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Abstract 

Prediction of traffic flows on network links is an important issue in urban transportation modeling and planning. 

Although manual assignment methods are possible for very small networks, the networks involved in practical-

size problems usually require complex calculations with large amounts of data. In the traditional incremental 

traffic assignment technique (TITAT), the O-D matrix is divided into N equal portions and assigned to the 

network at each iteration. Travel times are then updated, based on which the next portion of the O-D matrix is 

loaded onto the network. In this paper, the assumption of equal step size in all iterations is relaxed and variable 

step size for the different iterations is proposed to increase the efficiency of this technique. It is shown that 

intelligent choice of step size can cause more efficiency. To implement this concept quantitatively for a real-

size problem, Mashhad as the second largest city of Iran with about 4.5 million trips per year is used as the case 

study to analyze and evaluate the proposed technique and compare the results with those of TITAT. Results 

suggest that in regard to the reliability of the outcomes and computational efficacy, the proposed algorithm is as 

good as other methods. Unlike other methods, there is no additional parameter to be calibrated, and the 

convergence behavior of the algorithm is promising. It is observed in this particular case, that there is an inverse 

linear relationship between the number of iterations and the initial step size; and that for a specified number of 

iterations, the best results are obtained for equal step sizes for all but the first iteration. The main advantage of 

this technique is that it can provide a simple and economical method for traffic assignment as compared with 

user equilibrium for which goodness-of fit measure of predicted-observed flows on selected links equals 0.57, 

while this measure for the proposed incremental traffic assignment technique (PITAT) equals 0.52. The main 

shortcoming of the method is the fact that it is a heuristic method. Despite showing promising results, the 

convergence of the algorithm has yet to be practically proved. Considering the order of calculations, PITAT 

seems very attractive and can be applied as a substitute in situations similar to the case of this paper.  
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1. Introduction 

A major concern in the urban travel analysis is the prediction of link flows on transportation facilities, 

particularly during periods of potential congestion. The problem of finding the flow pattern over a given urban 

transportation network, known as traffic assignment, is the last stage in the urban transportation modeling 

system (UTMS) as depicted in Figure 1. 

 

 
Figure 1- General form of the four-stage classical urban transportation modeling system 

The traffic assignment problem has intrigued many researchers to develop models that can appropriately 

reflect the thought process that a driver faces while choosing a way towards his/her destination. Most basic 

models among these are Deterministic User Equilibrium models. These models are based on Wardrop's First 

Principle, which states that “The journey times in all routes actually used are equal and less than those which 

would be experienced by a single vehicle on any unused route” (Wardrop 1952). 

Each user non-cooperatively seeks to minimize his costs of transportation. The traffic flows which follows 

this principle will lead to a User Equilibrium point (commonly referred to as UE). This is called equilibrium 

because no user can improve upon his costs from this point by unilaterally shifting from one route to another. 

The simplest route choice and assignment method is All-or-Nothing which assumes that there are no congestion 

effects and all drivers perceive the alternatives in the same way. An improvement over this method is an 

Incremental Assignment Technique in which the network is loaded incrementally using All-or-Nothing and the 

results of this assignment are used to update the travel time on the network as an input to another All-or-Nothing 

assignment. This is done iteratively to distribute all the flows in the network. These methods are deterministic in 

nature and assume that the drivers are perfectly rational and identical and that they have complete knowledge of 

the network and flows (Wardrop 1952).  

