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1. INTRODUCTION

The city function has been declining by the constant traffic jams in mainly peak hours in urban areas, which causes huge losses to social economic activities and the road environment. In the past, government policies of road traffic problems had focused on the hardware aspect such as constructing and improving road networks. However, recently policies on the software aspect such as employing information communication technology have become more important under the limited financial resource. We were not able to provide drivers various information until now, but we are able to provide this through cellular phone and internet according as the development of Information Technology, and the users of these information terminals dramatically increased. Therefore, the government policies have shifted from the hardware aspect to the software aspect. Lifestyles of people have also been changing greatly by the progress of Information Technology and users' needs for road-traffic have been diversified.  
As new actions of the road traffic that make use of Information Technology, we use the Intelligent Transport Systems (ITS). ITS is expected to have the effect such as relaxation of traffic jams or reduction of travel time by the provision of the detailed and intelligent information (ITS-homepage of road bureau). One of the ITS policies is the travel time information provision system. The travel time information is provided through radio or internet. However, there remain a lot of problems, and we need policies to resolve these problems immediately. 
Many studies have been done about these effects of the travel time information provision in the past. For example, Mizokami and Honda (2002) constructed the traffic demand estimation model and the effect estimation model under the information provision form VICS (Vehicle information and communication systems). They showed that there are cases in which travel time information provision decreases system efficiency. In addition, when they adopted total travel time as an index to evaluate an introduction effect of VICS, they showed that the increase of total travel time is influenced by the shape of link cost function. Hato, Asakura and Kashiwadani (2000) assumed that a driver’s route choice behavior when using traffic information dose not only depend on information that he or she received, but it also depends on the situation of road networks and traveling experiences from the past. They defined this situation as the behavioral unequilibrium condition, and developed the route switching model that presupposed the behavioral unequilibrium condition and the dynamic route switching model that considered the difference of reaction to information under the multiple traffic information sources. In addition, they inspected the fitness of these models through a case study. Tanaka, Ogawa and Miyagi (2000) showed a driver’s perceived travel time after receiving the information with probability distribution, and developed the route choice model incorporating driver’s perceived travel time and uncertainty of traffic information. They analyzed driver’s route choice behavior by this model. In addition, they showed, using the route choice model, that the route travel time information and the uncertainty of information have an influence on route choice behavior when the hypothetical traffic information are provided through the information provision systems. In addition to the studies described above, many studies have been done on the effect of traffic information provision (e.g. simulation analysis of route guidance effects under various situations: Kobayashi and Ikawa (1993), Kobayashi, Mun and Tatano (1995), Yoshii and Kuwabara (2000), analysis and construction of models concerning the change of drivers’ attitude and behavior by the traffic information provision: Hato, Asakura and Kashiwadani (2000), Kurauchi and Iida (2000), Moritsu, Matsuda and Takano (1992), Nakahira and Hirobata (2004), etc.). However, we can not make definite conclusions due to the complexity of the problems and the variety of the information provision systems etc. In order to provide the traffic information service that can accommodate to the various needs of users, we have to analyze in detail the relationship between the drivers’ reaction behavior after receiving information and the change of network performance.
In relation to these studies, we have the following assignments about the information provision.
①Regarding the formation process of drivers’ perceived travel time formed through traveling experiences in the past, many studies adopted the perceived travel time after receiving the information as the past experience, and did not consider actual travel time as travel experience.
Therefore, these studies did not reflect the actual travel experience to the formation process of driver’s perceived travel time. We doubt the validity of the analysis results.
②Regarding the effect of the information provision which used the simulation model, many studies estimated only the mean-value of the travel time. Few studies quantitatively analyses the network condition and the estimation that adopted other factors. We consider that drivers make decision under uncertain conditions. Therefore, it is difficult to estimate the effect of the information provision using only the mean-value of the travel time.
③Many studies regard information provided from the information provision systems as definite, without considering its precision. Since the definite estimation is difficult, the precision of the information should be taken into consideration. Since to information provided is difficult to estimate precisely, the analysis which considers the precision of the information is important.
④Regarding the effects of the information provision, many studies considered only result under the conditions that were set up. They did not consider analysis in detail under various conditions. When these analyses apply to the actual road network, they did not consider the influence due to the difference of the set up condition is disregarded. Therefore, these analyses lack a practical use. 
