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G-Explorer: a visual exploration and analysis
method of subgraph in complex network based on
graph embedding

QINGHUI ZHANG, Y1 CHEN*, MENGLU ZHANG, AND ZELI GUAN

As the scale and complexity of networks increase, the mining and
analysis of subgraphs in complex network faces great challenges.
Graph embedding technique can transform the high-dimensional
massive subgraph data into low-dimensional computable embed-
ding vectors while preserving the structural features of subgraphs.
In this paper, a graph embedding-based visual exploration and
analysis method, G-Explorer, is proposed to help users analyze
selected subgraphs from multiple perspectives. The method first
constructs a vector representation of the nodes using struc2vec,
and then clusters the vectorized nodes to form subgraphs using K-
Means. A new visualization design, Force-Radar, is also proposed,
in which radar plots reflecting the characteristics of subgraphs are
used as nodes and the associations between subgraphs are used as
edges to form an overview of the whole network. Detailed infor-
mation about the selected subgraph is presented in multiple auxil-
iary views through interaction. The method was applied to analyze
the association network of food inspection data for exploring the
high-risk foods and hazards. The experimental results illustrate the
effectiveness of the G-Explorer method.

1. Introduction

Most entities in the real world are not independent of each other, and they
are constructed in different ways into different graphs also known as net-
works, such as social network, literature mutual citation network, protein
network, etc. There are different patterns in different networks [1]. However,
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due to the complex relationship between nodes in the network, the explo-
ration of the network needs to consume a lot of computing resources and
storage resources. The graph embedding [2] technology tackles this challenge
well, it captures the relationship between nodes by the distances between
nodes in the vector space, and the topological and structural characteristics
of a node are encoded into its embedding vector, so that the approach of
machine learning can be applied to graph analysis.

The purpose of mining the different patterns in the graph is to find the
interesting subgraphs in the network. By discovering subgraph patterns in
different networks, it can effectively help people explore various events. For
example, the frequent subgraph in the protein network may be a functional
component of the protein. By exploring the frequent subgraph in the protein
network, it can provide a basis for predicting the function of unknown pro-
teins. Using visualization and visual analysis technology to explore complex
networks can make users understand data better.

Excessive residues of food hazards, such as pesticide residues and heavy
metal residues, threaten people health. In order to prevent unqualified food
entering the market, the regulatory authority will conduct sampling inspec-
tion on the food regularly to determine whether there are excessive residues.
They can find out the high-risk foods and high-risk hazards for supporting
early warning of food safety. However, due to the variety and complexity of
food safety data, this analysis task is extremely difficult. In addition, the
existing exploration methods for high-risk foods and high-risk hazards are
to compare detection results with the maximum limit of hazards, without
considering the correlation between foods, so as to find potentially risky
foods and hazardous substances.

Visualization techniques have been widely used in food safety analysis [3]
and anomaly detection [4]. In this paper, we propose a new visual method,
Force-Rader, which helps to explore the structural features of subgraphs
and the associations between subgraphs. And we construct a food associa-
tion network with food as nodes and whether the same hazards are detected
in two foods as edges. The high-dimensional food network data is vector-
ized by graph embedding technique and the embedded vectors are clustered
into subgraphs of different food products. We also designed a multi-view
collaborative visual analysis method, G-Explorer, in order to get a better
exploration of food network subgraphs. The system’s multiple views, includ-
ing the views of Force-Radar, ThemeRiver, Wordle, etc, to help researchers
explore the structural features of food network subgraphs and mine the food
network for high-risk hazards and their characteristic through practical in-
teractions. In summary, the main contributions of this paper are as follows:
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(1) A new visual design is proposed, called Force-Radar, which shows the
network metrics and the relationship between each subgraph.

(2) A food network is constructed, researchers may identify associations
between food and commonly detected hazards.

