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ABSTRACT

To improve the informationization and intelligence of the energy Internet industry and enhance the 
capability of knowledge services, it is necessary to organize the energy Internet body of knowledge from 
existing knowledge resources of the State Grid, which have the characteristics of large scale, multiple sources, 
and heterogeneity. At the same time, the business fields of State Grid cover a wide range. There are many 
sub-fields under each business field, and the relationship between fields is diverse and complex. The key to 
establishing the energy Internet body of knowledge is how to fuse the heterogeneous knowledge resources 
from multiple sources, extract the knowledge contents from them, and organize the different relationships. 
This paper considers transforming the original knowledge resources of State Grid into a unified and well-
organized knowledge system described in OWL language to meet the requirements of heterogeneous 
resource integration, multi-source resource organization, and knowledge service provision. For the State 
Grid knowledge resources mainly in XML format, this paper proposes a Knowledge Automatic Fusion and 
Organization idea and method based on XSD Directed Graph. According to the method, the XML 
corresponding XSD documents are transformed into a directed graph in the first stage during which the graph 
neural network detects hidden knowledge inside the structure to add semantic information to the graph.

In the second stage, for other structured knowledge resources (e.g., databases, spreadsheets), the knowledge 
contents and the relationships are analyzed manually to establish the mappings from structured resources to 
graph structures, using which the original knowledge resources are transformed into graph structures, and 
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merged with the directed graphs obtained in the first stage to achieve the fusion of heterogeneous knowledge 
resources. And expert knowledge is introduced for heterogeneous knowledge fusion to further extend the 
directed graph. And in the third stage, the expanded directed graph is converted to the body of knowledge 
in the form of OWL. This paper takes the knowledge resources in the field of human resources of the State 
Grid as an example, to establish the ontology of the human resources training field in a unified manner, 
initially demonstrating the effectiveness of the proposed method.

1. INTRODUCTION

State Grid Corporation of China is currently building a super-large-scale, unified, business-oriented 
energy Internet knowledge system and knowledge services, which can effectively break the knowledge 
barriers among State Grid departments, units, professions, and systems, and better complete the convergence 
and flow of knowledge elements within the State Grid, so that the users(people or machines) in the energy 
Internet can conveniently access and use authoritative, reliable and valuable power grid knowledge, and 
improve the overall intelligence of State Grid. However, in the process of developing the knowledge system 
and knowledge services of the energy Internet, the primary challenge faced by State Grid is how to efficiently 
and accurately transform the large-scale multi-source heterogeneous knowledge resources into a unified 
body of knowledge, to help form a unified energy Internet standardized knowledge and knowledge 
organization system among the provincial and municipal companies and grid business segments of the 
State Grid. This will break knowledge silos one by one and contribute to the free flow and exchange of 
advanced knowledge and experience in the State Grid. 

This paper investigates the existing knowledge resource transformation and organization methods, and 
finds that there are few researches on the multi-source heterogeneous intelligent transformation and 
organization of the Energy Internet. Large-scale practice and application are still lacking. In the State Grid, 
some original knowledge resources to describe and represent the business are mainly in the Extensible 
Markup Language (XML) format. At the same time, other original resources have many other structured 
formats (such as databases, spreadsheets, etc.). To build a body of knowledge, the fusion of these 
heterogeneous knowledge resources and multi-source business knowledge is needed to convert the original 
resources into ontology descriptions.

The existing ontology description languages mainly include Resource Description Framework (RDF), RDF 
Schema (RDFS), and Web Ontology Language (OWL). RDF format has no definition of classes and can only 
describe concrete entities and the relationships between them, and it is difficult to reveal the structure and 
correlation of various types of knowledge contents inside and outside business domains. The degree of 
organization of knowledge contents is low. RDFS adds a schema layer to the data layer, defines classes, 
attributes and relationships to describe resources, but the relationships between classes are limited to 
hierarchical relationships, which cannot reveal the rich semantic information in the knowledge resources 
of the State Grid. The description ability of the knowledge content is weak. 
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The OWL format further enriches the semantic expression capability of RDF and RDFS by dividing 
properties into data property and object property, distinguishes the properties of the entity itself, and 
expands the ability to define relationships between classes. It can meet the needs of abstract fusion of 
knowledge content between different fields and within a specific area. Therefore, it is considered to convert 
heterogeneous resources into OWL format uniformly for the fusion of heterogeneous knowledge resources, 
and to fuse heterogeneous knowledge through the rich semantic expression of OWL.

