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ABSTRACT

In this paper we present a Multi-Agent simulation model to
investigate purchasing activities in an organizational envi-
ronment. Starting point is the observation that the majority
of purchasing activities in organizations is usually per-
formed without any involvement of the organization’s pur-
chasing department. The purpose of the experiments is to
investigate if and how certain factors determine the degree
to which Purchasing professionals become involved in the
purchasing of Non-Product Related (NPR) items and ser-
vices. Among the factors investigated are: corporate pur-
chasing policies, available information, and the nature of
the various purchasing activities. Preliminary results show
that the behavior of the multi-agent simulation model is an
acceptable representation of reality. Furthermore, the re-
sults show the limits of a Purchasing department’s added
value and the important role of organizational learning in
that respect. The paper provides directions for further re-
search.

1 INTRODUCTION

A number of studies (U.S. Bureau of the Census, 1991;
Fearon and Bales, 1995) indicate that the role of the Pur-
chasing Department is much smaller in the purchase of
nontraditional (non-product related) goods and services
than commonly believed. These ‘nontraditional’ (non-
product related) areas, such as insurance, consultancy, and
advertising, are likely to be purchased without the in-
volvement of professional buying practice and skills. In a
study in 1993 the Center for Advanced Purchasing Studies
(CAPS, Fearon and Bales, 1993) found that in a surpris-
ingly large percentage of firms, the Purchasing Department
had no input to the purchase of particular nontraditional
goods and services. Given the often huge sums of money
involved in NPR-purchasing and the supposed saving po-
tential by bringing in professional Purchasing expertise, it

1337

seems worthwhile to find out which factors apparently hin-
der this Purchasing involvement.

The literature about this subject is very limited. Most
researchers who studied this subject used surveys or ques-
tionnaires as a methodology for their study. De Boer and
Pop-Sitar (2001) contemplated on some theoretical expla-
nations for the limited and often problematic involvement
of the Purchasing department in NPR purchasing. They
conclude that the problem is very dynamic and complex.
That is why we want to investigate the usefulness of multi-
agent simulation for studying the problem. What we want
to study is:

e In what way and to which extent do certain factors
influence the involvement of the purchasing de-
partment in the NPR purchasing activities? Ex-
amples of such factors are: corporate purchasing
policies, different types of purchases, and the
skills, goals and perceptions of the agents in the
organization.

How does the involvement of the purchasing de-
partment in the NPR purchasing change over
time?

How does Purchasing involvement correlate with
the attainment of organizational goals?

Simulation could be a valuable tool in addition to the
existing approaches because of the possibility to model
and analyze dynamic and complex systems and control
the assumptions and the conditions of the simulation
model, such as corporate policies, and investigate the ef-
fects of these changes in a controlled environment. In the
simulation model each department can be naturally repre-
sented by an agent, which executes jobs that arise within
the department.

The paper is organized as follows. Section 2 describes
the problem setting and basic assumptions used in the
simulation model. In section 3 we discuss the different
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types of agents in the multi-agent simulation model. Sec-
tion 4 and 5 present the simulation model and the results of
preliminary experiments. After discussion of the results in
section 6, we draw conclusions in section 7.

2 PROBLEM SETTING

Before we describe the problem in more detail we give two
definitions of the term “agent”. According to Wooldridge
and Jennings (1995) an agent is a computer system that has
the following properties:

autonomy
social ability
reactivity
pro-activeness

Franklin and Graesser (1996) state that “an autono-
mous agent is a system situated within and part of an envi-
ronment that senses that environment and acts on it, over
time, in pursuit of its own agenda and so as to effect what
it senses in the future”. The agents in our model can make
their own decisions, based on their knowledge and infor-
mation about the environment, and interact with other
agents in order to realize their goals.

We introduce three types of agents: one Company
Agent (CA), which represents company management, one
Purchasing Agent (PA), which represents the purchasing
department or purchasing officer, and multiple Internal
Customer Agents (ICA), which represent the remaining
departments or business units in the organization. There is
a relation between an ICA and the PA. There is no relation
between ICAs, i.e. we assume they do not communicate
about purchasing issues. All ICA and the PA have a rela-
tion with the CA.

