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Abstract: Knowledge graph is a new method to describe concepts, instances and their relationships in the objective world. In recent years, it has attracted people's wide 
attention. Knowledge graph can effectively expand the breadth of search results. At present, in the field of internal control of colleges and universities, the key word search 
technology is mainly used to retrieve relevant knowledge content. It is difficult to retrieve information by using the relation between objects. Therefore, this paper first proposes 
a knowledge graph construction method for internal control in universities, through which the knowledge graph of internal control policy in universities can be constructed. 
Then, this paper proposes a knowledge inference method based on inference rules, which USES the knowledge hidden in the knowledge graph of internal control policy to 
realize intelligent data retrieval. Finally, the CiteSpace software is used to realize the visualization display in the field of internal control in universities and realize the 
construction of internal control knowledge graph and visualization research. The system can effectively utilize the relationship between knowledge objects of internal control 
and give full play to the value of information resources of internal control. 
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1 INTRODUCTION 
 

As an important part of administrative institutions, 
colleges and universities shoulder important 
responsibilities such as scientific and technological 
innovation, personnel training, social services and cultural 
inheritance. At present, colleges and universities have 
entered a period of rapid development. Colleges and 
universities are not only expanding in size, but also 
diversifying their revenues and expenditures. With the 
increasing complexity of economic activities, colleges and 
universities have become increasingly large public welfare 
socialized organizations, and the corresponding 
management risks are also increasing. However, the level 
and mode of internal control of colleges and universities 
are far behind the expansion of the scale of colleges and 
universities. Although the internal control of enterprises 
has achieved long-term development, the internal control 
of administrative institutions, especially colleges and 
universities, is neglected to study and promote. Therefore, 
administrative institutions have not been given enough 
attention. Among them, the internal control knowledge and 
the internal control policy involve a lot of knowledge, with 
a wide range of aspects and a deep content, which leads to 
the university administrators' insufficient in-depth and 
thorough grasp of the internal control knowledge of 
universities, so the implementation of internal control lacks 
theoretical support [1]. This is an important reason why the 
internal control of administrative institutions is not valued. 
How to enable university managers to learn internal control 
knowledge efficiently has become the focus of researchers 
in this field. 

In 2012, Google first proposed the concept of 
knowledge graph and successfully applied it to semantic 
search, which greatly improved the quality of search 
results. A knowledge graph is essentially a knowledge base 
called the semantic web. It can be expressed as a 
knowledge base with a directed graph structure, where the 
nodes of the graph represent instances or concepts, and the 
edges of the graph represent various semantic relationships 
between instances/concepts. Knowledge graph provides a 
way for people to better organize, manage, and understand 
huge amounts of information. At the same time, knowledge 

graph has also become the foundation of knowledge 
retrieval, intelligent question answering, personalized 
recommendation and other applications. Knowledge graph 
technology is applied to internal control in universities. 
The knowledge graph of university internal control 
constructed by using the object data of internal control 
policy documents can make use of the correlation between 
the objects of university internal control to expand the 
scope of the retrieval results. Aiming at the data of internal 
control objects in colleges and universities, this paper 
proposes a method to construct the knowledge graph of 
internal control information in colleges and universities. 
On this basis, knowledge inference based on inference 
rules is implemented to further explore the knowledge 
hidden in the knowledge graph of internal control 
information in colleges and universities. Finally, the above 
technology is applied to the knowledge graph construction 
and visualization application of internal control 
information in colleges and universities to realize the 
intelligent retrieval and recommendation of internal 
control information in colleges and universities. 

As an important research method of information 
science and scientific metrics, graph of scientific 
knowledge has been extended to other fields due to its 
unique advantages. Scientific knowledge graph is mainly 
studied in the domain of knowledge, with dual attributes of 
graph and spectrum. Therefore, scientific knowledge graph 
cannot only realize the visualization of knowledge graph, 
but also realize the serialization of knowledge graph. This 
paper intends to use CiteSpace analysis software to make a 
visual analysis of the research results of the current 
university internal control knowledge, so as to grasp the 
overall context of the current university internal control 
knowledge and further explore the current research 
situation in this field. 
 