In order to carry out the fusion of heterogeneous knowledge resources, it is necessary to use a type of 
structure as the intermediary for the transformation from knowledge resources to OWL. Since the original 
resources of the State Grid are mainly in XML format, considering the tree-like structure feature of XML 
language, this paper proposes to use the XSD Directed Graph as the base for knowledge resource fusion, 
convert other data structures into graph structures and expand the XSD Directed Graph to implement the 
fusion of heterogeneous knowledge resources. In order to carry out the fusion of heterogeneous knowledge, 
this paper uses graph neural network (GNN) to process the XSD Directed Graph to obtain richer knowledge 
contents embedded in XML, and introduces expert knowledge to establish multi-source knowledge 
association to obtain a unified and ordered body of knowledge. Through the large-scale resource 
transformation and knowledge organization of multiple source heterogeneity in the field of human resources 
of the State Grid, the effectiveness of the proposed method is initially proved, and the subsequent large-
scale application will be carried out in other fields of the State Grid.

2. EXISTING CONVERSION METHODS AND THE STATE GRID CONVERSION REQUIREMENTS

2.1 Existing Methods

In the process of fusing heterogeneous knowledge resources and establishing a body of knowledge, the 
original structured knowledge resources need to be transformed into ontologies described using the OWL 
language. The existing methods mainly provide two ideas: (1) using the RML standard developed by W3C 
to transform structured data into RDF and further into OWL afterward; (2) transforming the original 
knowledge resources into OWL directly. Since the State Grid knowledge resources are mainly represented 
in XML, the conversions by the RML method and the method from XML to OWL are introduced separately 
next.

2.1.1 RML Method

The RML, a custom mapping language from structured data formats to the RDF data model, is being 
developed by W3C as a superset of the previous R2RML standard designed to express customized mappings 
from relational databases to RDF [1]. RML currently provides a general way to define a mapping to RDF 
for structured data formats such as CSV, XML, JSON, etc., following the same syntax as the previous R2RML, 
with mapping definitions represented as RDF graphs.
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RML accepts a structured data format as an input data source and then maps the input to an RDF format 
through RML mapping, a structure containing one or more triples maps. Each triples map must include or 
reference a logical source that specifies the data source to be transformed, a subject map that defines the 
mapping rules from the XML element to the subject, and zero or more predicate maps or object maps 
corresponding to subject. In the end, for each XML element, one or more triple elements with the same 
subject are obtained.

Wang et al. [2] used the R2RML Parser tool to establish R2RML mapping documents from relational 
database fields to RDF, such as terms, concepts, and category classes, according to the database storage 
characteristics of STKOS technical vocabulary, to realize the conversion of STKOS to RDF. Wu et al. [3] 
adopt the R2RML language to establish different mapping schemas to store Medical Subject Headings 
(MeSH) to realize the transformation from MeSH to RDF. Kyriakos et al. [4] used GepTriples to generate 
and process extended R2RML and RML mappings and realize the transformation of structural geospatial 
data stored in files such as XML, GML, GeoJSON, and in spatially-enabled RDBMS into RDF maps using 
vocabularies like GeoSPARQL and stSPARQL.

Due to the multi-source heterogeneity characteristics of the State Grid knowledge resources, RML’s 
processing method will encounter the following problems when dealing with these resources

(1)  Low processing efficiency for large-scale, multi-source and heterogeneous resources. RML is a 
custom mapping. For XML documents with simpler structure, corresponding transformation rules 
can be defined according to XML structure and semantic information. However, the knowledge 
resources of the State Grid are large in scale and involve many domains, and the nested relationships 
in large-scale XML documents are complex, so manually defining mapping rules has a great workload 
and may fall into some trivial details that improve the final ontology effect less, thus decreasing the 
overall effectiveness. Meanwhile, resources in different domains usually require corresponding 
domain experts for analysis, which further increases the labor cost.

(2)  Insufficient revealing of semantic information inside XML. As RML maintains backward compatibility 
with R2RML, the core ideas used by RML when dealing with data formats such as XML have not 
changed much from R2RML, which deals with relational databases, and still achieves RDF generation 
by establishing rules for mapping the original XML elements to subjects, predicates, and objects. 
This is still an abstract type-to-abstract type mapping method, where the names and values of 
elements are only used as instantiations of types, and the semantics embedded in them have no 
impact on the relationships between types, which in fact limits the extent to which the semantics of 
XML can be revealed by mapping rules defined.

2.1.2 XML to OWL Conversion

Existing methods mainly focus on the direct transformation from XML resources to OWL. These methods 
can be divided into two types according to the transformation goals, namely, targeting OWL architecture 
and targeting complete OWL ontology. The former has only one stage of generating the structural framework 
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of an OWL ontology. In contrast, the latter has two steps to generate a complete OWL ontology by 
transforming instances based on the former. The content and characteristics of these two transformation 
methods are categorized and introduced here.

1. Conversions targeting OWL architecture
This transformation type mainly focuses on extracting corresponding semantic information from XML 

documents and transforming them into related OWL classes and attributes. Since this type of transformation 
mainly requires structural information in the XML document, it is primarily based on the validation document 
of the XML document, that is, the corresponding XML Schema (XSD) document or Document Type Definition 
(DTD) document. The result of this transformation is only a structured explicit description of the original 
XML document and the underlying semantic information in it, forming an OWL architecture, but not a 
complete OWL ontology.

