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ABSTRACT Airworthiness regulation documents are critical, which contain massive safe constraints
for system design and airworthiness certification. The textual information of airworthiness regulations
is organized and stored in a hierarchical and scattered form due to the unique provision structure. The
linguistic form of legal provision brings the problems of incompleteness semantic information and syntactic
structure to each legal clause, which limits the application of Natural Language Processing (NLP) technology
in the field of airworthiness safety. In this article, a novel theory of semantic cohesion is proposed for
Chinese airworthiness regulations, in which four critical elements are contained, including definition, model,
theorem and rules. The definition of attributive directed graph model is proposed to achieve the graphical
representation of airworthiness regulation texts. Moreover, the graphical issue of regulation texts is proved in
accordance with the characteristic of hierarchical provision structure based on graph theory, and the rules of
edge structure construction are provided. Based on the theory, a new node content link algorithm is proposed
to achieve the tasks of semantic cohesion and structure conversion for Chinese airworthiness regulation
texts. According to the hierarchical structure characteristic of regulation texts, the algorithm can convert the
provision structure to the general narrative linguistic form by constructing edges with semantic cohesion
relation. As a result, provision sentences with complete semantic information and syntactic structure can be
generated. The algorithm has been deployed on the current 119 airworthiness regulation texts to verify the
validity and feasibility. The experimental results show that the algorithm achieves efficient performance in
the tasks of structure conversion and semantic cohesion, and the algorithm performs reliably with an accuracy
rate of 100%. The problem of application limitation for NLP technology to Chinese airworthiness regulation
texts has been resolved, which promotes the intelligent and automatic development of airworthiness safety.

INDEX TERMS Airworthiness safety, attributive directed graph, Chinese airworthiness regulations, general
linguistic form, hierarchical provision structure, NLP, node content link algorithm, semantic cohesion theory.

I. INTRODUCTION
Airworthiness regulations are essential guidance documents
in the field of airworthiness safety, which comprise all neces-
sary safe constraints for Air Transport System (ATS). System
safety engineers and other airworthiness engineers should
conform to the regulations when designing and maintaining
the ATS. Satisfying all the requirements of airworthiness
regulations is an essential prerequisite for civil aircraft to the
market of civil aviation [1].
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approving it for publication was Sun-Yuan Hsieh .

Airworthiness regulation documents, as the most crucial
standard of aviation industry, have the characteristic of uni-
versality. For all types of aircraft, safe design constraints
are contained in the documents, which makes airworthiness
regulations comprise massive legal provisions with varied
pertinence. In order to achieve airworthiness safety design
and airworthiness compliance verification, safety engineers
are supposed to select appropriate provisions according to dif-
ferent design tasks and integrate the specific rules into system
design as safe constraints [2], [3]. The effective processes of
airworthiness safety analysis and design can help eliminate
the negative effects brought by the repetition revision of
design scheme for successful airworthiness certification [4].
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Meanwhile, the problem of increasing cost due to scheme
modifications can be avoided [5]. Airworthiness safety anal-
ysis and design is critical for ensuring flight safety and reduc-
ing aviation accidents [6]–[8].

Airworthiness regulations are organized and stored in texts
with the form of legal provision structure. The safe informa-
tion of system is scattered in the texts because legal provisions
are massive, which makes it hard for system safety engi-
neers to acquire useful information quickly and accurately.
Therefore, the negative influence is brought to the tasks of
airworthiness certification and safety design. With the rapid
development of artificial intelligence theory in recent years,
NLP technology is proposed and adopted to achieve text anal-
ysis and processing in an intelligent and automatic way. The
NLP technology combines human linguistics and computer
science, which helps researchers acquire useful information
from texts and create relevant knowledge architecture con-
veniently. The technology is of great significance because it
can help to improve the effectiveness of communication and
control process between humans and machines [9], [10].

For NLP tasks, textual data is the primary research object.
Semantic and syntax analysis are carried out to text corpus
with different levels, such as word, sentence, document. Mul-
tiple tasks can be realized through NLP technology, including
machine translation [11], public opinion analysis [12], intel-
ligent question-answering [13], information retrieval [14],
sentiment analysis [15] and knowledge graph [16], etc. Air-
worthiness regulation documents are essential data in the field
of airworthiness safety. Moreover, the development of NLP
technology with the object of airworthiness regulation texts
can promote the automatic and intelligent development of
airworthiness certification and safety analysis.

However, in author’s knowledge, NLP technology fails
to achieve desired results in engineering applications on
the foundation of airworthiness regulation texts. Due to the
unique textual structure (as well as the hierarchical provision
structure of law and regulation texts), the applications are
limited. Airworthiness safety is critical with a great deal of
documents that can guide the safety design and maintenance
of ATS. Moreover, it is urgent to improve the intelligence
and automation level in analyzing and processing airworthi-
ness texts, which also promotes the research of airworthiness
safety [17]–[19]. However, the unique hierarchical structure
of legal provisions limits the application of NLP technology
to airworthiness regulation texts. Therefore, it is of significant
meaning to develop the discourse analysis approach for the
special texts with hierarchical provision structure. Eliminat-
ing negative influence caused by deficient sentence com-
ponents and complicated hierarchical relationships in legal
provisions structure, is critical to promote the application of
NLP technology for airworthiness safety.