(3) A visualization system, G-Explorer, is designed and implemented. It can
analyze networks by visualizing and exploring the structural features of
subgraph. The system is applied to the food network we constructed
and found that G-Explorer can uncover potential high-risk foods and
their hazards, verifying G-Explorer’s effectiveness and usability.
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Figure 1: The visualization illustrates an example of using our proposed G-
Explorer to explore subgraph. (a) a view to show the result of node embed-
ding; (b) a radar map for comparing the network metrics of each subgraph;
(c) an overview of the entire structure of the network, called Force-Radar;
(d) a node-link view to visualize the subgraphs structure; (e) a wordle view
to show the key words of food names; (f) a pie chart is used to show the
percentage of different level of hazards in foods; (g) a theme river view to
show the detection frequency and the level of hazards in foods at different
times; (h) a bar chart to show the food frequency of hazards in different
hazardous level; and (i) the table is used to display detailed information
about food data.
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2. Related work

In this paper, we propose a graph exploration approach based on graph em-
bedding. Thus, we review research work in the areas of and graph exploration
and graph embedding.

2.1. Graph embedding

Graph embedding is one of the approaches of graph representation, which
represent the nodes in the network (graph) as vectors. According to the
different types of graphs, it can be divided into the representation approach
of homogeneous graph and heterogeneous graph.

Inspired by word2vec [5], graph embedding algorithm Deepwalk [6] was
proposed in 2014. This algorithm first uses a random walk to randomly select
the starting point in the graph, generates a random sequence as a training
sample, then inputs the random sequence into the SkipGram model [5] for
training, and finally outputs the nodes representation in the form of vectors.
Since then, many improved algorithms based on Deepwalk have been pro-
posed. Node2vec [7] realized depth-first and breadth-first random walk for
graph training sample collection. Struc2vec [8] captures the structural role
proximity of nodes according to the neighbors information of different dis-
tances. Tang et al. [9] proposed a graph embedding representation approach
considering first-order proximity and second-order proximity. In addition to
the vectorized representation of nodes, Narayanan et al. also realized the
vectorized representation of subgraphs and the entire graph [10, 11]. All
above are graph embedding approaches for homogeneous graph.

In 2017, Dong et al. [12] first proposed the graph embedding models
of heterogeneous graph, metapath2vce and metapath2vec++, which respec-
tively proposed a meta-path-based random walk considering node and link
types, and a SkipGram model considering node and link types. In the same
year, the HIN2Vec proposed by Fu et al. [13] carried out vector representa-
tion of nodes and edges in the graph respectively. Shi et al. [14] also applied
the heterogeneous graph embedding approach to the recommendation sys-
tem.

2.2. Graph exploration

As an important tool for information transmission, graph can be explored
in two ways: top-down and bottom-up.
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Top-down techniques allow users to have an overview of data and then
explore the subgraphs of interest. It can be realized by graph filtering [15],
node clustering [16], edge bunding [17] and other technologies [18]. For ex-
ample, Zinsmaier et al. [19] simplified the entire network into a heat map
based on the density of network nodes, and visualized the network contour.
Yoghourdjian et al. [20] proposed an approach called Graph Thumbnails,
which visualizes the hierarchical structure of Graph data in the form of
thumbnails.

Bottom-up graph exploration techniques are goal oriented, such as nodes
and subgraphs. Pienta et al. [21] proposed VIGOR to explore subgraphs con-
structed by authors, papers and conferences in different fields. By querying,
the qualified subgraphs are mapped to a two-dimensional plane in the form
of a scatter graph. Graphicle [22] used the technique of combining matrix
and node-link graph to realize a unit visualization approach that supports
large-scale, multivariate relational data, and considered both attribute and
structure exploration. In addition, there are graph exploration tools, which
combines the two technologies, visualizes the explored subgraphs in the
overview. Yan et al. [23] proposed a visual exploration system which provides
some frequent subgraphs extracted from the whole graph, and the relation-
ship between them. Chen et al. [24] proposed a structure-based suggestive
exploration approach to support effective exploration of large networks by
suggesting appropriate structures upon user request. Our approach is sim-
ilar to Chen’s, and his work has well verified the advantage of using graph
embedding for graph exploration. However, his goal is to mine subgraphs
with specific structures from large graphs, while our analysis goal is to clus-
ter food nodes with the proximity of structured roles together to form a
subgraph, and analyze the differences among different subgraphs.

