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Abstract

One of the main components of stochastic assignment models is the route choice model solved with implicit or explicit path enumeration algorithms. Implicit path enumeration avoids explicit paths generation and allows efficient algorithms to be used. The quality of the model increases if the generation of path choice sets is subject to behavioural rules.

For stochastic implicit assignment, Logit or Probit models are generally used and recentely a D-C-Logit model was proposed.
This paper proposes the application of the C-Logit model specification within a Dial algorithm structure for the implicit assignment of network flows. The model and its solution algorithm, called D-C-Logit, combine several positive features found in the literature for choice set generation and choices from a given choice set: generation of a set of alternatives with a selective approach; calculation of the path choice probability in a closed form; simulation of the overlapping effect among alternative paths; computation of just one tree for each origin avoiding explicit path enumeration.

The paper has the main objective to apply the D-C-Logit to different real networks in order to verify the properties and to compare the results in term of real flows reproduction and comparison with traditional Probit and Logit.
1. INTRODUCTION

A very significant body of literature dealing with assignment models and the most commonly used are based on route choice models (deterministic or stochastic) solved with implicit or explicit path enumeration algorithms. 

Such models are used both for congested networks within equilibrium models or dynamic models. For stochastic assignment, Logit or Probit models are generally used. The Logit model has a closed analytical functional form that may be solved with algorithms on the network but it has the problem of IIA (Independence of Irrelevant Alternative) which, in the case of paths with considerable overlaps, significantly affects the quality of the results. Dial (1971) proposed a probabilistic choice model that does not consider path overlapping. The Probit model proposed by Sheffi and Powell (1981) overcomes the path overlapping problem by introducing a covariance proportional to the degree of path overlapping. Models in the Probit family cannot be expressed in closed analytical form and hence, to be solved, require Montecarlo techniques which, though based on implicit path enumeration algorithms, generally demand a large number of iterations. 

On the other hand, explicit path enumeration allows greater modelling flexibility insomuch as it is possible to model both choice set generation and choices among alternatives, including path-related attributes. Explicit enumeration allows path information to be obtained and hence the reconstruction of relevant attributes which define systematic utility, as well as the elements which contribute to forming the dispersion matrix concerning the hypotheses used to define the random errors. Dispersion matrixes may thus be specified with different structures and/or multiple decisional levels.

Implicit path enumeration avoids explicit paths generation and allows efficient algorithms to be used. The benefits of implicit enumeration outweigh the benefits of explicit path enumeration if hypotheses can be made on route choice generation and route choice. 
In the context of explicit path enumeration that avoids IIA, the first model was proposed in De La Barra et al. (1993). They solve the Logit assignment model with a constraint on the generation paths considering the degree of overlapping between perceived paths by users but are heuristic in choice set generation. Cascetta (et al., 1996) proposed a C-Logit model which, though retaining a closed analytical form, allows us to take account of path overlapping problems. The C-Logit path choice model keeps the simple mathematical structure of the multinomial Logit model with a modified systematic utility, inserting an attribute named Commonality factor (C stands for Commonality) as better explained in section 2.

Choice sets in demand models consist of a certain number of alternatives, which are usually physically different from one another. The exhaustive approach considers as admissible all paths without loops found on the network in question. By contrast, the selective approach identifies only some of the paths which are topologically admissible on the basis of satisfying certain rules with descriptive (Ben Akiva et al., 1984, Russo and Vitetta, 1996) or behavioural probabilistic (Morikawa, 1996) approaches. Route generation and choice models at inter-urban level have been proposed in different papers (Leurent, 1993; De La Barra et al. 1993, Ben-Akiva et al., 1984; Russo and Vitetta, 1996, Cascetta et al., 1996).

In the literature, the problem of path choice in an urban context has been treated within the problem of flow network assignment (see, amongst others, for private networks Powell and Sheffi, 1981; Sheffi, 1985; De La Barra et al., 1993; Cascetta, 2001; Cantarella and Cascetta, 1995 and for public transport Nguyen and Pallottino, 1986; Spiess and Florian, 1989; De Cea and Fernandez, 1993; Wu et al., 1994). Assignment is developed considering Deterministic or Stochastic User Equilibrium (DUE or SUE) based on Wardrop's principle. Recently, a general fixed point model for multi-mode multi-user deterministic and/or stochastic equilibrium assignment was proposed (Cantarella 1997). The macro-algorithm for the solution of SUE uses the Method of Successive Averages (MSA) (Powell and Sheffi, 1982). 

