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Abstract. With the development of industrialization rapidly, vehicles have
become an important part of people’s life. However, transportation system is
becoming more and more complicated. The core problem of the complicated
transportation system is how to avoid hotspots. In this paper, we present a graph
model based on a multi-dimension weighted graph for path planning with
avoiding hotspots. Firstly, we extend one-dimension weighted graphs to
multi-dimension weighted graphs where multi-dimension weights are used to
characterize more features of transportation. Secondly, we develop a framework
equipped with many aggregate functions for transforming multi-dimension
weighted graphs into one-dimension weighted graphs in order to converse the
path planning of multi-dimension weighted graphs into the shortest path prob-
lem of one-dimension weighted graphs. Finally, we implement our proposed
framework and evaluate our system in some necessary practical examples. The
experiment shows that our approach can provide “optimal” paths under the
consideration of avoiding hotspots.

Keywords: Path planning � Avoiding hotspots � Multi-dimension weighted
graph � Shortest path problem

1 Introduction

1.1 Path Planning

Path planning is a sequential algorithm based on existing nodes, edges and weights
according to a certain method. These nodes, edges and weights are data in graph model,
which can represent different things in different situations, such as obstacles, hotspots
and so on. Path planning technology has been applied extensively in many domains
since it was proposed [1]. There are plenty of applications in frontier domains: route
planning of unmanned aerial vehicles, robot path planning and space path planning of
rocket launch. This technology not only speeds up the progress in frontier domains, but
also becomes an integral part of our daily life [12]. For example, GPS navigation helps

© Springer Nature Singapore Pte Ltd. 2016
H. Chen et al. (Eds.): CCKS 2016, CCIS 650, pp. 15–26, 2016.
DOI: 10.1007/978-981-10-3168-7_2



us plan path while we are driving. The application of the technology in business and
management domain is logistics, that is, resources dispatch in a reasonable way. Gen-
erally speaking, the problems which can be translated into graph models can be trans-
lated into nodes, edges and weights, and we can use path planning to solve them [2].

1.2 Avoiding Hotspots

Avoiding hotspots is a way to use existing data to deal with hotspots, thus making the
overall planning immune to the effects of hotspots. Avoiding hotspots is not elimi-
nating hotspots. What we avoid is the effect and damage caused by hotspots. That is to
reduce the occurrence probability of hotspots. Therefore, avoiding hotspots can be used
in path planning, especially vehicle routing problem.

Vehicle routing problem (VRP) was proposed firstly in 1959. It means a distri-
bution center which provides different numbers of cargoes to a certain number of
customers in a city or an area. The most important part is to plan an optimal path, the
goal of which is to reach the highest economic benefit under the precondition that the
requirements of customers must be met. There are some requirements in path planning
such as the shortest path, the shortest time or the least oil consumption.

The loss is not only in economy, but also in environment. Fuel consumption causes
air pollution. Traffic jam happens frequently in our daily life. The probability of traffic
accidents is still rising. Thus, it is of great importance to avoid hotspots.

1.3 Related Works

Since the weighted graph was proposed, plenty of applications have been generated.
After researching the current situation of path query of weighted graph, we reach some
conclusions as follows: [3] proposes a new optimal route search model for public
transit based on directed weighted graph. This model cannot only allow users to set
their ideal maximum walking distance, but also meet the requirements of personalized
query by using the flexible weighting graph method, especially the strong expression
ability for multi-object query. Fire brigades are always required to reach the field of fire
in the shortest time. Therefore, selecting the appropriate path can effectively reduce the
loss of casualties and property. [4] establishes a model of multi-stage weighted directed
graph aimed at this problem. Multi-stage weighted directed graph is a common graph,
which can translate a lot of practical matters, such as transportation, engineering, and
management, into the shortest path problem. [5] establishes a general weighted graph
for transportation. It is a math model which combines network analysis and linear
programming theory. This model solves the practical matter caused by network com-
plexity, path diversity and load capacity.

There is a query of weighted graph based on regular expression in [6]. The author
characterizes the query of weighted graph and proposes the algorithm. This query can
be embedded effectively in XML query language. [7] proposes a query of weighted
regular expression. This query can allow users to define priority of weight and be
connected naturally with link information of quantitative database. The authors also
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propose a distribution algorithm to calculate this query. This algorithm can also solve
the multi-source shortest path problem in case that we do not know the complete graph.
In order to query and analyze graph database by the method of aggregate function and
order, [8] extends a previous graph query language. This language can support query
probability graph in that way. [13] presents a SPARQL-based querying language
named pSPARQL for probabilistic RDF graphs.

