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ABSTRACT
Aiming at the lack of an anti-clogging ability index in the road network traffic evaluation 
index, an anti-clogging ability index was proposed to measure the anti-clogging ability of 
urban road traffic network: Κ-anti-clogging coefficient, which is used to measure the shortest 
path between any pair of starting and ending points on the urban road traffic network. After 
the current edge of the shortest path is blocked, the shortest path is selected from the current 
node of the shortest path. If the current edge of the shortest path is blocked again, the selec-
tion continues until the shortest path to the ending point is selected. In the case of unrecovera-
ble congestion, the properties of the anti-clogging coefficient vector on any origin-destination 
pair, a path, and the whole traffic network are analysed, and the algorithm of the anti-clogging 
coefficient and its complexity are given. Finally, an example analysis is carried out using a 
local traffic network in a city.
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1. INTRODUCTION
The urban road traffic network is the link between the city and traffic. Whether or not the layout of the road 

traffic network is reasonable and appropriate to the characteristics of the city determines to a large extent the 
efficiency of urban traffic and the development of the traffic structure [1]. Therefore, the question of how to 
evaluate the performance of urban road traffic networks is becoming increasingly important, which has attrac-
ted the attention of scholars and become a hot research topic.

The road traffic network as a whole can be abstracted into a transport point or intersection as a node, the 
road between the two points is the road section as the edge of the network map. The node represents the origin, 
destination or intersection; the edge represents the road segment, and the edge length is the actual mileage [2]. 
For convenience of discussion, the road traffic network diagram is abbreviated as traffic network.

The traffic network is denoted by G (V, E), where V={v1, v2, v3,... ..., vn} is the node set of G, v1 is the starting 
node, vn is the ending node, E is the set of edges in G, eÜ∈E, i≠j and eij are inseparable. The path from vi to vl 
is an alternating sequence (vi, eij, vj,…,vk, ekl, vl) of points and edges [3].

Due to the lack of research on the anti-clogging ability index of road network traffic evaluation index [4], 
the anti-clogging ability index, K-anti-clogging coefficient of urban road traffic network is proposed to meas-
ure the anti-clogging ability index of urban road traffic network. After the current edge of the shortest path 
between any pair of origin and destination pairs is blocked [5], the shortest path is selected from the current 
node of the shortest path. If the current edge of the re-selected shortest path selected again is blocked, selection 
continues until the shortest path to the endpoint is selected [6]. Assuming that the current node has a total of 
K congestion, the shortest path obtained after deleting K congestion edges replaces the original shortest path. 
In the case of irrecoverable congestion, the initial path can be replaced by the shortest path after removing the 
current blocking edge [7]. The vector properties of the K-anti-blocking coefficient on any origin-destination 
pair, a path, and the whole traffic network are analysed and the corresponding algorithm of the K-anti-blocking 
coefficient and its complexity are given. Finally, a local traffic network in a city is used as an example to ana-
lyse the anti-blocking ability [8].
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By studying the anti-clogging ability of urban traffic networks, the K-anti-clogging coefficient is proposed. 
This index makes up for the lack of road network traffic evaluation and also improves the urban road network 
performance evaluation system, which can provide better suggestions for urban planning and road design [4, 
8].

2. URBAN ROAD TRAFFIC NETWORK K-ANTI-BLOCKING FACTOR
2.1 Research on the anti-clogging ability of urban roads

In 1982, Corley and Sha [9] first proposed the most critical edge problem of the shortest path, that is, in 
a 2-edge connected undirected network G, there must be at least one edge e. When e is deleted from G, the 
shortest path length from s to t will increase to the maximum. The essence of the problem is how to find e 
efficiently. Since the general algorithm of the most critical edge in the network was proposed in 1989, many 
scholars have carried out in-depth and continuous research on some special problems and the question of how 
to improve the effectiveness of the algorithm. With the further application of network technology in trans-
portation, communication, GIS and other fields, the research on network structure has become a hot issue for 
scholars [10–12]. The most typical representative results such as that of Nardelli et al. [12] proposed several 
algorithms to solve the most critical edge in the unconstrained basic network and analysed the impact on the 
shortest path when a routing node fails in the communication network. A computer algorithm based on a heap 
is given [11]. At the same time, it was pointed out that the path problem of multi-edge, multi-point, edge-point 
interruption and point-edge with cost needs to be further studied.

In this paper, a relatively static research approach is applied to the case where congestion information 
is known prior to the departure of the transport vehicle so that alternative routes can be chosen. In practice, 
transportation vehicles may encounter congestion many times while travelling on any path, making that path 
invalid, i.e. the different paths will fail [12]. Therefore, different paths cannot solve the problem of sudden 
blockage of paths in the process of moving. The problem of dissimilar paths is to find a path with spatial 
differences between the original nodes in a given transportation network, mainly the path decision when the 
original optimal path is unavailable due to climate and other reasons. 

It is proposed that there is a blockage on the current side of the shortest path, and the index of the anti-bloc-
king ability of the traffic network, the anti-blocking coefficient is proposed, i.e., the ratio of the alternative path 
to the original shortest path between any pair of points on the traffic network when there is a blockage on the 
current side of the shortest path between the pair of points and traffic congestion cannot be recovered [13]. 
Then, the anti-blocking coefficients of a series of origin-destination pairs are compared and analysed, and the 
anti-blocking coefficient vectors of a path and the whole network are obtained to measure the anti-blocking 
ability of the whole traffic network. The properties, algorithms and complexity of the algorithm, when the le-
ading edge is blocked on the shortest path are given.