Every ICA is assigned the following properties: (1) a
specific level of knowledge about the function and techni-
cal properties of a class of purchased items (content skills)
and knowledge about the process-side of purchasing (proc-
ess skills) (2) a specific target level for his own goal for
such a class (3) a perception of the required skills for per-
forming a job and (4) a perception of the skills of the pur-
chasing agent. These aspects will be discussed in more de-
tail in the next section.

There are three distinctive ways for the ICA to com-
plete a job: perform the complete job himself; outsource it
to the PA; or cooperate with the PA. The agents make local
decisions based on the information and knowledge gath-
ered during the process. As a foundation for the decision
process in the simulation model we used Cyert and March
(1963). Their work provides a set of clear and empirically
grounded mechanisms for modeling decision-making:

1. Quasi-resolution of conflict by sequential atten-
tion to various organizational goals
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2. Uncertainty avoidance by using gradually chang-
ing routines for decision-making

3. Problem-driven search for decision-alternatives:
trial-and-error like search only after existing rou-
tines fail to perform satisfactory

4. Learning: (a) insight in past performance guides

the agent in adapting his routines and (b) aspira-
tion levels for goal attainment rise as the agent
becomes better at his work through learning.

The idea of the model is that the ICA receive purchas-
ing jobs and decide whether or not they are able, given
their skills and capacity, or allowed, given the corporate
policies, to execute the job. The agent’s skills increase by
executing jobs; the marginal learning effect is decreasing.
From feedback on the realized quality of a job, the ICA can
determine whether the decision rule achieved the goal. If
not, the ICA reconsiders this rule.

We introduce five so-called application areas in our
model: office expenses, professional services, human re-
source expenses, automation and communication, and ac-
commodation. We emphasize that these labels are merely
illustrative. For defining the type of purchase situation we
used Faris et al.’s (1967) buyclass framework which dis-
tinguishes three types of jobs: Straight Rebuy (SR), Modi-
fied Rebuy (MR) and New Task (NT) jobs. Specific con-
tent (c¢) and process skills (p) are required for performing a
job. Thus, a job is classified according to job type and ap-
plication area, and requires content and process skills. For
sake of readability we mostly omit indices of job type and
application area.

Within the department of an ICA purchasing jobs arise
according to a Poisson process. Depending on whether
such a job has already been performed in the past, the job
can be classified as an SR, MR or NT job. The skills re-
quired for a job (c,p) depend on the job type (SR, MR, NT)
and application area. A job requires different types of
skills. We assume that only two skills are required: process
skills and content skills. The model can easily be extended
to include more skill types. The required skills are drawn
from a triangular distribution as shown in Table 1 (see e.g.
Law and Kelton, 2000) with mean . (u,), minimum m,
(my,) and maximum M, (M,). The agents do not know this
distribution exactly.

probability

skill level
Figure 1: Skill level distribution

m

i M
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3 THREE AGENT TYPES
3.1 Company Agent

The CA represents company management, sets target qual-
ity levels, and can use corporate policies to influence the

purchasing process. There is a target quality level (Q) for

each combination of job type and application area. Our
definition of quality is an abstract notion in which we also
include cost aspects, i.e. the time and money spent on the
job. The target level for a particular job type in an applica-
tion area is based on the past performance of all agents on
that job type (ICA and PA), where only the last n jobs are
taken into account. So all agents report to the CA. This
means that target levels increase when the ICA or PA im-
prove their performance. Target levels are updated after
each time period; we work with discrete time.

The company agent can influence the decision process
of an ICA by enforcing corporate policies. A policy states
that a job of a particular type and application area should
always be executed in the same execution mode. All NT
jobs should be done in cooperation, e.g., or all jobs related
to Office Expenses should be done by the PA. An ICA has
to comply with these policies. By setting corporate policies
the CA might be able to influence the purchasing process
and increase the quality achieved.