The relevant research work of NLP is mainly based on
the texts in general linguistic form, such as news, social
dialogues, film reviews, and so on [20], [21]. It is more
suitable to implement NLP tasks on these text data because
their textual structures are relatively simple. Meanwhile,

the semantics expression and sentence structure are com-
plete. The problem of lacking sentence components is almost
not existing in the sentences with general linguistic form.
However, airworthiness provisions are stored and organized
according to hierarchical provision structure, which makes
them different from the texts with general linguistic form. For
each elementary provision unit, complete semantic structure
is not existing with the influence of hierarchical provision
structure. Provision structure is the unique text structure that
limits the application of NLP technology in the field of
airworthiness safety [22], [23].

Linguistics structure expresses the mode of information
organization in texts, which affects the implementation effec-
tiveness of NLP tasks. For the text data in general linguistic
form, sentence-level data units conform to the text structure in
which complete semantic and syntactic structure are ensured.
This kind of text structure can help to improve the effective-
ness of relevant NLP tasks as prior knowledge [24], [25].

Both syntactic parsing and discourse analysis are impor-
tant components of text analysis [26], [27]. For syntactic
parsing, the sentences with complete semantic components
are usually viewed as basic units to analyze dependence
relations between words, and the dependence relations can
act as linguistic characteristics to improve the effectiveness of
NLP tasks. Therefore, it is critical for text structure modeling
and analysis to NLP tasks [28]. Many scholars have con-
ducted research on syntactic and discourse structure analysis.
Li et al. [29] combined dependency parsing with deep learn-
ing architecture to achieve Named Entity Recognition (NER)
and Relation Extraction (RE) for medical texts, the similar
work refers to [30]–[32]. Xue et al. [33] designed an intel-
ligent question-answering system based on syntactic struc-
ture analysis. The syntactic structure theory was adopted by
Dashtipour et al. [34] to achieve the sentiment analysis task
for Persian social media texts. Zulkarnain and Meziane [35]
constructed the text structure model for ultrasonic diagnosis
reports based on discourse structure analysis theory, and
realized the task of standardized structure processing for
this kind of text. The above research work shows that the
general linguistic form is helpful for extracting the linguistics
characteristic of texts, which is of benefit to NLP tasks. The
general linguistic form ensures that each sentence-level unit
contains complete semantic information and syntactic struc-
ture. Both textual structure processing and syntactic parsing
are essential for NLP tasks under the architecture of artificial
intelligence, including machine learning and deep learning.
However, syntactic parsing can only be used for sentence-
level text unit with complete semantic and syntactic informa-
tion, but not for airworthiness regulations in which semantic
information and syntactic structure are incomplete.

For airworthiness regulations, the unique provision
structure makes the texts represent hierarchical structure
characteristics. Thus, the regulation texts are obviously dif-
ferent from the texts in general linguistic form. As a basic
knowledge unit, every single elementary provision is stored
in an independent textual row space. Moreover, multiple
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elementary provisions are organized to form an article-level
provision content of airworthiness regulation, which makes
it hard to distinguish the boundary of legal sentences [36].
The problem of incomplete semantic and syntactic structure
is brought to each elementary provision unit due to the
hierarchical structure of airworthiness regulation texts. So,
it is difficult to realize syntactic and discourse analysis for
the texts. In addition, document-level hierarchical relations
are existing among elementary provision units due to the pro-
vision structure. Namely, all legal provisions belong to one
specific regulation document simultaneously in a paratactic
way. The complex hierarchical structure limits the applica-
tion of relevant NLP tasks to airworthiness regulation texts.
For airworthiness regulation texts, both document-level and
sentence-level structural characteristics should be considered
in NLP tasks, which increases the complexity of textual
semantic analysis and structure processing.

In this article, a novel semantic cohesion theory is pro-
posed to guide discourse representation and text modeling for
Chinese airworthiness regulations. The complex hierarchical
provision structure can be converted to the general linguistic
formwith complete semantic information and syntactic struc-
ture in narrative expression according to provision structure
characteristics and hierarchical relations among elementary
provision units of airworthiness regulations. The standardized
processing method for text structure is achieved. Moreover,
the problem of complex discourse structure and incomplete
semantic information brought by the hierarchical provision
structure of airworthiness regulation texts can be resolved
through the proposed approach.

Significant results are acquired by combining graph-
theory-based modeling approaches and NLP technology for
different textual analysis and processing tasks. Graph theory
is often adopted in constructing textual models to achieve
syntactic and discourse analysis [37]. In graph theory, node
and edge are used to represent the practical issues in a mathe-
matical way, moreover, the theoretical base and mathematics
description can be provided for complex process modeling.
Graph theory has been widely adopted for model construction
in various fields [38], such as social network [39], trans-
portation [40], and semantic network [41], etc. Therefore,
it is suitable to achieve the model representation of texts
with graph structure in which entity and relation can both
be expressed appropriately [42]. Moreover, graph theory can
be used to construct the textual structure model not only on
sentence-level, but also on document-level.

Semantic analysis and structure processing are essential
for understanding textual information so as to achieve NLP
tasks [43]. Kim [44] analyzed the importance of graph theory
for the construction of textual model, and he pointed out
that textual structure models can basically keep consistent
for the texts in different languages. For news reports, Uçkan
and Karci [45] constructed document-level textual model
based on graph theory, and achieved the task of automatic
summarization based on the model. Bijari et al. [46] used
graph theory to construct textual structuremodel, and realized

the task of sentiment analysis for social network texts. The
above research work shows that it is suitable to use graph
theory to construct the model of texts in general linguistic
form. However, for Chinese airworthiness regulation texts
with unique hierarchical provision structure, the correspond-
ing text modeling and structure processing approaches are
still lacking at present.