From the existing research results, it can be concluded that the research on anti-congestion capability is 
only limited to the situation where the current node on the shortest path between any pairs of points in the 
traffic network is blocked once and the congestion is not recoverable. If the front edge of the shortest path of 
the traffic network is blocked and the congestion is not recoverable, it is necessary to select a new shortest path 
from the current node. If the current edge of the new shortest path is blocked again, and so on, the current node 
has a total of K times of congestion in turn, what is the anti-blocking ability of the urban road traffic network? 
How to measure the anti-clogging ability? The original measure of the anti-blocking ability of the urban road 
network is the index of the anti-blocking coefficient.

In order to make up for the lack of research on anti-blocking ability in road network traffic evaluation, this 
paper proposes an index to measure the anti-blocking ability of urban road traffic networks, the K-anti-bloc-
king coefficient, based on the actual needs of transportation decision makers, traffic management departments 
and road design [14]. It is defined from three aspects: (1) the definition of the K-anti-blocking coefficient 
between any pair of origin and destination on the traffic network, (2) the definition of the K-anti-blocking 
coefficient vector on a path, (3) the definition of the K-anti-blocking coefficient vector of the whole traffic 
network. The properties of the K-anti-blocking coefficient are analysed respectively, and the algorithm and 
complexity of the K-anti-blocking coefficient of the whole traffic network are given. The calculation results of 
the K-anti-clogging coefficient vector of the urban road traffic network can provide important suggestions for 
traffic diversion and road construction.
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2.2 Definition of K-anti-clogging coefficient of urban road traffic network
In general, the vehicle has a clear destination before departure, and rational decision-makers will choose 

the shortest path from the origin to the destination [15]. If the vehicle encounters congestion K times during 
the travel process (such as natural disasters, traffic accidents, etc.) and the congestion cannot be cleared, the 
vehicle decision maker needs to choose the new travel path again, so the decision maker needs to understand 
the anti-clogging ability of each pair of origin-destination pairs in the traffic network. In fact, the anti-clogging 
ability between any pair of origin-destination pairs on the traffic network reflects the anti-clogging ability of 
the entire traffic network.

The K-anti-blocking coefficient proposed in this paper is used to measure the current edge of the shortest 
path between any pair of starting and ending points on the urban road traffic network. After the current edge 
of the shortest path is blocked, the shortest path is selected from the current node of the shortest path. If the 
current edge of the selected shortest path is blocked again, the selection continues until the shortest path to the 
endpoint is selected. Assuming that the current node has a total of K blockages, the shortest path obtained after 
deleting K blockages again replaces the original shortest path [16].

Given a road traffic network G (V, E), V={v1, v2, v3, ... ..., vn} is the node set of G, E={ei|i=1, 2, ..., m} is the 
set of edges in G. For the purpose of discussion, vi and vj are a pair of starting and ending points in G, Pij and 

( , )i jv vS  are the shortest path and the shortest path length from vi to vj, respectively, ei is the incidence edge of Pij 
on vi, 

1
ie  is the incidence edge of 1

ijP  on vi, 
2
ie  is the incidence edge of  2

ijP  on vi,..., 
k
ie  is the incident edge of k

ijP  
on vi, h is the number of incident edges of the starting point vi, then 0 , ( )ik h  w e≤ ≤  are the weights of ei, as 
shown in Figure 1.

 

  

 

 

 

  

 

Figure 1 – K-anti-clogging coefficient diagram on the traffic network

1
ijP  and 1( , )i jS v  v  are respectively the shortest path and the length of the shortest path from vi to vj after 

deleting ei in G; 2
ijP  and 2 ( , )i jS v  v  are respectively the shortest path and the length of the shortest path from 

vi to vj after deleting 1
ie  in G‒ ei. Analogy in turn: k

ijP  and ( , )k
i jS v  v  are the shortest path and the shortest path 

length from vi to vj after deleting 1k
ie −−  in G‒ ei‒ 1

ie ‒,..., 2k
ie −−  respectively [14].

Definition 1: K-anti-blocking coefficient of any origin-destination pair (vi, vj) on road traffic network is 
( , )
( , )

k
i jk

net
i j

S v v
S v v

β = .

The K-anti-blocking coefficient in Definition 1 gives the calculation method of the anti-blocking ability be-
tween any origin-destination pairs on the traffic network. If the K-anti-clogging coefficient of any origin-des-
tination pair on the traffic network is larger, the anti-clogging ability between the origin-destination pairs is 
worse. If the K-anti-blocking coefficient of any origin-destination pair is smaller, the anti-blocking ability 
between the origin-destination pairs is stronger [17].

Let P1, lp+1= (1, 1)pP  l +  be the shortest path from vi to vlp+1, and let N(i, j) denote the set of nodes on (1, 1)pP  l +  
except vi  and vj. Then, N(i, j) ={v1, ..., vlp+1}\ {vi, vj}, |N(i,j)| are the number of nodes in N(i,j), vi and vj are any 
points on (1, 1)pP  l + .

The anti-blocking coefficient of any point pair on (1, 1)pP  l +  is 
( , )
( , )

k
i jk

net
i j

S v v
S v v

β =  thereby giving the follow-
ing definition.

1k
ie −−

1
ie

vi
ei vj
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Definition 2: The K-anti-blocking coefficient vector of a path is defined as ,1 ,( ,..., )k k k lp
p p p β β β= , where 

{ }, ,

, ( , )
max ( , ) 1,2,...,k h k h

p p pi j N i j h
i  j h  lβ β

≠ =
= = .

The definition of the K-anti-blocking coefficient vector in Definition 2 gives the calculation method of the 
anti-blocking ability index on a path.

Let l be the number of intermediate nodes on the shortest path with the maximum number of intermediate 
nodes in G, and then make the following definition.

