment
influences their state towards other agents and their
decision during their interaction with the others. Lastly, the
rules of agent refer to the detail interaction, the autonomy
of behavior of an individual agent. This feature leads the
individual actions or decisions of agents. A simple rule of
the agent can lead to complexity represented as the
emergent pattern in the system. The actions are executed
based on timescales, or schedules, which is prosecuted
either discretely as in discrete event or concurrently. The
schedule controls whether all agents act at the same time or
in a particular order (Collier 2003; Robertson and Caldart
2009).

3.2 Existing ABM work in SCM

Several SCM issues have been examined by using an
ABM approach. Several studies regard supply chain
collaboration, such as Xue et al. (2005), Zhang et al.
(2006), and Zhu (2008). Xue et al. (2005) employ ABM to
address the collaboration issue in construction supply chain,
but they concentrate on the information flow and
negotiation. Zhang et al. (2006) present an ABM as an
approach for e-manufacturing to provide flexibility,
robustness, and adaptability to the rapid changes. Zhu
(2008) also models supply chain collaboration, but it does
not consider the collaboration as integration between firms;
the study focuses on the impact of information sharing in a
single two-stage supply chain. Other studies consider
supply chain collaboration only in the scope of inventory
decisions, such as Dimitriou (2010) who examines the
effect of boundedly rational decisions in the Newsvendor
inventory model. Nevertheless, this research is limited to a
single supply chain.

In addition, ABM studies in SCM concentrate mostly
on software architecture rather than investigating the
problem. The research tends to employ ABM as a part of
intelligent system in decision making rather than solely
using it for simulation. The following are several examples
of these studies described in brief. Swaminathan et al.
(1998) utilize ABM as a multi-agent approach to develop a
supply chain modeling framework, then addresses supply
chain configuration, coordination, and contract issues,
which deal with inventory decisions. Julka et al. (2002)
propose an ABM framework for developing a decision
support system prototype to integrate supply chain
processes in a refinery supply chain. However, the goal of
the system is optimizing a firm’s performance, not the
supply chain. Jiao et al. (2006) apply an ABM system to
develop a framework of collaborative negotiation in a
supply chain. The framework incorporates supply chain
network and inventory decisions. Cheng (2011) proposes an
agent-based supply chain collaboration model that studies
production and logistics processes at enterprise-level. The
model comprises a single two-stage supply chain, which
involves a manufacturer and a supplier. It considers
competition to the model, but the competition is only
represented by achieving on-time delivery target.
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Based on above review, little mention is made of the
use of ABM for supply chain analysis. All of these studies
observe a particular single supply chain and none of them
view supply chain problems from the market perspective. In
short, research that analyses firms’ behavior in competition
and collaboration by using an ABM approach has not been
carried out yet in SCM. The following section presents an
example of ABM application to analyze SCM problem
from market perspective. An issue of competition and
collaboration is addressed, by focusing on the duration of
collaboration in particular.

4. AGENT-BASED MODEL OF
COMPETITION AND
COLLABORATION IN SUPPLY
CHAINS

This study considers supply chains of an innovative
product market, where partnerships between manufacturer
and supplier are critical to the supply chain
competitiveness. Having this scope, the agents are defined
as the actors along the supply chains, which involve
customers, manufacturers, and suppliers.

The customer is considered as a group of customers,
retailers, or a warchouse. Each customer has a fixed
preference in buying the product, represented by a fixed
position of customer in the simulation space (they do not
move). The customer also has a compromise limit to reflect
the maximum degree of customer's willingness to
compromise toward their product preference. This
compromise reflects a feature of innovative product market
where not all customers buy the product. Each customer
selects the closest manufacturer which is close to its buying
preference and stays within the limit of the customer’s
willingness to compromise.

As the customer, the manufacturer also has a
preference in selecting a supplier and willingness to
compromise. The preference is reflected by the
manufacturer's position in the simulation space, and the
willingness to compromise represents the tolerable
capability gap between the manufacturer and the supplier

when the manufacturer has to link with less efficient and/or
responsive supplier/s. The willingness to compromise also
represents the degree of supplier/s’ impact on the
manufacturers or supply chain capability during
competition and collaboration. This effect can limit the
manufacturers’ competition =~ movement as  the
manufacturers’ competitiveness is affected by the suppliers.
The suppliers compete to attract manufacturers to cooperate
with them, and manufacturers continuously move to obtain
more customers. They have no trust/loyalty to each other,
and they can die when they cannot manage to have a
collaboration link within several periods.