3.2 Internal Customer Agent

The internal customer agent represents a department within
the company, but not the purchasing department. The deci-
sion process of the ICA closely follows Cyert and March
(1963) and is shown in Figure 2.

Job

Wait until
next job

A

Analyze job

Execute job using
current decision
rule

I

Record performance +
update learning

Goal
achieved?

YES

Change rule

Evaluate all
decision options

»

Figure 2: The decision process of an Internal Customer
Agent
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The ICA has to handle purchasing jobs that arise
within the department. Jobs arrive according to a Poisson
process, with an expected number of arrivals in an applica-
tion area in one time interval of A,,. The ICA analyzes the
job and determines whether it is a SR, MR or NT job and
observes the application area. Given these attributes the
ICA estimates the required skills (¢, p), drawing from a

triangular distribution as shown in Figure 1, with parame-
ters mean f; (U;), minimum m,, (m;) and maximum

M, M iz) . The ICA does not know the exact distribution

of skills required. The ICA works with a distribution with a
larger variance, but this variance can decrease because of
learning effects. The ICA estimates both the required con-
tent and process skills. The goal of the ICA is to reach for

all purchasing jobs the target quality level (Q) that is set

by the Company Agent.

The performance of the ICA is determined by a quality
function that relates the available and required skills to the
realized quality. This quality function is of the form:

f(c’p):ﬂ0t+ﬁlt'C2+ﬂ2t'p2’ )
Bo: >0, By,» By, <0,

where ¢ denotes the required content skills and p the re-
quired process skills. The values of the ‘s represent the
available skills of the agent. The ICA knows the functional
form of this quality function.

We use a quadratic form to express that the more diffi-
cult a job, the faster the quality decreases. We also implic-
itly included things like time spent on a job in our aggre-
gate quality measure, and then the more difficult the job,
the more time might be required. In Figure 3 we show an
example of such a quality function in which B,=5, §,= -0.1
and B,=-0.1.

5

4
3 m4-5
quality o34
2 02-3
1 m1-2
0 mo-1

rocess skills content
i 50 skills

Figure 3: Example of a quality function; the quality given
the required process and content skills

The ICA has specific skills available and the larger the
gap between the required skills and the available skills, the
lower the quality. Furthermore, the higher the required
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skills, the more effort (time) is required to execute the job,
and the lower the realized quality will be. Note that for dif-
ficult jobs the target quality level will also be lower be-
cause the target quality level is based on the past perform-
ance of all agents. The parameters, By, f;; and B, can be
different for each agent and the index ¢ indicates that they
can change over time.

For a specific agent, f;, can be different for each ap-
plication area, representing that the ICA does not possess
the same amount of content knowledge in all application
areas. The parameter f3,, is related to the process skills, and
is assumed to be the same for each application area. f, is
the same for all application areas and represents the maxi-
mum achievable quality. We distinguish the following
quality functions: f/(.) is the quality function of ICA j at
time ¢, h,(.) is the quality function of the PA at time ¢, and
fhi() is the quality function in case ICA j cooperates with
the PA at time 7. The realized quality of job i, executed at
time 7 by ICA j, is then equal to Q; = f/(c,p,).

In the decision process the ICA uses decision rules to
determine the execution mode. Possible execution modes
are to do the job self, to let the PA do the job, or to cooper-
ate. A decision rule indicates, given a job type and applica-
tion area, which execution mode should be chosen for a
particular job. Stated more formal: (job type, application
area) = action, with action € {self, PA, cooperation}. De-
cision rules can change over time, but can also be fixed by
a corporate policy, enforced by the CA. The ICA commu-
nicates with the PA whenever necessary, i.e. when the PA
is involved in executing the job.

After the job has been executed the result of the action
is evaluated. The fulfillment of job i results in feedback
about the realized quality (Q;), which is equal to f(c,p),
h(c,p) or fh(c,p), depending on execution mode. As long

as the target quality level is being met (Q; > 0), the deci-
sion rule apparently suffices, and nothing has to be
changed. Otherwise, the rule has to be reconsidered.