Definition 3: The K-anti-blocking coefficient vector of the road traffic network is defined as 
,1 ,1, )k k k

net net net ..., β β β= ), where { }, ,

, ( , )
max ( , ) 1,2,3,..., , ,k k

net neti j N i j m
i  j  l   θ θβ β θ θ θ

≠ =
= =  are the number of nodes except 

vi and vj on the shortest path with vi and vj as the starting and ending points [18].
The K-anti-blocking coefficient vector in Definition 3 reflects the anti-blocking ability of the entire traffic 

network. The K-anti-blocking coefficient of each pair of origin-destination points in the network is classified 
according to the number of intermediate nodes on the shortest path connecting each pair of origin-destination 
points. Those with the same number of nodes are classified as one class. The maximum value of the K-an-
ti-blocking coefficient is found in the same class. A vector composed of the maximum values of K-anti-block-
ing coefficients of different classes is given, which indicates that if the front edge of the shortest path of the 
traffic network is blocked and the congestion cannot be recovered, a new shortest path must be selected from 
the current node. If the current edge of the new shortest path is blocked again, repeat the above steps. The 
current node has the worst substitution effect of the shortest path and the original shortest path after K times 
of blocking.

2.3 Properties of K-anti-clogging coefficient of urban road traffic network

A. The properties of the starting and ending point pairs (vi, vj), K-anti-clogging coefficient k
netβ (i, j) 

a. Let N(i,j) denote the set of nodes on Pi,j except vi and vj, and { }1 1( , ) ,..., lpN i j v  v += \{vi, vj}, then, 
{ }1 1 2( , ), ( , ),..., ( , )ij i i jP e v v  e v v  e v v= .

Herein, let ( 1,2,..., )k
ijP k  l=  denote the shortest path from v1 to vj in G. At this point, when k =1,2,..., l, and i, 

j do not belong to k.
If N(i,j)=Ø, then { }( , )ij i jP e v v , where 1

ijP  is the shortest path from v1 to vj after removing the edge  
e (vi, vj) in G.

2
ijP  is the shortest path from v1 to vj in G without edges e (vi, vj) and e (vi, 

1
1v ).

... 
k

ijP  is the shortest path from v1 to vj after removing the edge, e (vi, vj), e (vi, 
1
1v ), ..., 1

1( , )k
ie v v −  in G.

For the study of anti-blocking ability, it is proposed that there is a blockage on the current side of the shor-
test path, and the anti-blocking coefficient is proposed. The anti-blocking coefficient of a series of origin-de-
stination pairs is compared and analysed, and then the anti-blocking coefficient vector of a path and the entire 
network is obtained to measure the anti-blocking ability of the entire transportation network, and the proper-
ties, algorithms and the complexity of the algorithms are given. The specific lemmas are as follows.
Lemma 2.1. For a given i, j, if ( , ),  then ( , ) ( , )r net netv N i j i r i jβ β∈ ≥  holds. 
It is proved that the shortest path from vi to vj must be on Pij from { }1 1 2( , ),  ( , ),...,  ( , )ij i l jP e v v e v v e v v= , and from 

the definition of 1

1

( , )( , ) : ( , )
( , )

k
k k r
net net

r

S v vi r i r
S v v

β β = , because )( , ) ( , .k
i r i rS v v S v v≥

From A:  
( ) ( ) ( ) ( ) ( ) ( )( )( , )  because 

( ) ( ) ( ) ( ) ( ) ( )

k k kk
ir rj ir rj ir rjir

net
ir ir rj ir rj ij

S P S P S P S P S P S PS Pi r
S P S P S P S P S P S P

β
+ + +

= ≥ =
+ + .

Based on the definition of k
ijP , it can be obtained that:  1 1( ) ( ) ( )k k

ij i i i jS P S P S P+ += + .

For the above expression, there are two cases:
1) if  r=i+1 for this case, r is the first node in the point set of  N(i,j), therefore there exists: 

 1 1( ) ( ) ( )k k
ij i i i jS P S P S P+ += +
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2) if r=i+1, for this case, r is one of the nodes in the point set of  N(i,j) excluding the first node and the 
last node, therefore there exists:  1( ) ( )k k

i i irS P S P+ < , further substituting ( )k
irS P  for  1( )k

i iS P + , the following 
expression can be obtained:  ( ) ( ) ( )k k

i j ir rjS P S P S P< + .
Consider the above two cases together, i.e. there exists a node r for which the following expression exists: 

 ( ) ( ) ( )k k
i j ir rjS P S P S P≤ + .

Further, dividing S(Pij) on both side of the inequality simultaneously, results in the following expression:

( ) ( ) ( )
( ) ( )

k k
ir ij ij

ij ij

S P S P S P
S P S P
+

≥ .

( )
( , )

( )

k
ijk

net
ij

S P
i r

S P
β ≥  from (2) because 

( )
( , )

( )

k
ijk

net
ij

S P
i j

S P
β ≥  so ( , ) ( , ) (2.2)k k

net neti r i rβ β≥ .
Because the meanings of ( , )net i jβ  and ( , )net j iβ  are different, for a general undirected graph network, if v1 and 
vj are non-adjacent vertices, ( , )net i jβ  is generally not symmetrical, but when vi and vj are adjacent vertices,  

( , )k
net i jβ  and ( , )net j iβ  are symmetrical [9, 15]. 

Corollary 2-1. If 0, 1iP +  is the shortest path from v0 to vl+1, let N(i,j) ={v1,v2,..., vl}, then 
(0,1) (1,2) ... (0, 1)k k k

net net net lβ β β≥ ≥ ≥ +  holds.
b. K-anti-blocking coefficient ( , )k

net i jβ  on the origin-destination pair (vi, vj), then 1( , ) ( , )k k
net neti j i jβ β −≥ .

Proof: 
1

1, ) , )
( , ) ,  ( , )

( , ) ( , )

k k
i j i jk k

net net
i j i j

S v v S v v
i j i j

S v v S v v
β β

−
−= =

According to the definition of K-anti-clogging coefficient of (vi, vj), S
k (vi, vj) ≥ Sk─1 (vi, vj),  

1( , ) ( , )
( , ) ( , )

k k
i j i j

k
i j i j

S v v S v v
S v v S v v

−

≤  (2.3).

