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Abstract—Information systems are crucial for effective supply
chain management in today’s complex supply chains for durable
goods. Complex decision making processes on strategic, tactical,
and operational level require substantial support in order to
contribute to the agility of organizations. Supply chain regimes,
i.e., regimes encompassing both the sales and the procurement
market in a complex supply chain, provide a way of intuitively
and meaningfully characterizing and modeling supply chain mar-
ket conditions without a need for explicit modeling of individual
aspects of the market. This paper makes a first explorative step
towards a model incorporating such regimes, while maintaining
the dynamics which enable the model to be utilized in the
sales process, e.g., for dynamic product pricing. Initial results
show that supply chain regimes have feasible characteristics,
based on both sales and procurement market indicators. Taking
into consideration these regimes enables a more deliberate sales
model.

Index Terms—Supply chain regimes, supply chain manage-
ment, TAC SCM, trading agent

I. INTRODUCTION

Today’s supply chain markets for durable goods are typi-
cally complex logistics systems which can encompass many
interrelated entities that convert raw materials into products
and distribute these products to final users [1]. As the relations
between supply chain entities tend to get increasingly more
flexible and dynamic, effective Supply Chain Management
(SCM) is vital to the competitiveness of manufacturers within
the chain. Effective SCM enables manufacturers to respond to
changing market circumstances in a timely and cost effective
manner [2] and can thus improve their agility.

Supply chain entities make decisions on strategic, tactical,
and operational level. For instance, manufacturers have to de-
cide on their product mix, product pricing, inventory strategy,
procurement, etcetera. The increasing importance of agility in
complex supply chains stimulates an increasing dependency on
timely, useful information on market circumstances, possibly
provided by information systems. The design of such systems
becomes more and more challenging as their complexity is
steadily growing with the complexity and interactions of the
decision making processes they are designed to support.

A major challenge for manufacturers in a complex supply
chain lies in the sales process. Manufacturers are faced with
decisions regarding which customers to serve and at which

price, yet such decisions are inevitably connected to – if not
constrained by – decisions with respect to, e.g., inventory man-
agement, allocation of production resources, and procurement.
Moreover, in complex market environments, decision makers
need to take into account numerous external factors, such as
competitors’ strategies or market conditions [3], [4], [5], [6],
[7]. Information systems can provide valuable inputs for such
complex sales-related decisions as they can encompass a large
variety of data. However, in real-time applications, relevant
information may not be (fully) available, as for instance
competitors’ strategies may not be directly observable.

Economic regimes [8], [9], [10] provide a way of intuitively
and meaningfully characterizing and modeling market con-
ditions, without a need for explicit modeling of individual
aspects of the market. The original economic regime model
as proposed by Ketter et al. uses scarce observations of
realized prices as signal for a latent variable in which demand-
side market characteristics are quantified. Our recent research
endeavors focused on introducing real-time adaptivity to this
model in order for it to be useful for dynamic product pricing
decisions in a highly competitive setting [11].

Yet, the economic regimes as modeled in previous work
are essentially market conditions in one part of the supply
chain, irrespective of related conditions in other parts of the
supply chain. Hence, the focus of this economic regime model
has been on the demand side of the market (sales from
manufacturers to consumers), whereas decisions within the
sales and procurement process are interrelated. In this paper,
we aim to make a first explorative step towards a model
of regimes capturing a more comprehensive part of market
circumstances in a complex supply chain, while maintaining
the dynamics which enable the model to be utilized in the
sales process, e.g., for dynamic product pricing.

In our current research, we consider a specific complex sup-
ply chain: a supply chain for personal computers (PCs), simu-
lated in the highly competitive Trading Agent Competition for
Supply Chain Management (TAC SCM) [12]. This competition
has been organized since 2003 in order to promote high quality
research into trading agents in supply chain environments.
In TAC SCM, several manufacturers (autonomous software
trading agents) compete in a component procurement market



as well as in a sales market where the assembled products
are sold through reverse auctions in response to requests for
quotes (RFQs). The market is only partially observable.