Specifically, the X2OWL [5] method uses XSD documents for transformation, extracts elements and 
attributes from XML documents by creating XML Schema Graph (XSG), generates XPath expressions for 
XSG tree nodes, and produces OWL documents after element deduplication. The XS2OWL [6] method uses 
XSD documents and allows the transformation of elements in them. In addition to supporting SPARQL to 
XQuery transformation, the entire transformation model can be implemented as XML Style Sheet (XSLT) 
format. Methods such as Janus [7], and S-Trans [8] also require the verification documents. However, The 
X2R-R2O method [9] does not require an existing verification document, and the entire conversion process 
is divided into two parts. The first part, the X2R method, directly utilizes DOM4J, a XML parsing tool, to 
traverse the XML document node tree, and transform the XML document into a relational database model 
(ER-Model) based on the rules. The second part, the R2O method, extracts the association between concepts 
based on the concept description rules in a relational database to form OWL ontology. The characteristics 
of the above methods are summarized in Table 1.

 Table 1. Characteristics of transformation methods targeting OWL architecture.

Method name Features

X2OWL Generate instances according to user needs, solve the problem of repeated elements, and 
provide graphical interface tools

XS2OWL Support SPARQL to XQuery conversion. The entire model is treated in XSLT format for other 
methods to use

Janus Employ Turtle syntax
S-Trans Defi ne the calculation method of element similarity to realize deduplication and merging
X2R-R2O Directly use DOM4J and a relational database as a conversion intermediary

2. Conversions targeting the complete OWL ontology
This type of transformation usually consists of two phases. The first phase targets the OWL ontology 

similarly to the architecture transformation. The second phase targets the expansion of the OWL ontology 
instance. This type of transformation is based on architecture transformation, extracts specific elements and 
attributes, and expands the OWL ontology, but the extraction workload is also more significant.
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Specifically, the XML2OWL [10] method is based on predefined rules, using XML documents from 
relational databases in the first phase and transforming them to OWL according to XSD documents; in the 
second phase, it expands instances using XSLT extracted from XSD documents at the same time as the OWL 
ontology is generated in the first phase. In the XSD2OWL [11] method, in the first stage, the user manually 
establishes the mapping rules from XSD to OWL and describes them by RDF language; in the second stage, 
according to the mapping rules, the OWL instance is directly extracted and expanded from the XML 
document. The DTD2OWL [12] method automatically generates OWL documents in accordance with DTD 
in the first stage, but only the commonly used DTD elements and attributes are given in the rules, which 
still need to be expanded; in the second stage, XSL is exploited to convert XML documents into OWL 
instance. EXCO (An Efficient XML To OWL COnverter) [13] using the schema merging method, the 
OWLMAP [14] method using RDF language, and a set of C++ software tools [15] for transforming XML 
validation documents and instance documents into OWL classes and instances all fall into this category 
Types of. However, JXML 2 OWL [16], B2BISS [17], etc. can also convert XML to OWL without a validation 
document. The characteristics of the above methods are shown in Table 2.

 Table 2. Characteristics of transformation methods targeting OWL ontology.

Method name Features

XML2OWL The method is more mature and widely used
XSD2OWL Apply RDF language as a description of matching rules, and apply Protégé as graphical 

interface
DTD2OWL Use the DTD document as the verifi cation document
EXCO The fi rst stage uses pattern merging to identify internal references of different XSDs, and 

has an accuracy test after conversion
OWLMAP Take RDF as the instance description and augment the instance with the OWL inference 

engine
C++software toolset A set of tools work together to complete the conversion process
JXML2OWL No need to use validation documents, use XPath to locate tags directly, and use IDs, for 

instance deduplication
B2BISS There is no need to use verifi cation documents, directly match source documents and 

rules, and realize heterogeneous data fusion of XML-based standards such as cXML and 
ebXML

2.2 The State Grid Resource Conversion Needs

The original resources to be transformed in the State Grid are characterized by large size, multiple 
sources, and heterogeneity. Here, this paper takes the human resource domain as an example to show the 
resource structure of the State Grid. The overall structure of resources is shown in Figure 1.
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The original resource structure of the human resources training field is mainly divided into three layers, 
among which the business field is the segmented business objects involved in the human resources field, 
consisting of three parts: the teaching materials as training resources, the positions of the training subjects 
and the training that describes the relationship between the training resources and the training subjects. 
The functional layer of resources is the functional description of specific resources in each subdivision of 
business objects, which consists of XML documents describing particular resources in the field and the XSD 
documents for all fields. The correspondence between positions and teaching materials in the training field 
is given by EXCEL tables. The particular knowledge resources involved in each business object are provided 
in the resource document layer. It can be found that in the face of such a resource structure, the above 
transformation methods have the following problems.