Based on the expected skill level requirements (¢, p)

for the last job and given the knowledge of the PA’s qual-
ity function, the ICA determines the expected quality of the
possible actions: f; (¢, p), l;,(é, D), ﬂ;, (¢, p). The action
that yields the highest expected quality is selected, and if
necessary the decision rule is changed. Note that it is pos-
sible that none of the actions is expected to achieve the tar-
get quality level.

If the PA was involved in executing the job, the ICA
receives feedback about the performance of the PA. The
ICA thinks that Q=h,(¢, p), or in case of cooperation
Q=fh,(¢, p), based on the skill requirements as estimated
during job analysis. Q; is an observation of the function &
or fh. Based on several observations the ICA can estimate

these quality functions by using a multiple linear regres-
sion method (see e.g. Freund and Walpole, 1987). To solve
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the set of linear equations in the multiple linear regression
the ICA uses Gauss-Jordan elimination, because it is a
straightforward and understandable method (see e.g. Press
et al. 1994). The ICA knows the functional form of the
quality function and uses the last X observations to esti-
mate the parameter values of this function. He does not use
all observations because the performance of the PA can
change over time (quality increases). The ICA can use the

estimated functions % and fh in reconsidering and com-

paring the decision options. Given that the ICA does not
know (c,p), but only has estimates (¢, p), the ICA can only

approximate the quality function of the PA.

Besides the learning process through the feedback
from the PA, i.e. the ICA learns about the performance of
the purchasing department, there are two learning aspects
that are included as learning by doing. First, the ICA learns
to estimate the required skills for a particular job; m, con-

verges to m, and M, to M., which reduces the uncertainty.
The same holds for the process skills.

ms =m,+0m, aslongasm, <m, @)
M, =M,-0M, aslongasM,>M,

The uncertainty is reduced after a particular number of
jobs of one type and application area have been executed.
The ICA stops learning when the real distribution is known
(see Figure 1), which means that there will remain uncer-
tainty about the required skills.

Second, the skills of the ICA, represented by the ‘s in
the quality function, increase by performing purchasing
jobs. These learning effects are linked to the number of
jobs executed for a job type in an application area. The
marginal learning effect is decreasing over time, i.e. the
more jobs have been done of a specific job type or applica-
tion area, the smaller the additional knowledge, as is repre-
sented in equation (3).

ﬁlz = ﬁlz + (6[31)/)6 (3)

where x is the number of times this particular parameter
has been increased. The skills are increased after a number
of jobs of one type have been executed in one specific ap-
plication area. The learning effect might be larger for NT
jobs than for MR jobs. There are also possible differences
between content and process skills, and differences in
learning from different application areas.

3.3 Purchasing Agent

The purchasing agent represents the purchasing depart-
ment, assuming that such a dedicated and specialized unit
or officer exists in the organization. In this model the PA is
passive and modeled in a simplified way. In further re-
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search the PA could be modeled in a way similar to the
ICA, where the PA tries to realize his own goals. Now the
PA waits until he receives a request from an ICA to exe-
cute a purchasing job. We assume that the PA has infinite
capacity. After execution the ICA is informed about the
realized quality of that job, which is based on the quality
function of the purchasing agent, Q=h(c;,p;). This quality
function has the same functional form as the quality func-
tion of the ICA, but with different parameter values (3°s).
The outcome Q; is feedback for the ICA, who can base his
future decisions on the performance of the PA. Note that,
although the ICA perceives the realized quality, he can
only approximate the quality function of the PA, because
he does not know the exact skill levels required for the job.

4 THE SIMULATION MODEL

Using the three agent types presented in the previous sec-
tion, we constructed a simulation model, programmed in
eM-Plant (Tecnomatix, 2000). In the simulation model
there is 1 CA, 1 PA and there are several ICA. In this sec-
tion we discuss two additional aspects of the simulation
model: the experimental factors and the output of the
model. Numerous experiments are possible with the multi-
agent simulation model. Based on a theoretical and empiri-
cal study of the topic (De Boer and Pop-Sitar 2001), we
have decided to concentrate on the following factors.