The remainder of the paper is organized as follows. In
Section II, we briefly discuss related work on regimes, TAC
SCM, and the main sales strategies proposed and tested in that
context. Our recently proposed dynamic sales model based
on economic regimes is briefly discussed and evaluated in
Section III. Based on this evaluation, we explore possibilities
of extending the economic regime concept to supply chain
regimes in Section IV. Our findings are discussed in Section V
and we conclude in Section VI.

II. REGIMES AND TAC SCM

Regimes are sets of conditions of a system or process and
provide an intuitive way of conditioning behavior in different
scenarios. In an economic context, regimes may also be
referred to as business cycle phases, which are most commonly
used in macro-economic environments (as is the case in,
e.g., [13]). Numerous approaches to regime identification and
prediction have been proposed in different contexts, ranging
from macro-economics [14] and electricity markets [15], [16]
to using real-time signals for determining the state of the
plasma used in a nuclear fusion reactor [17].

Over the past decades, research has not only focused on
identifying and predicting regimes; regime shifts have been
subject to research as well. In 1989, Hamilton published a
paper about modeling macro-economic regime changes us-
ing postwar U.S. real GNP as input [14]. In his approach,
Hamilton uses Markov matrices to observe these regime shifts,
by drawing probabilistic inference about whether and when
they may have occurred based on the observed behavior of
series. Since its publication, this Markov switching approach
has inspired many approaches to modeling regime shifts.
Whereas the original Hamilton model considers two regimes,
three regimes are considered in [18]. In other approaches,
the Hamilton model is modified in order to support transition
probabilities varying over time [15], [16].

In an economic context, the ability of decision makers to
correctly identify the current regime and predict the onset of a
new regime is crucial in order to prevent over- or underreaction
to market conditions [19]. This observation inspired Ketter et
al. to develop a model of economic regimes, which can guide
tactical (e.g., product pricing) and strategic sales decisions
(e.g., product mix and production planning) [8], [9], [10].
This model, as well as its application in dynamic product
pricing [11], has been extensively evaluated in TAC SCM.

In the TAC SCM scenario, a one-year product life-cycle
is simulated over 220 daily cycles of 15 seconds of real
time each. The main focus here is on a supply chain for
PCs, consisting of customers, manufacturers, and suppliers.
The complexity in this chain is in that PC manufacturers
compete in both a sales market and a procurement market
where relations between manufacturers and customers, as
well as between manufacturers and suppliers, are flexible and
dynamic. Every day, customers issue RFQs for 16 different

PC types, on which manufacturers can bid. Customers always
place an order with the manufacturer offering the requested
product for the lowest price (at or below their reservation
price). Products are assembled by the manufacturers using
components they procure from suppliers. Manufacturers are
software trading agents developed by competing teams and
try to maximize their profit over a game. Major challenges in
the TAC SCM scenario include limited visibility of the market,
limited time for decision-making, and the need to coordinate
decisions across the supply chain. Real-time available data
include an agent’s own orders, information about received
RFQs, the preceding day’s realized minimum and maximum
order prices per PC type, and aggregate market statistics issued
every 20 days.

World’s leading TAC SCM trading agents apply various
strategies in their sales processes. TacTex [20] predicts demand
using a Bayesian approach. Bids on RFQs (if any) depend on
the probabilities of these bids to be accepted, which TacTex
predicts using linear regression and adapts to the behavior of
opponents. CMieux [21] uses a similar, yet somewhat less
complex approach. CMieux predicts demand as well as selling
prices using a Poisson distribution. Subsequently, decisions on
which RFQs to target are based on distributions of acceptance
probabilities of their bids. These probabilities are estimated
by means of a probability distribution learned off-line, which
is used as an input in a continuous knapsack problem. Deep-
Maize [22] on the other hand has a relatively simple sales
model, as it uses a gradient descent algorithm to find a set of
offered prices in order to optimize the expected value of the
resulting orders. PhantAgent [23] and the CrocodileAgent [24]
use simple heuristics for determining what to sell for what
price. Mertacor [25] predicts the winning bid per RFQ using
a regression model, complemented with a price-following
correction mechanism and the acceptance probabilities are
subsequently estimated using a k-nearest neighbors algorithm.
MinneTAC utilizes a sales model based on economic regimes,
as further detailed in Section III.