The agents act in a two-dimensional environment,
which represents their strategic position from an SCM
perspective. The dimensions are referred to supply chain
competitive strategy as described by Chopra and Meindl
(2007), namely efficiency and responsiveness. Within the
environment, two infeasible areas reflect the limits to the
possible competitive landscape, which is presented in
Figure 1. The infeasible area which is on the left defines
unrealistic extreme firm competitiveness by offering a
product with both a high level of innovation or
customization and a very low price and product value to the
customers. The opposite extreme competitiveness is
described by the other infeasible area: a firm is impossible
to sell non-innovative products with an extremely
expensive price and high perceived product value.

On the other hand, the feasible area reflects a
simplified non-linear relationship between responsiveness
and efficiency in supply chain practice. A higher
responsiveness level of supply chain operations can either
enhance or decrease the supply chain efficiency. In
contrast, if a supply chain is highly efficient, the supply
chain will be very likely less responsive. In short, higher
responsiveness levels can lead to much wider range of
efficiency degree (zone a in Figure 1) compared to higher
efficiency levels that restrict the resulting responsiveness
level (zone b in Figure 1). In the model, this relationship
affects the shape of the feasible area, which the length of
zone a is assumed to be 3 times longer or wider than zone
b.
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Figure 1 An abstraction of the agents within their environment
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The time unit of the simulation run represents a period
that is considered sensible to allow a firm to make a slight
adjustment to their strategic position. Regarding the
operations in supply chains, the duration of making a slight
strategic change can be related to the time bucket used in the
sales and operations plan (SOP). The time bucket commonly
used in the SOP is between 3 and 18 months, which are
mostly affected by the total production lead time. In the
computer model, we assume that one fime unit represents at
least 3 months for making a gradual strategic change. The
definition of time unit controls all actions of the agents,
which defines the schedule of agent-based model.

The main outputs or responses of this model are the
demand fulfilment rate and the number of supply chains in
the market. The demand fulfilment rate represents the
aggregate performance of the supply chains in the market,
measured by the proportion of demand fulfilled with respect

Table 1 The conceptual model

to the total available demand. For instance, if the available
demand in the market is 100 customers and the available
supply chains serve only 10 customers, the demand
fulfilment rate is equal to (10/100) x 100% 10%.
Meanwhile, the number of supply chains in the market
indicates the number of supply chains which can survive in
long term competition.

To simplify the detail of the model, a conceptual model
(Table 1) is utilized to describe the modeling objectives,
inputs or experimental factors, outputs or responses, content,
assumptions and simplifications of the model. The structure
is adapted from Robinson (2008), and the ABM features
incorporated to the structure are based on Macal and North
(2013) and Robertson (2003). The flowchart of the
behavioral rules is presented in Figure 2. The agents are
scattered randomly on the feasible area to depict their
positions corresponding to the others.

Model content
(Scope and Level of Detail)

The agent:
Customers, manufacturers, and suppliers.
The environment:

Two-dimensional strategic space defined as the degree of efficiency and responsiveness.

The interaction:

Each customer creates a link with a manufacturer, and each manufacturer makes connection/s

(collaborations) with one or several suppliers.
The autonomy:
CUSTOMERS

Each customer selects a manufacturer in accordance with its preference.

MANUFACTURERS

Each manufacturer selects one or several suppliers based on its preference.

SUPPLIERS

Supplier competition movement depends on manufacturers' position and its trust/loyalty to the

manufacturer.
The schedule:

Agent's movement, link creation, life (for manufacturer and supplier to allow them to die), and output

measurement

Inputs/Experimental Factors

Duration of collaboration between supplier and manufacturer

Outputs/Responses

The demand fulfilment rate, and the number of supply chains in the market.
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Set the agents and the environment [

.

Move the manufacturers and the suppliers

'

Clear the previous links that connect
the customers and the manufacturers

Does the current duration
of collabaoration between
the supplier and
manufacturer exceed the
intended duration?