Under awareness of these issues, we aimed at the outside stochastic fluctuation of OD traffic demand (Watling (2002), Clark and Watling (2005)). We have constructed a traffic assignment model for a simple road network in order to grasp how the route conditions fluctuate on a  day-to-day basis, and how the users’ perceived travel time have formed, as the traffic behavior was repeated under the outside stochastic fluctuation of OD traffic demand. We have done numerical analyses with this model (Nakahira and Hirobata (2006)). However, these analyses were examined using fixed parameters and a fixed model. Therefore, we did not have general conclusions. Moreover, although we considered ① and ② mentioned above, we left a part of ③ and ④ untouched. In this study, in order to tackle the remaining assignments, we do the simulation analysis where we chang the route characteristics and the stochastic travel demand property with and without the provision of travel time information. In addition, we consider the simulation results and get general conclusions concerning the effects of travel time information provision on drivers’ behavior and network performance.
2. DRIVERS’ BEHAVIORAL HYPOTHESES
In this study, we consider that drivers’ route choice behavior is the decision under the uncertainty based on drivers’ perceived travel time distribution which is formed according to the route conditions in the day-to-day fluctuation, and drivers are assumed to take action based on the behavioral hypotheses which is illustrated in Fig. 1.
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Figure 1 Hypotheses on individual behavior under the day-to-day variations of travel demand
Firstly, the OD traffic demand volume fluctuates in the day-to-day context. Therefore, the traffic volume on each route also fluctuates in the day-to-day context. Secondly, under the fluctuating traffic volume, before departing from home in a specific day, drivers decide the planned route based on the prior perceived travel time distribution for each route which is formed through the accumulation of drivers’ travel experiences. Thirdly, when drivers receive the travel time information which corresponds to route traffic condition from information provision systems, they form new perceived travel times based on both the received travel time information and the prior perceived travel time, and they decide whether to change or to continue the originally planned route. In addition, we consider that when drivers receive the real-time traffic information while they are traveling on a route, they reconsider the perceived travel time and planned route. As shown in Figure 1, drivers perceive the real-time traffic conditions on the traveling point, which influences reconsideration of the planned route, and the traffic conditions are influenced if they change the planned route. As for the information provision systems, we postulate two kinds: the first is to provide the real-time traffic conditions and the second is to provide the future traffic conditions in several minutes or several hours that are predicted from both the real-time traffic conditions and the day-to-day variation of the traffic conditions by time of the day.
3. PERCEIVED TRAVEL TIME DISTRIBUTION AND UTILITY FORMATION
3.1 Formation Process and Estimation Method of the Prior Perceived Travel Time Distribution
The perceived travel time before departing from home(the prior perceived travel time) is formed by the individual subjective judgment on the basis of the actual travel times which were perceived through traveling experiences in the past(the objective travel times). However, because the objective travel time is influenced by the traffic or weather conditions, and day-to-day changes, drivers’ prior perceived travel time is not deterministic but random. Therefore, it is considered that drivers’ perceived travel time is uncertain. In this study, we assume that drivers form the prior perceived travel time randomly distributed which have fixed variation around the mean value of long-range travel time. We consider that the perceived travel time distribution which is formed after receiving the information isn’t accumulated as drivers’ travel experiences from the past. The actual travel time accumulated for a long time through travel experience under the actual travel time changes every day, and drivers form the prior perceived travel time distribution based on it.
3.2 Formation Process and Estimation Method of the Perceived Travel Time Distribution after Receiving the Information
In this study, we consider that the perceived travel time after receiving the travel time information is formed by the perceived travel time before receiving information and the provided information based on the individual subjective judgment. Our study (Nakahira and Hirobata (2004)) elucidated the fact that the actual formation process of the perceived travel time in receiving the information on individual level is explained by Bayes’ theorem rather than the Fuzzy inference rule. Therefore, in this study too, we estimate drivers’ perceived travel time after receiving the information by applying Bayes’ theorem that can considers individual subjective judgment rationally. Bayes’ theorem gives the posterior probability rationally by modifying or updating the prior probability on the basis of new data or new information. More specifically, in this study, we consider that drivers form the perceived travel time distribution before receiving the information (the prior probability) on the individual subjective judgment through travel experiences in the past under the uncertainty where the objective travel times are subject to day-to-day variation. We also assume that drivers who receive the information may change the perceived travel time distribution after receiving the information(the posterior probability) with the perceived travel time before receiving the information when they are provided with the travel time information ε from information provision systems.