It is clear that the traditional incremental traffic assignment technique (TITAT) does not converge or produce 

a set of flows that is not in agreement with the user-equilibrium criterion. It may be reasonable to believe, 

though, that in general, as the number of increments grows, the incremental assignment algorithm may generate 

a flow pattern closer to the user-equilibrium condition. A very large number of increments (associated with a 

considerable computational effort) may be required, however, and even then the method will not always produce 

the user-equilibrium flow pattern. This is because the accuracy of the input data does not warrant the effort 

needed to obtain an extremely accurate equilibrium flow pattern. The number of iterations required for 

convergence is significantly affected by the congestion level on the network. In relatively uncongested 

networks, a single iteration may suffice since the link flows may be in the range where the performance 

functions are almost flat. This means that the updated travel times are very close to the initial ones, generating a 

set of link flows that is quite similar to the initial solution. As congestion builds up, more iteration is required to 

equilibrate the network. In solving the UE program over a large network, each iteration involves a significant 

computational cost, due primarily to the effort required to calculate the shortest paths in the direction-finding 

step. It is important, then, that a good answer is achieved after a relatively small number of iterations (Sheffi 

1985). 

The formulation of the user-equilibrium problem as a mathematical program was first developed by 

Beckmann et al. (1956), who proved the equivalency and the existence and uniqueness of the solution. Boyce 
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(1981), in an editorial note, traces the historical development of the concept of equilibrium assignment, 

including many algorithms and problem formulations. The incremental assignment technique was used in the 

DODOTRANS package developed at M.I.T. by Manheim and Ruiter (1970).  

The traffic assignment problem (TAP) is used to predict  network link flows under different assumptions, the 

most widely used being the user equilibrium (UE) principle (Wardrop, 1952), which was first formulated as a 

convex optimization problem with linear constraints by Beckmann et al. (1956). Since then, finding efficient 

algorithms to solve this problem has attracted much attention, especially following the initial success of the 

Frank–Wolfe algorithm (Frank and Wolfe, 1956; LeBlanc et al., 1975) and the later recognition of its painfully 

slow convergence behavior (LeBlanc et al., 1985; Hearn et al., 1985; Fukushima, 1985; Larsson and Patriksson, 

1992; Jayakrishnan et al., 1994; Patriksson, 1994; Florian and Hearn, 1995; Jayakrishnan et al., 1995). The past 

decade has witnessed the development and experiments of new algorithms (Bar-Gera, 2002; Nie et al., 2005; 

Dial, 2006; Nie, 2010; Bar-Gera, 2010; Gentile, 2012; Nie, 2012; Inoue and Maruyama, 2012; Boyles, 2012; 

Xie et al., 2013; Zou et al., 2013; Asadi and Sarvi, 2015; Perederieieva et al., 2015; Ryu et al., 2016; Asadi et 

al., 2017). The promises of these algorithms, especially their ability to solve large-scale UE-TAPs at a high level 

of precision and efficiency, make them a new focus in traffic assignment research. 

A recent study of a real-size problem showed that the flow pattern obtained by TITAT for the city of 

Mashhad is a rather good estimate of the observed flow pattern after eight iterations, based on the comparison of 

results with the UE assignment (Asadi and Sarvi, 2015; Mamdoohi and Mahpour, 2011). 

In this paper, the assumption of equal step size in all iterations of TITAT is relaxed and variable step size for 

the different iterations is proposed to increase the efficiency of this technique. It is observed that intelligent 

choice of step size can lead to more efficiency of the technique. Considering the order of calculations in TITAT, 

PITAT seems promising if it can produce link flows comparable to those of TITAT, in which case it can be very 

attractive and can be applied as a substitute. To implement this concept quantitatively, Mashhad as the second 

largest city of Iran with about 4.5 million trips per year is used as the case study to analyze and evaluate the 

proposed technique and compare the results with those of TITAT. The structure of the paper is as follows: in the 

next section, the methodology including the traditional (TITAT) and the proposed incremental assignment 

techniques and the data of the case study are presented, followed by model results. The paper ends with 

conclusions and future research. 

 
2- Methodology 

Traffic assignment is the process of assignment given set of origin-destination pair to the existing suitable 

road Network based on specific travelers rout choice criteria. The route choice criteria is the travel impedance of 

the transportation network be minimized for a given origin-destination pair. Present studies show that the travel 

impedance of the transportation network includes travel time, travel cost, travel distance. However, due to 

congestion on particular route on particular time period, route choice not only depends on the shortest path, but 

also departure time and reliability of link of the network. 