(1)  Weak applicability to large-scale resources. Since the resources of the State Grid mainly exist in the 
form of books, which involve complex and diverse tags, the above method cannot classify different 
tags well, making the final ontology less structured as the scale of resources increases. Especially for 
books, some title information may be scattered into multiple tags, which need to be summarized 
and integrated to represent the organized resources better.

(2)  The knowledge content contained in the XML document is less revealed. The above approach is 
based mainly on the tag structure of XML, which only reflects the original nesting relationships. 
The information about the different nesting levels and their nesting positions is not utilized, i.e., the 
deeper knowledge content in the XML structure tree is not well analyzed. These contents often 
include the common knowledge of multiple sources in a business domain by the way they represent 
the content organization.

(3)  Weak support for the fusion of heterogeneous resources. The relationship between heterogeneous 
resources usually needs to be determined by domain experts based on different domains and the 
Grid’s overall knowledge structure. One of the difficulties is that the various forms of knowledge 
organization increase the difficulty of establishing the relationship between heterogeneous resources. 

 Figure 1. Diagram of the overall structure of knowledge resources in the fi eld of human resources training.
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The above methods mainly focus on the original structure. They do not bridge the knowledge 
representation forms of heterogeneous resources well, thus facilitating the role of expert knowledge 
in the fusion of heterogeneous resources.

For the sake of the above problems, this paper proposes a method of XML to OWL transformation based 
on XSD Directed Graph. By analyzing the characteristics of XML structure, using the directed graph as the 
common situation of heterogeneous knowledge representation, and deeply analyzing the graph structure 
and node characteristics through graph neural network, the core knowledge content contained in XML 
structure can be derived. More semantic information contained in the structure can be discovered. 
Meanwhile, the flexibility of graph structure can be used to reduce the difficulty of joining expert knowledge, 
and facilitate the fusion of heterogeneous knowledge resources. The expandability of the graph structure 
also reduces the problem of adding expert knowledge, facilitates the fusion of heterogeneous resources 
while obtaining the commonality of multiple sources, and enhances the capability of knowledge services.

3. MODEL DESIGN

The model is designed in the following aspects to meet the needs of the State Grid for knowledge 
resource transformation: (1) Extraction of core contents of large-scale resources. The scale of the State Grid 
resources is large, so it is difficult to extract the core information and organize and integrate them manually. 
(2) Multi-source resource integration. As the State Grid involves many business contents, the resources 
under each business area often come from different sources, but these resources have a certain homogeneity, 
so the key structure and components need to be extracted to form a unified domain resource ontology. 
Due to the large variability of different XML documents, and the State Grid mainly uses the unified DocBook 
format to describe resources and only provides a common XSD for DocBook format in all fields, it is needed 
to extract field-specific XSD documents from original XML resources for transformation. (3) Fusion of 
heterogeneous resources. The resource descriptions between different business domains of the State Grid 
are heterogeneous and eventually need to form a unified domain ontology, which requires the intervention 
of domain experts. In order to facilitate the incorporation of expert knowledge, it is necessary to open up 
the original heterogeneous knowledge representation and reduce the difficulty of establishing association 
relations while presenting it in a unified way so that the heterogeneous knowledge can be integrated 
more deeply. 

Synthesizing the above aspects, it can be found that the key issue lies in the need of a new form of 
knowledge representation that represents large-scale multi-source heterogeneous resources using a unified 
form and represents the knowledge structure embedded in the resources, and carries out the transformation 
on this basis, to improve the efficiency and accuracy of knowledge organization and enrich semantic 
knowledge expression. Considering that the XML document itself has a definite tree structure, the XML-to-
OWL transformation is carried out here using directed graphs to represent knowledge in XML documents. 
The overall conversion model is shown in Figure 2.
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Fi gure 2. The overall model of XML to OWL conversion.

3.1 XSD to Directed Graph Transformation

The State Grid only provides XSD documents that are common to XML documents in various fields, and 
does not distinguish between fields. However, there are differences in the content of elements contained 
in each field’s XML documents, and corresponding XSD documents need to be generated to improve the 
accuracy of the description of field knowledge resources. Here, the Trang API for Java [18] is applied to 
generate XSD documents from the original XML documents. In the specific transformation, both the complex 
elements and the defined element types in the XSD document are transformed into nodes. The complex 
elements are used as class nodes, representing elements that will be transformed into OWL classes 
(owl:Class) later. At the same time, all nested relations are used as edges, and the nested relations between 
class nodes and named descendant nodes with constraints in class nodes are used as class edges, which 
represent the properties that will be transformed into OWL object properties (owl: ObjectProperty) afterward. 
The resulting nodes and edges form a directed graph and a class directed graph representation of the 
original XSD structure.

3.2 Clustering of Directed Graphs

Traditional XML to OWL transformation methods defines the rules directly after obtaining the directed 
graph to generate an OWL document. This transformation is actually only a conversion of the XML structure. 
In order to reveal more information in the XML document, a clustering process is considered for the 
obtained directed graph, as follows.