We estimate drivers’ perceived travel time distribution after receiving the information by equation (1). 
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Figure 2   Perceived travel time distribution
In general, the actual travel time is difficult to estimate accurately, and information provision systems can not provide the complete information accurately. Therefore, in this study, we assume that the information provided is uncertain although it has fixed range, and that the likelihood function g(ε｜ｘ) of (1) (i.e. conditional probability that the travel time information is ε when the actual travel time is x) is normally distributed with the standard deviation which correspond to information precision       
Based on these assumptions, the perceived travel time distribution after receiving the information (which is estimated by (1)) will be normally distributed, and its expected value and the standard deviation can be calculated by (2) and (3) respectively, if we adopt the perceived travel time distribution before receiving the information which is defined as “3.1 Formation process and estimation method of the prior perceived travel time distribution”.
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3.3 Estimation Method of Disutility Function for Each Route and Expected Utility
In this study, we assume that drivers decide the route based on expected utility maximization criterion (i.e. expected disutility minimization criterion). That is to say, drivers before departing from home consider the average travel time and its fluctuation of each route. Then, they decide the route of maximum utility, and begin to travel.                
When the decision makers’ attitude toward risk (i.e. uncertainty) prefers behavior that can obtain the gain certainly to behavior that may bring in the expected gain, their attitude toward risk is said to be risk-averse. On the contrary, if they prefer behavior that involves uncertainty, their attitude toward risk is called risk-loving, and if they are indifferent towards certainty, then their attitude toward risk is called risk-neutral. Provided that the vertical line is disutility and the horizontal axis is the travel time (i.e. loss), drivers’ attitude toward risk (i.e. uncertainty) is risk-averse if the utility of each route forms a concave curve, and the drivers’ attitude is risk-loving (Hoseo (1991)) if the form is convex as illustrated in Fig. 3.
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Figure 3 Disutility function oft route travel time

It is known through a lot of studies that human beings generally prefer risk-averse behavior (Kitamura et al. (2002)) although there are cases where human beings attitude is risk-loving such as an all-or-nothing behavior. Therefore, we assume in this study that drivers’ attitude toward risk is risk-averse, and the disutility increases corresponding to an exponential function as travel time increases. The disutility function is expressed by (4). In this case, if we assume the perceived travel time distribution to be normal distribution, the expected disutility EUk of the route k is estimated by (5). 
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3.4 Route Choice Behavior
In this study, we assume that each driver behaves according to the maximum expected utility criterion, and we construct the route choice behavior model based on the random utility theory that considers the difference in the perception and the utility among individuals. The choice probability of each route is expressed by the logit model in (6) on using the expected utility EUk of each route that is estimated by (5). Then, variance parameter θ of the disutility expresses the perceived error of utility, and route choice behavior becomes the shortest route choice about the expected utility EUk of each route at infinite θ. 
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4. SUMMARY OF SIMULATION
4.1 Calculation Process of Simulation 