3. Overview of G-Explorer

The main purpose of this paper is to explore the different subgraph struc-
tures and their relationships in the network and to further analyze the node
attributes in the subgraphs of different structures. We first extended five
network metrics to measure the structure of the subgraphs. Then we used
network metrics to represent the structure of different subgraphs and vi-
sualize their relationships. Finally, the node attributes in subgraphs with
different structures were analysed.

As shown in Fig. 2, our workflow can be summarized in the following
three steps: (1) The network nodes were vectorized by graph embedding
technology, in which the vectorized nodes should preserve the structural
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role proximity of nodes. We chose Struc2vec [8] to vectorize network nodes;
(2) We used t-SNE [25] to reduce the dimensionality of vectorized nodes
and visualized them as a scatter plot to provide support for setting the
number of subgraphs K-means [26] was adopted to cluster the vectorized
nodes into different subgraph sets. A novel visual design called Force-Radar
was proposed, which uses a node-link layout to connect the radar maps,
where the radar maps show features about the structure of subgraphs. The
structural features of each subgraph were drawn into a separate radar map
to compare the differences of the structural features of each subgraph; (3)
Then we used some auxiliary views which can help users to explore the
details of the subgraph.

According to the above workflow, the structure features of each sub-
graph, the attributes of network nodes and the relationship between sub-
graphs can be analyzed effectively.

Graph embedding Visual Interface Auxiliary views
O Node-link view
ood network
Struc2vec .
l " i ]
... .. Scatter view
EEE-EE Kemeas
R Force-Radar Theme river
... .. . . View view
Representations

Figure 2: An overview of G-Explorer. First, the network nodes are vectorized.
Then, the nodes are clustered into different subgraphs, and the structure
features of the subgraphs are displayed. Finally, some auxiliary views are
used to explore the details of the subgraphs.

4. Network structure explorer

There are different structures in different types of networks. The importance
of nodes varies when we handle the different problems [27]. In order to
explore the structure of network, we selected five node metrics (the ranking
metrics of nodes’ importance) and extended them to measures the network
structure which we called network metrics.
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In order to introduce the five node metrics clearly, we define the graph
as G = (V, E) where V. = (vy1,...,v,) represents the set of nodes, F =
(é1,...,em) represents the set of edges, n and m represent the number of
nodes and edges respectively.

Definition 1 (Degree centrality). Degree centrality [28] reflects the impor-
tance of the node from the number of neighbors. That can be defined as

(1)

(1) DC(i) =

where n is the number of nodes in the network, and k; is the number of
neighbor points of node v;.

Definition 2 (Closeness centrality). Closeness centrality [29] is the average
distance between the current node and other nodes. The greater the average
distance is, the more difficult the node is to spread information in the entire
network, and vice versa. That can be defined as (2)

n—1
> iz dij

where n represents the number of nodes, and d;; represents the distance
between node v; and node v;.

(2) co@) =

Definition 3 (Betweenness centrality). Betweenness centrality [30] is de-
termined by the number of shortest paths through a node. It reflects the
importance of the node as a medium in the entire process of network trans-
mission. That can be defined as (3)

%
(3) BCG)= Y. %
ittt st 9%

where gg is the number of all shortest paths from node vs to node v;, and

g% is the number of shortest paths through node v; in the shortest paths
from node v to node v;.

Definition 4 (Average nearest-neighbor degree). Average Nearest-Neighbor
Degree Average nearestneighbor degree [31] is mainly used to measure the
correlation between nodes and can be defined as (4)

. N
(4) ANND(i) = % 3 ayd;
1 ]:1
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where d; and d; represent the degree of node ¢ and node j respectively, N
represents the total number of neighbor nodes of node ¢, and a;; represents
the weight between the two nodes.

