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Abstract 

The PageRank algorithm is used to evaluate the importance of the nodes and paths of the 
traffic network model. This paper optimizes the PageRank weight based on the traffic 
assignment of road nodes, and finally validates the application effect of the traditional 
PageRank importance evaluation method, the PageRank importance evaluation method 
and the optimized PageRank importance evaluation method through the example 
analysis. 
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1. Introduction 

1.1 Introduction to the importance of transportation networks 

With the gradual formation and development of urban transportation network, transportation capacity 

and improving traffic conditions get greatly improvement, but it also puts forward new requirements 

for urban transportation network management. In order to manage the urban transportation network 

more efficiently, the identification of key nodes and paths in the network is particularly important. 

The current evaluation methods for the importance of urban transportation network nodes and paths 

mainly include: (1) Using the attributes of the road network topology, Wang Wei [1], etc. used the 

network characteristics of the railway network (degree and its distribution, etc.) to analyze the 

processing methods when key nodes fail. (2) Using the idea of traversal failure and cascading failure, 

such as D'Este [2] calculating the increase in the total network impedance caused by the failure of 

each road section to evaluate the importance; Cao Juan [3] and others analyzed the impact of specific 

section failure on the entire traffic network through cascading effect. (3) Establish an evaluation 

system based on operating conditions (such as traffic volume, delays, etc.) to evaluate the importance 

of nodes and paths. (4) Adjacent node and path importance evaluation method that considers adjacent 

nodes and paths together. This method considers that nodes or paths do not exist in isolation, and 

their importance is affected by the adjacent nodes or paths. Ma Dan [4] established a comprehensive 

evaluation system based on the topological attributes between nodes and traffic flow, and evaluated 

the importance of complex network nodes. 

1.2 Introduction of traffic network construction method 

The urban road network can be expressed as a graph connected by points and edges. M(N,K) 

represents a city road network, where N is the node set of the road network; K is the edge set of the 

road network, if there is an edge connection between node i and j, then kij=1.On the contrary kij=0. 

The original method and dual method are generally used to construct the urban traffic network model. 

The original method maps the road intersections, road vertices and other nodes in the geographic 

environment to the nodes of the model, and the connections between the nodes are mapped to edges 



International Core Journal of Engineering Volume 7 Issue 10, 2021 

ISSN: 2414-1895 DOI: 10.6919/ICJE.202110_7(10).0015 

 

84 

[5]. This construction method can simply and directly reflects the geographic location relationship 

between the road network nodes. 

The duality rule is to map edge connections in the geographic environment to nodes in the model, 

map nodes to edge connections in the model, and evaluate the importance of paths in the network by 

analyzing the importance of nodes. This type of method is more concerned with road sections.  and 

its role in the whole network. 

2. Method 

2.1 PageRank algorithm 

PageRank algorithm is a search engine algorithm established by Google founders Sergey Brin and 

Larry Page. Its basic idea comes from the literature citation analysis [6] that evaluates the value of 

literature: the importance of an article can be measured by the number of citations by other documents. 

The more citations by other documents, the more prominent its importance. Based on this, Sergey 

Brin and Larry Page proposed the PageRank ranking algorithm: the importance of a web page is 

reflected in the number of links to other web pages, that is, the number of recommended times. The 

more web pages link to the web page, the more important the web page is, and the higher its PageRank 

value (hereinafter referred to as the PR value). However, there is a difference with the method of 

literature citation analysis. Google also considers another problem [7], the recommendation degree 

and recommendation ability of different web pages to the same web page are likely to be different. 

For example, web pages A and B are linked to web page C at the same time, and both have the ability 

to recommend web page C, but web page A and web page B have different conditions, and the 

recommendation ability and recommendation level for web page C should also be different. Generally 

speaking, the fewer links a web page has, the higher its recommendation ability and degree of 

recommendation. 