In this article, a novel semantic cohesion theory for the
hierarchical provision structure of Chinese airworthiness reg-
ulations is presented. Based on the theory, a new algorithm
of structure conversion and semantic cohesion is provided.
The problem of incomplete semantic and syntactic struc-
ture caused by complex hierarchical provision structure is
abstractly expressed as a graph-theoretic issue (namely, the
construction of attribute directed graph model and the asso-
ciation of node contents). Moreover, the tasks of semantic
cohesion and structure conversion can be achieved through
the node content link algorithm according to the inherent hier-
archical relation of airworthiness regulations. Consequently,
the special hierarchical provision structure of Chinese air-
worthiness regulation texts can be converted to the general
linguistic form with complete semantic information and syn-
tactic structure, which is convenient for the subsequent tex-
tual analysis and processing. The contributions of our study
are generalized as follows:

• A novel theory of semantic cohesion for Chinese air-
worthiness regulations is proposed in which four criti-
cal elements are contained, including definition, model,
theorem, and rules. The semantic cohesion theory can
help to achieve the graphical model representation and
textual analysis for Chinese airworthiness regulations.

• A new node content link algorithm is proposed based
on the semantic cohesion theory, which helps to achieve
the tasks of semantic cohesion and structure conversion
for Chinese airworthiness regulations. Through the pro-
posed algorithm, the special hierarchical provision struc-
ture of airworthiness regulation texts can be converted
to the general linguistic form with complete semantic
information and syntactic structure.

• The problem of application limitation for NLP tech-
nology to Chinese airworthiness regulation texts caused
by the unique hierarchical provision structure is solved
through the proposed approach, which can promote the
intelligent and automatic development of airworthiness
safety.

The rest of paper is organized as follows. The upcoming
section presents the problem of structure conversion and
semantic cohesion for Chinese airworthiness regulation texts.
The following section introduces the theory of semantic cohe-
sion in detail. In a further section, the link algorithm of node
content for the hierarchical provision structure of airworthi-
ness regulation texts is introduced. In the penultimate section,
experiments followed by discussions are illustrated to verify
the validity and effectiveness of the proposed approach. The
final section concludes and outlines for future research.
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II. PROBLEM MODELING AND DESCRIPTION
A. PRACTICAL PROBLEM DESCRIPTION
The complex hierarchical provision structure of airworthi-
ness regulation texts is the primary problem that limits the
application of NLP tasks in the field of airworthiness safety.
The unique provision structure is obviously different from the
general linguistic form, and this special structure is mainly
used for information organization in law and regulation texts.
The particular provision structure makes airworthiness reg-
ulation texts have the characteristic of hierarchical struc-
ture. Furthermore, the characteristic may result in incomplete
semantic information and syntactic structure, which affect the
application of NLP tasks to law and regulation texts. The
main problems brought by the unique hierarchical provision
structure of Chinese airworthiness regulations are generalized
as follows:

• Provision structure leads to complex hierarchical rela-
tions among multiple elementary provision units, while
every single elementary provision unit has the prob-
lems of incomplete syntactic and semantic structure, and
components deficiency. Meanwhile, elementary provi-
sion units with the relation of semantic cohesion are
separated at different row spaces which are not adjacent.

• Provision structure results in the problem of sentence
boundary ambiguity, which makes it difficult to achieve
sentence segmentation and syntactic analysis correctly
for airworthiness regulation texts.

• Provision structure results in the problem of incoherent
text information, which affects the effectiveness of NLP
tasks, such as entity relation extraction and knowledge
graph construction, etc.

In order to clarify the unique hierarchical provision
structure of Chinese airworthiness regulation texts, part of
regulations (CCAR-23-R3, Article 23.609) is excerpted and
presented in Fig. 1. As shown in Fig. 1, seven different titles
are contained in the provision structure, including CCAR,
Article, (a), (1), (2), (3), and (b). Each title corresponds to
an elementary provision unit stored in an independent row
space, respectively. In Fig. 1, the combined number before
each elementary provision unit denotes the number of rows
(as well as the order of nodes) and the corresponding title
level, respectively. The number on the left side of symbol
‘-’ denotes the order of nodes under hierarchical provision
structure, and the number on the right side of symbol ‘-’
is adopted to indicate the corresponding title level. Under
hierarchical provision structure, text information is orga-
nized and represented according to the order of rows, and
the arranged sequence is shown in grey arrows in Fig. 1.
Because of the hierarchical characteristic brought by multiple
title levels, complex structural relations exist in elementary
provision units. To ensure complete semantic and syntactic
structure, elementary provision units with semantic cohe-
sion relations are supposed to be combined. As shown in
Fig. 1, the semantic cohesion relations among elementary
provision units are represented in blue arrows. Consequently,

FIGURE 1. Hierarchical provision structure of Chinese airworthiness
regulations.

in order to eliminate the negative influence caused by the
special hierarchical provision structure to the relevant NLP
tasks. It is necessary to develop document-level semantic
cohesion approaches for the texts with hierarchical provision
structure. The problem of structure conversion and semantic
cohesion for Chinese airworthiness regulations is defined as
follow, namely, connecting elementary provision units with
semantic cohesion relation according to hierarchical structure
characteristics, and converting the special structure to the
general linguistic form with complete semantic information
and syntactic structure.