(1)  The vectorized representation of nodes is obtained using the node2vec method. The general idea of 
the node2vec algorithm is to obtain the vectorized representation of nodes by optimizing the 
neighborhood retention objective through learning to adapt to different definitions of neighborhoods 
by simulating a biased random walk. [19] Sampling is performed by second-order random wandering 
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to obtain the neighborhood set of each node, after which the vectorized representation of the node 
is obtained from the node, and the neighboring nodes jointly learned.

(2)  Learning the embedding representation of vertices using the GraphSAGE algorithm. [20] The 
traditional GCN approach combines the network structure and node information to learn the 
embedding representation of vertices but cannot generalize to nodes that have not appeared during 
training. Considering the multi-source heterogeneity and scalability of the State Grid resources, there 
are limitations in using the GCN approach here. Therefore, the Graph SAmple and aggreGatE 
(GraphSAGE) method is chosen. The core idea of this method is to obtain the embedding vector of 
the target node by learning the aggregation function of the node’s neighboring nodes, where 
unsupervised learning is mainly used, and the graph-based loss function is as follows:

( ) ( )( ) ( ) ( )( )= − − ⋅ −s s~n n

T T
G u u v u vv P vJ log Q E logz z z z z

  Where u is the target node, v is a fixed-length random wandering node appearing near u, Pn is the 
probability distribution of negative sampling, and Q is the number of negative samples. The node 
embedding representation obtained from learning according to this objective function can be directly 
used in downstream clustering tasks.

(3)  Clustering using the HDBSCAN algorithm. Since the XML tag structure of the knowledge resources 
of the State Grid may have different densities after being transformed into a directed graph, the 
HDBSCAN algorithm transforms the DBSCAN algorithm into hierarchical clustering by constructing 
a minimum spanning tree according to the transformed space of densities, after which the cluster 
hierarchy is established. And the hierarchy is compressed according to the size of the minimum 
clusters so that stable clusters can be extracted from it. HDBSCAN algorithm has strong robustness 
to extract the noise in the graph, and this feature also helps to extract the core content in large-scale 
multi-source heterogeneous resources.

3.3 Expansion and Refinement of Class Directed Graphs

3.3.1 Clustering Core Node Determination

After getting the clustering results of the directed graph, as the goal is to construct an ontology, the core 
nodes in each category need to be extracted as the representative of the class and set up the association 
relationships with the other members of the category to explore more the knowledge content embedded 
in the original XML document. Since the core nodes need to be inclusive of other nodes, the nesting levels 
of different nodes in the original XML document are mainly considered here as the basis for core node 
selection.

3.3.2 Expansion and Adjustment of Directed Graph

The relationship between the core nodes and other nodes in the obtained class group is not available in 
the original directed graph and needs to be added to the graph, where the edges connecting the class nodes 
are then used as a complement to the class edges. At this point, the obtained directed graph actually 
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includes class nodes and other nodes, and the graph needs to be adjusted for direct conversion to OWL 
documents. Here, the non-class nodes are first removed from the graph, after which a number of isolated 
nodes are created that are not connected to other nodes. These nodes have less representation of the overall 
XML core content, so they are also removed directly, and the resulting graph is an expanded class directed 
graph that can be directly transformed into an OWL document. The removed non-class nodes become the 
data properties of the connected class nodes (owl: DataProperty).

3.3.3 Fusion of Heterogeneous Compositions

Since the heterogeneous resources of the State Grid usually originate from different fields, the business 
problems within each field are highly specialized, and the business associations between fields usually 
exist in the form of expert experience, and there are few formed knowledge resources to illustrate this 
empirical knowledge. It is difficult to identify these field associations by automated processing alone, and 
the participation of experts’ knowledge is required. To this end, this paper uses the human-in-the-loop 
(HITL) approach in the fusion of heterogeneous field knowledge representations, as shown in Figure 3.

Figure 3. The process of human-in-the-loop heterogeneous knowledge fusion.

After transforming XML and other format resources in different fields into the corresponding directed 
graphs, expert knowledge is introduced to determine the associations between different nodes in the graph, 
specify the nodes that need to be associated, and the specific types and directions of the association 
between nodes. At the same time, in this step, experts can also adjust and expand the directed graphs in 
different fields so that the results are more in line with actual business needs. For the knowledge fusion 
between areas, a similar method is used to establish and adjust the mapping to improve the organization 
of knowledge content further when transforming from directed graphs to OWL and establishing a domain 
body of knowledge.
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3.4 Directed Graph to OWL Transformation

After getting the fused and expanded class directed graph, the transformation of the class directed graph 
to OWL can be performed directly. It should be noted that the class directed graph here is only to distinguish 
data attributes from ontology classes, and all nodes and edge relationships in the whole directed graph 
need to be transformed to get a complete OWL representation of the XSD document. The transformation 
rules are as Table 3 shown here.

