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Definition:
Supply Chain Management is primarily
concerned with the efficient integration of
suppliers, factories, warehouses and
stores so that merchandise is produced
and distributed in the right quantities, to
the right locations and at the right time,
and so as to minimize total system cost
subject to satisfying service requirements.

Supply Chain Management



What do we see?

Coordination within a supply chain among
manufacturer, distributor, and retailer

as well as

Competition among
    manufacturers
    distributors
    retailers



The Dynamics of the Supply Chain
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What Management Gets...
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What Management Wants…
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What is a Supernetwork?

A Supernetwork is a network, consisting of
nodes, links, and flows, that is over and
above existing networks.



Applications of Supernetworks

Telecommuting/Commuting
Decision-Making

Teleshopping/Shopping Decision-
Making

Supply Chain Networks with
Electronic Commerce

Financial Networks with Electronic
Transactions.



A Multitiered Supply Chain
Supernetwork Example



Dong, Zhang, Nagurney, “A Supply Chain Network
Equilibrium Model with Random Demands,”
European Journal of Operations Research, 2004.

– Assume general random demands facing
retailers

– Study Noncooperative behaviors
– Formulate the optimality conditions as VIP
– Give conditions of the distribution functions for

the existence and uniqueness of the solution
– Algorithms



The Supernetwork Supply Chain
Model with Random Demands

Captures
– multi-tiers

• manufacturers
• distributors
• retailers
• demand markets

– competition at the
same tier

– Coordination among
different tiers

Determines
– production

quantities
– shipments
– prices
– expected demands

Includes
– physical

transactions
– electronic

transactions



Supernetwork Structure



Behavior of the Manufacturers

Profit maximization problem for manufacturer i 

*
1

*
1

:  production output
:  shipment from  to  
:  shipment from  to  via e-link 

:  price charged by manufacturer  to distributor 

:  price charged by manufacturer  to retailer 
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The Optimality Condition for
Manufacturers



Behavior of the Distributors
Profit maximization problem for distributor j

*

:  shipment from  to  
:  shipment from  to 

:  price charged by distributor 
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Optimality Conditions for the
Distributors



The Retailers
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:  unit penalty of having excess supply at retailer 

:  unit penalty of having excess demand at retailer 
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The expected total penalty of retailer k is given by 



Behavior of the Retailers
Profit maximization problem for retailer k
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Optimality Conditions for the Retailers



The Stochastic Market Equilibrium
Conditions

For any retailer k

where a.e. means that the corresponding equality or inequality 
holds almost everywhere. 



Supply Chain Network Equilibrium
with Random Demands

Definition:
  The equilibrium state of the supply chain

with random demands is one where the
product flows between the tiers of the
decision-makers coincide and the product
shipments and prices satisfy the sum of the
optimality conditions (5), (9), and (20), and
the conditions (22).



  Variational Inequality Formulation



Qualitative Properties

Under certain conditions we proved the
existence of the solution and the
uniqueness of the solution to the VIP.











Algorithm





Numerical Examples
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Example 2



Questions?

More information about
Supernetworks can be found at

http://supernet.som.umass.edu

Contact me at dong@oswego.edu
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