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Abstract-Rresearching the problem of heavy traffic, by defining 
the degree of congestion, design the auction of maximum flow 
algorithm in the distribution of traffic network. Finally, establish 
the model to show its application in the instance. 
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I. INTRODUCTION 

In 1979, Bertsekas puts forward the concept of the auction 
algorithm for the first time, and used to solve the assignment 
problem. It mimics the traditional way of auction. 

Nowadays, the problem of traffic is becoming more and 
more serious. How to choose a most efficient path has become 
a difficult problem. In order to save time, people will generally 
choice the shortest route, but they always ignore that the time 
we have wasted by the road congestion has already made our 
decision no longer be optimal. 

For this, we give the auction of maximum flow algorithm. 
In this algorithm, we will choice the route which has the 
biggest capacity(has lighter congestion) relatively, and then get 
the optimal choice. 

II. RELEVANT DEFINITIONS 

Definition 2.1
[1]

 An undirected graph G is an ordered tuple 

of ( , )N E ,  denoted by ),( ENG  .
},,,{ 21 nnnnN 

 is a nonempty set of vertices, while 
}{ ijeE 

 is a nonempty set of edges, where ije
 is a 

disordered binary set 
( , )i jn n

, denoted by 
( , )ij i je n n

. 

ije
 connects in

 and jn
, while in

 and jn
 called the 

endpoint of ije
. But if we limit in

 as the tail and in
 as the 

head in each arc
( , )i jn n

, then G will called a directed graph. 

Definition 2.2
[2]

 We called 
( , )i jc n n

 as the capacity of 

arc
),( ji nn

, and 
),( ji nnf

 as the flow of arc 
),( ji nn

, if 

there is a real number 
),( ji nnf

 on each arc
),( ji nn

, 

which meets 
),().(0 jiji nncnnf 

. In addition, we use 

ijl
 represent the distance between in

 and jn
. 

Definition 2.3 We call 

1
( , ) ( , )ij

i j i j
a c n n f n n 

, 
0 ( , ) ( , )i j i jf n n c n n 

 as the degree of congestion in 

each arc
( , )i jn n

,and when 
( , ) ( , )i j i jc n n f n n

, we set 
2ija 

. For convenience, we’ll use 
( )ij ijc f

 instead of 
( , )( ( , ))i j i jc n n f n n

.   

Definition 2.4
[8]

 For each point in
in the graph, all the 

arcs which from in
 point to jn

 ( i j ) called the forward 

arc, and the arc which from 
( )jn i j

 point to in
is called 

the backward arc. 

Definition 2.5
[10]

 If each point is different from others in 

path P  except the starting point 1n
and ending point nn

, then 

we call this path as a simple path. If a path P  has the same 
starting point and ending point, then we call it as a circle.  

Definition 2.6
[11]

 Give a graph G , if the node u  has an 

arc ( , )u v  to the node v , then we call the graph G  is 
connected. If one node u has an arc to all the nodes except 

itself, we call u  as the root of G . 

III. THE DESIGN OF ALGORITHM  

At first, we establish a directed graph

 ( , , , , )G N E F C L . As mentioned above, 

1 2{ , , , }nN n n n 
 is the set of vertices,

{ }ijE e
 is the 

set of edges, 
{ }ijF f

 is the set of flows , 
{ }ijC c

 is the 

set of arcs capacity and 
{ }ijL l

 is the set of distance. Then 

we use ij ija l
 to represent the time we’ll cost between in

 and 
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jn
. And use ip

 to represent the time we need between in
 

and endpoint
[3,4]

.  

For convenience, we have the following assumptions: 

There only have original circle in the network;  

Assume that each node has at least one arc to the next node, 
otherwise, we will establish one arc between this node to the 
end node, and assume the length of the regulations is infinite; 

Assume that there can only have one arc between two 

nodes.
[9]

 

We use 1n
 and nn

 to represent the starting and end point. 

1 2( , , , )iP n n n 
 represent a path from 1n

 to in
, and 

define it as the original path.In the iterative process, we’ll keep 

P  as the original path
[5]

. 