The traffic pattern is time dependent and vary with respect to time for the example OD pair and link flow 

vary with time (Zou et al., 2013). Whereas static traffic assignment methods assume that the O-D demand is 

uniformly distributed over the time to estimate the traffic pattern (Jaykishnan et al., 1995). This method also 

cannot describe time dependent demand and dynamic flow characteristics, so, it is very difficult to solve the 

congestion issue and apply traffic management policies (Saw et al., 2015; Lui et al., 2005). 

In other words, it can be said that as long as there is an accurate estimate of the time of the arc travel, and if 

there is an accurate estimation of the paths between a source-destination pair at a macro level, then the accuracy 

of the assignment method will be increased. 

 
2-1 User equilibrium assignment (UE) 

Traffic equilibrium models are commonly in use for the prediction of traffic patterns in transportation 

networks that are subject to congestion phenomena. User equilibrium assignment is based on the Wardrop’s first 

principle as stated as “It states that the traveler time between a specified origin to destination of all used routes 

is equal and less than or equal or the travel time that would be experienced by a traveler on any unused route.” 

User equilibrium (UE) is the most common and well accepted traffic assignment technique, whose solution calls 

for computations and calculations, generally by a form of convex combination. The user equilibrium assignment 

is based on Wardrop's first principle, and formulated as follows: 

𝑀𝑖𝑛 ∑ ∫ 𝑡𝑎
𝑥𝑎

0𝑎 (𝑥𝑎)𝑑𝑥         (1) 

 

Subject to: 

𝑥𝑎 =  ∑ ∑ ∑ 𝑓𝑘
𝑟𝑠𝛿𝑎,𝑘

𝑟𝑠

𝑘𝑠𝑟

        ∀ 𝑎 
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∑ 𝑓𝑘
𝑟𝑠

𝑘

=  𝑞𝑟𝑠                  ∀ 𝑟, 𝑠 

𝑓𝑘
𝑟𝑠  ≥ 0                    ∶  ∀ 𝑘, 𝑟, 𝑠 

𝑥𝑎  ≥ 0                     ∶  ∀ 𝑎 ∈ 𝐴 

Where: 

𝑥𝑎: Flow on arc (link) 𝑎 

𝑡𝑎: Travel time on arc 𝑎 

𝑓𝑘
𝑟𝑠: Flow on path 𝑘 connecting 𝑂 − 𝐷 pair 𝑟 − 𝑠 

𝑞𝑟𝑠: Trip rate between origin 𝑟 and destination 𝑠 

𝐶𝑎: Capacity of arc 𝑎 

𝑡0: Free-flow travel time on arc 𝑎 

𝛿𝑎,𝑘
𝑟𝑠 =  {

1   if link 𝑎 is on path 𝑘 between 𝑂 − 𝐷 pair 𝑟 − 𝑠   
0   otherwise                                     

} 

The solution to the user equilibrium problem can also be found by solving the equivalent nonlinear 

mathematical optimization program. This problem (UE) states that no driver can unilaterally reduce travel costs 

by shifting to another route, which for a given O-D pair can be written as (Sheffi 1985): 

fk (ck – u) = 0 :  k         (2) 

 ck – u > = 0 :  k         (3) 

Where fk is the flow on path k, ck is the travel cost on path k, and u is the minimum cost.  

2-2- Traditional incremental assignment 

TITAT is a rather simple procedure involving less calculation time whose results are only rough estimates of 

the equilibrium flow and travel time. In this method, each origin-destination entry is divided into N equal 

portions and assigned at each iteration. The travel times are then updated and an additional portion of the O-D 

matrix is loaded onto the network. In this manner, the general shape of the link performance functions can be 

"traced" with the successive assignments. In this procedure, outlined below and shown in Figure 2,  𝑤𝑎
𝑛w 

denotes the flow on link a resulting from the assignment of the nth increment of the O-D matrix onto the 

network (Sheffi 1985). 