In this study, in order to grasp quantitatively traffic conditions that will occur by the result of relationship between the drivers’ perception and reaction behavior and the network performance under the day-to-day variations of travel demand, we assign the traffic volume by the simulation model for a simple network that is illustrated in Fig. 4.
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Figure 4 Model network

The analysis procedure of the simulation is illustrated in Fig. 5, and the premise and the procedure of the analysis are as follows.
①We consider that the OD traffic demand volume fluctuates in the day-to-day context. Therefore, the OD traffic demand volume in a specific day is estimated using normal random numbers from the potential OD traffic volume. Then, if the day-to-day fluctuation of the OD traffic demand volume is too high, it does not reflect the real road traffic condition. Therefore, we generate a random number so that the OD traffic demand volume on a specific day cannot be less than seventy-five percent of the potential OD traffic volume.
②We estimate the route choice probability by the logit model by using the prior perceived travel time distribution, and calculate the estimated traffic volume of each route from the estimated route choice probability and OD traffic demand volume.
③In the case where the information is provided, we estimate the route travel time information to be provided to drivers by using travel time function from the estimated traffic volume which was estimated at ②. Generally, the information providers do not have the complete information. We consider that the information providers provide the travel time information which is estimated from incomplete information. Therefore, the provided travel time information is considered, in this study, to have a probability distribution in order to take the precision of the information into account.
④We estimate the perceived travel time distribution after receiving the information by applying Bayes’ theorem from the provided travel time information in a specific day and the prior perceived travel time distribution. 
⑤We calculate the actual route traffic volume in a specific day through estimating the route choice probability by the logit model from the perceived travel time distribution after receiving the information which was estimated at ④. In addition, we estimate the actual travel time in a specific day by travel time function from the actual route traffic volume. 

⑥We modify the prior perceived travel time distribution through accumulating the actual route travel time in a specific day as drivers’ travel experiences.
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Figure 5 Analysis procedure of the simulation

In this study, we repeat the process from ① to ⑥ for a fixed period with and without the provision of travel time information while changing the characteristic of each route and the characteristic of traffic demand fluctuations. We then comprehend the condition of each route and the formation process of the drivers’ perceived travel time.
We consider that parameters of the prior perceived travel time distribution is different depending on drivers, but we assume that the group mean value of parameters of the prior perceived travel time distribution has the same parameters as the objective travel time distribution which is repeated for n days. The expected value and the standard deviation of the prior perceived travel time distribution are sample mean and sample standard deviation of the realized travel time for n days that can be calculated by (7) and (8) respectively.
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where,
In order to estimate the travel time from the route traffic volume as behavioral result of drivers, we adopt the BPR function (Japan Society of Civil Engineering (1998)) which was developed at the US Bureau of Public Roads. The BPR function shown in (9) is strictly increasing function in terms of a traffic volume, as illustrated in Fig. 6. In this study, we regard that α equal 0.15 and β equal 4.0.
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Figure 6 BPR function

5. ANALYSIS RESULTS OF THE TRAFFIC VOLUME SIMULATION
In order to comprehend the influence of changing the route characteristics and the travel demand variance property, we repeated the simulation analysis on eight conditions shown in Table 1 for a fixed period.
Table 1 Simulation conditions
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Firstly, the simulation process of the basic case (i.e. all the parameters are fixed) which is presented with the mean value and the standard deviation of the prior perceived travel time distribution is shown in Fig.7 and Fig.8 respectively. As in Fig. 7, the mean value of the prior perceived travel time distribution does not show much difference between with and without the provision of the information. The mean value of the perceived travel time distribution which is converged with the provision of the information is 19.017 minutes in route 1, and 12.860 minutes in route 2. Without provision of the information, it is 26.922 minutes in route 1 and 17.442 minutes in route 2. As shown in Fig. 8, the standard deviation of the prior perceived travel time distribution is lower with provision than without provision of the information. Therefore, the uncertainty of drivers’ perceived travel time is considered to decrease by the information provision. 
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(a)with provision of the information　　(b)without provision of the information