Definition 5 (PageRank). PageRank [32] algorithm was proposed to solve
the challenge of web page ranking, and was later applied to many fields,
such as food safety [33]. That can be defined as (5)

" PRi(t—1
(5) PR;(t) = Zaij#
j=1 j

where k9" is the out-degree of node v;, and a;; represents the elements of
the ¢ row and the j column in the adjacency matrix of the graph. Different
from the evaluation approach of node importance, this paper mainly con-
siders different subgraphs and their relationships in complex networks, so
we extend the measurement of node to network. We defined five network
metrics to measure the structure of subgraphs in the food network, named
GDC, GCC, GBC, GPR, and GANN D, where extend from DC 1, CC 2,
BC 3, PR 5, and ANND 4 respectively. GDC can be defined as (6)

" DC(3)
N

(6) GDC (9i) =
1=1

where g; represents a subgraph, n represents the total number of nodes in the
subgraph, N represents the number of nodes in the entire graph and DC'(%)
the degree centrality of node v;. It reflects the average degree centrality of
the nodes in the subgraph.

The definition of the other four network metrics follows this principle. We
calculated the five metrics for all the nodes in the network, and calculated
the average after summation respectively, that is what we defined network
metrics.

The reason why we chose these five metrics and expanded them is that
after our analysis, these five metrics are more suitable for analyzing the food
network. Other different network metrics can also be selected for networks
with different features.

5. Visual exploration

This paper proposed a general approach G-Explorer for exploring subgraphs
in network and their relationships, as shown in Fig. 1(a—d). To explore the
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food network, we also added a series of auxiliary views as shown in Fig. 1(e—
i). This section discusses only the visual design of G-Explorer.

5.1. Embedding view

We visualized the embedding results to provide support for setting a rea-
sonable K (the number of subgraphs).

In order to mine the subgraphs with different structures in the graph,
this study adopts the Struc2vec [8] that can capture the structural role prox-
imity of nodes to vectorize the nodes in the network. In order to intuitively
quantity the node relationship, we introduce a reasonable K value which
defines the number of subgraphs (radar map) for better display. We used
t-SNE [25] which is a simple and effective approach to reduce the dimen-
sion of the embedding results to two dimensions. Then we displayed it in the
scatter graph as shown in the Fig. 1(a) and the red cluster can be considered
as a subgraph.

Although there is information loss in the process of dimension reduction,
it can still provide guidance for setting the number of subgraphs.

5.2. Radar view

In order to show the differences of the network metrics in each subgraph,
we used radar map to visualize the differences among subgraphs.

By distinguishing the proximities and differences between different sub-
graphs, users can find the different subgraphs they want to compare. As
shown in Fig. 1(b), there are five dimensions on the radar map: GDC,
GCC, GBC, GPR, and GANN D. By reasonable color collocation [34], the
structure features of different subgraphs can be displayed, and the network
metrics of interested subgraphs can be compared in detail by legend filtering.
The advantage of using radar map is that it can comprehensively analyze
multiple metrics and has the advantages of integrity, clarity and intuition.

5.3. Force-radar view

In order to give users an overview of the network, a novel visual design called
Force-Radar was designed in this study.

Struc2vec [8] was used to vectorize nodes in the network, and nodes
were clustered into K subgraphs according to their similar structural roles.
Considering that our users are non-computer professionals, and the main
parameter that K-means needs to adjust is just the number of clusters K
that is easy to operate. Moreover k-means has the advantages of simple
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Figure 3: Two structural glyph design alternatives representing subgraphs.

implementation, high time efficiency, fast convergence, etc. Therefore, under
the guidance of embedding view (Fig. 1(a)), the nodes were clustered into
K sets through K-means. The network metrics of each subgraph are shown
by radar map, and the relation between each subgraph is shown by the links
between radar map.