Step 0: Preliminaries. Divide each origin-destination entry into N equal portions (i.e. Set  𝑞𝑟𝑠  
𝑛 =

𝑞𝑟𝑠/𝑁) Set iteration counter n: = 1 and 𝑥𝑎
0= 0 ,∀𝑎.  

Step 1: initial assignment. n/N of total demand is assigned, based on all-or-nothing assignment.  

Step 2: Update. Set 𝑡𝑎
𝑛 = 𝑡𝑎(𝑥𝑎

𝑛−1) , ∀𝑎. 
Step 3: Incremental loading. Perform all-or-nothing assignment based on {𝑡𝑎

𝑛}, but using only the trip 

rates  𝑞𝑟𝑠  
𝑛 for each O-D pair. This yields a flow Pattern { 𝑤𝑎

𝑛}. 

Step 4: Flow summation. Set 𝑥𝑎
𝑛 = 𝑥𝑎

𝑛−1 +  𝑤𝑎
𝑛, ∀𝑎.  

Step 5: Stopping rule. If n = N, stop (the current set of link flows is the solution); otherwise, set n: = n 

+ 1 and go to step 1. 

In some versions of this algorithm, the incremental all-or-nothing procedure in step 2 is modified and origin-

destination pairs are selected in random order, with a flow summation phase (as in step 3) and travel-time update 

(as in step 4) following each partial assignment (i.e., after each O-D entry is loaded). Incremental loading has 

two advantages: 1- it is very easy to program; and 2- Its results may be interpreted as the build-up of congestion 

for the peak period. Unfortunately, such techniques cannot be used to solve for equilibrium over networks with a 

large number of nodes, links, and O-D pairs (Sheffi 1985). 
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Figure 2- Flow chart of traditional incremental traffic assignment technique (TITAT) 

3- Case Study and model results 

The proposed concepts are analyzed and implemented for the city of Mashhad as a real size problem with 

rich information as the case study. Mashhad urban street network consists of 3830 links, 1341 nodes and 141 

traffic analysis zones (Figure 3). Eleven different types of traffic facilities, according to their performance 

(including e.g. access, collector, arterial, expressway, and ramp) with a total length of 1447 km has been defined 

for Mashhad. 

 
Figure 3. Mashhad urban street network 

3-1- Numeric approach 

Origin-destination demand matrix, according to the number of iterations (n) assigned to the network of 

roads in Mashhad. Then volumes in the 3830 links of network with travel time were estimated and calculated. 

Volume counts are available for 87 links. The results of the software (VISUM software package) output 

(estimated) for the arc plotted in a Cartesian coordinate system. 

Update network 

  𝑡𝑎
𝑛 = 𝑡𝑎(𝑥𝑎

𝑛−1)  , ∀𝑎 

n = N Set n = n + 1 

Divide each origin-destination entry into N equal portions 

Set 𝑞𝑟𝑠   
𝑛 = 𝑞𝑟𝑠/𝑁,   n = 1 

Assign n/N of total demand based on all-or-nothing 

assignment 

Output traffic volume on links 

No 

Yes 
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3-1-1- Modeling results for two different iteration steps 

Figure 4 (a) indicates the assignment of origin - destination matrix to assignment, part of step 2 repeat Step 

90 percent and 10 percent. In this diagram, the horizontal axis indicates the observed volume in the links and the 

vertical axis is the outputs of the assignment process in links. The estimated value is close to the observations 

(bisector first quarter); this illustrates the proximity of observations to estimate. Similar analysis has been done 

for different amounts of steps. In figures Changes in coefficient of R2 and the results of incremental assignment 

with increasing in the number of iterations was plotted. Figure 4 (b) indicates the assignment origin- destination 

matrix to assignment, part of step 2 repeat step 80 percent and 20 percent. Other results for a different step size 

assignment with two repeat presents in table 1. The results indicate for incremental assignment with 2 repeats, 

the best R2 was achieved when the 90% of OD matrix assigned in the first step and remained OD assigned in the 

second step. 