Figure 7 Simulation process of basic case (expected value of prior perceived travel time)
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Figure 8 Simulation process of basic case (standard deviation of prior perceived travel time)

Secondly, the simulation result of each case is given in the converged mean value and standard deviation of the prior perceived travel time distribution as in Fig. 9 to Fig. 16. With regard to the standard deviation of the prior perceived travel time distribution, a case with provision of the information is lower than cases without provision. Therefore, it is considered that the uncertainty of drivers’ perceived travel time decreases when information is provided. In the following discussion, we only consider the mean value of the prior perceived travel time distribution.
(1)Case 1: Influence of the parameter λ of disutility function

In case 1, we practice the simulation through changing parameter λ of the disutility function at intervals of 0.02 from 0.02 to 0.10. The larger the parameter λ of disutility function is, the larger the risk-averse degree becomes. The simulation results of this case are shown in Fig.9. In the case with the provision of information, the expected value of the prior perceived travel time distribution changed greatly when the parameter λ of the disutility function is between 0.08 and 0.10 in route 1. In order to analyze the simulation results in detail, the simulation process at the parameter λ of disutility function with the provision of the information is 0.08 and 0.10 is shown in Fig. 10. When the parameter λ of the disutility function is 0.10, the mean value of the prior perceived travel time distribution had a greater difference between before and after receiving the information, compared to the case where the parameter λ of disutility function is 0.08. The difference is already large immediately after starting the simulation (i.e. route 1 is long and route 2 is short), and largest after fifty days. Although, the difference decreases gradually thereafter, the great difference still remains even one thousand days. The reason that it changes greatly with provision of the information is that the prior perceived travel time has great difference between route 1 and route 2 immediately after starting the simulation (i.e. route 1 is long and route 2 is short). Therefore and information provision systems assume that less drivers will choose the route 1, and then the systems provide the travel time of route 1 as shorter than route 2. Because the received information on route 1 is shorter travel time, drivers converge on route 1. As a result, it repeats the process that the actual travel time as drivers’ behavioral result and the prior perceived travel time become longer. This process is repeated because the risk-averse degree is greatly influenced by changing the perceived travel time when the parameter of disutility function is too big, than when the parameter is small. In addition, the influence of risk-averse degree is greater when perceived travel time is long than when it is short. Therefore, in the case with the information provided, it changes greatly on route 1 which has long perceived travel time immediately after starting the simulation. The observation above indicates that, if the parameter λ of disutility function is too big, the network condition becomes worse when the information is provided than when it is not. 
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Figure 9 Simulation result of case 1
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Figure 10 Simulation process of the expected value of the perceived travel time on route 1 in case 1 

(2)Case 2: Influence of variance parameter θ of disutility on route choice probability
In case 2, we practice the simulation through changing the variance parameter θ of disutility on route choice probability at intervals of 0.05 from -0.15 to -0.10. When the absolute value of variance parameter θ of disutility becomes larger, more drivers apt to choose the route which has the shortest perceived travel time. The simulation results of this case are shown in Fig.11. In the case of provision of the information, as the variance parameter θ of disutility changes from -0.15 to -0.45, route 1 decreases from 19.018 minutes to 17.002 minutes and route 2 increases from 12.860 minutes to 13.292 minutes. This change is similar to the case of no provision of the information. However, the expected value of the prior perceived travel time distribution changed greatly as the variance parameter θ of disutility is between -0.45 and -0.50. In order to consider the process of these great changes, the expected disutility difference between before and after receiving the information (i.e. disutility of route 1 minus disutility of route 2) and the simulation process of the expected value of the perceived travel time on route 1 when the variance parameter θ of disutility is -0.45 and when it is -0.50 are shown in Fig.12 and Fig.13 respectively.