2 LITERATURE REVIEW 
2.1 Internal Control of Colleges and Universities  
 

The audit procedure committee of AICPA (American 
Institute of Certified Public Accountants) (1949) [3] gave 
the first authoritative definition of internal control. COSO 
committee (2013) issued a new version of internal control 
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framework, which strengthened the concept of 
comprehensive internal control. In addition to being more 
general, the new framework can be widely applied to 
entities such as government agencies, non-profit and for-
profit organizations. In [5] the authors believes that it is the 
essence of effective internal control to collect information 
extensively and conduct sorting and analysis, because the 
authenticity of financial information depends on the 
reliability of information. Lack of internal control will have 
a significant impact on enterprises and units. In [6] the 
authors investigated and studied the companies before the 
implementation of SOX act, and found that the companies 
with insufficient investment in internal control had larger 
internal control defects, such as the company's complex 
operation and frequent change of auditors. In [6] and [7] the 
authors in order to analyze the influencing factors of 
internal control, they tested the position of the company's 
internal defects. Through the study, it is found that the 
earlier the company is established and listed, the more 
comprehensive its internal system will be. In [9] the authors 
pointed out that the company's performance is positively 
correlated with the quality of internal control, and only 
when the company achieves the established financial goals 
can managers attach importance to internal control. In [10] 
the authors found that when a company complied with 
SOX404, the characteristics of the audit committee were 
affected by the quality of internal control. While the authors 
in [8] pointed out that whether the company made mistakes 
or significant defects was not affected by the size of the 
audit committee of the company. The authors in [9] 
constructed a knowledge model and text model for 
knowledge maps. 

 
2.2 Knowledge Graph Application 
 

Generic knowledge graphs cover all areas. The graph 
not only contains a lot of common sense knowledge, but 
also emphasizes the breadth of the knowledge graph. At 
present, many achievements have been made in the field of 
general knowledge mapping. For example, DBpedia (2016) 
[10] built with knowledge extracted from Wikipedia; The 
integration of Wikipedia, WordNet and GeoNames (2009) 
knowledge formed by Yago [11]; NELL (2008) [12] and 
Concept Graph (2010) [13], Freebase (2015) [14], 
Wikidata (2017) [15] were constructed by using knowledge 
extracted from the Internet. In recent years, many general 
knowledge graphs have appeared in China. For example, 
CNDBPedia (2017) [16] published by Fudan University 
integrates encyclopedia data and knowledge of some fields; 
Zhishi.me published by Shanghai Jiao Tong University, 
includes data of Chinese Wikipedia, interactive 
encyclopedia and Baidu encyclopedia. Based on Chinese 
and English encyclopedia XLore, Baidu bosom friend, 
Sogou's dog cube, etc. These generic knowledge graphs 
cover a wide range of areas. They cannot only provide 
ordinary users with intelligent questions and answers, but 
also provide better services in personalized 
recommendation. 

Vertical domain knowledge graphs are usually oriented 
towards a specific domain. The knowledge granularity of 
the graph is more detailed, and more attention is paid to the 
depth and completeness of knowledge. For example, by 

extracting medical facts from EMR information, the 
knowledge graph of breast cancer was constructed. The 
construction of cultural relics ontology is instantiated with 
the information of cultural relics, and the cultural relics 
knowledge graph is formed extracting information from 
different software resources, constructing software 
knowledge instances and forming software knowledge 
atlas; Triples are extracted from the data of carbon trading 
field, and then converted into associated data to build a 
knowledge graph of carbon trading field. In addition, you 
can build GeoNames (geographic domain), IMDB (movie 
& TV domain), MusicBrainz [17].These knowledge graphs 
oriented to a particular domain not only help to give full 
play to the value of domain data, but also lay a foundation 
for the subsequent intelligent application research. 
Although there are some domain knowledge graphs, 
knowledge graph technology in the field of university 
internal control has not been widely concerned. At the same 
time, these domain knowledge graphs are mostly in the 
aspect of construction, and the application of knowledge 
graphs is not considered. 
 
3 METHODS OF CONSTRUCTING KNOWLEDGE GRAPH 

OF INTERNAL CONTROL IN COLLEGES AND 
UNIVERSITIES 

 
The knowledge graph in this paper adopts the top-

down construction method, which constructs the concept 
layer and the instance layer of the knowledge graph 
successively. As shown in Fig. 1, the concrete method of 
constructing conceptual layer and instance layer of 
knowledge graph of internal control in colleges and 
universities is given. 
 
3.1 Construct Concept Layer 
 

(1) Construct concept node C. According to General 
Rules for Classification and Coding of Internal Control 
Objects, with the help of domain experts, concept node C, 
such as financial concept node, can be determined by 
combining internal control object data. Each concept node 
corresponds to an object directory table and an object base 
information table, such as the financial concept node 
corresponding to the financial object directory table and the 
financial base information table. 