B. PROBLEM MODELING
In this article, the problem of structure conversion and seman-
tic cohesion for elementary provision units is abstractly
expressed as a graph-theory issue. The purpose of structure
conversion is to transform the unique hierarchical provision
structure of law and regulation texts to the general linguistic
form. The purpose of semantic cohesion is to solve the prob-
lem of incomplete semantic and syntactic structure by con-
necting elementary provision units with semantic cohesion
relations. Therefore, legal provision sentences with complete
semantic information and syntactic structure can be achieved.

From the view of graph theory, the problem of seman-
tic cohesion and textual structure conversion for Chinese
airworthiness regulations is described as follow, namely,
constructing attributive directed graph model for Chinese
airworthiness regulation texts according to hierarchical pro-
vision structure, and linking node contents based on the
graph model. The task is realized by acquiring subgraphs
and directed paths with complete semantic information and
syntactic structure. Problemmodeling and technology frame-
work are represented in Fig. 2. As shown in Fig. 2, four criti-
cal steps are needed to form the technology framework of our
approach, including the construction of node set for Chinese
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FIGURE 2. Problem description and technology framework.

airworthiness regulations, the construction and assignment of
node attribution set, the judgment of edge structure, and the
acquisition of directed paths.

In this article, on the foundation of graph theory, the
problem of semantic cohesion and structure conversion has
been converted to node content link and the construction
of attributive directed graph model for Chinese airworthi-
ness regulation texts. With the consideration of hierarchical
provision structure, elementary provision units are selected
to be the nodes of graph model when constructing attribu-
tive directed graph model for airworthiness regulation texts.
Because of the unique structure characteristic of law and
regulation texts, nodes with semantic cohesion relation are
usually separated and located at two different rows which
are not adjoining. Consequently, for Chinese airworthiness
regulations, the node structure of textual graphmodel is deter-
ministic while the edge structure is uncertain. Meanwhile,
in the special provision structure, attributions are brought to
the nodes because of hierarchical multi-level titles.

The problem of structure conversion and semantic cohe-
sion for airworthiness regulation texts is expressed as a graph
theory issue. Moreover, the problem can be further expressed
as setting judgment mechanism of node contents with the
consideration of node (v, v ∈ V ) and corresponding attribute
characteristic (vl, vl ∈ VL). In order to construct directed
edge e and edge set E for the attributive directed graph model
of airworthiness regulation texts, it is necessary to determine
whether there is an edge structure for different pairs of nodes.

Moreover, the set of directed paths with complete seman-
tic information can be acquired, which is expressed as:

Path = {Path1,Path2, . . . ,Pathn} = {(e1, . . . , ea), (e1, . . . ,
eb), . . . , (em, . . . , en)}.
Then, the problem is defined as follow:

V (VL(L))→ E → Path (1)

In order to solve the problem mentioned above, a new
theory of semantic cohesion is proposed. And, the concept
of attributive directed graph model is defined. Based on the
hierarchical characteristic of provision structure, the graphi-
cal issue of Chinese airworthiness regulation texts is proved
when elementary provision units are taken as nodes. Mean-
while, on the foundation of graph theory, a new link algorithm
of node contents is proposed. In the proposed algorithm,
the node contents with semantic cohesion relation are linked
according to the judgment mechanism (as well as the con-
struction of edge structures). The set of directed paths with
complete semantic information and syntactic structure can be
generated through the proposed algorithm, which solves the
problem of structure conversion and semantic cohesion for
Chinese airworthiness regulations.

III. THEORY OF SEMANTIC COHESION
A. DEFINITION OF ATTRIBUTIVE DIRECTED GRAPH
Definition 1 (Attributive Directed Graph): Suppose that there
are vertex set V = {v1, v2, · · · , vn} and attribution set VL =
{vl1, vl2, · · · , vln}. Each node has at least one specific attri-
bution vl in the attribution set VL, the corresponding set of
attribution value is expressed as L = {l1, l2, . . . , ln}. Then,
a vertex vi can be denoted as vi (VLi(Li)). Suppose that there
is an edge set E = {e1, e2, . . . , en}, where ei = (vi, vj) ∈ E
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indicates that one specific edge structure conforms to the
constraints of critical attribution. The parameter ψ denotes
the judgment function of edge structure, which is used to
judge whether two nodes conform to the constraints of critical
attribution. If the vertex set and the edge set can satisfy the
following four conditions:

(1) Each node has at least one attribute and corresponding
attribute value.

(2) Graphical issue of degree sequence.
(3) Unidirectional connectivity of edge structure.
(4) Judgement function ψ(vi, vj): the function is designed

to judge whether the edge structure exists between the two
nodes.

ψ(vi, vj) =

{
1 if the two nodes are connceted
0 otherwise

(2)

then, GL = (V (VL(L),E, ψ) is defined as the attributive
directed graph, and GL for short.
Definition 2 (Critical Attribution): For the attributive

directed graph, the vertex attribution set can be expressed as
VL = {vl1, vl2, . . . , vln}, and the critical attribution indicates
one specific attribution which can completely distinguish
whether the edge structure is existing.
Theorem 1: (Graphical of degree sequence) Suppose that d

is a nonnegative integer sequence, and d = (d1, d2, . . . , dn).
The sequence is graphical if and only if the sum of all vertex-

degrees (z =
n∑
i=1

di) is an even number.