Each subgraph was abstracted into a radar map. If there are more nodes
in the subgraph, the radar map is larger. If the nodes in the two subgraphs
are linked, an edge is connected between the two radar maps. The width of
links between radar maps is determined by the number of links between two
subgraphs. Then the force-directed model is used to layout each radar map.
As in the previous section, each radar map has five dimensions as shown
in Fig. 1(c), and it also shows the number of nodes. This design can avoid
the excessive overlap of the radar map, and can visualize the relationship
between different subgraphs.

We also considered other two glyph design alternatives in the design pro-
cess (Fig. 3). The first design (Fig. 3(a)) used radial bar charts with different
colors to encode the size of different network metrics. However, it is difficult
to compare the same networks metrics of different subgraphs. The second
design (Fig. 3(b)) used a radar map to encode different network metrics, but
the shaded part of the radar map also makes the entire visualization look
unclean.

5.4. Node-link view

To show the structure of the subgraphs, we used the node-link graph to
display the subgraphs in detail, as shown in the Fig. 1(d). The more edges a
node connects, the bigger it is. In addition, the information represented by
the node can be further displayed by selecting the node of interest.
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6. Case study

In order to evaluate the effectiveness of G-Explorer, we built food network
and applied our approach to food network analysis and answered two real-
world questions raised food safety experts. (1) The network metrics of dif-
ferent subgraphs are different, so whether they can provide a basis for the
exploration of high-risk foods and the high-risk hazardous substances. (2)
Whether the attributes of the network in the subgraph with proximal net-
work metrics are proximal or not, and whether it is helpful for the analysis
of hazardous substances in food.

6.1. Dataset

Our dataset contains 1571 kinds of meat products, 47 kinds of hazards, a
total of 31849 row data, and the dates of manufacture are distributed from
January 2017 to December 2018. The data attributes used in this study
include: food name, date of manufacture, hazards, maximum residue limit
(MRL) in food and determination results of hazardous level. The level of
hazard in food is divided into five levels, which can be defined as

;

L1 p<MRL
L2 MRL <p<2MRL
(7) Level(p) = ¢ L3 2MRL < p <3MRL

L4 3MRL <p<4MRL
L5 p>4MRL

where p represents the value of hazards, M RL represents value of maximum
residue limit, and L1 represents the hazardous level of one.

In order to analyze the hazards in foods with high level hazard, we
only consider the detection data with hazardous level greater than L1. After
screening, our detection data contains 23 kinds of hazards, 938 kinds of
food, a total of 1098 pieces of data. In order to make the nodes correspond
to the food one by one, we combine the same food in the detection data. For
example, if the level of lead hazard detected from beef A is L2, and the level
of lead hazard detected from beef B is L4, then we think that the hazardous
level of lead in Beef is L3. Beef A and beef B are the same kind of food,
which are represented by a node in the food network. This is a method of
calculating the average (rounding).

Taking food as the node, if there is the same hazard between food, an
edge is connected between two nodes. As shown in Fig. 4. The nodes with
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Figure 4: Food network construction approach. The nodes of different colors
represent different kinds of foods, and the edges of different colors represent
different hazards.

different colors represent the different foods, and the edges with different
colors represent different hazards. In this way, we construct a food network
with 938 nodes and 105012 edges.

Food network can be used to analyze the correlation between foods.
The network metrics mentioned in section 4 can be used as examples. High
degree centrality indicates that there are many kinds of hazards in the food
represented by this node or the node has a common hazard with many kinds
of food. The closeness centrality reflects the similarity between foods. It is
helpful for hazard analysis in similar food. If the node is connected to a
number of densely linked node clusters (with high betweenness centrality),
it indicates that the food has a large number of potential risks of a variety
of hazards. Average nearest-neighbor degree shows that the food is closely
related to high-risk food or hazardous substances, which is also worthy of
our attention. PageRank can analyze the central node of the food network
and the meaningful structure around it.