III. A DYNAMIC SALES MODEL BASED ON ECONOMIC

REGIMES

Manufacturers of durable goods typically sell their products
in oligopolistic markets with differentiated customer demand.
Competitors’ procurement, production and pricing decisions
are generally not directly observable and can at most indirectly
be inferred from unexpected increases or decreases of the
volume or profitability of one’s own sales. Customers may
be expected to simply purchase the lowest priced product
from any offer of equally preferred product specifications, but
aggregate demand typically varies over time with respect to
volume as well as quality.

Yet, accurate predictions of the price at which customers
are willing to accept offered products are essential to maintain
sustainable market positions. Therefore, the endeavors related
to MinneTAC’s sales model reported in [11] focus on devel-
oping a model for the probability that customers accept offers,
given a specific price. The key assumption here is that past



information about product sales and prices can be used to infer
the (parametric) distribution of order prices in the market. The
cumulative density of order prices yields the fraction of order
prices realized at or below a specific value, which is similar
to the probability that an order is placed with another trader
offering a similar or better deal. Consequently, the reverse of
this cumulative density is used to approximate the probability
for an agent to offer a better deal than other competitors: the
customer offer acceptance probabilities.

The parameters of the order price distributions considered
in this approach are estimated in real-time, based on avail-
able information. Price distributions are subject to market
circumstances, which can be characterized using economic
regimes. Therefore, the relation between available data and
parameters is dynamically modeled using economic regimes
(characterizing sales market conditions) and residual error
terms (accounting for structural errors in the estimated accep-
tance probabilities using customer feedback to offered prices).

Radial Basis Function Networks (RBFNs) are used to
estimate price distributions, given each dominant economic
regime (while accounting for customer feedback on previous
estimations). Subsequently, these distribution estimations are
used in the sales process, e.g., in order to determine the optimal
sales prices expected to move a desired sales quota. The found
optimal prices are then weighted for their associated regime
probabilities in order to determine an optimal price, while
accounting for market circumstances.

More details on the statistical underpinning of the frame-
work, the methods and techniques used in order to realize
the framework within the sales model of MinneTAC, and a
performance analysis of the framework are provided in [11].
The simulation results presented in [11] show that – compared
to a relatively straightforward price-following sales model –
in a highly competitive setting, the number of orders obtained
when using the dynamic sales model based on economic
regimes significantly decreases with over 21%, whereas the
obtained orders yield a significant increase in overall profit
of about 133%. The results indicate that products are better
priced.

Indeed, when we now perform some additional analyses
on the simulation results, prices turn out to have significantly
increased with approximately 5%. Yet further analysis offers
some novel perspectives on the effects of the introduction of
the dynamic product pricing mechanism on other sales-related
decision making processes. The experimental data show that
the increase in sales price and the decrease in sales volume
induced by the newly introduced adaptivity is associated with
an over 20% increase in storage costs because of higher
stock levels. This clearly influences the factory utilization,
which drops with approximately 20%. Consequently, pro-
curement volume exhibits a similar decrease. All observed
effects are statistically significant according to the paired, two-
sided Wilcoxon signed-rank test [26], [27] (with a threshold
significance level of 0.05), which is an appropriate test in this
case as the distribution of the performance differences between
both sales models is unknown.

The simulation results thus show that through the complex-
ity of interconnections between decision processes, completely
different behavior emerges in the complete set of sales-related
decisions, driven by a single change in the product pricing
process. These observations demonstrate that in complex de-
cision making processes, changes in one subset of decisions
may indirectly affect other decisions. In this light, we propose
to reconsider the regime model driving the sales decisions
in order for it to better relate to the full set of sales-related
decisions, by capturing market circumstances in both the sales
market and the procurement market.

IV. SUPPLY CHAIN REGIME MODEL

The previous section demonstrates the need to take into
account procurement information when modeling regimes in
complex markets. This section continues by determining valu-
able procurement information in Section IV-A. Subsequently,
Section IV-B discusses the variables used for determining
regimes, and supply chain regimes are elaborated on in Sec-
tion IV-C.