In this paper, an implicit algorithm (Russo and Vitetta 2003) is reported for assignment of flows to a network through a new specification of a C-Logit choice model. The model and its solution algorithm, called D-C-Logit for short, based on a Dial structure, combine several positive features from models and algorithms found in the literature. The paper has two main objectives: the proposition of a Dial-like algorithm to solve a C-Logit assignment model and application of the algorithm to different networks in order to demonstrate certain properties.
The proposed formulation is verified on a real transportation system and the model parameters are also calibrated using traffic flows counted on links and the algorithm is compared with standard implicit Logit (Dial, 1971) and Montecarlo Probit (Powell and Sheffi, 1981) algorithms. The results, in term of real flows reproduction, are comparable with Probit and better than the results obtained with standard implicit Logit.

The paper is structured as follows: in section 2 path choice models in terms of generating the choice set and choosing the alternative are reported; in section 3 and the main features of the D-C-Logit and the solution algorithm are reported; lastly, in section 4 some numerical applications are presented. The conclusion is reported in section 5.
2. PATH CHOICE MODELS
The path choice from a given choice set, in the context of random utility models, assumes that a generic user, travelling between an origin-destination pair (o, d), associates to each path k belonging to the set Kod of available paths connecting that (o, d) pair, a perceived utility Uk which may be expressed as:
Uk = Vk + (k 



( k ( Kod
where

Vk is the average, or systematic, utility of path k 
(k is the random residual.

Under the assumption of random utility models, path choice probabilities pod(k/Kod) of a generic user can be expressed as:

pod(k/Kod) = prob[Vk + (k ( Vh + (h] 

( k ( h; k, h ( Kod

If the (k are assumed to be independent and identical Gumbel G(0,() variates of zero mean and parameter (, then the well-known Multinomial Logit model with variance 
Var ((k) = (² ( ²/6
( k ( Kod
and covariance equal to zero.

If the residuals are assumed to be jointly distributed as a Multivariate Normal of zero mean, the Probit path choice model is obtained (Daganzo, 1979) with variance (Powell and Sheffi, 1982)

Var ((k) = ( Vk

( k ( Kod
· and covariance proportional to the common part where( is a calibration parameter.
In the following for the Probit model we consider that the variance is proportional to the square of Vk:

Var ((k) = (cv Vk)²
( k ( Kod
where cv is the coefficient of variation of the error term.

For setting the same variance for the Logit and Probit models ((² ( ²/6 = (cv Vk)²), the values of ( were obtained by fixing exogenous values for the coefficient cv:
(  = cv Vk 60.5 / (
The theoretical model and the algorithm proposed in the next section are based on a C-Logit formulation which is described in Cascetta et al (1996). The path choice model retains the simple mathematical structure of the multinomial Logit model, but with a modified systematic utility as :

V*k = Vk – CF’k


( k ( Kod 
and hence

pod(k/Kod) = exp(Vk / ( - CF’k / ()/ (h(Kod exp(Vh / ( - CF’h / ()

The term CF’k denoted as “commonality factor” of the path k, is directly proportional to the degree of similarity (or overlapping) of the path k with the other paths belonging to Kod. The role played by CF’k is clear; heavily overlapping paths have larger commonality factors and thus a smaller systematic utility with respect to similar but independent paths. A general expression for CF’k is:

CF’k = ( (’0  ((qk) 

where:

· (’0 is a parameter to calibrate; 

· ( is a functional form;

· qk is a vector of attributes defining the systematic utility of overlapping between path k and the other paths belonging to the choice set.
For simplicity’s sake a parameter (0 to calibrate is used instead of ( (’0, and the new C-Logit route choice model is:

pod(k/Kod) = exp(Vk / ( - CFk)/ (h(Kod exp(Vh / ( - CFh)
Because of this we express in a generic (o, d) pair the overall path utility in term of "cost" for a path k as:

gk = - Vk / ( + CFk
(1)
Alternative specifications of the commonality factor have been proposed in the literature (Cascetta, 2001). The most interesting specification in terms of computation management is:

CFk = (0 log ((ij(k qij k Nij,od)
(2)
where:

· qij k is the perceived relevance of an individual link ij in a path k (one possibility is to assume qij k as the fraction of total path cost which can be attributed to each link ij);

· Nij,od= (h(Kod (ij,h can be seen as the summation of the link-path incidence matrix ( of link ij and extended to all paths connecting the (o,d) pair;

· ( = {(ij,h} is the link-path incidence matrix where (ij,h is equal to 1 if link ij belongs to path h and 0 otherwise.

In the next section, on the basis of the main elements found in the literature, hypotheses are defined for choice set generation. The hypotheses are based on that proposed by Dial (1971) and extended by Sheffi (1985) which are reorganized for a complete application of the model and recall the general elements of the C-Logit (Cascetta et al., 1996) and D-C-Logit (Russo and Vitetta, 2003).
2.1 Choice set generation

In this paper the choice set is generated following a selective approach, which identifies only a few paths from those which are topologically admissible, according to whether they satisfy some behavioural hypothesis in a descriptive mono-criterion approach.

In order to generate the set, it is required that the set of paths considered consists only of so-called efficient paths with regard to the origin and destination. Each path has links with an initial node that leads away from the origin with regard to the minimum path costs, and a final node that tends to the destination with regard to the minimum path cost. In other words, a link l = (i,j) belongs to an efficient path only if the minimum path cost to reach the initial node from the origin is less than the minimum path cost to reach the final node, and the minimum path cost to reach the destination from the final node is less than the minimum path cost to reach it from the initial node (Dial, 1971; Sheffi, 1985).

Let:

· o be the origin in question;

· ij be the link in question;

· cij be the cost of link ij;

· g(ab) the minimum path cost of reaching node b starting from a.
Link ij is considered efficient if:

g(oj) ( g(oi) and g(id) ( g(jd)
The choice set generated with the criterion thus defined, satisfies some of the main elements which arise in the literature and which are transferred to the various proposed models. These main features may be summarized as follows: 

· a finite number of paths is considered;

· paths are considered, using a function based on travel cost;

· subsequent to the first path, other paths are generated according to an exact non-heuristic algorithm;

· paths which contradict basic behavioural hypotheses, though topologically feasible, are not considered; hence the sets are definitely limited in size by the number of loop-less paths. 

An alternative multipath choice set generation can be proposed which is a variation of the previous one in the same context of the selective descriptive mono-criterion approach. In this alternative way, one of the conditions for path efficiency was discarded: all paths composed of links whose initial node is nearer the origin node than is its final node were considered. A link ij is considered efficient if and only if the link has its initial node i closer to the origin node than its final node j:

g(oj)  ( g(oi)
In this condition a larger number of efficient paths can be present in the choice set than in previous specifications. 

2.2 Choice from a given choice set

In this work a Logit model with a new specification for the commonality factor is used. The commonality factor specification proposed in this paper and useful for the proposed model and algorithm is as follows:

CFk = (0 (ij(k qij k log (Nij,od)
(3)
This functional form is particularly efficient for implicit assignment and depends on the way in which the network is coded. This specification will be used in the next section within the algorithm for D-C-Logit assignment. It can be seen that the proposed specifications of CFk maintain the C-Logit properties of the CFk specified in eq. (2).
3. D-C-LOGIT MODEL AND ALGORITHM

In this section the main element of the model and the algorithm are reported. The complete algorithm is reported in Russo and Vitetta (2003).
3.1 model

The model considers in the choice set only efficient paths, consisting of links which belong to paths which “move away” from the origin and "move towards" the destination in relation to the defined choice set generation model in the same way proposed by Dial (1971).