As shown in Fig.12, compared the case of the variance parameter θ of disutility is -0.45 with the case of -0.50, the expected disutility difference (i.e. disutility of route 1 minus disutility of route 2) between before and after receiving the information has great difference, and the expected disutility has even greater difference in the case where the variance parameter θ of disutility is -0.50 than the case where the variance parameter θ is -0.45. In the case of the parameter θ -0.50, the prior perceived travel time has great difference between route 1 and route 2 before and after receiving the information. This is because the assumed utility function is utility of the perceived travel time. This is why the perceived travel time of route 1 before and after receiving the information has the greatest difference when approximately fifty days have passed from the start of simulation. Although, the difference decreases gradually thereafter, the great difference still remains even one thousand days (as shown in Fig.13). 
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Figure 11 Simulation result of case 2 
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(a)variance parameter of disutility θ equal minus 0.4  (b)variance parameter of disutility θ equal minus0.50

Figure 12 Simulation process at the difference of expected disutility in case 2
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(a)variance parameter of disutility θ equal minus 0.4  (b)variance parameter of disutility θ equal minus 0.50

Figure 13 Simulation process of the expected value of the perceived travel time on route 1 in case 2

It changes greatly with provision of the information, because the variance parameter θ of disutility is large in minus side and the prior perceived travel time between route 1 and route 2 has great difference. Therefore, it is repeated that the actual travel time or the prior perceived travel time becomes larger, similarly to the case 1. As discussed above with the simulation, in the case of the provision of the information, the route that has the shortest expected value of the perceived travel time is apt to be chosen. As a result, the network conditions do not necessarily improve. In reverse, the network condition may become worse than the case of not providing the information, depending on the value of variance parameter θ of disutility.

 (3) Case 3: Influence of free flow travel time on route 1 
In case 3, we practice the simulation through changing the free flow travel time on route 1, which has small traffic capacity, intervals of 2.5 minutes from 5 minutes to 25 minutes. The simulation results of this case are shown in Fig.14. 
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Figure 14 Simulation result of case 3 

In the case of the provision of the information, the expected value of the prior perceived travel time distribution changed greatly when the free flow travel time on route 1 is between 12.5 minutes and 15 minutes. The simulation process is shown in Fig. 15 when the free flow travel time on route 1 is 12.5 minutes and 15 minutes. If we assume the free flow travel time on route 1 where traffic capacity is smaller than route 2 to be 15 minutes, the free flow travel time on route 1 becomes longer than route 2. Therefore, the prior perceived travel time on route 1 is longer in the early stage, and it is repeated that the actual travel time and the prior perceived travel time become larger, similarly to the case 1. When the free flow travel time on a route where traffic capacity is smaller is longer than the free flow travel time on other route where traffic capacity is bigger, the network conditions become worse with provision of the information than without the information.
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(a)free flow travel time on route 1 equal 12.5 minutes   (b)free flow travel time on route 1 equal 15 minutes

Figure 15 Simulation process expected value of the perceived travel time on route 1 in case 3

 (4)Case 4: Influence of free flow travel time on route 1
[image: image35.wmf]START

In case 4, we practice the simulation by changing the free flow travel time on route 2 where traffic capacity is big at intervals of 2.5 minutes from 5 minutes to 25 minutes. The simulation results of this case are shown in Fig.16. The mean value of the prior perceived travel time distribution when converged demonstrates similar changes in the processes between with and without provision of the information. If the free flow travel time on a route where the traffic capacity is bigger than other routes is changed, the influence to the prior perceived travel time by information provision is small.
(a)with provision of the information(expected value)  (b)without provision of the information(expected value)
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(c)with provision of the information (standard deviation)  (d)without provision of the information (standard deviation)