(2) Construct attribute side PC and attribute value type 
node NC. First, determine the fields and field types in the 
object base information table corresponding to the concept 
node. On this basis, the field is extracted as the attribute 
side PC of concept node C, and the field type is extracted 
as the attribute value type node NC. For example, the 
engineering equivalent field in the basic financial 
information table is extracted as the attribute edge of the 
financial concept, and the corresponding attribute value 
type node is the type of the engineering equivalent field, 
that is, the integer type. 

(3) Construct the inter-concept relationship RC. 
Construct the bipartite graph of concept relation, and 

determine the relationship RC between concept nodes C 
through the graph of bipartite graph. The definition of the 
concept relation bi-graph is as follows: 
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Figure 1 Knowledge graph construction process 
 

Definition 1 (concept layer GC) 
The concept layer is the core of the knowledge graph, 

which describes the data pattern of the knowledge graph 
and regulates the facts in the instance layer. In the 
knowledge graph of internal control information, the 
conceptual layer GC = (C, PC, NC, RC), where: 

C represents the concept nodes in the graph, such as 
financial concept and audit concept; 

PC represents the attribute side of the concept node, 
such as the attribute side of the financial concept including 
the engineering class and the financial type; 

NC represents the node of attribute value type. For 
example, the node of other attribute value types such as 
engineering is integer, and the node of financial attribute 
value type is character type;  

RC represents the relationship between concept nodes 
and concept nodes, such as the inflow relationship between 
financial concepts and audit concepts. 

Definition 2 (instance layer GE) 
The instance layer consists of a set of facts. In the 

knowledge graph of internal control information, instance 
layer GE = (E, PE, NE, RE), where: 

E represents instance nodes in the graph, such as 
finance and audit; 

PE represents the attribute edge of the instance node, 
such as internal control and financial type; 

NE represents attribute value node, such as internal 
control and other attribute value nodes are 1; 

RE represents the relationship between instance nodes 
and instance nodes, such as the inflow relationship between 
finance and audit. 

Definition 3 (knowledge graph G of internal control 
information) 

Knowledge graph of internal control information G = 
(GC, GE, R), where: 

GC represents the conceptual layer of knowledge graph 
of internal control information;  

GE represents the instance layer of knowledge graph of 
internal control information; 

R represents the relationship between concept nodes in 
GC and instance nodes in GE, such as the relationship 
between instance concepts between financial concepts and 
financial operations. 

Meanwhile, each instance node E has a relationship R 
with only one concept node C. If the two instance nodes E1 
and E2 have an inter-instance relationship RE. Moreover, 
E1 and E2 have the relations between instance concepts R1 
and R2 respectively with concept nodes C1 and C2, so there 
must be RC between C1 and C2, and the relations RC and RE 
have the same name. For example, there is an inflow 
relationship between finance and financial practice, there 
is an inflow relationship between financial practice and 
financial concept, and there is an inflow relationship 
between audit practice and audit concept. Fig. 1 is the 
structure of partial internal control information knowledge 
atlas. 

Definition 4 (concept relation bipartite diagram GB) 
GB = (VC, VT, EB), where: 
VC represents the concept node; 
VT represents the relational table node; 
EB represents the edge between the conceptual node VC 

and the relational table node VT. 
Firstly, the concept relation bipartite graph is 

constructed, and then the relationship between different 
object directory tables and object relation tables is obtained 
by using the relational schema extracted from the database. 
The object directory table and object relational table are 
then mapped to nodes in the graph. The concept nodes are 
also treated as nodes in the diagram. The concept node is 
replaced with the corresponding object directory node, and 
the concept relation bipartite graph is obtained. By using 
the mapping algorithm of concept relation bisection graph, 
the bisection graph is mapped to the graph that only has VC 
of concept node set. Thus, the relationship RC between 
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concept nodes can be obtained, and the conceptual layer of 
knowledge graph of internal control information can also 
be constructed. 

Key algorithms are shown in Tab. 1. 
 

Table 1 Mapping Algorithm of Concept Relation Bipartite Graph 
Input: GB = (VC, VT, EB)  
Output: conceptual layer of knowledge graph of internal control in 
universities 
while(VT! = null)  
Take A relational table node A from VT; 
If(A is connected to 2 concept nodes) 
Obtain two concept nodes B and C connected to A; 
Add a relationship between B and C; 
Delete the edges between A and B and C; 
else 
Get concept node B connected to A; 
Add a relation RC pointing from B to B itself; 
Delete the edge between A and B; 
End if 
Specify the relationship trigger word description RC; 
End while 

 
3.2 Construct Instance Layer 
 

(1) Construct instance node E and the relationship R 
between concepts and instances. 