The formula for calculating the PR value of web page A is [8] 

𝑃𝑅(𝐴) = (1 − 𝑑) + 𝑑 ∗ ∑
𝑃𝑅(𝑇𝑖)

𝐶(𝑖)

𝑛
𝑖=1                       (1) 

Where PR(A) represents the PR value of A, which is a measure of the importance of web page A.Ti 

refers to the linked page of page A. PR(Ti) refers to the web Ti PR value; Ci refers the number of Ti 

links out. d represents the transfer ratio of the web page PR value, the value range is [0,1], usually 

0.85.

                                                                             
2.2 PageRank method optimization 

From the PR value calculation formula (1), it can be seen that when the cross node T is linked with 

some node C(i) at the same time, the PR value also passes form T to C(i). The value are equally 

divided, that is d*PR(T)/C(i). This is not in line with the basic situation of the urban transportation 

network,the traffic volume allocated by the intersection nodes to the outgoing nodes of each chain is 

different. If all the PR values are divided according to the above formula, it obviously cannot 

accurately reflect the real situation of the importance of the urban transportation network nodes. To 

solve this problem, an optimized PageRank method that determines the distribution weight according 

to the amount of traffic allocated by the node is proposed. Calculated as follows: 

𝑃𝑅(𝐴) = (1 − 𝑑) + ∑ 𝑃𝑅(𝑇𝑖) ∗
𝑑∗𝑞

𝑄

𝑛
𝑖=1                      (2) 

Where q represents the traffic volume allocated from the previous node, and Q represents the total 

traffic volume of the previous node. 

The improved PageRank ranking method is mainly modified for the second part of formula (1). When 

a node links multiple nodes, the PR value is no longer divided according to the number of nodes, but 

the traffic volume is allocated to the total traffic according to each node. The proportion of the amount 

is determined. 
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2.3 Case verification analysis 

In order to better verify and understand the application of the improved PageRank algorithm in the 

actual road network, the importance of the nodes and paths of a simple road network is evaluated. In 

the original mapping network of Figure 1, there are a total of 10 nodes and 18 edges connected; Figure 

2 is the dual mapping of Figure 1, with 18 nodes and 27 edges connected. 

 

            

Figure 1. Map of the original network           Figure 2. Map of the dual network 

 

In order to make the algorithm more suitable for the actual situation, the traffic volume is selected as 

the feature to distinguish the nature of the node, and the first i nodes are assigned to the i+1. the 

PageRank algorithm weight is improved by the traffic proportion of each node , and then the improved 

PageRank is used to rank the node importance. The proportion of traffic distribution among the 

original mapping nodes is shown in Figure 3, and the dual mapping situation is shown in Figure 4.  

 

 

Figure 3. The proportion of traffic distribution among the original network nodes 

 

Figure 4. Traffic distribution ratio among dual network nodes 
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Next, the original PageRank and the PageRank after optimizing the weight are respectively used to 

calculate the PR value of each node and the edge, and the importance of each node is sorted by the 

PR value. 

3. Result 

3.1 Original PageRank calculation results 

PageRank sorting algorithm takes into account the characteristics of adjacent nodes well, can enhance 

the distinguishing ability of importance evaluation, avoid too concentrated ranking, and better 

evaluate the importance of traffic network nodes and paths. The PageRank algorithm is used for 

evaluation, and the convergence accuracy is set to 0.0001. After 8 iterations, the results are listed in 

Table 1 and Table 2. 