B. CONSTRUCTION APPROACH OF TEXTUAL GRAPH
MODEL
It is necessary to combine the hierarchical structure charac-
teristic in constructing the attributive directed graph model
of Chinese airworthiness regulation texts. Specifically, ele-
mentary provision units are supposed to be selected as the
nodes of graph model, and the inherent hierarchical relation
of provision structure is viewed as the critical attribution. For
airworthiness regulation texts, the edge structures of textual
graph model are uncertain, which depend on the hierarchical
relation of nodes. Therefore, in this section, the proof of
graphical issue for Chinese airworthiness regulation texts is
provided by combining with the hierarchical characteristic of
provision structure.

In graph theory, graph is a mathematical model which is
used to express the real things in an abstract way. The graph
model comprises of vertex set and edge set, which denote
entities and corresponding relations, respectively. Specially,
node selection patterns are varied in constructing textual
graph model. For NLP tasks, words and sentences are usually
adopted as nodes in textual graph model, and edge struc-
tures exist between two adjacent nodes. However, with the
consideration of the particularity of airworthiness regula-
tion texts, it is necessary to select nodes and edges based
on hierarchical provision structure when constructing tex-
tual graph model. The construction approach of attributive

FIGURE 3. Construction approach of attributive directed graph model for
airworthiness regulation texts.

FIGURE 4. The uncertainty of edge structure in constructing attributive
directed graph.

directed graph for Chinese airworthiness regulation texts is
represented in Fig. 3.

With the consideration of provision structure, elementary
provision units of airworthiness regulations are selected as
nodes of attributive directed graph, and hierarchical relations
brought by multi-level titles are adopted as node attributions.
Then, judgements are carried out for each two adjacent nodes
to find out whether semantic relation is existing between the
two nodes. The directed paths with complete semantic infor-
mation are formed by constructing edge structures between
the nodes with semantic cohesion relation.

In the attributive directed graph model of Chinese airwor-
thiness regulation texts, the vertex structure is determinis-
tic, and the edge structure is uncertain. The edge structure
depends on the attribution of nodes and the hierarchical rela-
tion of provision structure. For multiple nodes, edge struc-
tures may exist in one or more than one pairs of nodes.
The uncertainty of edge structures in constructing attributive
directed graph model for Chinese airworthiness regulation
texts is shown in Fig. 4.

C. PROOF OF CRITICAL THEOREM
The graph-based textual model usually builds on the text
data in general linguistic form, and takes words as nodes
to achieve model representation. However, airworthiness
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regulation texts have the special linguistic structure. There-
fore, in our study, elementary provision units are selected as
vertex to construct the attributive directed graph model of
airworthiness regulation texts.

Because of the unique hierarchical provision structure,
airworthiness regulation texts are different from the text data
in general linguistic form. Therefore, based on graph theory,
the graphical issue of airworthiness regulation texts is proved
with the combination of hierarchical characteristic of provi-
sion structure. It is determined that whether the attributive
directed graph model of airworthiness regulation texts can
be constructed when elementary provision units are taken as
vertex and edge structures are constructed between the nodes
with semantic relation.

In graph theory, a simple graph G is defined as an ordered
set (V ,E), and G = (V ,E). The parameters V and E denote
vertex set and edge set, respectively. The vertex set V is
expressed as follow:

V = (v1, v2, . . . , vi, . . . , vn) (3)

where parameter vi indicates one certain node in V ,
and vi ∈ V .
In graph model, the definition of edge set is expressed as

follow:

E = {(v1, v2)|∀v1, v2 ∈ V , v1 6= v2} (4)

where (v1, v2) denotes an edge structure of graph G.
In attributive directed graph, edge structure exists in the

nodes v1 and v2 which have semantic cohesion relation.
Because of the unique hierarchical provision structure, the
airworthiness regulation texts are different from the texts with
general linguistic form. Therefore, it is essential to combine
the hierarchical characteristic of provision structure when
developing structure conversion and semantic cohesion for
this type of text. Namely, elementary provision units are
supposed to be selected as vertex in constructing the textual
graph model of airworthiness regulations. Meanwhile, pro-
vision structure makes each elementary provision unit has
the characteristic of hierarchical attribution. The model of
attributive directed graph is proposed to solve the problem of
structure conversion and semantic cohesion for Chinese air-
worthiness regulations. The structure characteristic of airwor-
thiness regulation texts is analyzed, and node contents with
semantic cohesion relation are connected to form edge struc-
tures. Then, the attributive directed graph model of Chinese
airworthiness regulation texts can be constructed success-
fully. The hierarchical provision structure of airworthiness
regulation texts makes each elementary provision unit have
a specific and deterministic title level. According to different
title levels, every single elementary provision unit has been
arranged with a specific attribution value corresponding to
its title.

Therefore, the vertex set of attributive directed graph can be
further expressed as the combination of vertex V , attribution
VL, and the corresponding attribution value L (namely the

title level), as shown below:

V (VL(L)) = {(v1, l1), (v2, l2), . . . , (vi, li), . . . , (vn, ln)} (5)

where parameters vi and li denote the content of node i and the
corresponding attribution value under hierarchical provision
structure, respectively.

