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Related Literature

• Nagurney (2006) demonstrated that supply chain
networks could be reformulated as transportation
networks.

• Nagurney and Liu (2006) proved the supernetwork
equivalence of the electric power supply chain networks
with traffic networks.



Outline
• In this paper, we ask the question as to whether financial

network problems with intermediation can be reformulated
as transportation network equilibrium problems?

• We first extend the model of Nagurney and Ke (2003) to
the case where the inverse demand (price) functions are
assumed known.

• We recall the transportation network equilibrium model
with fixed demands due to Smith (1979) and Dafermos
(1980).

• We establish the supernetwork equivalence of the
financial network model with a special configuration of the
fixed demand transportation/traffic network equilibrium
model.



The Financial Network with
Intermediation



Table 1: Notation for the Financial Network Model



Table 1 (Continue)



The Behavior of Source Agents

• Limited source of funds

• The source agent’s optimization problem



The Optimization Conditions of the Source
Agents

• The Optimization Conditions of the Source Agents
Determine                      such that



The Behavior of Intermediaries

• The intermediary’s optimization problem



The Optimization Conditions of the
Intermediaries

• The Optimization Conditions of the Intermediaries
Determine                                  such that



The Equilibrium Conditions at the Demand
Markets

• Flow conservation at demand market k

• Equilibrium conditions at demand market k



The Variational Inequality for the Demand
Markets

• The Equilibrium Conditions at the Demand Markets



Financial Network Equilibrium

• Financial Network Equilibrium

• Define the feasible set



Variational Inequality Formulation



Corollary 1

• For notational convenience



Corollary 2



• Smith, M. J. (1979), Existence, uniqueness, and stability of traffic
equilibria. Transportation Research 13B, 259-304.

• Dafermos, S. (1980), Traffic equilibrium and variational inequalities.
Transportation Science 14, 42-54.

• In equilibrium, the following conditions must hold for each O/D pair
and each path.

• A path flow pattern is a transportation network equilibrium if and only
if it satisfies the variational inequality:

Overview of the Transportation Network
Equilibrium Model with Fixed Demands



Transportation Network Equilibrium
Reformulation of the Financial Network

Model with Intermediation



Transportation Network Equilibrium
Reformulation of the Financial Network

Model with Intermediation
• The following conservation of flow equations must hold on

the equivalent transportation network:



Transportation Network Equilibrium
Reformulation of the Financial Network

Model with Intermediation
• We can construct a feasible link flow pattern for the

equivalent transportation network based on the
corresponding feasible financial flow pattern in the
financial network model in the following way:



Transportation Network Equilibrium
Reformulation of the Financial Network

Model with Intermediation
• We assign the travel cost on the links of the transportation

network as follows:



Transportation Network Equilibrium
Reformulation of the Financial Network

Model with Intermediation



Transportation Network Equilibrium
Reformulation of the Financial Network

Model with Intermediation



Transportation Network Equilibrium
Reformulation of the Financial Network

Model with Intermediation

• Path Flow Cost



Transportation Network Equilibrium
Reformulation of the Financial Network

Model with Intermediation

• Path Flow Cost



Transportation Network Equilibrium
Reformulation of the Financial Network

Model with Intermediation
• We assign the fixed travel demands associated with the

O/D pairs as follows:

• For each O/D pair wi and each path connecting this O/D
pair:



Transportation Network Equilibrium
Reformulation of the Financial Network

Model with Intermediation

• The variational inequality in link flow form

• VI (60) is precisely VI(18b) governing the Financial
Network Equilibrium



Transportation Network Equilibrium
Reformulation of the Financial Network

Model with Intermediation



The Euler Method



The Euler Method

• The subproblem can be rewritten as:

• The solution of the above subproblem is equivalent to
the solution of: for each O/D pair w, compute:



Numerical Examples



Numerical Examples

• Example 1



Numerical Examples

• Example 1



Numerical Examples

• Example 2
the data were identical to those in Example 1, except
that the financial holdings of the source agents Si; i = 1,
2, were now both equal to 6.

• Example 3
The third numerical example had the same data as
Example 1 except that the handling cost of the second
intermediary was given by:



Numerical Examples

• Example 4
Example 4 was constructed from Example 1 and had
the identical data except that the demand market price
(inverse demand) functions were now changed to:

• Example 5
Example 5, in turn, had the same data as Example 2
(Si=6; i = 1, 2), but with the inverse demand functions
as in Example 4,



Numerical Examples

• Example 6
Example 6 had the same data as Example 3 (Si=6; i =
1, 2) except that the demand market price functions
were as in Examples 4 and 5, i.e.



Solutions of the Numerical Examples



Solutions of the Numerical Example



Conclusions

• We first presented a new model of financial network
equilibrium with intermediation and electronic transactions
in which the inverse demand functions were assumed
known.

• We constructed the supernetwork representation of the
financial network problem, which corresponds to an
isomorphic transportation network equilibrium problem
with fixed demands.

• This equivalence allowed us to provide a novel
interpretation of the equilibrium conditions of the financial
network problems with intermediation in terms of paths
and path flows.



Conclusions

• We then proposed and applied an algorithm for the
computation of solutions to fixed demand
transportation network equilibrium problems by
Nagurney and Zhang (1997) to compute solutions to
six numerical financial network problems.

• The computational results yielded information that
was not previously available since both the
equilibrium path flows as well as the equilibrium link
flows were now obtained.



    Thank You Very Much!

For more information, please see:
The Virtual Center for Supernetworks

http://supernet.som.umass.edu
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