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Motivation for Globalization

Growing competition
Emphasis on efficiency
Cost reduction
Satisfaction of consumer demands
Advances in technology (E-commerce)



New Challenges for Global
Supply Chains

Uncertainty (disruption of supply chains)

Threat of illness: SARS (cf. Engardio et al. (2003))
Terrorist threats (cf. Sheffi (2001))
War



Background

Criticism of globalization has increased
from the environmentalists.

The production of pollution-intensive goods
shifts from countries with strict environmental
regulations towards those with lax regulations.

Environmental regulations are a form of
protectionism.



Background

The introduction of electronic commerce
(e-commerce) has had an immense
effect on the manner of ordering and
transporting goods.

Gains from e-commerce could reach $450
billion a year by 2005.

E-commerce offers potential for reducing
risks associated with physical transportation.
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The Structure of the Global
Supply Chain Supernetwork



Characteristics of the Global
Supply Chain Network Model

Global supply chain network model
with decentralized decision-makers

Presence of e-commerce

Multicriteria decision-making

 * Net revenue maximization
    * Emission minimization
    * Risk minimization



A Manufacturer’s Multicriteria
Decision-Making Problem



The Optimality Conditions of the
Manufacturers



A Retailer’s Multicriteria
Decision-Making Problem



Optimality Conditions of the
Retailers



The Equilibrium Conditions for the
Demand Markets



Global Supply Chain Network
Equilibrium

Definition:

The equilibrium state of the supply chain supernetwork
is one where the product transactions between the
tiers of the network coincide and the product
transactions and prices satisfy the sum of conditions
presented above.



Variational Inequality Formulation



Variational Inequality Formulation

The variational inequality can be
expressed in standard form as:



The Dynamic Global Supply Chain
Model

Demand market price dynamics:



The Dynamic Global Supply Chain
Model

The dynamics of the product transactions
between the retailers and the demand
markets:



The Dynamic Global Supply Chain
Model

The dynamics of the prices at the
retailers:



The Dynamic Global Supply Chain
Model

The dynamics of the product transactions
between the manufacturers and
retailers :



The Dynamic Global Supply Chain
Model

The dynamics of the product transactions
between the manufacturers and the
demand markets :



Projected Dynamical System

The dynamic model can be rewritten as a
projected dynamical system (Dupuis and
Nagurney (1993)).

The set of stationary points of the projected
dynamical system coincides with the set of
solutions of the variational inequality (Dupuis
and Nagurney (1993)).



Additional Theoretical Results

We have established:

The Existence of the solution of the VI

The Uniqueness of the solution of the
VI

The Convergence of the algorithm.



The Algorithm

The algorithm that we propose is an Euler-type
method, which is induced by the general iterative
scheme of Dupuis and Nagurney [1993].

This is a discrete-time algorithm and serves as an
approximation to the continuous time trajectories
generated by the dynamic model.

The notable feature of this type of algorithm is that
the VI subproblems in this model are resolved into
network optimization problems with a special
structure that can be solved exactly in closed form.



The Euler Method



Computation of the Product
Transactions



Computation of the Product
Transactions



Numerical Examples

The production cost functions

The transaction cost functions of the
manufacturers

The handling costs of the retailers

The transaction costs of the retailers

We present single-country examples, for simplicity
and illustration purposes



When the Weights Associated with
Environmental Criteria Vary

Example 1
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When the Weights are Further
Modified

Example 4
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Conclusions

We modeled:

The global supply chain network with a focus
on decentralized decision-making
Environmental concerns
Multicriteria decision-makers (revenue,
emission, and risk)
The presence of e-commerce
The linking the equilibrium points of the static
version and the stationary points of the
dynamic version
The explicit formula for the product
transactions and the prices.
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