6.2. Specific example

In order to show the attributes of food network, we selected five auxiliary
views, as shown in Fig. 1(e—i). Wordle is used to show the key words of
food names. Pie chart is used to show the percentage of hazardous levels of
hazards in foods. Bar char is used to count the hazardous level of each haz-
ards. Theme river view is used to showthe level of food hazards in different
months. Table is used to show the foods data.

Guided by the embedding view (Fig. 1(a)), we set K to 10 (network clus-
tering into 10 subgraphs) to get an overview of the food network. Fig. 1(b)
can be used to compare the network metrics of each subgraph. Through
Fig. 1(c), we can intuitively analyze the subgraphs in the food network. For
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Figure 5: A visual display of the attributes of the food network subgraph
with id7.

example, the subgraph idl has the largest number of foods and has many
connections with other subgraphs. The connection between subgraph id3 and
other subgraphs is the least. In subgraph id2 and subgraph id8, there were
the most foods with the same hazards. Fig. 1(d) can intuitively understand
the network structure. Then we try to answer the two questions.

In order to answer the first question, we select two subgraphs (id7
and id8) with the largest difference in network metrics from 10 subgraphs.
Then we analyze the two subgraphs through the auxiliary views.

We select two subgraphs (id7 and id8) with the largest difference in
network metrics, and use auxiliary views to show their network attributes
as shown in Fig. 5 and Fig. 6.

It is easy to see that the harm of high hazard in the subgraph id8 is
greater than that in the subgraph id7. There are also great differences in the
structure of the two subgraphs, id8 is a connected graph and id7’s network
is composed of five parts as shown in Fig. 5(a) and Fig. 6(a). The subgraph
id7 represents is a network constructed by 45 kinds of food as nodes and 5
kinds of hazards as edges, while id8 is a network constructed by 37 kinds of
food as nodes and 7 kinds of hazards as edges.

Through the analysis of the nodes attributes of the subgraph id7, we
found that in this subgraph, the hazardous level of the food is generally
high, and almost half of the food with hazardous level of 5, as shown in
Fig. 5(c). And we found that the hazards in the four connected subgraphs
with the lowest number of nodes all had a hazardous level of L5 in the
food. In addition, there are altogether five food hazards in this subgraph,
and according to four of them, the hazardous level of the food is all L5,
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Figure 6: A visual display of the attributes of the food network subgraph
with id8.

as shown in Fig. 5(e). In other words, the four subgraphs with the least
nodes in id7 are connected by these four hazards. We conclude that the
hazards included in this subgraph are high-risk and have been confirmed by
food safety experts. It is worth noting that the end of the theme river view,
which represents the level of food hazards and the amount of food hazards,
tends to get larger. It suggests that in the future there may be more cases
of substandard food being detected.

Then we analyze the subgraph id8. Through the auxiliary view, we found
that the food in this subgraph had a relatively low hazardous level be de-
tected. Foods with a hazardous level of 5 were detected only in April 2018,
as shown in Fig. 6(d). However, we find from Fig. 6(a) that the nodes in
the node-link graph are relatively large (there are many connections among
nodes). After selecting some nodes and analyzing them, we find that a va-
riety of hazardous substances have been detected in the food corresponding
to each node, as shown in Fig. 6(f). We can infer that the food in this sub-
graph is high-risk food, and the food safety experts also believe that these
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Figure 7: Visualization of the largest and smallest differences in network
metrics.

foods need to be strictly monitored. Because the food name contains some
trademark information, we do not show the name of the food here, but count
all the food and extract their keywords. From the wordle view, we can see
that the keywords extracted from the food names contain not only the in-
formation of the food ingredients but also some geographical information.

In order to answer the second question, we want to select two
subgraphs with the largest proximity. However, there are three subgraphs
with very proximal network metrics (id0, id2 and id6), as shown in Fig. 7.
Here, the subgraphs represented by id0, id2 and id6 are analyzed as shown
in Fig. 8.