To take account of overlapping between path alternatives using the same link, in this paper as a commonality factor of links we adopt:

cfij,od = (0  (cij /g(od)) log(Nij,od)= (0  qij,od  log(Nij,od)
where: 

(0 is a parameter to be calibrated;

cij is the cost on the link ij.

qij,od is the ratio between the cost of the link ij and the minimum path cost on the (o, d) pair;

Nij,od is the link multiplicity (number of paths which join the (o, d) pair and use the link ij).

The cost on the link ij, relative to the origin destination pair (o, d) is:

cij,od = cij + cfij,od 
Having defined a path k joining the (o, d) pair, the overall path cost is given by means of eq. (1) and using as commonality factor the eq. (3), finally we obtain:
g*k = (ij(k (cij+ cfij,od) = (ij(k cij+ (0 (ij(k qij,odlog(Nij,od) = gk + CFk     ( k ( Kod     (4)
The probability of using path k, considering the new proposed term, between o and d, giving a choice set Kod of efficient paths, pod(k/Kod), is:

pod(k/Kod) = exp(-g*k) / (h( Kod exp(-gh*) = Zod exp(-g*k) =

= Zod exp[-(ij(k (cij+ cfij,od)] = Zod (ij(k eij,od  
( k(Kod
 (5)
with 
Zod = 1 / (h(Kod exp(-gh*)


exp(-cij,od)
if on link ij efficiency conditions occur

eij,od =


0 otherwise

Dial (1971) demonstrated that specification (5) is satisfied if the link flow xij relative to the (o, d) pair in the algorithm is obtained as:


p(ij/j) dod 
for j=d

xij =


p(ij/j) (m(F(j)  xjm 
for the other links
(6)
where F(j) is the forward star of outgoing links from node j. The probability p(ij/j) is obtained as follows:

p(ij/j) = wij,od / (m(B(j) wmj,od 

and:

wij,od is the "link weight", depending on the different (o, d) pairs considered;


exp(-cij,od) (m(B(i) wmi,od
if on link ij efficiency conditions occur

wij,od =


0
otherwise

B(i) is the backward star of the incoming links in node i. This specification is also consistent with the link cost specification with cfij,od term.


All the demonstrations proposed by Dial can be "re"-proposed by replacing the link cost cij with the link cost cij,od. 
The "link weight", wij,od, conditional upon its belonging to the pair (o, d) is:


Nij,od (-(0 cij/ g(od)) exp(-cij) (m(B(i) Nmi,od (-(0 cmi/ g(od)) exp(-cmi)
if ij satisfies efficiency


wij,od = 0
otherwise
(7)
Having identified a link ij and an (o, d)pair, the multiplicity Nij,od of the link ij with respect to the (o, d) pair can be calculated. Such multiplicity indicates the number of paths which join the (o, d) pair and use the link ij. The multiplicity may be used to take account of the covariance among the alternative paths joining the same (o, d) pair and using the same link.

A path k joining an (o, d) pair may be subdivided into three parts: one which precedes node i, one coinciding with link ij and one which follows node j. Hence, having considered all the efficient paths joining the (o, d) pair and using link ij, we may define two sets containing parts of paths which, respectively, precede node i and follow node j. Let NAij,o and NBij,d denote, respectively, the cardinality of the two sets. The multiplicity of link ij may be obtained as:

Nij,od = NAij,o   NBij,d
(8)
This specification can be considered similar to that proposed by Van Vliet (1981), who proposed a modified Dial algorithm in order to evaluate the number of paths from a fixed (o, d) pair passing between a set sequence of nodes.

Once an (o, d) pair has been identified, algorithms may be carried out to calculate the single terms of the above relations. Calculation of NAij,o and NBij,d of the two sets is based on a recursive principle.
The values:

· NAij,o is given by summing the NAbi,o of links bi which are incident with i and efficient;

· NBij,d is given by summing the NBjp,d of links jp which depart from j and are efficient. 

Initialization consists in setting:

· NAom,o equal to 1 of links om departing from o ;

· NBnd,d equal to 1 of links nd arriving at d.
Moreover, the network nodes must be visited in ascending (descending) order of minimum cost of reaching them from the origin (destination). 