 

  
Figure 4- (a) Distribution estimates - observed for the first two iterations (90- 10). (b) Distribution estimates - observed for the second two 

iterations (80- 20) 

 
Table 1- Statistical analysis of results with two repeated incremental traffic assignment 

No 
N=2 

Equation F statistic t(a) t(b) (R2) 
First Step (%) Second Step (%) 

1* 90 10 y = 0.86x + 616.1 60.23 7.76 3.23 0.41 

2 80 20 y = 0.76x + 892.0 46.04 6.78 3.34 0.35 

3 70 30 y = 0.67x + 1107 28.19 5.31 3.69 0.24 

4 60 40 y = 0.46x + 1595 11.67 5.03 3.41 0.12 

5 50 50 y = 0.31x + 1879 4.31 5.34 2.07 0.04 

6 40 60 y = 0.17x + 2044 1.34 5.9 1.61 0.01 

7 30 70 y = 0.14x + 2037 0.93 5.94 0.96 0.01 

8 20 80 y = 0.29x + 1695 0.45 5.47 0.20 0.05 

9 10 90 y = 0.69x + 1900.7 0.32 5.7 0.33 0.02 

*The best result is high lighted 

 

3-1-2- Modeling results for three different iteration steps 

A similar set of operations and analysis that was done for two iterations was performed for three iterations. 

Thus the results of the assignment matrix for origin - destination, method of assignment and distribution of the 

observed incremental traffic - estimated to be plotted and statistical parameters are calculated and analyzed. In 

figure 5 (a) Distribution estimates - observed for the first three iterations with 90 percent and 5 percent for 

second and third steps are shown. In figure 5 (b) Distribution estimates - observed for the three iterations with 

50 percent and 40 percent for second and 10 percent for third steps are shown. The slope of the line (a) 

decreased slightly (0.5 percent), but the constant improved of about 3.5 percent. Table 2 presents statistical 

analysis of results with three repeated incremental traffic assignment. This process repeated for four step 

incremental assignment again. 
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Figure 5- (a) Distribution estimates - observed for the three iterations by 90- 5- 5 percent in each step. (b) Distribution estimates - observed 

for the three iterations by 50- 40- 10 percent in each step. 

 

Table 2- Statistical analysis of results with three repeated incremental traffic assignment 

No 
N=3 

Equation F statistic t(a) t(B) R2 
First Step Second Step Third Step 

1* 90 5 5 y = 0.85x + 594.5 61.99 7.87 2.32 0.42 

2 80 10 10 y = 0.71x + 932.8 55.34 7.44 4.14 0.39 

3 70 20 10 y = 0.68x + 1044. 59.11 7.78 5.02 0.41 

4 70 15 15 y = 0.65x + 1093. 61.60 7.84 5.54 0.42 

5 60 30 10 y = 0.51x + 1473. 28.62 5.31 6.53 0.25 

6 60 20 20 y = 0.53x + 1385 30.85 5.55 6.12 0.26 

7 50 40 10 y = 0.41x + 1677. 14.77 3.84 6.66 0.14 

8 50 30 20 y = 0.50x + 1466. 34.23 5.85 7.25 0.28 

9 50 25 25 y = 0.53x + 1358 37.96 6.16 6.69 0.30 

10 40 40 20 y = 0.38x + 1697. 13.85 3.72 6.99 0.14 

11 40 30 30 y = 0.45x + 1545 16.25 4.03 5.83 0.16 

*The best result is high lighted 

 

3-1-3- Modeling results for four different iteration steps 

A similar set of operations and analysis was performed for four iterations.  