We can see that there is a preliminary study on weighted graph from the research
above. Not only the language is of normalization and flexibility, but also the algorithm
for the weighted graph is of efficiency. However, there is still something that can be
extended in the weighted graph to make it more effective than previous ones. We can
see that the previous studies on weighted graph only focus on one-dimension weight,
while the traffic environment is complex in the real world, which means one-dimension
weight cannot describe the information exactly. As we know, many cases are com-
posed of factors influenced with each other. Therefore, it is unreasonable to calculate
weighted graph with one-dimension weight.

We can also see from the research on related works that the weighted graph systems
can not meet all the requirements of customers. The problems we face every day are all
in characteristics for ourselves, as a result, the previous one-dimension weighted graph
models can only solve a little part of the problem. Therefore, there is a lack of model or
an aggregate function which users can define for their own demands to solve problems.

1.4 Overview

The overview of the paper is as follows: we focus on complex traffic environment with
multi-dimension weighted graph; then we establish a model according to the specific
circumstances and requirements; and we define an aggregate function which can
translate multi-dimension weighted graph into one-dimension weighted graph; finally
we use Dijkstra algorithm, a classical path planning algorithm, to solve the problem and
propose a good plan.

The overall structure of this paper is as follows: Sect. 1 mainly introduces the
related work, the lack of them, and how we deal with the lack through our innovations
of this paper; Sect. 2 introduces related concept of graph; Sect. 3 introduces the
multi-dimension weighted graph and the aggregate function; Sect. 4 simulates a
specific case, then we show how to use our method to solve it; Sect. 5 shows the whole
framework, related experience and the efficiency of this framework; Sect. 6 concludes
this paper and the future work.

2 Graph

2.1 Basic Definitions

Graph is a math object to describe the relationship among objects. Assume graph G is
an ordered two tuple V ;Eð Þ, and V represents a set of vertices, then we can use VðGÞ to
represent a set of nodes; E represents a set of edges. Similarly, we can use EðGÞ to
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represent a set of edges. Note that E and V do not intersect. The elements of E are all
two tuple, which are noted by (x; y), and x; y 2 V [9].

Path is a sequence from one node to another. For example, assume that a path P is
v0, ðe1; v1; e2; v2; . . .; ek; vkÞ and the length of this path is k. There is a pair ðvi�1; viÞ,
which is an edge from vi�1 to vi. If the starting node and the ending node is the same,
then we say this path is close. Otherwise, we say it is open.

Graphic model is a structure model, whose function is to describe a system.
Constituted by nodes and edges, it can represent everything in the real world, so it can
be used to describe the relationship among all objects. Therefore, a graphic model is a
good tool for modeling, and it proposes a good way to deal with complex systems.

2.2 Directed Graph

Directed graph is a subclass of graph. Every edge is directed in directed graph. Directed
graph is an ordered pair. Assume there is a directed graph D, and the ordered pair is
V ;Eð Þ. Then V is a nonempty set constituted by nodes of D. The elements in V are
vertexes. E is a set of edges of D constituted by V .

Every element in the edge of directed graph is an ordered pair. Assume that an
ordered pair is \u; v[ in directed graph D, which we say is a directed edge. u
represents the starting node of the edge, while v represents the ending node of the edge.
Therefore, \ui; vi [ and \vi; ui [ represent two different edges.

2.3 Undirected Graph

Undirected graph is a subclass of graph, however, different from directed graph. Every
edge in undirected graph is undirected, and it is represented by unordered pair. Assume
that an undirected graph G ¼ \V ;E[ . V is a nonempty set constituted by nodes.
E is a set of unordered two tuple constituted by the elements in V , and it is a set of
edges. Intuitively, if all edges in a graph are undirected, then the graph is undirected.
Unordered pair is usually noted by round brackets. Contrary to directed graph, there are
no starting node s and ending node s in undirected graph. That is, the two unordered
pairs ðvi; vjÞ and ðvj; viÞ present the same edge.

2.4 Weighted Graph

Weighted graph is also a subclass of graph, but it is different from the previous two
graphs for the reason that every edge in weighted graph is assigned with a value. This
value is the weight of this edge. Weight can take a certain value to represent other
objects, such as cost, probability and so on. Broadly speaking, weight in the weighted
graph is usually single.