According to the object directory table corresponding 
to concept node C in GC, the corresponding instance node 
E can be constructed by extracting the name of internal 
control object, such as finance and audit. Meanwhile, the 
relationship R between concept and instance is added 
between concept node C in GC and corresponding instance 
node E in GE. For example, add relationship R between the 
financial node and the audit concept node. 

(2) Construct attribute side PE and attribute value node 
NE. 

According to the property side PC of C and the 
property value type node NC in GC, the same field as PC is 
extracted as the property side PE of instance node E, and 
the corresponding field value is extracted as the property 
value node NE of its property side PE. For example, for 
finance, fields with the same name are extracted from the 
basic information table of internal control according to the 
attribute edges of the previously constructed concept node 
of internal control. The audit type and audit level are the 
attributes of the internal control node. The corresponding 
node with field value 1 can be extracted as the attribute 
value node of the attribute side. 

(3) Construct the relationship RE between instances. 
Build the inter-instance relationship RE from the object 

relation table. According to the name of RC, determine the 
name of RE, and complete the construction of knowledge 
graph of internal control information. According to the 
audit and report relationship table, there is a relationship 
between the finance and the financial statements, and a 
relationship is added between the two instances. At the 
same time, there is an inflow relationship between finance 
and audit, as there is an instance relationship between 
finance and audit. 

 
4 MODEL CONSTRUCTION 
4.1 Knowledge Model 
 

We define the conditional probability of events in a 
knowledge graph as (h, r, t), as shown in formula (1). 

exp{ ( , , )}( , )
exp{ ( , , )}h

z h r tPr h | r t
z h r tτ∈

=
∑ 



                                (1) 

 
We have named the model pTransE (probabilistic 

Trans E). We define ( , )Pr r | h t  and ( , )Pr t | h r in the 
same way by selecting the corresponding normalization 
terms respectively. We define the possibility of observing 
triple events as formula (2): 
 

f ( , , )
log ( , ) log ( , ) log ( , )

h r t
Pr h | r t Pr t | h r Pr r | h t

Τ =
= + +

         (2) 

 
The goal of the knowledge model is to maximize the 
conditional likelihood probability of triple events in the 
knowledge graph as formula (3): 
 

K f
( , , ) Δ

( , , )
h r t

T T h r t
∈

= ∑                                                   (3) 

 
4.2 Text Model 
 

We propose the following key assumptions for text 
modeling that link word embedding with knowledge 
embedding. Although we do not know what words are, 
there is a relationship between words. 

According to Eq. (1), we defined the same conditional 
probability ( , )wvPr | rw v  to construct a model to evaluate 
the occurrence of two words at the same time. As opposed 
to knowledge embedding, variable rwv is a hidden variable, 
not an explicit variable. 

The challenge now is to deal with the hidden variable 
rwv. Obviously, without any more assumptions, the number 
of different rwv is set to | | N×ν , where N is the average 
number of unique words that each word has in common. 
The number N is very large. Therefore, it is almost 
impossible to estimate one vector for each rwv. We have to 
restrict the degree of freedom of  rwv. Here, we use auxiliary 
variables to reduce the size of the variable we need to 
estimate: let wv' r= +w w , then Eqs. (4) and (5) can be 
obtained: 
 

21( , , ) ( , )
2wvz r z ' b || ' ||= − −w v w v w v                       (4) 

exp{ , )}( , ) ( )
exp{ ( ( , )}wv

z( 'Pr | r Pr |
z z '

∈

=
∑w v

w vw v w v
w v

       (5) 

 
So we need to estimate the vectors w and w' for each 

term, and there are 2 | |× ν  vectors. The goal of the text 
model is to maximize the likelihood of word pairs appearing 
together. 
 

T
( , )

log ( )wv
C

n Pr |Γ
∈

= ∑
w v

w v                                          (6) 

 
In formula (6), C is all word pairs that appear 

simultaneously in a fixed-size text window. nwv is the co-
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occurrence number (w,v) of the pair. Interestingly, this text 
model is almost equivalent to Skip-Gram. 
 