1. Corporate strategies. The CA can use different
corporate policies. A corporate policy can be re-
lated to job type, application area, and also to a
specific agent. If there are no fixed decision rules,
we assume that the ICA has autonomy and decides
what is best in a given situation. In practice, or-
ganizations often declare very strict formal policies
stating that all purchasing should be handled by the
purchasing department. However, the actual com-
pliance to such policies is often quite low.

Information. What is the amount and quality of in-
formation the ICA possesses? One extreme as-
sumption is that the ICA knows everything, i.e. he
has complete and perfect information about what is
required for a job and who is best equipped to do
that job. To be more specific, the ICA knows the
required skills ¢ and p, and the quality functions &
and fh. This is not the most realistic situation, nor-
mally there will be uncertainty in the required skills
and in the knowledge about the performance of the
PA. There is a whole region of scenarios with lim-
ited information and different levels of uncertainty.
Time. It can be interesting to see the development
of the organization over time. By running the
model for a different number of time periods we
can investigate the short and long term effects.
One interesting aspect is the involvement of the
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PA over time. Another question is whether the
model goes to a steady state in the long run.
Learning. Several experiments are possible with
respect to the learning behavior and knowledge of
the agents. The ICA can be more or less knowl-
edgeable about purchasing and be fast or slow
learners. The initial skills for all ICA might be the
same (B0, B1.0» B2.0), but there may also be differ-
ences between them.

Job mix. The job mix is yet another possible vari-
able in the experiments. The number of applica-
tion areas can be varied, just as the frequencies of
the number of jobs of one type (SR, MR, NT) in
an application area. There is also a choice whether
all ICAs receive the same job mix, or that the ICA
only receive jobs in one application area (gener-
alization versus specialization).

One of the features of a simulation model is that we
can run the model over a period of time. The simulation
model is run for a specified number of time periods. Each
time period the ICA receives a mix of purchasing jobs and
decides who should execute a particular purchasing job.
The output of the simulation model is a list of all jobs with
their attributes (application area, job type), the skill re-
quirements and expected quality as estimated by the ICA,
the target quality level, the execution mode, and the real-
ized quality. Furthermore, a table with aggregate output
data is presented, in which the average performance of
each agent for each job type and application area is indi-
cated. Also the involvement of the purchasing department
is computed, i.e. the percentage of jobs that is executed by
the purchasing department, as well as the percentage of
jobs that was done in cooperation.

5 SIMULATION EXPERIMENTS AND RESULTS

In this section we highlight interesting results for some of
the experimental factors. We cannot present all details
here, but we give some general results. We start with a ba-
sic scenario, see Table 1, which is the starting point for the
other experiments. In each of the following experiments,
one of the parameters in the basic scenario is varied.

Table 1: Basic scenario
Experimental area Basic value
Corporate strategy ICA free to decide

Information m = U-10%, M= u+10%
= W-20%, M = u+20%

Time 40

Job type frequency (SR,MR,NT)=(1/3,1/3,1/3)

Number of jobs per appli-
cation area

Several jobs in 1 area and a
few in remaining areas
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There are five ICA and there is one PA in our model.
In the basic scenario all job types have equal probability of
occurrence (1/3). The required skill levels are drawn from
a triangular distribution as shown in Figure 1 with m = u-
10% and M = u+10%, where U is the average required skill
level on a scale of 1 to 5, depending on job type and appli-
cation area. We assume that all ICA have infinite capacity,
autonomous control, identical initial quality functions and
similar learning processes. Their expectations about skill

requirements are m =-20% and M =u+20%. In each time
period the ICA receive several jobs in one application area
and a few jobs in the remaining four areas, such that each
ICA specializes in one area. The PA has infinite capacity
and has less content skills, but more process skills than the
ICA. With respect to content skills, a lot is learned from
NT jobs, little from MR jobs and nothing from SR jobs.
The same holds for the process skills.