Assume there is a weighted graph G ¼ \V ;E;W [ . V is a nonempty set con-
stituted by nodes, then it is a set of nodes of G. E is a set of two tuple constituted by the
elements in V , then it is a set of edges. W represents weight. If E is constituted by a set
of unordered two tuples, then the weighted graph G is an undirected weighted graph.
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Otherwise, it is directed weighted graph. The study of this paper focuses on undirected
weighted graph.

3 Extension of Weighted Graph

We can see that there is usually a single weight in weighted graph from the previous
research. However, objects are usually affected by more than one factor in the real
world. For example, when a user needs a path to reach the destination in the shortest
time, we should consider about the length, the probability of traffic jam and the degree
of traffic jam. Not only that, different people will have different requirements for the
problem of path planning. Some people need the shortest time to reach the destination,
while some people need the shortest length to reach there. Therefore, faced with many
different requirements, we cannot use the single weight to solve those problems, but
need to define a multi-dimension weighted graph to create different models to solve
different practical problems.

3.1 Multi-dimension Weighted Graph

Multi-dimension weighted graph is an extension of weighted graph. From the Sect. 2
we have already known that weighted graph G can be represented as follows:

G ¼ \V ;E;W [ ð1Þ

Multi-dimension weighted graph is not a single weight on every edge. Assume a
graph G1 is a multi-dimension weighted graph. Then it can be represented as follows:

G1 ¼ \V ;E; w1;w2; . . .ð Þ[ ð2Þ

Every weight in multi-dimension weighted graph is related to path planning, since the
study is based on path planning. Here shows an example based on the G1.

Assume that G1 represents a graph of probability of traffic jam. Then V represents a
set of location in a city; E, represents a set of roads; w1;w2; . . . represents a set of
attributes of the roads. In other words, they are the factors which can affect the path
planning. There are three weights w1;w2 and w3, where w1 represents the length of
every road; w2 represents the degree of traffic jam; w3 represents the probability of
traffic jam of every road.

Therefore, we can connect the related factors to solve the problem in the real world
more exactly. Then we will introduce the aggregate function f xð Þ to deal with these
weights.

3.2 Aggregate Function

Aggregate function f xð Þ can calculate several weights, and obtain the functional results.
That is, we can use aggregate functions to translate several weights into one weight.
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There are several common aggregate functions in Excel, such as addition, subtraction,
multiplication, division and averaging. For example, the addition aggregate function:

f w1;w2; . . .ð Þ ¼ w1 þw2 þ � � � ð3Þ

The common aggregate functions are too restricted, which can only calculate common
data. Users usually face difficult situations, and these aggregate functions can not deal
with them well. Therefore, we need to propose aggregate functions for users to cal-
culate special problems for their own demands. If we have the aggregate function
which is defined by ourselves, then we can translate the multi-dimension weighted
graph G1 ¼ \V ;E; w1;w2; . . .ð Þ[ into one-dimension weighted graph G ¼
\V ;E;wf [ by the aggregate function f w1;w2; . . .ð Þ, and wf ¼ f w1;w2; . . .ð Þ.

4 Application of Multi-dimension Weighted Graph

We focus on a problem of navigation based on a graph of probability of traffic jam to
introduce the two concepts proposed in the third chapter in detail.

4.1 Graph of Probability of Traffic Jam

We establish a graph of probability of traffic jam in order to solve the problem of path
planning for those people who are in emergency. This model can reduce the risk to
meet the traffic jam. This model not only has the basic information of roads and
locations, but also has the attributes which will affect the traffic jam for every road.
Graph of probability of traffic jam is a multi-dimension weighted graph. We define it as
follows:

G ¼ \V ;E; ðwl;wh;wpÞ[ ð4Þ

• V represents the locations in the city. We note A;B;C; . . . to represent them.
• E represents the roads in the city. We note a; b; c; . . . to represent them.
• (wl;wh;wp) represents three-dimension weights, where wl represents length of road.

We note L, and L 2 (0,þ1); wh represents the degree of traffic jam. We note H,
and H = {1, 2, 3} (1 represents a weak degree, 2 represents a common degree, 3
represents a strong degree); wp represents the probability of traffic jam. We note P,
and P 2 [0,1].