 

Table 1. PageRank original mapping node importance ranking 

node PR value Rank node PR value Rank 

A 0.08500 5 F 0.133418 1 

B 0.08445 7 G 0.084747 6 

C 0.108462 3 H 0.087307 4 

D 0.108462 3 I 0.111319 2 

E 0.133418 1 J 0.063418 8 

 

Table 2. PageRank algorithm ranks the importance of dual nodes 

node path PR value Rank node path PR value Rank 

1 A-B 0.039672 17 10 D-F 0.054562 11 

2 A-C 0.056649 6 11 D-G 0.041072 15 

3 A-D 0.056649 6 12 E-H 0.071299 1 

4 B-E 0.055371 8 13 E-I 0.07044 3 

5 B-F 0.055371 8 14 F-H 0.071299 1 

6 C-E 0.054562 14 15 F-I 0.07044 3 

7 C-F 0.054562 12 16 G-I 0.058764 5 

8 C-G 0.041072 15 17 H-J 0.038674 18 

9 D-E 0.054562 12 18 I-J 0.054978 10 

 

From Table 1 and Table 2, it can be found that the most important nodes in the original mapping node 

are E and F (PR value is 0.133418), and the most important nodes in the dual mapping node are 12 

and 14, that is, the path EH, FH ( The PR value is 0.071299). After considering the situation of 

adjacent nodes into the importance evaluation, the problem of node ranking concentration is 

alleviated, but there are still a few nodes with consistent PR values, which is consistent with the 

PageRank algorithm although the situation of adjacent nodes is considered, but the nodes are not 

distinguished The nature of itself is related. 

 

Table 3. The importance of the original mapping node of the improved PageRank algorithm 

node PR value Rank node PR value Rank 

A 0.7580 8 F 1.0879 4 

B 0.5677 10 G 1.0622 6 

C 1.0815 5 H 0.7696 7 

D 1.4279 2 I 1.1532 3 

E 1.4615 1 J 0.6304 9 
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Table 4. Improved PageRank Dual Mapping Node Importance 

node path PR value Rank node path PR value Rank 

1 A-B 0.7992 14 10 D-F 0.5649 17 

2 A-C 0.8049 13 11 D-G 1.0604 7 

3 A-D 0.8058 12 12 E-H 1.1633 4 

4 B-E 1.0648 6 13 E-I 1.4932 2 

5 B-F 1.0510 8 14 F-H 0.9455 11 

6 C-E 0.7498 15 15 F-I 1.1387 5 

7 C-F 0.6430 16 16 G-I 1.8494 1 

8 C-G 0.9742 10 17 H-J 0.3903 18 

9 D-E 1.0244 9 18 I-J 1.4147 3 

 

3.2 Optimize PageRank calculation results 

The traffic allocation proportion of each node in FIG. 3 and FIG. 4 was applied to the optimization 

of PageRank algorithm, and the iterative calculation was carried out through Formula 2. The 

calculated results were shown in Table 3 and Table 4. 

It can be found from Table 3 and Table 4 that after considering the distribution of traffic volume 

between nodes, the most important node in the original mapping is E (PR value is 1.4615), and the 

most important node of the dual mapping node is 16, that is, the path GI. It is worth mentioning that 

node 16 is only ranked 5th in the unimproved PageRank algorithm, but after considering the traffic 

distribution, the proportion of traffic allocated by node 16 is as high as 0.6 (from node 8) and 0.6 

(from node 8). Node 11) and 0.44 (from node 18) greatly increase the importance of node 16 (i.e. 

path GI). From the overall importance ranking results, because the improved PageRank algorithm 

also considers the topological properties of the transportation network, the properties of adjacent 

nodes and the characteristics of the nodes themselves, the ranking results avoid the situation of 

ranking concentration and are more in line with the actual situation. 

4. Conclusion 

Based on the optimized PageRank algorithm of traffic distribution between nodes, the importance of 

traffic nodes is sorted. It not only takes into account the topological characteristics of the traffic 

network, but also integrates the importance of the node's own characteristics and its neighboring 

nodes into the evaluation algorithm, which is more comprehensive the result of. In addition, different 

from the general static network node importance ranking, the traffic volume is used to characterize 

the characteristics of the node itself, which has dynamic characteristics.With the change of traffic 

volume, the importance of the node itself also changes. Combined with the dual mapping, we can get 

The dynamic ordering of nodes and paths in the transportation network better reflects the dynamics 

of the traffic flow of the transportation network nodes. 
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