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1  Introduction 

The simulation of route choice is characterized, in particular in an urban context, by a large 
amount of alternatives strongly correlated. Therefore, a route choice model should allow any 
covariance matrix structure to simulate the effects of path overlapping, and should be easy in its 
applications to large scale networks, that is it should allow implicit path enumeration and a quick 
calculation of choice probabilities. 
 
The model which better answers to these properties is the Multinomial Probit model, proposed by 
Thurstone (1927) and particularized to route choice context by Daganzo and Sheffi (1977). Since 
it does not allow the calculation of choice probabilities in a closed form, some models have been 
proposed in the following years in order to overcome this limit, keeping Probit properties at the 
same time. The C-Logit model (Cascetta et al. 1996) tries to simulate the effects of correlation 
within a Multinomial Logit specification by introducing a route disutility factor, called 
commonality factor, proportional to the overlapping of that route with all the other routes in the 
network. Although a particular specification of the commonality factor which allows implicit path 
enumeration (Russo and Vitetta 2001) is available, the C-Logit model shows some problems in 
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simulation since it does not manage to reproduce the expected choice probabilities within some 
test networks (Papola 2003). The Cross Nested Logit model (Small 1987, Vovsha 1997, Papola 
2000, Wen and Koppelman 2001), whose application to route choice was proposed by Vovsha and 
Bekhor (1998) in the form of the Link Nested Logit model, is a closed-form model that seems to 
allow any covariance matrix. Unfortunately, a LNL implicit path enumeration algorithm can be 
implemented only for a particular specification of the model parameters (Prasker and Bekhor 
1998), which shows some problems in simulation. 
 
This paper proposes an original contribution to route choice simulation, which takes again and 
generalizes the Dial (1971) approach: the choice of a route is assumed as the result of the choices 
made at all the nodes of that route. In detail, we assume that in each node the user chooses 
between all the links exiting from that node, on the basis of their utility (typically a generalized 
cost) and of an inclusive utility representative of what he can find from that point of the network 
until the destination. Therefore, the choice probability of a path can be expressed as the product of 
the choice probabilities at each node of the path. It is important to underline that all other route 
choice models presented in the literature so far, even if quite different in their specification, 
calculate path probabilities under a different hypothesis: the user chooses the route alternative on 
the basis of its utility and of its correlation with all other routes. The proposed choice mechanism 
can be reproduced with the “choice graph” characteristic of a Path Multilevel Cross Nested Logit 
(PM-CNL) structure (Papola and Marzano 2003).  

2  The model structure 

The PM-CNL model is a generalization of the Cross Nested Logit model providing for a multiple 
nesting structure. The first Multilevel CNL model was proposed by Bierlaire (2002), who 
demonstrates that a GEV generating function and a corresponding random utility model can be 
derived correspondingly to any multilevel cross nested correlation structure (network GEV). 
Papola and Marzano (2003) introduce a different Multilevel CNL model, the PM-CNL model, in 
order to simulate the contexts of sequential choices; the model structure can be seen as a “choice 
graph” and the elementary alternatives are the paths of this choice graph.  
 
The specification of a PM-CNL model requires the definition of the choice graph and of the 
parameters. In detail, the specification of the choice graph requires the definition of the nests and 
of the alternatives belonging to each nest, while the parameter specification requires the definition 
of the degree of membership and of the variance parameters. In order to describe the model 
structure, some definitions are preliminary introduced. The generic link l is determined by its 
starting node TL(l), named tail of the link, and its ending node HD(l), named head of the link. 
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Taking again Dial’s definition (1971), a link l is efficient with respect to the origin o if the cost of 
the shortest path Zo,TL(l) to reach its tail from origin is lower than the cost of the shortest path 
Zo,HD(l) to reach its head, and it is efficient with respect to destination d if ZHD(l),d<ZTL(l),d. Let FSE(l) 
(forward star efficient) be the set of the efficient links, both with respect to origin and destination, 
whose tail is the head of link l; analogously, let BSE(l) (backward star efficient) be the set of the 
efficient links whose head is the tail of the link l. 
 