B. Properties of K-anti-clogging coefficient vector k
pβ  on a path 

Theorem 2-1. If P0,l+1 is the shortest path from v0 to vl+1, then ,0 ,1 ,...k k k l
p p pβ β β≥ ≥ ≥ holds. 

Proof: Let ,k r
pβ be the maximum of ( 1,  )k

p i i rβ − +  and ( ,  1)k
p i r iβ + − , where i=1,2,..., l ‒ r

Make , ( 1,  )k r k
p p i i rβ β= − +  again. 

From Corollary 1, it can be seen that there must be ( 1,  ) ( 1,  1)k k
p pi i r i rβ β− + ≤ − −  on a shortest path 1,i i rP− +

with point pair ( 1,  i i rv v− + ) as the starting and ending points [16]. 
, 1k r

pβ
−  is the maximum value of ( 1,  1)k

p i i rβ − + −  and ( 1,  1)k
p i r iβ + − − , where i = 1,2, ..., l‒r+1.

So , ( 1,  ) ( 1,  1)k r k k
p p pi i r i i rβ β β= − + ≤ − + −  is established, that is, , , 1k r k r

p pβ β −≤  is established. 
, , 1 , 2 ,0...k r k r k r k

p p p pβ β β β− −≤ ≤ ≤ ≤ is established by analogy. 

C. Properties of K-anti-blocking coefficient vector k
netβ  on road traffic network 

Theorem 2-2. The K-anti-blocking coefficient on the traffic network satisfies inequality ,0 ,1 ,... k k k l
net net netβ β β≥ ≥ ≥ , 

where l is the number of intermediate nodes on the shortest path with the largest number of intermediate nodes 
in G [17, 18]. 

Proof: Let , , ( ,  )k r k r
net net i jβ β= , then there are r intermediate nodes besides (vi, vj) on the shortest path between 

point pairs (vi, vj). Without loss of generality, it can be assumed that j=i+r+1, and the intermediate node be-
tween point pairs (vi, vj) is {(vi, vi+1,..., vi+r, vi+r+1}. 

By Lemma 2-1, , , , 1 , 1( ,  1) ( ,  )k r k r k r k r
net net net neti i r i i rβ β β β− −= + + ≤ + < (2.4) 

, , 1( ,  )k r k r
net neti i rβ β −+ ≤

So , , , 1 , 1( ,  1) ( ,  )k r k r k r k r
net net net neti i r i i rβ β β β− −= + + ≤ + <  is established.

Let l be the number of intermediate nodes on the shortest path with the largest number of intermediate nodes 
in G, and so on, then , ,0 ,1 ,... k r k k k l

net net net netβ β β β= ≥ ≥ ≥  holds.
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3. ALGORITHM FOR THE K-ANTI-BLOCKING COEFFICIENT 
3.1 K-anti-clogging coefficient algorithm 

For a given road traffic network G(V, E), G is still connected after removing any edge. Let  N(vi) be the set 
of adjacent nodes of vi, N(vi)={vi1, vi2, ..., vid(i)}, where d(i) is the degree of vi, k≤d(i)─1.

Step 1. For any node vi, apply the Dijkstra labelling method to calculate the shortest path Pij and the shortest 
path length S(vi,vj) from vi to any node vj, where j=1,2..., N─1, noting that when applying the Dijkstra labelling 
method, the following information can be obtained: 

1) The number ( , )N i j  of intermediate nodes on Pij; 
2) The edge ,

1( , )k r k
net i ie v vβ +=  associated with vi in Pij, where ,

1( , )k r k
net i ie v vβ += .

Step 2.
1) After deleting e(vi, vi+1) on Pij in traffic network G, the shortest path 1

ijP  and the shortest path length s1(vi, vj) 
from vi to vj are calculated by using Dijkstra’s labelling method on graph G– 1

1 1( , ) ( , )i i i ie v v e v v+ +−.
2) 1

1( ,i ie v v + on 1
ijP  is deleted in the traffic network G– 1

1 1( , ) ( , )i i i ie v v e v v+ +−, and the shortest path 2
ijP  and the shortest path 

length s2(vi,vj) from vi to vj are calculated in the graph G– 1
1 1( , ) ( , )i i i ie v v e v v+ +− by using Dijkstra labelling 

method again. 1
1( , )k

i ie v v −
+  is deleted in the traffic network 1 2

1 1 1( , ) ( , ) ( , )... k
i i i i i iG e v v e v v e v v −

+ + +− − − −  by analogy, 
and Dijkstra’s labelling method is used again to calculate the shortest path k

ijP  and the shortest path length 
sk(vi,vj) from vi to vj. 

3) Repeating the first step to the second step and taking j=1,2 ..., N–1, i≠j, all the shortest path k
ijP  and the 

shortest path length sk(vi,vj) can be obtained. 

Step 3. Calculate { }, ,

( , ) ,

( , )
,  ( ) max ( , ) 1,2,...,  1,  0,1,2,...,  

( , )

k
i jk k t k t

net net netN i j t j i
i j

S v v
i i j j n t l

S v v
β β β

= ≠
= = = − = .

Step 4. Repeat steps 1 to 3, take i=1,2, ..., N, that is N=|V|, and all { } { }, , ,( , ),  ( ),  ,  where 1,2,...,  ,  1,2,...,  ,  0,1,2,...,  k t k t k t
net net neti j i i N j N t lβ β β ∈ ∈ = and { } { }, , ,( , ),  ( ),  ,  where 1,2,...,  ,  1,2,...,  ,  0,1,2,...,  k t k t k t

net net neti j i i N j N t lβ β β ∈ ∈ = can be obtained. 