3.2 Algorithm 


In this section an algorithm is reported which allows us to calculate the multiplicity of each link, and hence of the covariance term, without explicit path enumeration. With the proposed specification (4) of CFk term discussed in the section 4.1, the modified Dial (Dial, 1971) or STOCH (Sheffi, 1985) algorithm may be applied to assign flows to the network.


A link ij belongs to an efficient path if, and only if, the minimum cost of reaching the initial node i, is less than the minimum cost of reaching the final node j, and the minimum path cost of reaching the destination from the final node j is less than the minimum path cost of reaching it from the initial node i. Dial's algorithm is based on the calculation of the probability of using a link ij, conditional upon using the final node of the link:

p(ij/j) = wij / (m(B(j) wmj 

with: B(j) a backward star of j;

wij = exp(-cij) (m(B(i) wmj;

cij = cost of link ij.

Having identified an origin o, we may develop the algorithm which allows us to calculate the multiplicity Nij,od of each link of a destination d by means of four main steps:

1) initialization of the variables;

2) calculation of NAij,o and identification of efficient links;

3) calculation of NBij,d;

4) calculation of Nij,od.

The algorithm may be inserted in an assignment algorithm to be performed with Dial’s double pass (or STOCH) algorithm in order to calculate the flow fij in each link ij. A compact version of the general algorithm is reported below:

a: For all network links ij, the flow is set at zero: fij=0;

b: The minimum cost of reaching each destination node d from each node i is calculated

c: For each origin o, steps 1, 2 and 3 are carried out

step c.1: Minimum tree

step c.2: Calculation of NAij,o             
[eq. (8) is used]
step c.3: For each destination d to be reached, steps c.3.1, c.3.2, c.3.3 and c.3.4 are carried out:

c.3.1: Calculation of NBij,d and Nij,od         
[eq. (8) is used]


c.3.2: Calculation of "link weight"  wij
[eq. (7) is used]


c.3.3: Calculation of flows xij
[eq. (5) is used]

c.3.4: Calculation of flows fij = xij + fij
With respect to the original Dial algorithm, having fixed an origin o, it is necessary to calculate the vector NA only once and the vector NB nd times (Nd is the number of destinations to reach from origin o). It is worth noting that once a network is defined with number No of origins and Nd of destinations, to calculate the multiplicity of all the links and for all pairs (o, d), a number of operations has to be performed which is equal to: No+No Nd. Each operation consists in a summation on all the network nodes.

An alternative multipath choice set generation, named single pass, can be proposed. It is a variation of the previous one. In this alternative model:

· in the path choice set generation, all paths composed of links whose initial node is nearer the origin node than is its final node are considered;

· in the choice from a given choice set an approximate C-Logit, in which Nij,od is considered equal to NAij,o, is used with the following formulation:

CFk = (0 (ij(k qij k log(NAij,o)
(9)
This alternative model is called single pass unlike the previous proposed model named double pass.


This formulation is similar to (3), but NAij,o instead of Nij,od is considered. Formulation (9) is less complete in overlapping calculation than formulation (3) and hence this model is considered approximate. The algorithm can be executed from the origin to all destinations. With this alternative definition of efficient path and of CFk, huge computational benefits are obtained. All of them can be implemented with a parallel algorithm: in each processor a subset of all origins is elaborated  (Russo and Vitetta, 1997). 

The single pass algorithm is computationally more efficient than the double pass algorithm. 

4. NUMERICAL APPLICATIONS

To conduct the test, various possibilities were identified for determining the parameter specifications of the Logit and Probit path choice models. Logit assignment was performed with a standard Dial algorithm.
Values of ( (for the Logit model) and cv (for the Probit model) used in the algorithm were obtained by fixing exogenous values for the coefficient cv and setting the same variance for the two models for a given (o, d) pair:

(² ((od)²/ 6 = [cv g(od)]²

where ((od) is the Logit parameter for pair (o, d).