Table 3. Transformation rules for the directed graph to OWL.

Directed graph elements OWL elements

Class nodes owl: Class
Class edges (edges between class nodes) owl: ObjectProperty 

domain: source class node 
range: target class node

Non-class nodes owl: DataProperty 
domain: corresponding class node 
range: corresponds to the type of the non-class node

4. MODEL EXPERIMENT 

4.1 Experimental Data

This paper uses knowledge resources from the State Grid Human Resource Training area for the 
transformation experiments. The specific resources used in each section are presented separately, according 
to the structure in 2.3.

(1)  Textbook resources. This paper uses the training material “Substation Equipment Overhaul. 330kV 
and above” (hereinafter referred to as the “training material”) in the field of human resources of the 
State Grid. The training material is described in DocBook format, which is a text-centered XML 
standard with XSD documents. Part of the training materials is shown in Figure 4, and part of the 
XSD document is shown in Figure 5.

F igure 4. Example of part of the training materials.
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Fi gure 5. Example of part of XSD document.

Since the original XSD document of the DocBook document of the State Grid does not describe the 
various nested relationships involved in the original resource of on e specific field well and has some 
problems, a new XSD document is generated here by using the Trang toolkit based on the original XSD 
document. The generated XSD document is partially shown in Figure 6.

Fig ure 6. XSD document generated from the original resource
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(2)  Posts and training resources. State Grid’s original post resources are described in XML format and 
have corresponding XSD documents. However, since the hierarchical structure of posts has been 
given in the training resources, the ontology can be constructed directly according to it so as to meet 
the business needs. Therefore, the posts and training resources use the corresponding EXCEL table 
of the State Grid human resources training posts-teaching materials, as shown in Table 4.

Tab  le 4. Example of content of Part of the EXCEL form for the division of labor in the human resources system.

Post division 
(11 categories)

Subpost State Grid 54 training materials ISBN

Transmission 
Line Operation 
and Inspection

Transmission line operation 
and inspection (330kV and 
above)

State Grid Co., Ltd. professional training 
materials for skilled personnel Transmission 
line operation and Inspection (330kV and 
above) (upper and lower volumes)

978-7-5198-4466-0

Transmission line operation 
and inspection (220kV and 
below)

State Grid Co., Ltd. professional training 
materials for skilled personnel Transmission 
line operation and inspection (220kV and 
below) (upper and lower volumes)

978-7-5198-4451-6

Transmission cable operation 
and inspection

State Grid Limited professional training 
materials for skilled personnel transmission 
cable operation and inspection

978-7-5198-4490-5

4.2 XSD to Directed Graph Transformation

In the generated XSD document, all elements with actual names (attribute “name”) are first transformed 
into nodes, where complex elements or data types are used as class nodes and simple elements are used 
as data attribute nodes, and directed edges are created between all elements with nested relationships, 
pointing from higher-level elements to lower-level elements. 

After that, since the complex elements in nested elements are identified by two kinds of attributes, 
maxOccurs and minOccurs, the elements with these two attributes and the elements in which these 
elements are nested can be located. Thereafter, the edges between the corresponding nodes of these 
elements are used as class edges, pointing from the higher-level elements to the lower-level elements, 
named “has” + the name of the subordinate node. It should be noted that, according to the book structure, 
the nested relationship where the <choice> element is located is not used as a class edge because this 
element is only used to declare that the higher-level element contains specific textual content, which is 
less meaningful to establish as an OWL class. The obtained directed graph is shown in Figure 7.

4.3 Clustering of Directed Graph

(1)  Using nodevec2 to get the vectorized representation of nodes. Here the node2vec toolkit from 
Stanford University [21] is used directly to transform each node into a vector of 64 dimensions as a 
feature representation of the node. The result of vectorization is shown in Table 5.
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T able 5. Partial results of node vectorization.

name id 0 1 2 ... 62 63

book 0 0.164828 -0.286466 0.266627 ... -0.240514 0.080081
title 1 0.234903 -0.285622 0.412794 ... -0.227231 0.094118
etitle 2 0.154292 -0.293889 0.461764 ... -0.143793 0.239639

F igure 7. The whole directed graph obtained by transforming the XSD fi le (where the number of edges connected 
by the node book is 7).
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(2)  The embedding representation of the nodes is obtained using the GraphSAGE algorithm. Here, the 
directed graph is first represented using the StellarGraph framework for the convenience of subsequent 
transformations. [22] This framework is mainly used to solve problems related to graph structure 
data, such as graph node clustering. It is built on top of TensorFlow, which can directly implement 
many graph neural network algorithms. After the transformation, 6 nodes and 43 edges are obtained, 
nodes are characterized as 65-dimensional vectors (64-dimensional vectorization results with one 
dimension for id), and edges are pointed from source to target. After this, the model is trained to fit 
the data by using the unsupervised GraphSAGE method, setting batch_size = 20 and epochs = 60, 
and the last round of model binary accuracy is 0.7810. This model is then used to learn node 
embeddings, with each node represented as a 15-dimensional vector. The embedding results are 
shown in Table 6.