¥
Clear the current link between the Keep the current link between
manufacturer and the supplier the manufacturer and the supplier

:

The manufacturer creates new links to
anew supplier

1
¥
The customers create new links to the closest
manufacturer which has a link with a supplier and stav
within the customer’s willingn ess to compromise

!

Remove the manufacturers and
suppliers which have exceeded their
survivability limit

'

Clear the current link between the
manufacturer and the supplier

Is each number of manufacturers
and suppliers less than two firms?
or
Does the time unit reach the limit
of simulation time?

Figure 2 The agent’s rules
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5. EXPERIMENTS AND RESULTS

The duration of collaboration is observed in five
scenarios: extremely short duration, short-medium duration,
medium-long duration, long duration, and extremely long
duration. In the computer model, these duration levels are
represented in 4 time units, 20 time units, 40 time units, 60
time units, and 80 time units. If the time unit is interpreted in
the shortest possible period, which is 3 months, each
scenario can be explicated as 1 year, 5 years, 10 years, 15
years, and 20 years. In consecutive, each scenario represents
extremely short duration of collaboration for scenario 1,
short-medium duration of collaboration for scenario 2,
medium-long duration of collaboration for scenario 3, long
duration of collaboration for scenario 4, and extremely long
duration of collaboration for scenario 5.

These experimental levels are justified hypothetically
since the definition of the length of collaboration depends on
the detail characteristics of the innovative products,
particularly in relation to supply and demand markets. For
instance, ten-year collaboration for a supply chain (40 time
units, in scenario 3) can be considered as a medium
duration, while other supply chain may regard the duration
as a long-term partnership. A summary of the scenarios is
presented in Table 2. These scenarios are simulated under
two different situations: one-to-one partnerships and one-to-
many partnerships.

Table 2 The scenarios of duration of collaboration

Duration of .
. Scale representation
collaboration

Scenario 1 4 time units Extremely short duration
Scenario 2 20 time units Short-medium duration
Scenario 3 40 time units Medium-long duration
Scenario 4 60 time units Long duration
Scenario 5 80 time units Extremely long duration

Firstly, the duration of collaboration is investigated in
one-to-one partnerships, where both manufacturers and
suppliers only allow having one collaboration link. A
prominent feature is a longer duration of collaboration that
does not improve the demand fulfilment rate when the
suppliers are linked with only one manufacturer. Only the
medium-/ong-term collaboration (40 time units, scenario 3)
has a slightly better demand fulfilment rate than other
scenarios, but it does not seem significant compared to the
other scenarios. Similar interpretation is also obtained for
the other model output, which is the number of supply
chains which can survive in the market. The boxplots of
these outputs is presented in Figure 3.

To assess whether there is a significant difference
among these scenarios, the Mann-Whitney U test is
performed. This method is chosen as the samples are from
different populations. Moreover, the data of simulation
outputs is not normal, and removing the outliers will
potentially lead to a less robust analysis. The one-tailed
approach is used to infer which scenario has a better
performance. The alternative hypothesis of this test is that
the scenario with a higher median (which has a smaller U-
value) is significantly different from the other.

Ten pairwise comparisons with normal approximation
are constructed, and Bonferroni correction is applied

(Robinson 2014) with 10% overall level of significance (the
critical value is -2.33 with normal approximation). Based on
the comparisons, it is suggested that the demand fulfilment
rate resulted in scenario 3 is significantly higher than
scenario 5, but this output is not different significantly when
it is compared to the remaining scenarios. Meanwhile, the
results of other pairwise comparisons to other scenarios
concludes that there is no significant difference between the
scenarios. It means that, overall, the longer duration of
collaboration does not have a significant effect on the
demand fulfilment for the long term. A similar conclusion is
resulted for the number of supply chains in the market. The
longer duration of collaboration does not improve the
number of supply chains in the market.