A. Procurement Information

In order to determine which procurement-related informa-
tion adds most value to the sales regime model introduced
by Ketter et al. [8], [9], [10], we apply the information gain
metric [28]. For this, we utilize a data set containing procure-
ment information on prices, quantities, etcetera. gathered from
historical TAC SCM game data1. We define nine variables
that describe the most recent procurement characteristics, i.e.,
yesterday’s values. In our analysis, we distinguish between
1) offer prices, 2) order prices, 3) RFQ lead times, 4) RFQ
reserve prices, 5) ratios of orders to offers, 6) order quantities,
7) RFQ quantities, 8) demands, and 9) offer quantities.

The information gain measures the prediction performance
improvement of a specific target by knowing certain features,
and is a metric based on entropies (i.e., it characterizes the
purities of arbitrary collections of examples). In our analysis,
the previously mentioned procurement variables represent fea-
tures, whereas the target is defined as the dominant regime.
For a collection of game results 𝑊 , numW represents the
number of possible values of 𝑊 (i.e., the number of regimes)
and 𝑃 (𝑤) indicates the probability that 𝑊 takes on value 𝑤.
Assuming a uniform probability distribution, 𝑃 (𝑤) is equal
to the proportion of 𝑊 belonging to class 𝑤. We can define
the entropy of 𝑊 , 𝐸 (𝑊 ), as

𝐸 (𝑊 ) =
numW∑
𝑤=1

−𝑃 (𝑤) log2 𝑃 (𝑤) . (1)

Subsequently, numV denotes the number of possible values
of feature 𝑉 . Furthermore, 𝑃 (𝑣) defines the probability that
𝑉 takes on value 𝑣, and 𝑃 (𝑤∣𝑣) the probability that 𝑊 takes

1Data set contains 2007 Semi-Finals games played on the SICS tac5 server
(IDs: 9321–9328), 2007 Finals games played on the SICS tac3 server (IDs:
7306–7313), 2008 Semi-Finals games played on the University of Minnesota’s
(UMN) tac02 server (IDs: 761–769), and 2008 Finals games played on the
UMN tac01 server (IDs: 792–800).
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Fig. 1. Information gain per considered variable.

on value 𝑤 (given 𝑣). Thus, we can define the conditional
entropy 𝐸 (𝑊 ∣𝑉 ) given feature 𝑉 , as

𝐸 (𝑊 ∣𝑉 ) =
numV∑
𝑣=1

𝑃 (𝑣)

(
numW∑
𝑤=1

−𝑃 (𝑤∣𝑣) log2 𝑃 (𝑤∣𝑣)
)

. (2)

Using (1) and (2), gain (𝑊,𝑉 ), i.e., the amount of informa-
tion gained on outcome 𝑊 from feature 𝑉 , can be calculated
as

gain (𝑊,𝑉 ) = 𝐸 (𝑊 )− 𝐸 (𝑊 ∣𝑉 ) . (3)

Here, the entropy of a collection of game results 𝑊 given an
attribute 𝑉 is subtracted from the entropy of 𝑊 .

Calculating the information gain for each procurement vari-
able results in Fig. 1. Component offer prices (recalculated
on a per-product basis) are thus most likely to improve the
predictive capabilities of the regime model, as the related
information gain supersedes all others.

B. Regime Model Variables

Based on the results discussed earlier, we extend the regime
model so that it is based on both sales and component offer
prices, i.e., np and nc, respectively. For a specific product
𝑔, the associated normalized sales price on day 𝑑, np𝑑,𝑔 is
calculated as

np𝑑,𝑔 =
price𝑑,𝑔

asmCost𝑔 +
∑numParts𝑔

𝑗=1 nomPartCost𝑔,𝑗
, (4)

where price𝑑,𝑔 denotes the price of product 𝑔 on an arbitrary
day 𝑑, and the product assembly costs are represented by
asmCost𝑔 . Furthermore, nominal manufacturing costs for each
of the components 𝑗 associated with product 𝑔 are denoted as
nomPartCost𝑔,𝑗 .

To guard for volatility in the estimated normalized mean
price, exponential smoothing is applied, resulting in yes-
terday’s exponentially smoothed normalized minimum and
maximum prices for product 𝑔, i.e., ñp

min
𝑑−1,𝑔 and ñp

max
𝑑−1,𝑔 .