Through the analysis, we find that these three subgraphs are very dense
connected graph and contain a lot of nodes. The subgraph represented by id0
consists of 141 kinds of food and 4 kinds of hazards, the subgraph represented
by id2 consists of 133 kinds of food and 2 kinds of hazards, and the subgraph
represented by id6 consists of 80 kinds of food and 1 kind of hazard.

We found that there is only one kind of hazardous substances be de-
tected in the food subgraph represented by id6, which proves that id6 is a
complete graph, while the food subgraphs represented by id0 and id2 are
not complete graphs, but their edges are mainly composed of one kind of
hazardous substances. We can infer that these hazardous substances exist in
specific food or only the hazardous substances in the subgraph are detected
in these foods frequently. We should remind the supervision organizations
to strictly control the use of such hazardous substances in these foods.

From the perspective of food hazardous level, the food hazardous level
in these three subgraphs is concentrated in 2 and 3, and there is no food
with a particularly high hazardous level. It is a helpful for the supervision
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Figure 8: The types and quantities of hazards detected in the food subgraphs
represented by 1d0, id2 and id6 are shown by (a), (b) and (c) respectively,
and the network structure views are shown by (d), (e) and (f) respectively.

organizations to have a judgment on the current safety environment of food.
Therefore, we have reason to believe that the hazards in these two subgraphs
have low-risk levels in these foods. Food safety experts agree with us very
much.

In order to answer the two questions raised by food safety experts, we
designed two groups of experiments respectively to analyze the performance
of subgraph network metrics in the food network. It is proved by examples
that according to the differences of network metrics of different subgraphs,
users can find high-risk food and high-risk hazards. When the network met-
rics of the subgraphs is proximately, their structures are also proximately,
and some properties of the contained food are proximal too, which can help
users analyze the harmful substances in foods.

7. Discussion

Advantages. Our approach uses the graph embedding to vectorize the
nodes in the network, so the topological relation between nodes in the
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network is transferred to the distance information in the high-dimensional
space, which avoids the time and storage resources spent in searching the
graph in the traditional approach. In the process of exploring the subgraph
in the network, we first abstract the subgraph into a radar map, and express
the relationship between the subgraphs by the relation between the radar
maps. In addition, we also plot the structure feature of the subgraphs on
the radar maps to avoid the visual clutter caused by the complex network.
Presenting a complex network in the form of an overview can effectively help
users grasp the structure of the entire network. We constructed food network
and our approach is applied in food network analysis, which can help users
explore potential relationships between foods from the perspective of graph
analysis, and find high-risk foods and hazards.

Limitations. Our approach needs to manually determine the number
of clusters, and the setting of the number of clusters has a great impact on
the effectiveness of network exploration, which is unfriendly to users. We
use the node-link graph to show the structure of the subgraphs, but when
the size of the edges in the subgraph is very large, it is difficult to visualize
the specific structure of the subgraph.

Future works. The approach of network node vectorization in this work
is based on homogeneous graph, only the information between nodes was
preserved, and the influence of different types of edges on node vectorization
is not considered. In the future works, we will consider the influence of
different types of edges on the network. In addition, we will also explore how
to automatically set the number of clusters to make our system more user-
friendly and we will also explore the structural composition of the subgraph.
Finally, we hope to apply our approach to more fields.

8. Conclusion

In this paper, we design a general approach to visualize the structure of sub-
graphs and study the relationship between subgraphs of complex networks.
Firstly, the network nodes are vectorized by graph embedding technology,
and then the nodes are clustered into several subgraphs based on the prox-
imity of structured roles. Radar map is used to represent the subgraph after
clustering, and five networks metrics which we defined to measure the prox-
imity of graph structure are displayed on radar map. In order to prove the
effectiveness of our approach, we constructed a food network with food as the
node and same hazards among foods as the edge. We proposed G-Explorer
to analyze the food network and proved the effectiveness of the approach by
answering two questions from experts in the field of food safety.
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