Step 5. Calculate { }, ,

1
max ( ) 0,1,2,...,  k t k t

net neti N
i t lβ β

≤ ≤
= = . 

Step 6. Output { } { }, , ,( , ),  ( ),  ,  where 1,2,...,  ,  1,2,...,  ,  0,1,2,...,  k t k t k t
net net neti j i i N j N t lβ β β ∈ ∈ = .

Through the above analysis, it can be seen that L is the maximum value (j≠i) of the number of intermediate 
nodes on the shortest path from node vi to any node vj.

3.2 K-anti-clogging coefficient algorithm complexity analysis 
For a traffic network with n vertices and m edges, the complexity of the K-anti-blocking algorithm is as 

follows: 
1) The number of calculations in the first step of the algorithm is O(n2); 
2) The number of calculations in the second step of the algorithm is d(i)·O(n2); the number of calculations 

required to apply the Dijkstra labelling method once is O(n2). Because it is necessary to apply the Dijkstra 
labelling method to vir, r=1,2, ..., d(i), respectively, in the worst case r=n, the number of calculations is 
d(i)·O(n2); 

3) Step 4 of the algorithm can be completed in O(n) time; 
4) Step 1 to Step 5 of the algorithm completes the calculation of βk(i,j) and βk,l(i) starting from node vi, and the 

total amount of calculation is d(i)·O(n2). When vi takes over any node in V, the total amount of calculation 

is: ( ) ( ) ( ) ( )2 2 4

1

· ·
N

i

d i O n O E n O n
=

= =∑ ; 
5) In Step 6, for a given L, only βk,θ(i) needs to be computed, and the total amount of computation is O(n4). 

Therefore, the complexity of K-anti-blocking coefficient vector algorithm on road traffic network is 
(n4). In the actual situation, the road traffic network is similar to the plane network. In the plane network, 
the calculation amount of the shortest path between any two points is O(n4) by Dijkstra labelling meth-

od, and there is ( ) ( ) ( )
1

N

i

d i O E O n
=

= =∑ . The calculation amount from Step 1 to Step 5 in the algorithm is 
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( ) ( ) ( )2 41 ·n n O n O n− = . Therefore, on a planar network, the algorithm can calculate the K-anti-blocking co-
efficient vector k

netβ  in ( ) ( ) ( )2 41 ·n n O n O n− =  time[18].

4. A CASE STUDY OF LOCAL TRAFFIC NETWORK 
Using the anti-clogging ability index of the urban road traffic network anti-clogging coefficient algorithm, 

the anti-clogging ability of the local road network in a new urban area of a city is calculated and analysed. The 
case analysis of the local traffic network in a new urban area of a city is mainly from two perspectives. In Sec-
tion 4.1 we calculated the anti-blocking ability of two local road networks in a new urban area and compared 
the corresponding conclusions. In Section 4.2 we calculated the change in anti-blocking ability before and after 
the addition of new road sections in a new urban area of a city and drew conclusions from the comparison.

4.1 Comparison of anti-blocking ability 
In the following section, the properties and algorithm of the K-anti-blocking coefficient are given in the 

first two subsections. Taking K=2 as an example, the anti-blocking ability of two local road networks in a new 
urban area is calculated, as listed in Figure 2.

Figure 2 – Abstract map of two local traffic networks in a city

The local road network 1 of the new urban area mainly includes Wanshou Road, Hansen Road, Hekangle 
Road, etc. and the local road of the new urban area. The network 2 mainly includes the East Second Ring Road, 
Changying East Road, Xinhe Road and Changle Middle Road. The calculation results of the 2-anti-blocking 
coefficient of local road network 1 and local road network 2 in the new urban area are analysed and compared.

Suppose that all nodes of m≤2 are not considered in the two local road networks of a new urban area of a 
city, and m is the number of edges associated with a node. In order to facilitate the calculation and analysis, the 
local road network 1 of a new city and the local road network 2 of a new city are abstracted into traffic network 
diagrams ( )1 1 1,G V E  and ( )2 2 2,G V E , as shown in Figure 2.

In the traffic network graph ( )1 1 1,G V E , ( )31 11 2 , ., .. ,V v vv=  is the set of nodes of ( )1 1 1,G V E , E1 is the set 
of edges of ( )1 1 1,G V E . In the traffic network graph ( )2 2 2,G V E , ( )12 11 2 , ., .. ,V v vv=  is the set of nodes of 

( )2 2 2,G V E , E2 is the set of edges of ( )2 2 2,G V E . The distance measured on the map is used as the weight 
between two points.

The anti-blocking ability of local road network 1 in a new urban area of a city is calculated by the calcula-

tion method of the K-anti-blocking coefficient. When K=2, the results of ( )2 2,0 2,1 2,2 2,3, , ,net net net net netβ β β β β=(vi, vj) are shown in Table 1, and 
( )2 2,0 2,1 2,2 2,3, , ,net net net net netβ β β β β= =(8,29/8,7/3,47/27) can be obtained.
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a) Local road network 1 of a new city G1(V1,E1) b) Local road network 2 of a new city G2(V2,E2)
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Table 1 – 2-anti-clogging coefficient ( )2 ,net i jv vβ =  between arbitrary point pairs of local road network 1 in the new urban area