Note that for each day 𝑑, data on the previous day (𝑑− 1) are
considered to be the most recent data. We distinguish between
minimum and maximum prices in order to be able to capture
changes in means and trends more accurately. Equations (5)
through (7) show how a Brown linear (double) exponential
smoother is applied to the normalized minimum sales prices,
where 𝛼 is a smoothing factor that is optimized by means
of a hill-climbing procedure. Smoothing is done by linearly
combining two components as described in (7), the first of
which – defined in (5) – is a linear combination of yesterday’s
normalized price that is calculated in analogy with (4) and
the previous first component. The second component, defined
in (6), is a linear combination of the first component and the
previous second component.

ñp
min′
𝑑−1,𝑔 = 𝛼 ⋅ npmin

𝑑−1,𝑔 + (1− 𝛼) ⋅ ñpmin′
𝑑−2,𝑔 , (5)

ñp
min′′
𝑑−1,𝑔 = 𝛼 ⋅ ñpmin′

𝑑−1,𝑔 + (1− 𝛼) ⋅ ñpmin′′
𝑑−2,𝑔 , (6)

ñp
min
𝑑−1,𝑔 = 2 ⋅ ñpmin′

𝑑−1,𝑔 − ñp
min′′
𝑑−1,𝑔 . (7)

Maximum sales prices are smoothed by applying the same
Brown linear exponential smoothing technique as is used for
minimum prices, and thus we obtain ñp

max
𝑑−1,𝑔 .

ñp
max′
𝑑−1,𝑔 = 𝛼 ⋅ npmax

𝑑−1,𝑔 + (1− 𝛼) ⋅ ñpmax′
𝑑−2,𝑔 , (8)

ñp
max′′
𝑑−1,𝑔 = 𝛼 ⋅ ñpmax′

𝑑−1,𝑔 + (1− 𝛼) ⋅ ñpmax′′
𝑑−2,𝑔 , (9)

ñp
max
𝑑−1,𝑔 = 2 ⋅ ñpmax′

𝑑−1,𝑔 − ñp
max′′
𝑑−1,𝑔 . (10)

Using the previously introduced equations, yesterday’s ex-
ponentially smoothed normalized price for product 𝑔 on an
arbitrary day 𝑑 can be calculated by averaging smoothed
normalized minimum and maximum prices, i.e.,

ñp𝑑−1,𝑔 =
ñp

min
𝑑−1,𝑔 + ñp

max
𝑑−1,𝑔

2
. (11)

Component offer prices, to which we will refer to as nc,
result from all requests for quotation in TAC SCM games.
For a specific product 𝑔, the offer prices on day 𝑑, i.e., nc𝑑,𝑔,
are calculated by taking a weighted average of the offer prices
of all components associated with 𝑔, based on offer quantities
qty. These prices and quantities are gathered from requests
for quotations to all suppliers that are active in an arbitrary
TAC SCM game. Finally, prices are normalized by means of
their cost basis. Thus, we obtain

nc𝑑,𝑔 =

∑numSup𝑔

𝑠=1

∑numParts𝑔
𝑗=1 nc𝑑,𝑔,𝑠,𝑗 ⋅ qty𝑑,𝑔,𝑠,𝑗

qty𝑑,𝑔∑numParts𝑔
𝑗=1 nomPartCost𝑔,𝑗

, (12)

where numSup𝑔 refers to the number of suppliers that are
associated with product 𝑔, and numParts𝑔 refers to the
number of components for product 𝑔.

Again, information is only available up until day 𝑑−1, and
thus for our regime model, we make use of nc𝑑−1,𝑔 . Smooth-
ing yesterday’s normalized procurement offer prices using
Brown linear exponential smoothing, with 𝛽 representing a
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smoothing factor determined by a hill-climbing procedure,
results in

ñc
′
𝑑−1,𝑔 = 𝛽 ⋅ nc𝑑−1,𝑔 + (1− 𝛽) ⋅ ñc′

𝑑−2,𝑔 , (13)

ñc
′′
𝑑−1,𝑔 = 𝛽 ⋅ ñc′

𝑑−1,𝑔 + (1− 𝛽) ⋅ ñc′′
𝑑−2,𝑔 , (14)