The root of the choice graph of the proposed model coincides with the origin o, and each efficient 
link l represents an intermediate node, if HD(l)≠d, or a final node, if HD(l)=d, of the choice graph. 
The ancestors of the node representing link l are all the nodes representing the links belonging to 
BSE(l), and the descendants of the node representing link l are all the nodes representing the links 
belonging to FSE(l); in the following the generic ancestor of link l will be denoted with a(l). 
Consequently, each efficient link of the network, except for the links entering into the destination, 
identifies a nest of the choice graph which all the links of its efficient forward star belong to, and 
which belongs to all the nests identified by the links of its efficient backward star. 
 
At each node of the choice graph, intermediate (link l) or initial (origin o), we assume that the user 
chooses between all the available alternatives, formed by the links belonging respectively to 
FSE(l) and FSE(o) which represents themselves some intermediate or final nodes. The utility of 
each link l, given the ancestors a(l) and a(a(l)), is expressed as the sum of the generalized cost cl 
of the link and of an inclusive variable Yl/a(l) representative of what can be found from the head of 
link l until the destination. Given this choice graph, the choice probability of the path k can be can 
be expressed with the PM-CNL model: 
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where Lk is the ordered set of the links belonging to path k and the choice probability of the link l, 
conditioned to the choice of the two ancestors a(l) and a(a(l)) is given by: 
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In eqn (2) αa(l),l represents the degree of nesting of link l to the group formed by the ancestor a(l) 
and by definition it results: 
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Besides, like in the Multilevel Nested Logit, the θ are variance parameters and Yl/a(l) is the 
inclusive variable of the following choice levels expressed as:  
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The equation (2) can be extended to the links l’∈FSE(o) and l’’∈FSE(l’), which do not have two 
ancestors, by setting θa(l)=θ0 for the links l’∈FSE(o) and θa(a(l))=θ0 for the links l’’∈FSE(l’), and 
considering that from the (2) it follows that αo,l =1 ∀l∈FSE(o). Finally, substituting equation (2) 
into (1) the following expression occurs: 
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The expression of the degree of membership of link l to the group formed by the generic ancestor 
a(l)∈BSE(l) can be expressed in the following way: 
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where Zo,TL(a(l)) is the cost of the shortest path from the origin to the tail of link a(l) and no,a(l) is the 
number of paths connecting the origin o with the tail of the link l. So, this degree of nesting 
increases as no,a(l) increases and as Zo,TL(a(l)) decreases, with an intuitive physical interpretation. 
The variance parameters are specified following the Daganzo and Sheffy (1977) hypothesis, 
adapted to an homoscedastic context: 

Var[Uk]= ξ Zo,d ∀k∈od.                                 (7) 

being Zo,d the shortest path between the origin o and the destination d. Therefore, from the 
expression of the variance for the Logit model family and from the (7) it occurs: 
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3  The model properties: methodology and results 

The numerical and operational characteristics of the proposed model have been checked through 
some boundary cases on toy networks, in which some expectations about route choice 
probabilities can be formulated by the analyst under the assumption of Papola (2003). The results 
show at first the PM-CNL model to be able to reproduce all the expected probability values. 
Furthermore, a “nesting effect” can be observed in addition to the usual “correlation effect”, as a 
consequence of the different hypothesis mentioned above. In other words, the model reproduces 
an users’ preference towards paths which allow diversions rather than paths which do not, being 
equal utility and correlation. 

4  The implicit path enumeration algorithm 

An implicit path enumeration algorithm for the stochastic network loading with the PM-CNL 
model is also presented. The procedure allows at first the definition of the choice graph for each 
origin-destination pair, through the identification of the membership degrees and of the variance 
parameters; then choice probabilities and link flows are determined. The structure of the 
algorithm is based, taking again Dial’s algorithm (1971), on a reformulation of the choice 
probability (2) by introducing a conditioned weight wl/a(l),a(a(l)) and a conditioned inclusive utility 
Wl/a(l).                              
The procedure requires, for each o-d pair, a network exploration from the destination to the origin 
in order to calculate the parameters and the introduced variables, and a network exploration from 
origin to destination for the network loading. Its computational complexity is analogous to that of 
the Dial’s algorithm with efficient links with respect both to the origin and destination.  

5  Conclusion 

This paper presents an original Path Multilevel Cross Nested Logit route choice model. The 
theoretical, numerical and operative aspects required for the simulation of the route choice are all 
satisfied; besides, it is based on a more realistic assumption with respect to the other models 
available in the literature. For these reasons, the authors propose such model as a benchmark for 
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route choice simulation. 
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