( )2 ,net i jv vβ = v2 v4 v5 v6 v7 v8 v10 v11 v12

v2 — 29/8 8 41/13 2 47/27 4 7/3 12/7

v4 2 — 13/5 57/17 25/12 48/31 5/3 37/25 11/8

v5 8 13/5 — 47/7 20/7 37/7 25/4 43/15 18/11

v6 41/13 57/17 47/7 — 37/7 20/7 29/15 11/4 29/5

v7 17/10 25/12 20/7 47/7 — 47/7 18/11 29/15 11/4

v8 43/17 47/31 37/21 20/7 47/7 — 41/29 21/11 11/3

v10 4 16/9 7/2 7/3 21/11 49/29 — 43/7 25/7

v11 7/3 39/25 29/15 11/4 29/15 18/11 37/7 — 37/7

v12 3/2 27/16 18/11 29/15 11/4 29/15 22/7 37/7 —

From the above calculation results, it can be seen that, in the traffic network ( )1 1 1,G V E  of the abstract graph 
of local road network 1 in a new urban area of a city, the maximum 2-anti-blocking coefficient of the point to 
(v2, v5) is 8, that is, the shortest path obtained after removing the upper (v2, v5)  and (v1, v2) of the traffic network 
is 8 times of the original shortest path. It shows that the anti-blocking ability between the point pairs is the 
worst. If the shortest path between the point pairs contains 1 or more nodes, the 2-anti-blocking coefficient of 
the point pairs is less than 8, which indicates that the anti-blocking ability between the point pairs is stronger 
than that of (v2, v5). 

It shows that the ratio of the alternative path to the shortest path is the largest when there are two conges-
tions on the shortest path between (v2, v5) point pairs in the whole traffic network. (v2, v5) cannot be blocked, 
and the performance of the traffic network is the worst once the congestion occurs.

The anti-clogging ability of traffic network graph ( )2 2 2,G V E  is calculated by the algorithm of the K-an-
ti-clogging coefficient. The calculation result of ( )2 2,0 2,1 2,2 2,3, , ,net net net net netβ β β β β=(vi, vj) is shown in Table 2, and ( )2 2,0 2,1 2,2, ,net net net netβ β β β= = 
(7,57/15,25/7) can be obtained.

Table 2 – 2-anti-clogging coefficient ( )2 ,net i jv vβ =  between 2 arbitrary point pairs of local road network in the new urban area

( ),net i jβ = v2 v3 v5 v6 v7 v8 v10

v2 — 43/9 35/17 17/9 35/17 22/13 41/23

v3 43/9 — 22/13 35/17 13/4 35/17 16/7

v5 47/17 19/13 — 39/9 34/18 43/27 5/3

v6 13/4 41/17 25/9 — 39/9 47/18 33/15

v7 35/17 13/4 17/9 39/9 — 25/9 40/6

v8 19/13 29/17 43/27 17/9 25/9 — 31/9

v10 41/23 25/7 21/12 33/15 7 57/15 —

From the above calculation results, it can be seen that in the given local road network 2, the 2-anti-blocking 
coefficient of the point pair (v10, v7) is larger than 7, that is, the shortest path obtained after removing (v10, v7)  
and (v10, v11) is 7 times the original shortest path, indicating that the anti-blocking ability between (v10, v7) point 
pairs is relatively poor. When the shortest path between other pairs of nodes in the network contains more than 
1 node, the 2-anti-blocking coefficient is less than (v10, v7)’s 2-anti-blocking coefficient 7, indicating that the 
anti-blocking ability between other pairs of nodes is better than (v10, v7)’s. 

By comparing the 2-anti-blocking coefficient vectors of the new urban road network 1 and the new urban 
road network 2, it can be found that:
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1) When the number of nodes contained between pairs is 0, the 2-anti-blocking coefficient of local road 
network 1 is greater than that of local road network 2, indicating that the anti-blocking ability of local road 
network 2 is stronger.

2) When the number of nodes between the pairs is 1, the 2-anti-blocking coefficient of local road network 1 is 
less than that of local road network 2, which indicates that the anti-blocking ability of local road network 
1 is stronger.

3) When the number of nodes between the pairs is 2, the 2-anti-blocking coefficient of local road network 
1 is smaller than that of local road network 2, which indicates that the anti-blocking ability of local road 
network 1 is stronger.
From the comparison results of the K-anti-blocking coefficient of the two different local road networks, it 

can be seen that the comparison of the K-anti-blocking coefficient of the traffic network with the same number 
of nodes is relatively comparable.

4.2 Comparison of anti-clogging ability before and after adding road sections 
With the development of the economy, the original urban roads can no longer meet the needs of society for 

roads. Every year, large cities will continue to add new road sections or extend the original roads to connect 
with other roads in the city, forming a well-developed urban road traffic network, which provides great conve-
nience for people’s passage and cargo transportation. What is the anti-blocking ability of the city after adding 
new road sections through the urban road traffic network? Is it strengthened or weakened?

This paper takes the local traffic network of a new city as an example to study the anti-blocking ability of 
urban road traffic networks due to the increase of new road sections. Assuming K=2, the 2-anti-clogging coef-
ficient of the region in 2020 and 2021 is calculated and compared.

By comparing the 2020 and 2021 maps of the local road network in the new urban area, it can be found that 
new road sections are added to the area in 2021. In order to facilitate calculation and simplification, the above 
map of the local road network in the new urban area is abstracted into an urban road traffic network map, as 
shown in Figure 3. In the abstract map of the local road network traffic network in the new urban area, the bold 
edges are the newly added road sections in 2021, and the actual measured distance on the map is used as the 
weight of the edges in the traffic network map.

Figure 3 – Abstract map of traffic network of local road network in different years

When no new roads are added to the local road network of a new city, the 2-anti-clogging coefficient 
( )2 ,net i jβ =  is calculated, as shown in Table 3.