ñc𝑑−1,𝑔 = 2 ⋅ ñc′
𝑑−1,𝑔 − ñc

′′
𝑑−1,𝑔 . (15)

To ensure that the correct procurement information is uti-
lized, we evaluate the lagging and leading effects between
sales and procurement prices by means of cross correlation
studies. Fig. 2 illustrates that there are minor lags (i.e., negative
values of lag) of sales prices with respect to procurement
prices, as well as leading effects (positive lags) between sales
and procurement prices, i.e., future procurement prices are
correlated with yesterday’s sales prices. However, in general,
both variables are aligned properly, as most of our observations
indicate a lag of zero days. Thus, we combine ñp𝑑−1,𝑔 and
ñc𝑑−1,𝑔 for determining regimes in complex supply chains.

C. Supply Chain Regimes

Having defined our sales and procurement variables, we
can apply clustering techniques to find similarities and reg-
ularities in the data. Clusters contain data points where the
in-group similarity is higher than the out-group similarity. As
each cluster describes certain conditions and characteristics,
ideally, these clusters correspond to economic regimes, or
more specifically, supply chain regimes. Clustering into five
clusters – representing extreme scarcity (ES), scarcity (S),
balanced (B), oversupply (O), and extreme oversupply (EO)
situations – is done using the kmeans clustering. We tested
different clustering algorithms, such as spectral clustering,
which resulted in similar clusters.

Clustering is done in fifteen replicates, using a maximum
of one thousand iterations. Experiments show that this allows
the algorithm to converge nicely on our data set. The squared
Euclidean distance measure is used to measure distances to the
cluster centers for each data point. Fig. 3 shows the results
of applying the clustering algorithm to data of an arbitrary
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product. When mapped on the joint price density distribution
of the sales and procurement prices 𝑝 (np ∩ nc), it becomes
clear that cluster centers are located at high-density points,
and also roughly describe the bounds of the density peak.
In general, scarcity regimes are associated with high prices
on both the sales and the procurement market, while prices
are much lower in times of oversupply. Judging from the
densities, balanced situations occur most often and are linked
to mediocre prices.

Correlation studies have been performed on the identified
regime clusters and market characteristics, in order to obtain
insights into the relation between the regimes and the sales and
procurement markets. Fig. 4 gives an overview of the corre-
lations between regimes and sales-related market indicators
(e.g., sales prices, customer demand) and procurement-related
indicators (e.g., inventories, factory utilization) of an arbitrary
product. The product and clusters are the same ones that are
used in Fig. 3. The correlations are discussed in further detail
in the next section.

On a side note, one could easily extend the model presented
to a regime prediction model. When assuming the degree to
which data points (a combination of np and nc) belong to a
specific regime cluster is representative to determine the dom-
inant economic (supply chain) regime, future regimes can be
predicted by means of exponential smoothing (i.e., estimating
future prices and classifying them using the clusters), Markov
processes, etcetera.

V. DISCUSSION

Figure 4 shows correlation plots, based on data extracted
from simulations of a highly competitive supply chain envi-
ronment. It provides insights into the quality of the identified
regimes. From a sales perspective, the regimes have plausible
correlations. In times of scarcity, a positive correlation with the
sales prices is measured, which implies either rising or high
prices. In balanced situations, market prices stabilize and in
case of oversupply we see prices dropping again. Furthermore,
in general, the balanced situation shows moderate correlations
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Fig. 4. Correlation coefficients of identified regime clusters with market indicators.

with all sales-related market indicators. Subsequently, it is
clear from the plots that the amount of offers to customers
decreases (is low) in times of scarcity, while customer demand
increases. This effect diminishes when heading towards a
balanced situation, and inverses as oversupply emerges. Lastly,
the ratio of customer offers to customer demand (i.e., the
manufacturers’ tendency of selling to customers) is low in
scarcity regimes. This implies that manufacturers are less
inclined to sell to customers, either because their stocks
are running low, or they deliberately do not want to sell
to customers (i.e., they are creating scarcity while aiming
for higher prices and/or revenues). In times of oversupply,
correlations with the ratio of offers to demand are high, as
markets are flooded by manufacturers.