We assume that the PA possesses more process skills
than the ICA, i.e. for the PA f3,,=6, B;,=-0.15 and f,,=-
0.1, and for the ICA (=6, B,0=-0.1 and 3,,=-0.15. Fur-
thermore, the maximum achievable process skills of the
PA after learning is also higher than the level that can be
obtained by the ICA. This does not mean that the PA al-
ways has higher process skills than an ICA because when
the PA is not involved in the purchasing process the ICA
learn and can surpass the PA with respect to process skills.
For the content skills the opposite holds. We think that this
is a reasonable assumption, because every department has
its own area of expertise. Given this assumption, it is clear
that the best results can be achieved by always cooperating.
In this case they both learn and use each other’s experi-
ence. However, the ICA does not know that this is the best
option. The question is whether in the model the ICA learn
to cooperate with the PA on difficult jobs. Furthermore, the
results for different corporate strategies can be compared
with the best case, i.e. all jobs by cooperation.

Experiments were done within all areas described in
Table 1. When discussing the experiments we will focus on
general results. Rather than looking into too much detail,
we are more interested in the differences between scenarios
and developments over time.

In the basic scenario we see that the involvement of
the purchasing department depends on the relation between
the required process and content skills. When the required
process skills are low, the ICA can execute the job himself,
there is no reason to cooperate. Also when the required
content skills are higher than the required process skills,
the content skills are more important for the final outcome
than the process skills and the ICA has a lower incentive to
involve the PA. Only when the required process skills are
high the PA is involved. In Figure 4 we see the relation be-
tween the required skill levels and the involvement of the
PA. The different areas in Figure 4 indicate which agent
executes the majority of the purchasing jobs for the given
skill requirements. The ICA performs most jobs that re-
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quire low process skills, but it does not mean that the PA is
never involved in the execution of these jobs.

High|
=
2
5 Coop
= ICA
S
Q
=
S
S
> PA
84

Low

Low High

Required process skills

Figure 4: Relation between required skill levels and who
executes the majority of jobs

Based on the experiments we conclude that corporate
strategies can have a serious influence on the results. If
agents cannot cooperate, the results are worse than when
agents are allowed to cooperate. In Figure 5 the lowest
three lines represent strategies which do not include coop-
eration. Cooperation speeds up the learning process; both
agents learn at the same time. As mentioned before, a
situation in which all jobs are done in cooperation leads to
the best result. But cooperation is not always required to
reach the goals, therefore the ICA do a lot of the jobs
themselves when they have autonomy. When no coopera-
tion is allowed, then jobs which require high process skills
are mostly outsourced to the PA, the ICA does not have the
required process skills. Jobs which require higher content
skills than process skills are done by the ICA. So the ICA
learns that he possesses more content skills and less proc-
ess skills than the PA.

—e— Autonomy

—m— No cooperation
—aA—All by ICA
—All by PA
——All by cooperation
—e— Perfect info

Average quality

Time periods

Figure 5: Performance over time for the different corporate
strategies

When there is a lot of uncertainty with respect to the
required skills, the decision rules change more often. In
case of perfect information the ICA will find out, after a
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learning period, that cooperation is the best alternative and
after some time most jobs will be done in cooperation (cf.
Figure 5). However, changes in the involvement of the PA
due to uncertainty do not necessarily lead to a worse final
outcome. When the ICA performs more jobs himself, he
will learn about the process, increase his process skills and
in this way decrease the negative effects of — at the time —
non-optimal decisions. Thus, there is a trade-off between a
good decision now, without a serious learning effect, or a
worse decision that, due to the learning effects, leads to
improved solutions in the future.

Over time the ICA learn more about the environment,
the PA, and increase their skills as a result of learning by
doing. In the first time periods the cooperation between the
ICA and PA increases, because the ICA notices that the PA
has more process skills. After a while, the ICA has learned
more about the process and has increased his own process
skills. From that moment on, the necessity to cooperate
with the PA fades. After a while a steady state is reached,
where only the jobs which require high process skills are
done by the PA or by cooperation (see Figure 6).

100

80

60

40

Involvement PA (%)

20

Time

Figure 6: Involvement of the PA over time

Because of the learning effects the overall quality in-
creases over time (see Figure 5). The more the ICA learns
about the purchasing process, the lower the need to involve
the PA. Therefore, the lines that outline the border between
the decision options in Figure 4 will move slowly to the
right to indicate that the PA is only involved in jobs that
require high process skills.