The parameter GL is used to indicate the attributive
directed graph model of airworthiness regulation texts with
the vertex set of elementary provision units. The attributive
directed graph is shown as follow:

GL = (V (VL(L),E, ψ) (6)

where parameter VL denotes the critical attribution set of
attributive directed graph. The attributions are corresponding
to the multi-level titles of textual graph model. The parameter
L indicates the set of attribution values. In textual graph
model of airworthiness regulations, the specific attribution
value of node is corresponding to the title level. The parame-
ter E denotes the set of edge structure with semantic cohesion
relation, and the parameter ψ is the judgment function of
semantic cohesion and node contents link.

Node content link is the crucial step in constructing attribu-
tive directed graph model for airworthiness regulation texts.
Moreover, it is also the basis to realize structure conversion
and semantic cohesion, which helps convert the hierarchical
provision structure to the general linguistic form with com-
plete semantic information and syntactic structure. Further-
more, the directed paths which represent complete semantic
information are generated by constructing edges between
the nodes with semantic cohesion relation. The process is
described as follow:

T → GL(V (VL(L)),E, ψ)→ Path (7)

where T denotes airworthiness regulation texts, and Path
indicates directed paths with complete semantic information
and syntactic structure.

For the problem of structure conversion and semantic cohe-
sion for airworthiness regulation texts, textual graph model
can neither be created on sentence-level nor word-level, and
it should be created on the level of elementary provision unit.
Namely, for each airworthiness regulation text, vertex set V is
comprised of all elementary provision units, and each node vi
indicates an elementary provision unit, vi ∈ V . The edge set
E is composed of node pairs with semantic cohesion relation,
which can form the directed paths with complete semantic
information.

Note that in this article, the graphical issue for Chinese
airworthiness regulation texts is proved while considering the
uncertain edge structures of textual graph model. Namely,
elementary provision units are stored sequentially in row
spaces of text according to hierarchical provision structure,
but not organized conforming to semantic relations. There-
fore, edge structures with semantic relations are uncertain.
For Chinese airworthiness regulation texts, the initial mode
of information organization and the desired semantic cohe-
sion relation are both represented in Fig. 1. Hierarchical
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dependency relations among elementary provision units are
brought due to multi-level titles in airworthiness regulation
texts. Simultaneously, the particular provision structure of
airworthiness regulations makes the vertex-degrees (includ-
ing in-degrees and out-degrees) on different title levels show
different characteristics. Moreover, through analyzing the
hierarchical provision structure, a common structural char-
acteristic of law and regulation texts is generalized in this
article, which is represented as property 1.
Property 1: The provision structure of law and regulation

texts has the characteristic of directed branching.
Explanation: Provision structure is the unique information

organizationmode for law and regulation texts, which enables
every single elementary provision unit can derive several
subordinate units downwardly, but can only attach to a certain
superior unit upwardly.

In our study, the characteristics of vertex-degrees (includ-
ing in-degrees and out-degrees) on different title-levels are
analyzed according to property 1. The hierarchical structure
of airworthiness regulation texts can be divided into three
different parts in total, including top-level, middle-level, and
bottom-level. The top-level nodes denote the elementary pro-
vision units with the highest title level which indicates CCAR
serial number. The bottom-level nodes indicate leaf nodes
in attributive directed graph. These nodes are all terminals
without any child nodes, and all of them are located at
the end of directed paths with complete semantic informa-
tion. Except for top-level and bottom-level nodes, the rest
of the nodes are defined as middle-level nodes. Note that,
in attributive directed graph model, the nodes with different
hierarchical structures have different degree characteristics.
Specifically, top-level nodes only have out-degrees, but not
have in-degrees. Meanwhile, bottom-level nodes only have
in-degrees but not have out-degrees. For the nodes located in
middle level, they have both in-degrees and out-degrees.

Through proving the graphical issue of degree sequences,
the feasibility for constructing the attributive directed graph
of Chinese airworthiness regulation texts while taking ele-
mentary provision units as nodes, can be proved. For each
airworthiness regulation text, the hierarchical structure is
different with others, and the composition of edge structures
is uncertain. Therefore, the specific value of degree sequence
for one certain airworthiness regulation text, can hardly be
acquired.

In this article, for Chinese airworthiness regulation texts,
the graphical issue of degree sequence has been proved while
considering the characteristic of hierarchical provision struc-
ture. The provision structure can be divided into six different
levels (including Level I-Level VI) which express different
title levels of Chinese airworthiness regulations, respectively.
The attributive directed graph model of airworthiness regula-
tion texts is represented in Fig. 5.

The highest title level in the provision structure of airwor-
thiness regulation texts is six. The parameter denotes the set
comprised of all title levels (as well as the node attribution
value of attributive directed graph model) corresponding to

FIGURE 5. The attributive directed graph model of airworthiness
regulation text.

each elementary provision unit (as well as the node of attribu-
tive directed graph model) under the hierarchical provision
structure of airworthiness regulations, as shown below:

L = (1, 2, 3, 4, 5, 6) (8)

For each airworthiness regulation text, degree sequence
can be divided into three different parts according to the
characteristic of vertex-degrees, including top-level, middle-
level, and bottom-level. The degree sequence of every single
airworthiness regulation text is represented as follow:

D = {DTop,DMiddle,DBottom} (9)

where parameterD denotes the degree sequence of airworthi-
ness regulation text, and parameter DTop indicates the degree
sequence of top-level nodes. The parameter DMiddle means
the degree sequence of middle-level nodes, and the parameter
DBottom is used to denote the degree sequence of bottom-level
nodes.