Also the identified regimes are meaningful from a procure-
ment point of view. In general, one could state that in times
of oversupply, component offer prices are low, whereas prices
tend to be higher in times of scarcity. This also holds for the
related replenishment costs. Factory utilization on the other
hand, is a rather unpredictable economic indicator, as the var-
ious regimes each show weak positive or negative correlations.
This could be caused by the fact that some manufacturers
envisage strategies such as keeping factories running in times
of oversupply (and thus cheap components), in order to stock
up on cheap raw materials and finished goods that can be
sold in periods of scarcity. Other manufacturers have different
strategies, or do not even consider this kind of strategic de-
cision making. Continuing, we observe a negative correlation
with scarcity regimes and finished goods and raw materials
inventories. Inventories are either very limited or shrinking. In
case of an onset of oversupply, the inverse is usually the case.
Similarly to the correlations measured with respect to sales-
related market indicators, balanced situations show mainly
weak correlations with procurement-related market indicators.
Finally, we observe little component orders in the pipeline
in times of oversupply (thus, manufacturers experience fast

deliveries of components), whereas many orders are in the
pipeline in case of scarcity.

The supply chain regimes thus defined are more robust with
respect to the original economic regimes, as they capture char-
acteristics of the sales market as well as of the procurement
market, rather than sales market characteristics only. Signals
from both parts of the supply chain are used in order to gener-
ate a better-informed perspective on the supply chain market.
Such regimes can be utilized in a dynamic sales process in
a way similar to the approach presented in [11], which is
briefly discussed in Section III. The relation between real-
time available data and price distribution parameters can be
dynamically modeled using supply chain regimes rather than
economic regimes. Optimal prices generated using acceptance
probability estimations derived from price distributions thus
estimated take into account market conditions in the supply
chain as a whole and hence contribute to a more deliberate
sales model.

VI. CONCLUSIONS

Economic regimes provide a means for guiding sales deci-
sions, as they can capture unobservable, yet crucial market
characteristics in the sales market. However, sales-related
decisions, ranging from procurement to meeting customer
demand, are interrelated. In this paper, we therefore emphasize
that the dynamics of the complete sales process should hence
be considered when making sales-related decisions. This is
supported by findings from simulation results of a previously
proposed dynamic sales model based on economic regimes;
through the complexity of interconnections between decision
processes, completely different behavior can emerge in the
complete set of sales-related decisions, driven by a single
change in the product pricing process.

Therefore, we argue that a regime model driving sales
decision making processes in a complex supply chain should
relate to the full set of sales-related decisions, by capturing



supply chain market circumstances, i.e., in both the sales
market and the procurement market, and not merely the
sales market. The main contribution of this paper consists
of addressing this need for supply chain regimes, in order to
make way for a better-informed sales model. Our data analysis
shows that the proposed supply chain regimes have feasible
characteristics that are based on both sales and procurement
market indicators.

For future work, we aim to implement the supply chain
regime model into the MinneTAC trading agent, and to test it
thoroughly by evaluating prediction performances as well as
the effects of this model on agent performance (e.g., in terms
of profit) and on the supply chain as a whole. Furthermore, it is
worthwhile investigating applications of supply chain regimes
within the procurement market, i.e., taking into consideration
these regimes for procurement-related decision making.
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2005, LNAI 3937, H. La Poutré, N. Sadeh, and S. Janson, Eds. Springer
Verlag Berlin Heidelberg, 2006, pp. 113–125.

[9] ——, “A Predictive Empirical Model for Pricing and Resource Alloca-
tion Decisions,” in Proceedings of the Ninth International Conference
on Electronic Commerce (ICEC 2007), Minneapolis, MN, USA, 2007,
pp. 449–458.

[10] ——, “Detecting and Forecasting Economic Regimes in Multi-Agent
Automated Exchanges,” Decision Support Systems, vol. 47, no. 4, pp.
307–318, 2009.

[11] A. Hogenboom, W. Ketter, J. van Dalen, U. Kaymak, J. Collins, and
A. Gupta, “Product Pricing using Adaptive Real-Time Probability of
Acceptance Estimations based on Economic Regimes,” in Eleventh
International Conference on Electronic Commerce (ICEC 2009). ACM,
2009, pp. 176–185.