35 s

30 A
25 4

20 A

. %r—?tﬁ

1 2 3 4 5

Demand fulfilment rate (%)

Scenario

(a)

Number of supply chains
in the market
£

R R s s o

1 2 3 4 5

Scenario

(b)

Figure 3 Boxplots of the model outputs with a line of mean values
in situations of one-to-one partnerships:
a) the demand fulfilment rate, b) the number of supply chains in the
market

This finding is slightly different when the scenarios are
run under one-to-many partnerships, which the maximum
number of supplier’s partnerships is two manufacturers and
manufacturer's number of partnerships remains constant at
one supplier. As shown by Figure 4, unexpectedly, the
extremely short duration (scenario 1) provides the highest
demand fulfilment rate, with 9.68% and 9.05% for the mean
and the median respectively. Meanwhile, the extremely long
duration results in the lowest demand fulfilment rate, with
7.73% for the mean and 7.15% for the median.
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Figure 4 Boxplots of the model outputs with a line of mean values
in situations of one-to-many partnerships:
a) the demand fulfilment rate, b) the number of supply chains in the
market

The Mann-Whitney U test confirms that only scenario
1 has a significantly higher demand fulfilment rate than
scenario 2 and scenario 5. The difference is insignificant
when it is compared to scenario 3 and 4. Meanwhile,
scenario 2, scenario 3, scenario 4 and scenario 5 are found
not significantly different, in terms of demand fulfilment
rate. In addition, considering the number of supply chains in
the market, the results of Mann-Whitney U test show that
scenario 1 provides the most significant difference
compared to other scenarios, but it is not significantly
different compared to scenario 2. Scenario 1 has a higher
number of supply chains in the market compared to scenario
3, scenario 4, and scenario 5. Further discussion of these
results is presented in the next section.

6. DISCUSSION OF THE FINDINGS

This paper presents an agent-based model of supply
chain collaboration to explore the effect of length of
collaboration from a market perspective. The model focuses
on partnerships between suppliers and manufacturers which
are prominent in innovative product markets.

In the model, it is expected that a longer duration of
collaboration can improve the ability to survive or the
existence of both the manufacturer and the supplier in the
market. However, the results of this paper indicate that when
both the manufacturers and the suppliers can collaborate
with one firm only at the same time (i.e. under one-to-one
partnerships), this factor does not provide significant
improvement to both demand fulfilment and survivability of
the supply chains. On the other hand, when the supplier can

work with up to two manufacturers while the manufacturers
can only collaborate with one supplier (i.e. under one-to-
many partnerships), the extremely short duration of
collaboration (scenario 1) seems to provide better demand
fulfilment and survivability of the supply chains for a long-
term compared to scenarios of longer duration of
collaboration (scenario 2, scenario 3, scenario 4, and
scenario 5). This indicates that the adoption of long-term
duration of collaboration does not lead to a better demand
fulfilment and survivability levels of the supply chains in the
market.

This finding contradicts the commonly held belief in
SCM literature which supports the benefit of long-term
collaboration in improving supply chain performance. It also
supports previous work which suggests that long-term
collaboration does not enhance supply chain
competitiveness. As presented in section 2, previous studies
find that having a very close partnership with long-term
collaboration is not more advantageous than having shorter
partnerships with less close relationship (Parker and Hartley
1997). Leeuw and Fransoo (2009) also find that a close
collaboration through long-term partnerships reflects an
analogy that is "one size does not fit all". This means that a
successful collaboration practice of a company does not
always fit to other enterprises. Squire et al. (2009) also
suggest that although duration of collaboration can improve
manufacturer’s responsiveness, the extremely long duration
of collaboration turns the manufacturer to be dependent on
the supplier. This situation may lead to an adverse impact on
the overall demand fulfilment. In other words, from a
market perspective, the benefit of establishing longer
duration of collaboration does not improve the supply chains
competitiveness over the long-term.

To obtain further explanations of this result, agents’
movements during the simulation are observed in every time
unit. It is found that both suppliers’ and manufacturers’
strategic movements are influenced by the model
assumption, where the firms have no loyalty to their
collaborating partner. As the supplier attracts a new
manufacturer persistently, this assumption makes the
supplier move consistently further from the manufacturer
with whom it currently collaborates. This direction of the
supplier’s strategic movement enlarges the strategic gap
between the manufacturer and the supplier which can lead to
a higher risk for the supplier to lose the opportunity to re-
establish collaboration with the previous manufacturer when
the collaboration ends. Moreover, the manufacturer will
select a new supplier if the previous supplier no longer
meets the manufacturer’s preference. This resulting behavior
represents a situation where suppliers tend to be less
cautious in making decision for their strategic move because
they believe the longer term partnerships have secured their
business for the long run in the future.

