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Flows which consist of multiple products that move
in a multimodal network get more and more attention in
recent years. The class of models that has to do with the
prediction of interregional freight flows was well studied
in the past and is so-called the spatial price equilibrium
models [1]. Such models were widely used for the analysis
of freight flows between different regions. This class of
models determines simultaneously the flows between pro-
ducing and consuming places as well as the selling and
buying prices. But the transportation network is usually
modelled in a simple way (elementary bipartite connec-
tions) [1, 2]. For example in the Harvard Model which prob-
ably is the first published type of a model that interests us
physical network is presented like elementary direct links.
Also the congestion effect of the network in this model is
not considered. Later, the Multi-State Transportation Cor-
ridor Model went a step further in representing an explicit
multimodal network, but again without any consideration
of network congestion. Also there was an Transportation
Network Model which does not consider network con-
gestion effect either [1].

The first model that considers the network conges-
tion effect as well as the shipper-carrier interaction and
was adopted in the field of transport, is the Freight Net-
work Equilibrium Model [1-3]. It combines the variable
demand modelling approach from spatial equilibrium mod-
els with the detailed description of the behavior of ship-
pers and carriers by mathematical formulations.

So the class of models that we consider is Network
Models. They enable the prediction of flows that consist
of multiple products in a multimodal network, when physi-
cal network is modelled at a level of detail appropriate for
a country or a large region and reflects the real infrastruc-
ture with relatively little abstraction. Also in this class of
models the shippers and the carriers are not considered as
distinct actors in the decisions made in shipping freight.
Very often the strategic analysis of freight transport is
determined by the data sources (national freight flow sta-
tistics) which permit to identify the mode used, but do not
provide any information about separate shippers. How-
ever, even with the data which is available and with the
forecast made the behavior of the shippers can be reflected
[1-3].

In the model an assumption that products are trans-
ported at minimum total generalized cost is made [4].

Also there is an assumption that a certain type of
products can be transported only by the appropriate mode
of transport due to service availability or some kind of
normative restrictions. This means that in most common
situation there is no competition between transport modes.
In other situation, when transport modes compete between
themselves for the shipments of products, it is possible to
include the components which reflect the shippers objec-
tives in to the generalized cost functions. This means that
the generalized cost function gives sufficient modelling
flexibility and adequately reflects a wide variety of situa-
tions and circumstances [4, 5].



195

The multimode multiproduct model is formulated in
the most general way permitting in principle non-convex
and asymmetric cost functions. Nevertheless, certain as-
sumptions (regarding the structure of cost functions) are
made in order to simplify the problem.
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The physical network infrastructure represented by
the chosen means reflects the transportation of different
products by several different transport modes.

A product is any good or collection of goods of simi-
lar nature which creates a freight flow that moves over a
particular link [4, 6, 7].

A transport mode  is a group of transport means that
has its own characteristics such as vehicle type, capacity,
and a specific cost function. Depending on the detailed
level of study our model mode can represent a particular
carrier, or a part of his service on a specific network, or an
aggregated service of several carriers in specific transport
infrastructure networks [4, 6-8].

Modelled network is a network that consists of the
nodes, links and modes of transportation that show all
possible movements on the available infrastructure.  In
our model a link is defined as a triplet (i, j, m), where i is the
origin node, i belongs to N (N is the set of the nodes of the
network), j is the destination node, j belongs to N, m is the
mode of transport that has permission to operate between
nodes i and j and belongs to M (M is the set of transport
modes available on the network). Example of such net-
work is shown in Fig 1.  Here are 3 transport modes: road
transport R, diesel train D, electrified train E, and three
nodes of the network A, B, C. All 3 transport modes oper-
ate between points A and B, between A and C road and
diesel train services can be found, and between B and C –
only road transport service can be found.
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