Table 3 – The 2-anti-clogging coefficient ( )2 ,net i jβ =  of the local road network in the new urban area of a city in 2020

βnet(i,j) v2 v4 v5 v6

v2 — 7/3 23/7 5/3

v4 7/2 — 7 43/13

v5 23/7 27/5 — 19/4

v6 3 43/13 19/4 —
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It can be seen from Table 3 that when there is no new road section, the 2-anti-blocking coefficient of the local 
road network is ( )2 2,0 2,1,( , )net net neti jβ β β= =(7,7/2), and the 2-anti-blocking coefficient of the local road network  
(v4, v5)  is 7, which indicates that the shortest path after removing the edges (v4, v5) and (v1, v4) on the traffic 
network is 7 times that of the original shortest path. When the shortest path between the point pairs contains 
more than 1 node, the 2-anti-blocking coefficient of the point pair is less than 7, which indicates that the an-
ti-blocking ability of other point pairs is stronger than that of (v4, v5).

After adding new sections to the local road network in the new urban area, the 2-anti-blocking coefficient 
( )2 2,0 2,1 2,2, ,net net net netβ β β β= = (26/5,8/3,19/4) of the local road network in the new urban area of a city in 2021 is 

calculated. The results are listed in Table 4.

Table 4 – 2-anti-clogging coefficient βnet(i,j) of local road network in the new urban area of a city in 2021

βnet(i,j) v2 v4 v5 v6 v9 v10 v11 v12

v2  — 5/3 23/7 5/3 19/11 33/17 7/5 19/4

v4 8/3 — 5 33/13 17/5 29/15 37/23 17/10

v5 23/5 5 — 7/2 29/15 13/5 16/9 31/15

v6 7/3 33/13 7/2 — 37/23 16/9 4 37/23

v9 16/11 3 5/3 33/23 — 5 33/13 3

v10 33/17 31/15 13/5 14/9 5 — 7/2 23/5

v11 7/5 33/23 14/9 31/10 23/10 7/2 — 33/13

v12 19/11 9/5 31/15 33/23 13/5 26/5 23/13 —

From the calculation results, it can be seen that after the new road section is added to the local road network 
in 2021, the 2-anti-clogging coefficient of the point pair (v10, v9) is 26/5, that is, the shortest path of (v10, v9)  
after removing the edge (v10, v12) and (v10, v9) is 26/5 times that of the original shortest path. When the number 
of nodes included in the shortest path between other point pairs on the traffic network exceeds 1, the 2-an-
ti-clogging coefficient is less than 26/5, indicating that the anti-clogging ability of these point pairs is stronger 
than that of (v10, v9).

By comparing the 2-anti-clogging coefficient before and after the addition of new sections to the local road 
network, the following conclusions are drawn:
1) When the number of nodes between the traffic network nodes is 0, the 2-anti-blocking coefficient of the 

traffic network before the new road section is not added to the local road network is 7, which is greater than 
the 2-anti-blocking coefficient of the traffic network after the new road section is added. In addition, 26/5 
indicates that the local road network has improved its anti-blocking ability after the addition of new road 
sections.

2) When the number of nodes between the traffic network node pairs is 1, the 2-anti-blocking coefficient 
of the traffic network before the new road section is not added to the local road network is 7/2, which is 
greater than the 2-anti-blocking coefficient of the traffic network after the new road section is added. 8/3, 
indicating that the anti-blocking ability of the local road network is improved after the new road section is 
added.

By comparing the K-anti-clogging coefficient vector of the local traffic network in the new urban area befo-
re and after the increase of the road section, it can be seen that the anti-clogging ability of the region after the 
increase of the new road section is stronger than the anti-clogging ability before the increase of the road sec-
tion. Therefore, each big city should constantly build new roads to reduce the possibility for urban road traffic 
network congestion, reduce the economic and time loss caused by congestion, and accelerate the development 
of the social economy.

In practice, the urban road traffic network is generally a grid network or a star network. Each vector in the 
anti-blocking coefficient vector of this network is relatively small, so the anti-blocking ability of the traffic 
network is still strong. In the actual urban road network, there are many nodes, and the data must be processed 
by a computer to obtain the K-anti-blocking coefficient vector.
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5. CONCLUSION 
In this paper, the anti-clogging ability index K-anti-clogging coefficient of urban traffic network is proposed 

to measure the anti-clogging ability of urban traffic network from the needs of transportation decision makers 
to choose path schemes, traffic personnel to formulate traffic flow allocation schemes and road planning and 
design departments to formulate road planning. Firstly, the definition of the K-anti-clogging coefficient be-
tween any origin and destination pairs on the traffic network, the anti-clogging coefficient vector on a path, and 
the K-anti-clogging coefficient vector on the whole traffic network are given. After that, the properties of the 
K-anti-clogging coefficient are analysed, and the algorithm and algorithm complexity of the K-anti-clogging 
coefficient is given. In this paper, a local road network is used as an example, for (1) calculating and analysing 
the K-anti-clogging coefficient vector of two local traffic networks to compare the anti-clogging ability of the 
two local traffic networks, (2) calculating and analysing the K-anti-clogging coefficient vector before and after 
adding new sections in a city. Compare the anti-blocking ability before and after adding new road sections, it 
is found that the anti-blocking ability after adding a new road section is stronger than that before adding a new 
road section.

By applying the research results of this paper, decision makers can consider the factor of traffic network 
congestion when selecting the path, that is, decision makers can select the path with a small anti-clogging 
coefficient through the analysis results of the anti-clogging coefficient of the traffic network. For the analysis 
of the anti-blocking ability of a single traffic network, if each vector in the K-anti-blocking coefficient vector 
of the traffic network is relatively small, and the size of each vector does not change much, it shows that the 
anti-blocking ability of the traffic network is strong. On the contrary, if each vector in the K-anti-blocking coef-
ficient vector of the traffic network is relatively large, and the size of each vector changes greatly, it shows that 
the anti-blocking ability of the traffic network is poor. If the anti-blocking ability of the two traffic networks is 
compared, the K-anti-blocking coefficient vectors of the two traffic networks are calculated respectively. 