We study the case of traffic jam in the real world, then we define the following
aggregate function f xð Þ:

f wl;wh;wp
� � ¼ wl � ðwh � wp þ 1Þ ð5Þ

Then we use the above function to calculate the three-dimension weights to obtain the
result. We will establish a graph model to show how to obtain this result.
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4.2 Data and Results

We establish 5 nodes and 6 edges. The detail data and the graph model are as follows:

• V ¼ A;B;C;D;Ef g,
• E ¼ a; b; c; d; ef g,
• The set of three-dimension weights of the 6 edges is W = {(12, 1, 0.1), (11, 2, 0.5),

(1, 3, 0.8), (6, 2, 0.3), (15, 2, 0.2), (5, 2, 0.6)}

Figure 1 shows the graph model which stores the above data.

First, put W into the aggregate function f xð Þ, which we have defined before.
For example, wa = (12, 1, 0.1), then according to the f wl;wh;wp

� � ¼ wl�
ðwh � wp þ 1Þ, wfa ¼ 12� ð1� 0:1þ 1Þ ¼ 13:2. Then we deal with the result by
rounding to get the integer 13. After calculating the three-dimension weights by
aggregate function, we get the final wf = {13, 22, 3, 9, 21, 11}. Finally we calculate the
final result wf with Dijkstra algorithm [10] to get the final value from every node to
other nodes. Table 1 shows the case from node A to other nodes.

From the aggregate function we can see that the bigger the value is, the higher risk
to meet the traffic jam will be.

5 Experiments

5.1 Framework

We show the whole framework in our architecture [11]. First, according to the special
problems and different requirements, we establish the suitable models with the related
factors, which will affect the result in the real world. Then, consider the relationship
among these weights to define the aggregate function f w1;w2; . . .ð Þ. After that, put the

Fig. 1. The graph model

Table 1. Result of Dijkstra (A) of graph of probability of traffic jam

B C D E

13 21 32 35
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weights of multi-dimension weighted graph in the aggregate function to get the final
result of weight. This process can realize the translation from multi-dimension
weighted graph to one-dimension weighted graphs. Finally, we use the Dijkstra
algorithm to get the result which we need. Figure 2 shows the framework.

We will put some more examples to show that the model can solve a lot of practical
problems.

5.2 Efficiency

According to the graph of probability of traffic jam, we test the efficiency with the
following number data size 10, 20, 30, 40 and 50 and time the corresponding time of
program running. Then Fig. 3 shows the result of efficiency.

Fig. 2. The framework

Fig. 3. The efficiency of the framework
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From the result we can see that the slope of rising data size is bigger than the slope
of rising time consuming. Therefore, the efficiency of the model plays an important role
in the age of big data.

5.3 Graph of Traffic Accidents

We want to choose a safer path rather than the shortest path when we go to a dangerous
place. According to the traffic accidents, we define the following model:

G ¼ \V ;E; ðwl;wq;wv;wkÞ[ ð6Þ

• V represents the locations in the city. We use A, B, C, …to represent them.
• E represents the roads in the city. We note a, b, c, … to represent them.
• (wl;wq;wv;wk) represents four-dimension weights, where wl represents length of

roads, and we note L 2 (0,þ1); wq represents the traffic volume. The more the
volume is, the higher risk of accidents will be. We note q = {1, 2, 3} (1 represents a
small volume, 2 represents a middle volume, 3 represents a large volume); wv

represents the maximum speed (the faster the speed is, the more dangerous it will
be), and we note V 2 (0,þ1); wk represents the risk factor, and we note
K 2 (0,1).

According to the research of accidents, we define the following aggregate function to
deal with the four weights:

f wl;wq;wv;wk
� � ¼ wl � wq

100
� wv

1� wkð Þ ð7Þ

We still use the earlier graph to make the experiment. We establish the following data:

• V ¼ A;B;C;D;Ef g,
• E ¼ a; b; c; d; ef g,
And the set of four-dimension weights of the 6 edges is W = {(12, 1, 80, 0.1), (11, 2,
70, 0.5), (1, 3, 90, 0.8), (6, 2, 60, 0.3), (15, 2, 75, 0.2), (5, 2, 80, 0.6)}. First, put W into
the aggregate function f xð Þ. After calculating the four-dimension weights by aggregate
function, we get the final wf = {10, 30, 13, 10, 28, 20}. Finally we calculate the final
result wf with Dijkstra algorithm to get the final value from every node to other nodes.
Table 2 shows the value of risk from node A to other nodes.

According to the aggregate function we can see that the bigger the value is, the
higher risk to meet the traffic accidents will be.