The parameter ((od) for the Logit model can be obtained as follows: ((od) = 1 / (*od = cv g(od) 60.5/(
where

 (*od is the reciprocal of ((od) ((*od = 1 / ((od)). The computations were carried out by comparing flows obtained with the SNL Probit algorithm and flows obtained with Dial Logit and proposed D-C-Logit algorithms. The comparison was carried out by using the RMSE% and MSE.
The algorithm is applied on a real urban road network in the city of Salerno (Italy). The city has about 200,000 inhabitants. The city is subdivided into 53 homogeneous internal zones and 9 external ones, the network thus consisting of 62 centroids, 466 real nodes and 1127 links. The network at morning peak hour is congested. The average flow/capacity ratio is 0.8 and 8% of links have a flow/capacity ratio greater than 0.9. The link travel time flow function is considered as depending on the flow/capacity ratio through the BPR link cost function. The (o, d) demand for the a.m. peak hour is derived from a sample of users interviewed both at home and at cordon sections. The resulting (o, d) demand matrix is "corrected" for level using traffic counts on cordons by means of an assignment matrix derived from a DUE (Cascetta, 2001).

All the analyses are carried out by comparing flow counts on 69 sections with flows predicted by an evaluation method on the same links. The evaluation method is developed with the following steps:

1. The congested travel time on the network is obtained with a DUE (Deterministic User Assignment); on the links no capacity restraints are imposed but increasing link cost with respect to the flow/capacity ratio is considered. The test for the convergence of the algorithm is set at 1% in the module of gradient vector in the minimization process;

2. SNL Logit single and double pass (Dial, 1971), D-C-Logit single and double pass and SNL Probit (Sheffi, 1981), using link times obtained with DUE without capacity restraint, have been performed;

3. The comparison between measured flows and flows obtained from models is carried out by using an RMSE% indicator.

When equilibrium occurs all used paths under DUE have equal costs. Other feasible but non-used paths could be present on the network. If these paths have a much higher cost than the cost of used paths, the Logit model associates a low probability to them; otherwise some systematic biases in the single and double pass and SNL algorithms are present. 

The results are influenced by the use of the link costs obtained from the DUE algorithm. Therefore the results obtained are not compared with DUE results but with SNL Logit and SNL Probit results, using in all cases the same link costs.

The utility v*ij,(o,d) on each link ij, in the (o, d) pairs, is considered in the form: 

v*ij,(o,d) = - cij - cfij,od = -(*od  tij - (0  qij,od  log(Nij,od)
where:

(*od is obtained for each (o, d) as (*od =( / cv g(od) 60.5 (the unit of measurement is user utility/time)

;

tij  is the DUE congested travel time (expressed in minutes);

qij,od is the ratio between link travel cost and minimum path travel cost, both expressed in terms of (DUE) congested travel time.


The RMSE% obtained with DUE without capacity restraint flows is 28.7%. The RMSE% obtained with AON (All Or Nothing) network loading is 41.8%.

The numerical application is executed with different values of cv and (0. The results are reported in Tab. 1 (single pass algorithm) and 2 (double pass algorithm). In the tables the results obtained with implicit Probit, Logit ((0=0) and proposed D-C-Logit algorithms are compared in terms of RMSE% in relation to traffic counts on a set of links. Different (rows) levels of variance for user-perceived costs are tested and in order to calibrate the (0 parameter for commonality factor, different values are considered.


As in the test network, and in previous experiments with the explicit method, also in the used real network the D-C-Logit assignment reproduces observed flows better than Logit assignment and Probit. In particular, the best results in the double pass are for cv =0.05 and (0=1.50 with RMSE%=27.7% and in the single pass algorithm are for cv =0.05 and (0=6.5 with RMSE%=25.7%. 


In Fig. 1 the results in terms of RMSE% on the real network with implicit SNL and cv = 0.1 are reported. Two different graphs obtained with double pass and single pass algorithms are reported. The best values of RMSE% with the single pass algorithm are obtained with parameter (0 greater than 1; the best values of RMSE% in the single pass algorithm are obtained with parameter (0 just greater than 1. The single pass algorithm is also more stable in terms of RMSE%, (0 varying with respect to the double pass algorithm, which is a very interesting result when in real applications parameter (0 is not calibrated. 