For each airworthiness regulation text, the total number of
elementary provision units corresponding to each title level i
is assumed to be ni. Namely, the parameter ni indicates the
total number of elementary provision units with title-level i in
attributive directed graphmodel. For airworthiness regulation
texts with I-type provision structure, the parameterN denotes
the set which is comprised by the total number of elementary
provision units with different title-levels, as shown below:

N = {n1, n2, n3, n4, n5, n6} (10)

Note that, for each airworthiness regulation text, the total
number of elementary provision units with title-level 1
is 1 under hierarchical provision structure, namely n1 = 1.
The characteristics of vertex-degrees are different corre-

sponding to title levels when taking elementary provision
units as nodes to construct textual graph model. As shown
in property 1, the nodes with title-level 1 (namely the nodes
on top-level) only have out-degrees, but not have in-degrees.
Because of the property of directed branching, the out-
degrees number of the node with title-level 1 is equal to the
total number of in-degrees for the nodes with title-level 2.
Moreover, the total number of in-degrees for the nodes with
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title-level 2 is equal to the total number of nodes with title-
level 2. Consequently, the degree sequence for the node with
top-level, is shown as below:

DTop = d+1 = d−2 = n2 (11)

where parameter d+1 denotes the out-degrees number for the
node with title-level 1 under hierarchical provision structure.
The parameter d−2 indicates the in-degrees number for the
nodes with title-level 2. The parameter n2 means the total
number of nodes with title-level 2.

For middle-level nodes, the total number of in-degrees is
equal to the total number of out-degrees for the nodes with
superior title level. Meanwhile, it is also equal to the total
number of nodes with the current title level. For middle-level
nodes, the total number of out-degrees is equal to the total
number of in-degrees for the nodes which are subordinate
to the current level, and it is also equal to the total number
of subordinate nodes. The degree sequence of middle-level
nodes can be expressed as follow:

{∃i, 1 < i ≤ 5, di ∈ DMiddle ::
d−i = d+i−1 = ni
d+i = d−i+1 = ni+1

} (12)

where parameter di denotes the total number of vertex-
degrees, namely the sum of vertex-degrees (including in-
degrees and out-degrees) corresponding to the nodes with
title-level i under hierarchical provision structure. The param-
eter d−i indicates the total number of in-degrees for the nodes
with level i, and the parameter d+i indicates the total number
of out-degrees for the nodes with level i. The parameter d+i−1
indicates the total number of out-degrees for the nodes with
level i− 1, and the parameter d−i+1 indicates the total number
of in-degrees for the nodes with level i + 1. The parameters
ni and ni+1 denote the total number of nodes with level i and
the total number of nodes with level i+ 1, respectively.
For bottom-level nodes, they only have in-degrees, but

not have out-degrees. The total number of in-degrees for
bottom-level nodes is equal to the total number of out-degrees
corresponding to the nodes with superior level, which also
equals to the total number of bottom-level nodes. The degree
sequence of bottom-level nodes is shown as below:

DBottom = d−m = d+m−1 = nm (13)

where parameter m denotes the highest title level in current
airworthiness regulation text. The parameter d−m denotes the
total number of in-degrees for the nodes with levelm, and the
parameter d+m−1 indicates the total number of out-degrees for
the nodes with level m − 1. The parameter nm indicates the
total number of nodes with level m.

In this article, elementary provision units are selected as
nodes to construct the attributive directed graph model for
Chinese airworthiness regulation texts. The degree sequence
of textual attributive directed graph is represented as follow:

D = {DTop,DMiddle,DBottom}

= {D1,D2, . . . ,Dm}

= {d+1 , d
−

2 + d
+

2 , . . . , d
−

m−1 + d
+

m−1, d
−
m } (14)

After converting the degree sequence of textual attributive
directed graph to the number of nodes on different levels,
the degree sequence of textual graph model can be further
expressed as follow:

D = {n2, n2 + n3, . . . , ni + ni+1, nm} (15)

where parameter m denotes the highest title level of airwor-
thiness regulation text.

Sum over all elements in the degree sequence (as shown
in (15)), the result is represented as follow:

z =
n∑
i=1

di = n2 + n2 + n3 + · · · + ni + ni+1 + · · · + nm

= 2(n2 + n3 + · · · + nm) (16)

where parameter ni must not be all zero. Therefore, for the
degree sequence of attributive directed graph of Chinese
airworthiness regulation texts, the sum of the vertex-degrees

z =
n∑
i=1

di is determined to be an even number.

With the consideration of hierarchical provision structure
for airworthiness regulation texts, the degree sequence of
textual graph model which takes elementary provision units
as nodes, can satisfy the condition of graphical in theorem 1.
In other words, the degree sequence is graphical. Therefore,
the attributive directed graph model can be constructed suc-
cessfully by selecting elementary provision units as nodes
and taking pairs of nodes with semantic cohesion relations
as edges. Consequently, the graphical issue of airworthiness
regulation texts is proved.

Moreover, according to property 1 (namely, the property
of directed branching), there is no circle structure between
any pairs of nodes but only one directed edge. The graph
model of Chinese airworthiness regulation text which takes
elementary provision units as nodes, satisfies the definition
of unidirectional connectivity. Namely, the graph model of
airworthiness regulation text is unidirectional connectivity.

Consequently, it is illustrated that the attributive directed
graph model of airworthiness regulation texts can be con-
structed while taking elementary provision units as nodes and
creating edges between the nodes with semantic cohesion
relation. Moreover, the proof of graphic issue provides the-
oretical base for the node content link algorithm.