Table 2. The result of Dijkstra (A) of graph of traffic accidents

B C D E

10 20 40 53
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5.4 Graph of Traffic Cost

According to the framework, we establish a model for the user who care about the
traffic cost. we define the following model:

G ¼ \V ;E; ðwl;wx;weÞ[ ð8Þ

(wl;wt;we) is three-dimension weight, where wl represents length of roads, and we note
L 2 (0,þ1); wt represents cost of consumed fuel of per kilometer, and we use
X 2 (0,þ1); wv represents the maximum speed (the faster speed, the more danger-
ous), and we use E 2 (0,þ1);

According to the research of cost, we define the following aggregate function to
deal with the three weights:

f wl;wt;weð Þ¼wl � wx þwe ð9Þ

We still use the earlier graph to make the experience. We establish the following data:

• V ¼ A;B;C;D;Ef g,
• E ¼ a; b; c; d; ef g,
• The set of three-dimension weight of the 6 edges is W = {(15, 4, 20), (11, 2, 25),

(8, 3, 15), (33, 2, 28), (15, 2, 22), (40, 2, 30)}.

First, put W into the aggregate function f xð Þ. After calculating the three-dimension
weight by aggregate function, we get the final wf ¼ 80; 47; 39; 94; 52; 110f g. Finally
we calculate the final result wf with Dijkstra algorithm to get the final value from every
node to other nodes. Table 3 shows the value of cost from node A to other nodes.

According to the aggregate function we can see that the bigger the value is, the
higher cost spending on the path will be.

5.5 Graph of Traffic Time

According to the framework, we establish a model for the user who care about the
traffic time. We define the following model:

G ¼ \V ;E; ðwl;wv;wdÞ[ ð10Þ

(wl;wv;wd) is three-dimension weight, where wl represents length of roads, and we
note L 2 (0,þ1); wv represents cost of consumed fuel of per kilometer, and we note
V 2 (0,þ1); wd represents the value of traffic jam. As we know, the traffic time is

Table 3. The result of Dijkstra (A) of graph of traffic cost

B C D E

80 52 127 166
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related to the case of traffic jam. Therefore, we will use the previous result in this
model. We note D ¼ 13; 22; 3; 9; 21; 11f g;

According to the research of cost, we define the following aggregate function to
deal with the three weights:

f ðwl;wv;wdÞ ¼ wl

wv
� wd

ðwd � 1Þ ð11Þ

We still use the previous graph to make the experience. We establish the following
data:

• V ¼ A;B;C;D;Ef g,
• E ¼ a; b; c; d; ef g,
• The set of three-dimension weights of the 6 edges is W = {(120, 40, 13), (110, 80,

22), (100, 20, 3), (60, 15, 9), (150, 70, 21), (50, 10, 11)}.

First, we put W into the aggregate function f xð Þ. After calculating the three-dimension
weights by aggregate function, we get the final wf ¼ 3; 1; 7; 4; 2; 5f g. Finally we
calculate the final result wf with Dijkstra algorithm to get the final value from every
node to other nodes. Table 4 shows the value of time from node A to other nodes.

According to the aggregate function we can see that the bigger the value is, the
higher time spending on the path will be.

6 Conclusions

Path planning is a problem which we are always researching and probing. Although the
applications of path planning are emerging in an endless stream, there is no suitable
application for general users for their personal requirements. This paper establishes a
multi-dimension weighted graph to exactly realize the simulation of the practical
problems in the real world. We put the factors which will affect each other together to
constitute the multi-dimension weighted graph, then according to the relationship
among the weights to define aggregate function, which can calculate the factors to meet
the different requirements of different users.

This paper establishes a framework by the combination of multi-dimension
weighted graphs and aggregate functions. Then we simulate a graph of probability of
traffic jam to show the process of this framework. We improve the previous related
works based on weighted graph with only one-dimension weight and imperfect
aggregate functions. Finally, we make it more suitable to solve the problem of path
planning in the real world.

Table 4. The result of Dijkstra (A) of graph of

B C D E

3 2 4 11
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We put some other examples such as the graph of traffic accidents, the graph of
traffic cost and the graph of traffic time. Intuitively, the framework can solve a lot of
problems, and it can regard the previous result as a factor in this model. We also define
the corresponding aggregate function to calculate the three examples above.

We will improve the second processing module, in which we will use another
algorithm to deal with the final weight in our future work. We hope the framework can
solve a lot of practical problems beyond the path planning.
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