In contrast, the extreme short collaboration duration
can prevent the supplier from moving further from the
current manufacturer. This emergent behavioral pattern
occurs when the supplier does not find another manufacturer
to collaborate with while the previous manufacturer is still
the closest agent to the supplier. In this situation, the
supplier will move back to the previous strategic position to
attract the manufacturer to rebuild the collaboration link.
This pattern becomes prominent to demand fulfilment rate
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and survivability of the supply chains when the supplier can
collaborate with more than one manufacturer. In this
situation, the extremely short-term collaboration is found to
provide better demand fulfilment and survivability of the
supply chains than the longer duration of collaboration. In
addition, although the suppliers are expected to have a
longer “life” to exist in the system when they work with
more than one manufacturer, this advantage is only
significant when all supply chains in the market choose the
strategy of a longer duration of collaboration.

On the other hand, in the model, a longer term of
collaboration will limit the manufacturer’s strategic
movement as well as manufacturer’s life when the supplier
turns to be less efficient and/or less responsive during the
collaboration period. This rule reflects a circumstance where
long-term collaboration leads to the manufacturer becoming
dependent on the supplier. When the manufacturer
experiences losses during the interaction with the supplier, a
longer duration of collaboration will jeopardize not only the
manufacturer’s survivability but also the supply chain’s
existence in the market. This is due to the decrease of the
number of manufacturers, which eventually reduces the
suppliers’ market size.

To our knowledge, no study has attempted so far to
compare the extent of demand fulfilment by varying the
duration of collaboration. These findings provide a new
perspective in understanding the significance of long-term
effect of the longer duration of collaboration. Companies
which currently consider establishing long-term partnerships
with their suppliers may need to take into account their
options. This findings confirm the strategic management
view, where operational effectiveness does not lead to a
sustainable  competitive  advantage (Porter  2006).
Meanwhile, most SCM work observes collaboration from an
operational perspective — without taking into account the
emergent outcome of the firms’ behavior on the market.

The limitations of this work should also be considered.
In the model, all agents are assumed to be homogeneous,
rationally bounded, and do not have learning ability to
update their behavioral rules. Firms apply exactly the same
length of collaboration during the simulation. Moreover, the
model does not consider collaboration cost and operations
measures that may provide a further insight on the supply
chain performance. However, the simple model used in this
research is found to be effective in exploring the problem
from a market perspective.

7. CONCLUSIONS

This study examines the effect of duration of
collaboration on supply chains by using an agent-based
modeling (ABM) approach which enables taking a market
perspective in the analysis. The market perspective consists
a novel approach in evaluating supply chains in the market.
It provides further insights in SCM, particularly with regards
to the impact of long-term collaboration on the market
performance. The findings show that the benefits of
adopting a longer duration of collaboration are limited to the
individual supply chain perspective. The strategy does not
lead to a long-term supply chain performance, in terms of
market demand fulfilment and supply chain’s ability to
survive in the market. Thus, an essential insight gained from
the application of market perspective in this study is that

“what is good for a single company could be detrimental
once all firms follow it ". This insight can encourage
academics, business managers, and market regulators
(policy makers) to review and improve their existing
practice in supply chain strategy. The adoption of a long-
term collaboration should be decided upon based on the
supply and demand behavior, supplier’s strategic position
and movement, and competitors’ behavior in the market.

While this study provides a novel approach and
insights to understanding competition and collaborations in
supply chains, the model offers potential extensions to
generate further valuable comprehension and intuition in
this topic. Future work could be performed by addressing
the limitations of the model in assessing the effect of
competition and collaboration in supply chains, such as
allowing heterogeneous agents in the model. Incorporating
more supply chain elements, such as number of partnerships
and trust or loyalty between collaborating firms, could also
enhance the interpretation of the current finding. Moreover,
allowing agents to be heterogeneous by applying different
duration of collaboration in each manufacturer agent could
improve the insights gained through this paper.
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