Figure 16 Simulation result of case 4 

 (5)Case 5: Influence of traffic capacity on route 1
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In case 5, we practice the simulation through changing the traffic capacity on route 1 where the free flow travel time is short at intervals of 250 cars from 500 cars to 2500 cars. The simulation results of this case are shown in Fig.17. 
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Figure 17 Simulation result of case 5 

The mean value of the prior perceived travel time distribution when converged changed from approximately 19 minutes to approximately 8 minutes between 500 cars and 750 cars in both with and without provision of the information. In the case where the traffic capacity is 500 cars on route 1, the converged traffic volume of route 1 and route 2 is 1030 cars and 1160 cars respectively. Therefore, the traffic capacity on route 1 is smaller than the converged traffic volume, and the perceived travel time on route 1 is longer than route 2. When the traffic capacity on route 1 is 750 cars, the converged traffic volume on route 1 and route 2 is 1120 cars and 1070 cars respectively. Because the traffic capacity is increased from 500 cars to 750 cars, the perceived travel time on route 1 decreases, and is shorter than route 2. The perceived travel time in the route decreases by increasing the traffic capacity. As the traffic capacity increases, the influence to the perceived travel time declines.

 (6)Case 6: Influence of traffic capacity on route 2
In case 6, we practice the simulation through changing the traffic capacity on route 2 where the free flow travel time is short at intervals of 250 cars from 750 cars to 2500 cars. The simulation results of this case are shown in Fig.18. The mean value of the prior perceived travel time distribution both on route 1 and route 2 decreases by increasing the traffic capacity on route 2 with and without provision of the information, and the biggest change takes place between 750 and 1000 cars. This is because the perceived travel time is influenced by increasing the traffic capacity, similarly to case 5. As the traffic capacity increases, the influence to the perceived travel time declines. 
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(c)with provision of the information (standard deviation)  (d)without provision of the information (standard deviation)

Figure 18 Simulation result of case 6 

(7)Case 7: Influence of potential traffic demand
In case 7, we practice the simulation through changing the potential traffic demand at intervals of 250 cars from 1500 cars to 3000 cars. That is to change the average jam of the network randomly. The simulation results of this case are shown in Fig.19.
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(c)with provision of the information (standard deviation)  (d)without provision of the information (standard deviation)

Figure 19 Simulation result of case 7 

The mean value of the prior perceived travel time distribution both on route 1 and route 2 increases by increasing the potential traffic demand with and without provision of the information. However, great changes are observed between 2750 and 3000 cars in the case of providing the information. Fig.20 shows simulation processes in which the potential traffic demand is 3000 cars. In this case, the potential traffic demand to the traffic capacity of each route is bigger. Therefore, the perceived travel time is long at the early stage of simulation, and the simulation process similar to the cases 1, 2, and 3 is repeated. The perceived travel time of each route is lengthened by increasing the potential traffic demand, and the influence becomes bigger because the traffic capacity is smaller. In the case of big potential traffic demand, network conditions became worse in the case of provide the information than the case of not providing the information.
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(a)potential traffic demand equal 2750 cars   (b)potential traffic demand equal 3000 cars

Figure 20 Simulation process expected value of the perceived travel time on route 1 in case 7

(8)Case 8: Influence of information precision
In case 8, we practice the simulation by changing the standard deviation of the travel time information by the expected value from 0 percent to 100 percent and comprehend the influence of information precision through the changing the standard deviation of the provided information. As given Fig.21, in the case where the standard deviation of provided information is 0 percent of the expected value (i.e. definite information does not have the equation of provided information), the mean value of the perceived travel time distribution on route 1 and route 2 are 17.423 minutes and 13.238 minutes respectively. In the case of the standard deviation of provided information changing the expected value from 10 percent to 100 percent, the mean value of the perceived travel time distribution on route 1 changes from 19.018 minutes to 19.246 minutes, and on route 2 changes from 12.802 minutes to 12.860 minutes. However, the mean value of the perceived travel time distribution is longer on route 1 and is shorter on route 2 than the case of the standard deviation of provided information of which the expected value is o percent. Therefore, when providing the definite information that does not have equation, the network condition is best.
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Figure 21 Simulation result of case 8 