It is observed that the greatest amount of good fitness coefficient by four steps, In exchange for the first step 

is obtained 80%, the second step is obtained 7%, the third step is obtained 7% and the fourth step is obtained 

6%. In comparison this state with the best of three iterations, It can be said that the values of t (a) and t (b) each 

improved by about 7%. Checking the results shows that the best answer would be achieved if 80% of the matrix 

is assigned to the network in the first step. Also for the next iterations, the best result would be when the 

contribution of matrices from the initial matrix has the least variance (The size of the steps is equal). The 

estimation-observed diagram for the best assignment with four iterations is shown in Figure 6.  

 
Table 3. Statistical analysis of results with four repeated incremental traffic assignment 

N=4 

Equation F t(a) t(B) R2 
No First Step Second Step Third Step Fourth Step 

1 90 3 3 4 y = 0.84x + 631.3 61.29 7.83 2.49 0.41 

2 80 11 7 2 y = 0.73x + 913.7 62.38 7.89 4.19 0.42 

3 80 10 5 5 y = 0.75x + 848.1 68.63 8.28 3.96 0.44 

4* 80 7 7 6 y = 0.75x + 827.8 70.38 8.39 3.92 0.45 

5 80 2 7 11 y = 0.74x + 828.6 66.71 8.16 3.86 0.43 

6 70 20 5 5 y = 0.67x + 1096. 57.98 7.16 5.29 0.40 

7 70 10 10 10 y = 0.63x + 1180 58.68 7.66 6.07 0.40 

8 60 30 5 5 y = 0.52x + 1422 32.45 5.7 6.35 0.27 

9 60 20 10 10 y = 0.57x + 1283 64.27 8.01 7.65 0.43 

10 60 13 13 14 y = 0.55x + 1270 53.09 7.34 7.10 0.38 

11 50 40 5 5 y = 0.39x + 1665. 13.05 3.68 6.52 0.13 

12 50 30 10 10 y = 0.49x + 1437 39.02 6.24 7.71 0.31 

13 50 20 20 10 y = 0.49x + 1348. 50.13 7.08 8.14 0.37 

14 50 17 17 16 y = 0.48x + 1369. 40.92 6.39 7.65 0.32 

15 40 30 20 10 y = 0.40x + 1667. 21.66 4.65 8.16 0.20 

16 40 20 20 20 y = 0.39x + 1633 15.95 3.99 6.96 0.15 

*The best result is highlighted 
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 Figure 6- Distribution estimates - observed for the four iterations by 80- 7- 7- 6 percent in each step. 

 

3-1-4- Finding number of iteration and step size 

Similar calculations have also been made for the number of iterations up to 12 iterations that the results are 

presented in Table 4 for up to six iterations. 

Table 4 indicates the combined number of steps for the various iterations with the highest R2. Can be 

observed for two iterations, the combined 90 percent for the first step and 10% for second step or combining of 
the 60% for the first step with the other steps equal to 8% for six iterations provides maximum R2 that is equal to 

0.52 in comparison with user equilibrium (0.57) considering the computational simplicity, speed and ease is 

efficient. 

 
Table 4: The best fit models obtained for various numbers of iterations 

 

By using the TITAT for the Mashhad Case study the best result occurred when the Number of iterations is 7. 