5 EXAMPLE 
5.1 Sample Collection 

 
In order to achieve better results of visual analysis, 

targeted topic retrieval and data collection of a certain scale 
are needed. In view of the consideration of time and 
efficiency, this paper selects the core journals in CNKI 
database (including CSSCI and Peking University Chinese 
core journal) from 2010 to 2019 as the retrieval source, and 
selects relevant literature on Xi Jinping's thought on 
ecological civilization as the data source. In order to ensure 
the integrity of sample collection, the retrieval expression 
set in this paper is: "subject = (TI= 'university internal 
control policy')". The search time range of this article is 
from January 1, 2010 to August 31, 2019, and the matching 
method is accurate. After the advanced search of the 
literature by setting the above conditions, a total of 2,450 
journal samples were obtained. In order to focus on the 
research topic, this paper excludes non-study samples such 
as book reviews, conference notices, and news reports. The 
number of documents that were ultimately related to the 
topic was determined to be 1,500, and this sample was used 
as a sample library for the next analysis. Although these 
data are not completely covered, they are still 
representative. 

 
5.2 Knowledge Graph Analysis of Internal Control in 

Colleges and Universities 
 

Key words have a high-level generalization of the 
research content and theme of an article. A node in the 
graph represents a keyword, and the size of the node is 
proportional to the co-occurrence frequency of the 
keyword. The larger the node, the higher the co-occurrence 
frequency, the stronger the research hotspot of the word. 
The obtained sample data is imported into Citespace. After 
the preliminary test, the clustering result is set reasonably. 
The time interval is set to 2010-2019, the time slice 
defaults to 1, and the data extraction threshold is "TOP50". 

The keyword knowledge graph is obtained (see Fig. 2). For 
example, in Fig. 3, the node where the university is located 
has the most annual rings, indicating that it appeared earlier 
in the research field. The yellow squares outside the nodes 
such as internal control, risk prevention, risk assessment, 
risk-oriented, and risk management reflect that this is still 
the current research hotspot. After MTS graph pruning, the 
number of nodes in the keyword co-occurrence graph is 
172, the number of nodes is 165, and the network density 
is 0.0112. 

 

 
Figure 2 Key words knowledge graph 

 
By cluster analysis of keywords, the structural features 

between clusters can be found, so as to highlight the key 
nodes and their important connections in the network. In 
Citespace, two important indexes to evaluate the mapping 
effect are module value and average contour value 
respectively. The former is Q value, which is generally 
taken 0.3 as the standard, and greater than 0.3 means that 
the classified community structure is significant; the latter 
is S value, whose value is above 0.7, and the clustering 
effect is convincing. According to Fig. 3, Modularity Q of 
the co-occurrence graph is 0.8238 and MeanSilhouette is 
0.6252, indicating that the knowledge structure presented 
by the knowledge graph is significant and clustering is 
efficient and ideal. 

 
Figure 3 Clustering results 

 
The generated keyword graphs are automatically 

clustered to generate a keyword clustering graph. Among 
them, different colors mean different keyword categories. 
According to the color and classification results, the 

clustering results of the keywords are analyzed for 
feasibility, rationality and other factors, and technical 
processing is carried out to obtain a comprehensive 
analysis graph. After repeated analysis and comparison of 
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keyword nodes and overall structure, the clustering results 
can be divided into four categories. These four categories 
are named clockwise: risk prevention, risk assessment, risk 
orientation, and risk management. As can be seen from 
Figure 3, the clustering graph shows that the internal 
control group of the university is in the center, and other 
groups surround the surrounding pattern. The intertwined 
links between keywords indicate that the keywords are still 
interrelated. 

 
6 CONCLUSION 
 

Based on the data of internal control knowledge objects 
in colleges and universities, this paper proposes a method 
for constructing internal control knowledge graphs in 
colleges and universities. A knowledge reasoning method 
based on inference rules is implemented. The above 
technology can be applied to the internal control knowledge 
graph construction and retrieval system in colleges and 
universities. We cannot only build a knowledge graph of 
internal control in colleges, but also realize intelligent data 
retrieval and recommendation. This paper explores the 
construction and application of knowledge graphs in the 
field of internal control in colleges and universities. 
However, this paper mainly considers the use of internal 
control knowledge object data to construct the internal 
control information knowledge graph, and the use of 
unstructured text in policy documents is not sufficient. In 
the future work, the internal control knowledge contained 
in the policy text will be further explored. And it is added 
to the knowledge graph of internal control information of 
colleges and universities to enrich the knowledge graph of 
internal control information in colleges and universities. 
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