6. CONCLUSION
6.1 Study Results
In previous studies, we only presented the traffic assignment analyses of the day-to-day travel demand variations under the fixed values of the parameters. However, in this study, we examined the traffic volume of a simple network by simulation model changing the route characteristics and the stochastic travel demand properties.
In this examination, we assumed that drivers form the prior perceived travel time randomly which have fixed variation on the mean value of long-range travel time, and we estimated drivers’ perceived travel time distribution after receiving the information by applying Bayes’ theorem that considers individual subjective judgment rationally. The provided information is the estimated travel time which is calculated by the travel time function from the estimated traffic volume. We assumed that it forms a probability distribution, in order to take the information precision into account. The choice probability of each route was estimated by logit model. The result and knowledge from the traffic volume simulation analysis by changing the route characteristics and the stochastic travel demand properties are as follows.
①Regarding the standard deviation of the prior perceived travel time distribution, cases with provision of the information is lower than cases without provision. It is considered that the uncertainty of drivers’ perceived travel time is declined by the information provision. The expected value and the standard deviation of the perceived travel time distribution converged in a value at all cases. Therefore, it is confirmed that the repeated day-to-day experience stabilizes the network condition.
②We found that the network condition became worse with provision of the information than without provision of the information, when the parameter of disutility function λ, the variance parameter of disutility in route choice probability θ, and the potential traffic demand are bigger than a certain value, and the free flow travel time of the route where the traffic capacity is smaller is longer than the free flow travel time of the other route where the traffic capacity is bigger.
③We found that the mean value of the perceived travel time distribution showed neither great change with and without provision of the information nor a great difference by information provision is small when the free flow travel time of the route where the traffic capacity is bigger than the other route was changed, and when the traffic volume of the route where the free flow travel time is shorter than the other route was changed.   
④We found that the network makes the best condition when providing the definite information which does not have an error. When the information precision is not accurate, the network condition becomes worse than providing the definite information. However, the difference is not great and thus it was considered that the influence of the information precision is minimal.
In order to apply the simulation model constructed in this study to the actual road network, the following points should be taken into consideration.  
①When deciding the parameter of disutility function λ, the variance parameter of disutility in route choice probability, the potential traffic demand, and the free flow travel time of the route where the traffic capacity is smaller than the other route, we must decide them carefully, and examine the analysis result carefully.
②The effect of the information provision is examined through comparing between the case of information and the case of no information. However, it is inadequate to examine only the network condition and mean value of the travel time. We must consider the uncertainty of travel time to be one of the effect measurement standards, and evaluate all the standards synthetically.  
③Because the correct information is difficult to predict, it is important to consider the information precision. However, even if the information precision becomes worse, it does not influence greatly the analysis results unless it is a definite information. Therefore, when deciding the information precision, we need not be too careful, but the analysis using the information precision which is much different to actual precision is not valid.   
6.2 Assignment of the Future
In recent years, the drivers’ needs are not only receiving the information before departing from home and it has been an increase in the needs of the real time information. Therefore, we need construct a model to quantitatively analyze the drivers’ formation processes of perception, changing behavior patterns, and the network performance, for providing the real time information.　　　　　　
In this study, we did not consider drivers who do not utilize the provided information and drivers who do not follow the received information. Moreover we do not consider a difference of drivers’ perception in updating process between traveled and untraveled route, because we treated drivers as a group. Furthermore, we need to study the estimation method of providing information from information provision systems. Therefore, it is important to construct a detailed model which takes these problems into consideration.
Although there are still some assignments of the future, we have shown in this study the direction for further improvement of the model which can be applied to the actual road network.
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