In other word when the OD matrix divided into 7 equal parts the best result obtained. In the proposed 

incremental traffic assignment technique (PITAT and Figure 7), based on the notion of relaxing the equal step 

size in all the iterations and thus allowing for step size variability to increase the efficiency of the technique Step 

0 of the algorithm is hence modified as follows, and the rest of the algorithm is similar to before: 

Step 0: Preliminaries. Calculate the size of the first step (Y1) from: Y1 = -10 N + 120 (3<N<13), the 

size of other steps (Y2,… YN) are equal and calculated from (100-Y) /(N-1), Set iteration counter n: = 1 

The computational effort needed in each iteration is proportional to the number of origins (or number of 

destinations, if smaller) and the size of the network. The total computational costs associated with solving the 

UE program are, then, proportional to the product of the number of iterations, the number of nodes, and the 

minimum of the number of origins and number of destinations. 
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R2 
The first successful step with the 

subsequent equal iterations 
Steps Iteration No 

0.414 90 90- 10 2 1 

0.42 90 90- 5- 5 3 2 

0.453 80 80- 7- 7- 6 4 3 

0.484 70 70- 7.5- 7.5- 7.5- 7.5 5 4 

0.519 60 60- 8- 8- 8- 8- 8 6 5 

 * in UE method the R2 value is obtained equal to 0.57 
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Figure 7. Flow chart of the proposed incremental traffic assignment technique (PITAT) 

 
5- Conclusions and Future Research 

A major concern in urban travel analysis is the prediction of link flows on transportation facilities, 

particularly during periods of potential congestion. The problem of finding the flow pattern over a given urban 

transportation network, known as traffic assignment, is the last stage in the urban transportation modeling 

system (UTMS). Although capacity constraints in traffic assignment can represent many realistic features, these 

constraints are largely ignored in practice because of mathematical complexities in applying the methods 

proposed in the literature. In solving the UE problem over a large network, each iteration involves significant 

computation, due primarily to the effort required to calculate gradients in the direction-finding step. The 

traditional incremental traffic assignment technique (TITAT) is a rather simple procedure involving less 

calculation time whose results are only rough estimates of the equilibrium flow and travel time. In this method, 

each origin-destination entry is divided into N equal portions and assigned in each iteration. The travel times are 

then updated and an additional portion of the O-D matrix is loaded onto the network. In this paper, the 

assumption of equal step size in all iterations is relaxed and variable step size for the different iterations is 

proposed to increase the efficiency of this technique. It was shown that intelligent choice of step size can cause 

more efficiency. To implement this concept quantitatively, Mashhad as the second largest city of Iran with about 

4.5 million trips per year was used as the case study to analyze and evaluate the proposed technique and 

compare the results with TITAT. Results suggest that in regard to the reliability of the outcomes and 

computational efficacy, the proposed algorithm is as good as other methods. Unlike other methods, there is no 

additional parameter to be calibrated, and the convergence behavior of the algorithm is promising. It was 

observed in this particular case that: 1- there is an inverse linear relationship between the number of iterations 

and the initial step size; 2- for a specified number of iterations, the best results are obtained for equal step sizes 

for the second to the last iteration (same step size for all but the first iteration); and 3- results of the proposed 

technique are not very different from those of the UE. 

In this study, quantitative analysis is used with relaxing the presumption of earlier methods. The main 

shortcoming of the method is the fact that it is a heuristic method. Despite showing promising results, the 
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convergence of the algorithm has yet to be practically proved. It also attempts to provide a heuristic technique 

for measuring the step with less frequency and identical result. The results identify: 

1. The result was enhanced with more iteration. 

2. In a specified number of iterations for a fixed initial number, the best result is for a state in which 

except for the first one, the other lack many changes. 

3. There is an inverse linear relation between the number of iterations and initial number. 

4. With the increase of iteration, the trend of output is considerable to a specific B/C threshold and after 

that continue of iterations would not be economical. 

Naturally, different case studies with different characteristics and datasets would not necessarily result in the 

same relationship functions. However, the proposed technique could be implemented to calibrate the 

relationship functions for different characteristics. Also, the assignment methods reviewed in this paper assume 

that the trip rate between every origin and every destination is fixed and known. For future research, this method 

can be developed to consider elastic demand assignment. 

Other extensions to the TAP such as multiclass (various types or classes of vehicles), multimodal (private 

vehicles and transit or public transport), and consideration of no separable delay functions are left for further 

studies. 
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