The single pass algorithm is the most efficient in terms of computation time. In the real system with a 1500 Mhz Pentium, we obtain 4.5 sec for one full assignment with the double pass and 3.6 sec with the single pass. It may be noted that the use of D-C-Logit single pass algorithm, with a theoretical value of (0, gives similar but worse results in terms of RMSE% than the Dial double pass algorithm but is better in terms of elaboration time.


The results obtained confirm that:

· Probit and D-C-Logit are better than Logit;

· with (0=1 (theoretical value, Cascetta et al., 1996), D-C-Logit double pass results are better than Probit, but the same Probit results are better than D-C-Logit single pass;

· with (0 appropriately calibrated for the real situation, the D-C-Logit is better than Probit due to the goodness of the D-C-Logit model and to the greater number of calibrated parameters than in the Probit model.

The modest increase in computational time for D-C-Logit compared with the classical Dial, about 5%(6%, demonstrates that the use of the proposed algorithm can be preferable. However, in all assignment models proposed in the literature parameters have to be calibrated prior to application for simulating real systems for professional applications. For example, in Dial assignment the parameter of the route choice logit model should be calibrated; in Powell and Sheffi (1982) assignment variance/covariance parameter should be calibrated. In any case, calibration is straightforward as traffic flow has to be detected and counted. 

4. CONCLUSION


In this paper a path choice model which obviates enumeration and overlapping problems is presented and applied. The model specification and solution algorithms combine several positive features from models and algorithms found in the literature:

· calculation of the path choice probability in closed form;

· generation of a set of path choices regulated by precise behavioural rules;

· algorithms with high computational efficiency;

· simulation of the overlapping effect among alternative paths.


The implicit D-C-Logit model gives results which are very close to the Probit when all paths have similar costs, while in other cases an accurate parameter calibration gives better results. In every case in all assignment models proposed in the literature parameters have to be calibrated prior to application to simulate real systems for professional applications. The proposed algorithm can be easily extended for other types of assignment algorithms that use an SNL module (eg. transit hyperpaths) and can be used in the existing STOCH modules with very few changes.


The calculation of the path choice probability in closed form guarantees the results reproducibility independently from solution algorithm parameters (as number of iteration or halting test parameter). This is particularly relevant in dynamic process assignment and network design where small different in results would multiply the effect during the application. 
REFERENCES

Ben-akiva M., Bergman M. J., Daly A. J., Ramaswamy R. (1984) Modelling inter urban route choice behaviour. Ninth International Symposium on Transportation and Traffic Theory. VNU Science Press, pp. 299-330.
Ben akiva M., Lerman S. R. (1985) Discrete choice analysis. MIT Press, Cambridge Mass.

Ben Akiva M., Boccara B. (1995) Discrete choice models with latent choice sets. Int. Journal of Research in Marketing 12, pp. 9-24.

Cantarella E., Cascetta G. E. (1995) Dynamic Processes and Equilibrium in Transportation Networks. Transportation Science, vol. 29, pp. 305-329.

Cantarella G. E. (1997) A General Fixed Point Approach to Multi-mode Multi-user Equilibrium Assignment with Elastic Demand enumeration. Transportation Science, vol. 31, pp. 107-128.
Cascetta E., A. Nuzzolo, Russo F., Vitetta A. (1996) A modified logit route choice model overcoming path overlapping problems. specification and some calibration results for interurban networks. Proceedings of ISTTT conference, Lyon, France, 1996, In “Transportation and Traffic Theory”, J. B. Lesort editor, Pergamon.

Cascetta E. (2001) (2001). Transportation systems engineering: theory and methods. Kluwer, Academic Press.
Daganzo C. F. (1979) Multinomial Probit: the theory and its applications to demand forecasting. Academic Press, New York.

De Cea J., Fernandez E. (1993) Transit assignment for congested public transport system: the equilibrium model. Transportation Science, Vol. 27, pp. 133-147.
De La Barra T., Perez B. Anez J. (1993) Multidimensional path search and assignment. Proceedings of the 21 PTRC Summer Meeting.

Dial R. B. (1971) A probabilistic multipath traffic assignment model which obviates path enumeration. Transportation Science, Vol. 5, 83-111.