 Table 6. Partial results of node embedding representation.

name 0 1 2 ... 13 14

book 0.0269398 -0.3902382 0.22185883 ... -0.15399809 0.09135856
title 0.03119678 -0.45190296 0.05691655 ... 0.2662341 -0.11103718
etitle 0.13692315 -0.11827449 -0.0860365 ... -0.09366022 0.47177184

(3)  Clustering using HDBSCAN. After obtaining the node embedding representation, the clustering is 
performed directly using the HDBSCAN method to get eight total categories. One of them being the 
noise category. The results of each category are listed in Table 7.

 Table 7. Partial clustering results.

Category tags Class Nodes

-1 (Noise category) attachment, fi lesize, otherCarries, …
0 publisher, publishername, Website, …
1 address, stress, postcode
2 mediaobject, imageobject, imagedata, …
3 info, copyright, original, biblioid
4 authorgroup, author, editor, …
5 book, title, para, section, …
6 part, partintro, chapter, …

It can be found that the noise category, which is an attachment to some resources or an overall external 
property description, basically does not reflect the knowledge content and cannot be reflected in the 
ontology. The remaining categories have some practical significance, such as category 0 for publication 
information, 1 for address information, 2 for multimedia element information, etc. It is worth noting that 
the classes in this category are actually an expression of multi-modal knowledge content in the original 
knowledge resources. For example, image object can be used to present the image information contained 
in the original knowledge resource, while image data is a specific description for different pictures, such 
as by providing picture metadata, etc. These multi-modal knowledge resources can be combined with 
textual knowledge resources, which is more conducive to establishing a more efficient body of knowledge.
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Category 5 is actually a rich text content class, i.e., the elements which will contain richer text content 
internally and the semantic information which can be further mined; the two aspects of part and chapter 
in category 6 only play the role of title in the original book resources and do not have a large amount of 
actual content, so this class can be regarded as reflecting the structure of the knowledge resources. The 
above clustering results are verified by manually using the original XSD documents, and the results are 
found to be practically meaningful, reflecting the knowledge content that cannot be directly reflected by 
the XSD tag structure.

4.4 Expansion and Refinement of Class Directed Graph

The above clustering results are complementary to the edge relationships in the original directed graph, 
and in order to add them to the original graph, it is necessary to determine the basis for establishing edges, 
i.e., to derive class-cluster core nodes and establish relationships with other nodes in the same class-cluster. 
Considering that the element nesting level reflects the element’s hierarchical position in the XML document, 
the average nesting level of the element is used here as the basis for selecting the core nodes of each class 
cluster. The number of ancestor elements before the position of each element is the nesting level of that 
element, and the average nesting level is calculated as follows:

= ∑Average nesting level
nesting level

num of occurrences

The resulting nesting levels can reflect the more common nesting depth of elements and, to some extent, 
attenuate the influence of element occurrence order and element declarations on the determination of 
element level positions. The final core nodes of each category are shown in Table 8.

T able 8. Core Nodes by Category.

Category tags Core Nodes

-1 attachment
0 publisher
1 address
2 mediaobject
3 info
4 authorgroup
5 book
6 part

All of the above core nodes satisfy the requirement of using the outermost element as the core element 
(node) for elements that appear in the same nested structure and also match the actual meaning of each 
category, such as core node publisher of category 0, core node address of category 1, etc.

After this, the core node of each class is the source of the directed edge, pointing to other target nodes 
in the class, and the edge is named “hasMember” + node name as the edge to be transformed for the object 
attributes. At this point, since the clustering uses the data of the whole directed graph, which will involve 
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the nodes that should actually be transformed into data attributes, i.e., simple elements, the existing directed 
graph is filtered according to the previously derived class nodes, and finally, the edges between the class 
nodes are the actually transformed edges of the object attributes (class edges). It should be noted that the 
purpose of this step is to facilitate the transformation, and all nodes in the final whole directed graph should 
be transformed into the corresponding OWL elements. The expanded whole directed graph is shown in 
Figure 8, and the directed graph containing only class nodes is shown in Figure 9.

F igure 8. The expanded whole directed graph (where the number of edges connected by the node book is 15).
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Fi gure 9. Directed graph with only class nodes preserved (where the number of edges connected by the node 
book is 8, colors are used to identify classes and the diamond symbols are used to represent the core nodes of 
each class).

At this point, the organization of the original knowledge resources from the internal semantic level is 
formed by combining the division of categories and the determination of core nodes in each category. The 
core nodes in each category actually play the role of identifying the semantic topic of each category, and 
the category system thus obtained is a kind of extraction and organization of the knowledge content in the 
original resources. The overall body of knowledge of the business domain can be obtained by fusing the 
knowledge contents of heterogeneous knowledge resources.