[12] J. Collins, R. Arunachalam, N. Sadeh, J. Eriksson, N. Finne, and
S. Janson, “The Supply Chain Management Game for the 2006 Trading
Agent Competition,” Carnegie Mellon University, Tech. Rep., November
2005.

[13] D. R. Osborn and M. Sensier, “The Prediction of Business Cycle Phases:
Financial Variables and International Linkages,” National Institute Eco-
nomic Review, vol. 182, no. 1, pp. 96–105, 2002.

[14] J. D. Hamilton, “A New Approach to the Economic Analysis of
Nonstationary Time Series and the Business Cycle,” Econometrica,
vol. 57, no. 2, pp. 357–384, March 1989.

[15] R. Becker, S. Hurn, and V. Pavlov, “Modelling Spikes in Electricity
Prices,” The Economic Record, vol. 82, no. 263, pp. 371–382, 2007.

[16] T. D. Mount, Y. Ning, and X. Cai, “Predicting price spikes in electricity
markets using a regime-switching model with time-varying parameters,”
Energy Economics, vol. 28, no. 1, pp. 62–80, January 2006.

[17] A. Murari, G. Vagliasindi, M. Zedda, R. Felton, C. Sammon, L. Fortuna,
and P. Arena, “Fuzzy Logic and Support Vector Machine Approaches to
Regime Identification in JET,” IEEE Transactions on Plasma Science,
vol. 34, pp. 1013–1020, June 2006.

[18] R. Huisman and R. Mahieu, “Regime Jumps in Electricity Prices,”
Energy Economics, vol. 25, no. 5, pp. 425–434, September 2003.

[19] C. Massey and G. Wu, “Detecting Regime Shifts: The Causes of Under-
and Overreaction,” Management Science, vol. 51, no. 6, pp. 932–947,
June 2005.

[20] D. Pardoe and P. Stone, “TacTex-05: A Champion Supply Chain Man-
agement Agent,” in Proceedings of the Twenty-First National Conference
on Artificial Intelligence, July 2006, pp. 1489–94.

[21] M. Benisch, A. Sardinha, J. Andrews, and N. Sadeh, “CMieux: Adap-
tive Strategies for Competitive Supply Chain Trading,” ACM SIGecom
Exchanges, vol. 6, no. 1, pp. 1–10, 2006.

[22] C. Kiekintveld, J. Miller, P. R. Jordan, and M. P. Wellman, “Controlling a
Supply Chain Agent Using Value-Based Decomposition,” in Proceedings
of the 7th ACM conference on Electronic commerce (EC’06). New York,
NY, USA: ACM, 2006, pp. 208–217.

[23] M. Stan, B. Stan, and A. M. Florea, “A Dynamic Strategy Agent for
Supply Chain Management,” in Proceedings of the Eighth International
Symposium on Symbolic and Numeric Algorithms for Scientific Com-
puting. Washington, DC, USA: IEEE Computer Society, 2006, pp.
227–232.

[24] V. Podobnik, A. Petric, and G. Jezic, The CrocodileAgent: Research for
Efficient Agent-Based Cross-Enterprise Processes, ser. Lecture Notes in
Computer Science. Springer, 2006, vol. 4277, pp. 752–762.

[25] K. C. Chatzidimitriou, A. L. Symeonidis, I. Kontogounis, and P. A.
Mitkas, “Agent Mertacor: A robust design for dealing with uncertainty
and variation in SCM environments,” Expert Systems with Applications,
vol. 35, no. 3, pp. 591–603, 2008.

[26] J. D. Gibbons, “Nonparametric Statistical Inference,” Technometrics,
vol. 28, no. 3, p. 275, 1986.

[27] M. Hollander and D. A. Wolfe, “Nonparametric Statistical Methods,”
Journal of the American Statistical Association, vol. 95, no. 449, p.
333, 2000.

[28] J. Andrews, M. Benisch, A. Sardinha, and N. Sadeh, “What Differ-
entiates a Winning Agent: An Information Gain Based Analysis of
TAC-SCM,” in AAAI Workshop on Trading Agent Design and Analysis
(TADA’07), 2007.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