By calculating the K-anti-blocking coefficient vector of the urban road traffic network, the anti-blocking 
ability of the urban road traffic network is analysed. Due to the large number of nodes and edges in the urban 
traffic network, the calculation of the K-anti-blocking coefficient vector is relatively large, which needs to be 
calculated by computer. For the anti-blocking coefficient vector of each small area in the urban road traffic 
network, a database can be established by computer and the calculation results can be input into the database. 
It can be used by relevant departments to query and use the data of the K-anti-blocking coefficient of the traffic 
network in the future to face some sudden traffic congestion problems and reduce the loss caused by traffic 
congestion. It can also provide good suggestions for the traffic management of the transportation department 
and the planning department of the urban road traffic network.

ACKNOWLEDGEMENTS 
The author is grateful to the second batch of Jiangsu Industry-University-Research Cooperation Project (No. 
BY20221011) and a project supported by the scientific research fund of Yancheng Polytechnic College (No. 
ygy2201).

REFERENCES
[1] Kim Y, et al. Scalable learning with a structural recurrent neural network for short-term traffic prediction. IEEE 

Sensors Journal. 2019(23):11359-11366. DOI: 10.1109/JSEN.2019.2933823.
[2] Wei W, et al. An autoencoder and LSTM-based traffic flow prediction method. Sensors. 2019;19(13):2946. DOI: 

10.3390/s19132946.
[3] Sun B, Yin C. Impacts of a multi-scale built environment and its corresponding moderating effects on commute 

duration in China. Urban Studies. 2020:57(10):2115-2130. DOI: 10.1177/00420980198711.
[4] Yin C, et al. Relationships of the multi-scale built environment with active commuting, body mass index, and life 

satisfaction in China: A GSEM-based analysis. Travel Behaviour and Society. 2020;21:69-78. DOI:  
10.1016/j.tbs.2020.05.010.

[5] Oyama T. Weight of shortest path analyses for the optimal location problem. Journal of the Operations Research 
Society of Japan. 2000;43(1):176-196. DOI: 10.15807/jorsj.34.187.

[6] Liu X, Long Y. Automated identification and characterization of parcels with OpenStreetMap and 
points of interest. Environment and Planning B: Planning and Design. 2016;43(2):341-360. DOI: 
10.1177/0265813515604767.



Promet ‒ Traffic&Transportation. 2023;35(4):583-594.  Traffic Engineering

594

[7] Oyama T, Morohosi H. Applying the shortest-path-counting problem to evaluate the importance of city road 
segments and the connectedness of the network-structured system. International Federation of Operational 
Research Societies. 2004;11(5):555-573. DOI: 10.1111/j.1475-3995.2004.00476.x.

[8] Veronesi F, et al. Automatic selection of weights for GIS-based multicriteria decision analysis: Site selection of 
transmission towers as a case study. Applied Geography. 2017;83:78-85. DOI: 10.1016/j.apgeog.2017.04.001.

[9] Su B, Xu Q. Finding the anti-block vital edge of a shortest path between two nodes. Journal of Combinatorial 
Optimization. 2007;12(16):173-181. DOI: 10.1007/s10878-007-9120-2. 

[10] Yang H, et al. A GIS‐based method to identify cost‐effective routes for rural deviated fixed route transit. Journal of 
Advanced Transportation. 2016;50(8):1770-1784. DOI: 10.1002/atr.1428.

[11] Gunay A, et al. Building a semantic based public transportation geoportal compliant with the INSPIRE transport 
network data theme. Earth Science Informatics. 2014;7(1):25-37. DOI: 10.1007/s12145-013-0129-z.

[12] Nardelli E, et al. A faster computation of the most vital edge of a shortest path between two nodes. Information 
Processing Letters. 2001;79(2):81-85. DOI: 10.1016/S0020-0190(00)00175-7.

[13] Asakura Y, Kashiwadani M. Road network reliability caused by daily fluctuation of traffic flow. PTRC Summer 
Annual Meeting, 19th, 1991, University of Sussex, United Kingdom. 1991. p. 73-84. 

[14] Shen F, et al. Short-term traffic flow prediction of expressway based on CEEMD-GRU combined model. Journal 
of Hebei University of Science and Technology. 2021;(05):454-461. DOI: 10.7535/hbkd.2021yx05003. Chinese.

[15] Huang Y, et al. Analysis of traffic congestion characteristics of road network based on data mining. Science 
Technology and Engineering. 2022;22(29):13083-13089. Chinese.

[16] Shen J, et al. Research on urban rail transit resource allocation based on K-shortest paths algorithm. Advanced 
Materials Research. 2013;748:1285-1289. DOI: 10.4028/www.scientific.net/AMR.748.1285.

[17] Xu W, et al. Finding the K shortest paths in a schedule-based transit network. Computers and Operations 
Research. 2012;39(8):1812-1826. DOI: 10.1016/j.cor.2010.02.005.

[18] Hershberger J, et al. Finding the K shortest simple paths. ACM Transactions on Algorithms (TALG). 2007;3(4):45. 
DOI: 10.1145/1290672.1290682. 

周荣虎 葛琴

城市道路防堵能力评价指标设计与计算

摘要
针对路网交通评价指标中缺乏防堵能力指标的问题，本文提出了衡量城市道路交通
网防堵能力的防堵能力指标：Κ-抗堵塞系数，该系数可用于衡量城市道路交通网络
中任意一对起点和终点之间的最短路径。当最短路径的当前边被堵塞后，从最短路
径的当前节点继续选择最短路径；如果最短路径的当前边缘再次被阻断，则继续选
择，直到选择到终点的最短路径。在无法恢复的拥堵情况下，分析了任何起点-目的
地、一条路径和整个交通网络上的抗堵塞系数向量的特性，并给出了抗堵塞系数的
算法和算法特定。最后，以某城市的交通网络为例进行了分析。
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