Leurent F. (1993) Cost versus time equilibrium over network. European Journal of Operation Research, 71, pp. 205-221.

Manski C. (1977) The structure of random utility models. Theory and Decisions 8. pp. 229-254.

Morikawa T. (1996) A hybrid probabilistic choice set model with compensatory and noncompensatory choice rules. In “Modelling Transport Systems”, edited by D. Hensher, J. King and T. Oum, (Proceedings of  7th WCTR, Sydney). Pergamon, Oxford, U.K.
Nguyen S., Pallottino S. (1986) Assegnamento dei passeggeri ad un sistema di linee urbane: determinazione degli ipercammini minimi. Ricerca Operativa n.39, pp. 207-230.

Powell W. B., Sheffi Y. (1982) The convergence of equilibrium algorithms with predetermined step sizes. Transportation Science, Vol.16, 45-55.

Russo F., Vitetta A. (1996) Network and assignment models for the Italian national transportation systems. In “Modelling Transport Systems”, edited by D. Hensher, J. King and T. Oum, (Proceedings of  7th WCTR, Sydney). Pergamon, Oxford, U.K

Russo F., Vitetta A. (1997) The parallelization level for stochastic assignment to the transportation network. Proceedings of 4th International Symposium of High Performance Computer, Power and Casares Long editors, Computational Mechanics Publications, pp. 105, 115.
Russo F., Vitetta A. (2003) An assignment model with modified Logit, which obviates enumeration and overlapping problems. Transportation, vol. 30, pp. 177-201.

Sheffi Y., Powell W.B. (1981) A comparison of stochastic and deterministic traffic assignment over congested network. Transportation Research, Vol.15B, 53-64.

Sheffi Y. (1985). Urban transportation networks. Prentice Hall, Englewood Cliff.

Spiess H., Florian M. (1989) Optimal strategies: A new assignment model for transit networks. Transportation Research 23B, pp. 82-102.

Van Vliet D. (1981) Selected node-pair analysis in Dial’s assignment algorithm. Transportation Research, Vol. 15B, 65-68.

Wu J. H., Florian M., Marcotte, P. (1994), Transit equilibrium assignment: A model and solution algorithms. Transportation Science, Vol. 28, 193-203.

TABLE 1
The results in terms of RMSE% on the real network with implicit SNL (single pass)

	cv
	Probit
	
	Logit
	
	
	
	
	D-C-Logit
	
	
	

	
	
	(0
	0.0
	
	0.5
	1.0
	1.5
	2.0
	3.0
	5.0
	6.5(*)
	7.0

	0.05
	28.6%
	
	34.0%
	
	33.0%
	31.8%
	30.7%
	29.5%
	27.9.%
	26.2%
	25.7%
	25.8%

	0.10
	29.8%
	
	35.3%
	
	34.2%
	32.9%
	31.5%
	30.2%
	28.3%
	26.4%
	26.1%
	26.2%

	0.15
	32.4%
	
	35.9%
	
	34.8%
	33.5%
	31.5%
	30.5%
	28.4%
	26.6%
	26.3%
	26.3%


(*) Best value of (0  for minimising RMSE%

TABLE 2
The results in terms of RMSE% on the real network with implicit SNL (double pass)
	cv
	Probit
	
	Logit
	
	
	
	
	D-C-Logit
	
	
	

	
	
	(0
	0.0
	
	0.5
	1.0
	1.5(*)
	2.0
	3.0
	5.0
	6.5
	7.0

	0.05
	28.6%
	
	32.4%
	
	32.2%
	28.9%
	27.7%
	28.6%
	35.3%
	43.4%
	45.4%
	45.7%

	0.10
	29.8%
	
	32.6%
	
	32.5%
	29.0%
	27.8%
	28.6%
	34.6%
	43.5%
	45.6%
	46.0%

	0.15
	32.4%
	
	32.7%
	
	32.6%
	29.0%
	27.9%
	28.6%
	34.6%
	43.6%
	45.7%
	46.1%


(*) Best value of (0  for minimising RMSE%
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Fig. 1. The results in terms of RMSE% on the real network with implicit SNL and cv = 0.1 (Dial double pass and single pass)
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