If 1in P   and 1i nn n 
, but arc 1( , )i in n E 

, then 

we use 1 2 1( , , , )iP n n n  
 to instead 

1 2( , , , )iP n n n 
, until 1i nn n 

. If 

1 2 3( , )in P n n n  
 , we’ll use 1 2 1( , , , )iP n n n  

 

to instead it
[6]

.  

In the iterative process, we must meet the complementary 

slackness
[7]

: 

i ij ij jp a l p 
,

( , )i jn n E 
; 

i ij ij jp a l p 
,

( , )i jn n P 
. 

We assume that the original path: 

1( ), 0iP n p 
, in N 

; 

Then we make in
 be the endpoint of P . If 

( , )
min { }
i j

i ij ij j
n n E

p a l p


 
, we turn to the step 1. Otherwise,go 

to step 2. 

Step 1: Make ( , )
min { }
i j

i ij ij j
n n E

p a l p


 
. If 1i  , then 

we shrinkage P , go to the next round of iteration; 

Step 2: We use jn
 to expand P , 

( , )
arg min { }

i j
j ij ij j

n n E
n a l p


 

.  If j nn n
, This P  is the 

optimal choice. Otherwise, go to the next round of iteration. 

In the route’s extend and contract process, we can see that 

P  is the original road between 1 to jn
. In fact, if this 

conclusion is not right, we put the jn
 join in the route  P , 

then P  will become a circle, and for each arc in P  has  

i ij ij jp a l p 
. We will get the length of P  is zero, and 

this is contradict to our assume. 

IV. AN EXAMPLE 

In order to facilitate understanding, we present a simple 
traffic flow graph 1. As we can see from the graph, There are 
three parameters in each edge: the first one on behalf of the 

capacity ijc
, the middle one means the number of flows ijf

, 

the last one present the distance between two sides ijl
. 

 
FIGURE I. THE ORIGINAL TRAFFIC FLOW GRAPH 

Firstly, we simplify the graph above, then we’ll get the 
following: 

 

FIGURE II. THE SIMPLY TRAFFIC FLOW GRAPH 

Each of this number means the new parameter we have 

defined above, we use ij ija l
 to present it. 

We will get the following iterative process: 

TABLE I. THE ITERATIVE PROCESS 

The 
number of 
iterations

The path 
before 

iteration

The ip  

before 
iteration 

The iterative 
process 

1 (1) (0,0,0,0,0,0) Contract in 1 

2 (1) (1,0,0,0,0,0) Extend to 2 

3 (1,2) (1,0,0,0,0,0) Contract in 2 

4 (1) (1,6,0,0,0,0) Contract in 1 

5 (1) (3,6,0,0,0,0) Extend to 4 

6 (1,4) (3,6,0,0,0,0) Contract in 4 

7 (1) (3,6,2,0,0,0) Contract in 1 

8 (1) (5,6,2,0,0,0) Extend to 4 

9 (1,4) (5,6,2,0,0,0) Extend to 5 

10 (1,4,5) (5,6,2,0,0,0) Contract in 5 

11 (1,4) (5,6,2,2,0,0) Contract in 4 
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12 (1) (5,6,4,2,0,0) Contract in 1 
13 (1) (7,6,4,2,0,0) Extend to 4 
14 (1,4) (7,6,4,2,0,0) Extend to 5 
15 (1,4,5) (7,6,4,2,0,0) Extend to 6 
16 (1,4,5,6) (7,6,4,2,0,0) End 

At last, we get the optimal path (1, 4,5,6)P  . 

V. CONCLUSION 

In this paper, from the heavy traffic problem, we define the 
degree of congestion, starting from the traffic flow network, 
establish the algorithm and use example to verify its 
correctness.  

The auction algorithm is a new algorithm, from the 
researching for it in recent years, we have already use it to a lot 
of network problems, and now it is becoming a comprehensive 
algorithm. The auction theory has already be used to develop 
the software. It has broad prospects in network problem, not 
only in the shortest path problem, but also in transport problem 
and a series problems.With the continuously explore for 
auction theory, we’ll find more excellent algorithm and apply 
them to a wider range of areas. 
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