6 DISCUSSION

Let us now look at the questions we set out to answer. Ob-
viously, the degree of Purchasing involvement is first of all
a direct result of the reigning corporate policy. As far as
policy allows Purchasing to become involved, the degree
of involvement is logically related to the required process
and content skills: if a PA possesses complementary skills
and the ICA is aware of this, the former will be asked to
help out. The awareness is however not given and the ICA
must learn what the PA can do and cannot do.
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The number of jobs per application area seems to de-
termine the degree of involvement through the way target
quality levels are defined. If target levels are linked
throughout the firm, one or few departments may cause
these levels to rise strongly, thereby ‘forcing’ other de-
partments to do better and bring Purchasing in. The in-
volvement therefore seems to hinge on the degree of frag-
mentation of jobs per application area and the mechanism
for setting target levels. However, this needs to be con-
firmed in more elaborate experiments.

In the hypothetical case of perfect information, the in-
volvement of the PA converges to 100%, while this per-
centage drops with increasing uncertainty. This underlines
the importance of creating sufficient mutual awareness of
each other’s added value.

There is clearly a systematic pattern of Purchasing in-
volvement over time. After a brief ‘training period’, the
ICA learn to do things themselves and the PA’s added
value shrinks. Given the initial distribution of skills be-
tween the ICA and the PA, the overall superiority of coop-
eration in terms of goal attainment is hardly surprising.
Still, it is clear that a more ‘liberal’ corporate policy leads
to higher levels of goal attainment than the more strict ‘ei-
ther/or’ or ‘Purchasing only’ policies. Even the ‘ideal’
mode of cooperation is not always necessary as long as the
target level for the goal is achieved. This explains why
‘perfect information’ not immediately leads to switching to
cooperation.

In terms of immediate recommendations, it appears
that it is not a good idea to impose strict corporate policies
because they might prevent good results. Purchasing
should not be done in isolation, but the knowledge of other
departments should be exploited as well. It is therefore im-
portant to increase the awareness of the departments of the
skills of the purchasing department, but also the other way
around. Also the quality of information is very important,
it should be clear what skills are required for a job and who
possesses these skills.

7 CONCLUSIONS AND FURTHER RESEARCH
From the simulation experiments it turns out that we can
model a realistic organizational setting by using a multi-
agent simulation model. We see that over time the agents
learn that cooperating is useful, although they do not know
at the beginning that it is the best option. They find ways to
achieve their goals by trial and error. The knowledge of the
agents increases over time and leads to better decisions and
increased quality. In addition, the model evolves into a
steady state.

Obviously, the simulation model is a simplified repre-
sentation of reality. We did not explicitly include costs,
which are very important in practice. Cooperation might be
the best option from a knowledge perspective, it might not
be from a cost perspective. To make the model more realis-
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tic, we will try to include secondary goals, such as cost,
which will lead to more complex decision rules for the
ICA. In addition, the PA will be upgraded to the level of
sophistication of the ICA in the sense of learning ability,
having the freedom to take the initiative and/or to refuse
jobs and working with limited capacity. The PA can also
have a completely different goal than the ICA.

So far the choice for experimental factors was based on
a theoretical and empirical study. There are a lot more fac-
tors that can be varied in the simulation experiments. We
want to use an experimental design (see e.g. Law and Kel-
ton, 2000) to select the factors that have a significant effect
on the involvement of the purchasing agent. Furthermore,
when interaction effects are found it can lead to a better un-
derstanding of the behavior observed in the model.

As to using Multi-Agent Simulation in Purchasing and
Supply Management research: the potential seems huge but
requires many choices about assumptions in order to get
started. However, this is where the existing body of litera-
ture in Purchasing and Supply provides useful guidance. A
continuous challenge is to not give in too easily to the idea
that the results will be obvious, because it is exactly by re-
sisting these intuitive stimuli that new insights will emerge
when the system becomes to complex and dynamic for us
to oversee.
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