4.5 Fusion of Heterogeneous Graphs and Conversion of Directed Graphs to OWL

The heterogeneous diagram here mainly refers to the fusion between the directed graph obtained from 
the post-textbook EXCEL table transformation and the directed graph obtained from the above training 
materials. It is relatively simple to transform the post-textbook EXCEL table into a directed graph, with each 
column as a node and all columns except the ISBN number column as class nodes. The hierarchical 
relationship between the post columns (post and sub-post) is transformed into a “has” type of edge, the 
relationship between the book and the ISBN number is transformed into a non-class edge, and a class edge, 
“useBook”, is established between the sub-post and the book from the sub-post to the book. It should be 
noted that in this step, more refined correlations can be established between nodes based on actual business 
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requirements in combination with expert knowledge, and the experts’ empirical knowledge about the 
correlations between business domains can be transformed into the correlations of knowledge nodes to 
improve the degree of fusion of knowledge contents between different domains.

At this point, a complete human resources domain directed graph can be obtained, and the human 
resources body of knowledge in the form of domain ontology can be obtained by directly converting the 
directed graph to OWL according to the conversion rules defined in 3.5. The ontology of the human 
resources field body of knowledge system obtained is shown in Figure 10, part of the converted OWL 
document is shown in Figure 11.

Fig ure 10. The body of knowledge in the fi eld of human resources obtained from the fusion Where the second 
column on the left is the name of each group, the third column is the core class of each group, and the fourth 
column and after are other classes. (The class book has ten object properties).
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Figu re 11. Example of a part of converted OWL document.

5. SUMMARY AND DISCUSSION

Aiming at the needs of the State Grid for energy Internet knowledge organization and the basic form of 
existing resources, this paper proposes an XML-to-OWL transformation method based on the directed 
graphs. This method has the following characteristics.

(1)  The XML document has a tree structure, i.e., a directed acyclic graph. The use of graph structures 
facilitates the mining of richer semantic information contained within the original structure of XML. 
This content is difficult to extract manually from large-scale documents, but the content organization 
of the document itself is actually a representation of this semantic information. At the same time, 
the graph structure makes the original resource content more clearly presented, and different nodes 
can be directly connected, which makes it easier to show the relationship between the knowledge 
content within the resource. In addition, the graph structure only consists of nodes and edges, and 
there is no nested structure, which is conducive to the transformation between different formats.

(2)  Applicable to the transformation of large-scale multi-source XML documents. The core problem of 
large-scale multi-source XML document transformation is the high labor cost. This method transforms 
the original XSD document into the form of a directed graph, and by analyzing the graph structure 
and node features, the core content of the large-scale XML document is derived semi-automatically, 
and the corresponding XML document can be generated directly, which reduces the manual workload 
by using the XSD structure itself.

(3)  Revealing richer knowledge about XML documents. The traditional XML-to-OWL method mostly 
uses XML hierarchical structure as OWL semantic information, but this method uses a neural network 
to analyze the XML structure deeply and combine the semantic information of the XML tags 
themselves to cluster the directed graphs and derive additional knowledge content embedded in the 
XML structure, which enriches the semantic representation of the ontology and reveals the knowledge 
in the original resource to a relatively higher.
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(4)  Strong flexibility and extensibility. The various methods of generating nodes and edges in the graph 
structure and the richness of the knowledge content are expressed to make it possible to flexibly 
expand the graph after conversion into a directed graph according to the actual business needs, 
which facilitates the integration of heterogeneous resources. In this paper, heterogeneous format of 
the EXCEL table is taken as an example to demonstrate the convenience of converting other structures 
into graph structures as a way to unify heterogeneous knowledge resources. At the same time, the 
presentation form of graph structure is also more convenient for experts’ knowledge to be added, 
which simplifies the process of establishing relationships between different business areas of the 
State Grid to form the body of knowledge, and only requires experts to establish edge relationships 
between corresponding nodes according to business knowledge, providing a way for heterogeneous 
knowledge fusion.

Accordingly, this directed graph-based transformation approach has certain shortcomings. The existing 
transformation is mainly based on XSD documents, and the rich knowledge content in the original XML 
files is less involved. By using nodes as text content carriers, the text content in the corresponding elements 
of nodes can be added to the graph clustering. The clustering results contain more semantic information 
and reveal deeper knowledge content. At the same time, the fusion of existing heterogeneous knowledge 
mainly relies on expert knowledge, so selecting representative text contents according to the descriptions 
of text contents of different domains and extracting association relations between domains automatically 
by means of natural language processing as a supplement to expert knowledge to improve the intelligence 
of heterogeneous knowledge fusion are considered. Furthermore, the RML method can be integrated and 
extended to enhance the capability of fusing different structured data formats (such as JSON, etc.) by 
converting them to OWL.
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