D. THE RULES OF EDGE STRUCTURE CONSTRUCTION
In order to solve the problem of structure conversion and
semantic cohesion for Chinese airworthiness regulations, the
concept of attributive directed graph is proposed. Then, the
problem of semantic cohesion is transformed to the graph the-
ory issue of linking node contents and constructing attributive
directed graph model. As mentioned above, it is deterministic
that elementary provision units are taken as nodes, and edge
structures are uncertain. Thus, the problem of constructing
attributive directed graphmodel can essentially be interpreted
as the reconstruction of edge structures, as well as creating
edge structure between nodes with semantic cohesion rela-
tion. Moreover, the attributive directed graph of airworthiness
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regulation texts and the directed paths with complete seman-
tic information and syntactic structure can be successfully
achieved.

The parameter L is used to denote the set of attribution
value (namely, the set comprises of title levels corresponding
to nodes). The hierarchy transfer relation among elementary
provision units can be abstractly expressed as the change of
node attribution values l, l ∈ L. The elementary provision
units are organized and stored sequentially in the row spaces
of airworthiness regulation texts. For any two adjacent nodes
which are represented sequentially, the judgment mechanism
of semantic cohesion is carried out to determine whether edge
structure should be constructed between the nodes, as shown
below:

{∀vi, vi−1 ∈ V , 1 < i < n :: ψ(vi, vi−1) ∈ [0, 1]} (17)

where parameters vi and vi−1 denote two adjacent nodes
under the provision structure of airworthiness regulation
texts. The parameter n indicates the maximum number of
nodes under hierarchical provision structure. The Boolean
function ψ is used to judge whether the semantic cohesion
relation is existing between the two nodes. The function
ψ(vi, vi−1) = 1 denotes that the edge structure is existing
between the pair of nodes, (vi, vi−1). On the contrary, there is
no semantic cohesion relation between the two nodes.

The judgment function of edge structure in constructing
the attributive directed graph model of Chinese airworthiness
regulation texts, is shown as follow:

F = 1l = (li − li−1), ∀l ∈ L, 1 < i < n (18)

where parameters vi and vi−1 denote two different nodes
stored in adjacent row spaces under hierarchical provision
structure. The parameters li and li−1 indicate the attribution
values corresponding to nodes vi and vi−1, as well as title
levels of the two nodes. The function F = 1l denotes the
difference between the attribution values of the two adjacent
nodes, which is used to control the hierarchy transfer process
in the task of semantic cohesion.

The function F = 1l has three possible values, which
correspond to three different hierarchy transfer processes,
respectively. The different value conditions of the function
corresponding to the construction mechanism of edge struc-
tures are represented and discussed as follows:

F = (li − li−1) →


> 0, ψ(vi, vi−1) = 1
= 0, ψ(vi, vi−1) = 0
< 0, ψ(vi, vi−1) = 0

→

{
ψ(vi, vi−1) = 1
ψ(vi, vi−1) = 0

→

{
e(vi, vi−1), Active
e(vi, vi−1), Inactive

(19)

Explanations:
Case 1: if F > 0, then ψ(vi, vi−1) = 1. It means that

semantic cohesion relation exists between node vi and node

vi−1, and vi is the subordinate node of vi−1. Therefore, edge
structure should be created between the pair of nodes. The
edge structure is expressed as e(vi−1, vi). The two nodes are
supposed to be connected to form the directed path, and the
corresponding elementary provision units have the relation of
semantic cohesion.

Case 2: if F = 0, then ψ(vi, vi−1) = 0. It means that
semantic cohesion relation does not exist between node vi and
node vi−1, namely, vi and vi−1 have the same attribution value.
Therefore, the current node vi is supposed to be attached to
another node which is subordinate to vi (with the attribution
value of li − 1) in the list, the node can be expressed as
(vf , li−1). The node vf indicates the superior node of vi, and
the attribute value of node vf is li − 1. Therefore, the node
(vf , li − 1) and the node (vi, li) are supposed to be connected
to form the directed path, and the corresponding elementary
provision units have the relation of semantic cohesion. The
edge structure with semantic cohesion relation should be cre-
ated between the two nodes vf and vi, which can be expressed
as e(vf , vi).

Case 3: if F < 0, then ψ(vi, vi−1) = 0. Similar with
case 2, the edge structure with semantic cohesion relation
can be expressed as e(vf , vi). It means that semantic cohesion
relation does not exist between node vi and node vi−1, and vi
is the superior node of vi−1. Therefore, the current node vi is
supposed to be attached to another node which is subordinate
to vi (with the attribution value of li − 1) in the list, and the
node can be expressed as (vf , li − 1). The node vf indicates
the superior node of vi, and the attribution value of node
vf is li − 1. Therefore, the node (vf , li − 1) and the node
(vi, li) are supposed to be connected to form the directed
path, and the corresponding elementary provision units have
the relation of semantic cohesion. The edge structure with
semantic cohesion relation should be created between the two
nodes vf and vi.

Consequently, the construction mechanism of edge struc-
ture with complete semantic cohesion relation is generalized
and represented as follow:

{∃(vi, li), ∃(vi−1, li−1), ∃(vf , li − 1), (vi−1, vi, vf )

∈ V , (li−1, li, li − 1) ∈ L, vi 6= vi−1} :: li > li−1, ψ(vi, vi−1) = 1
li = li−1, ψ(vi, vi−1) = 0
li < li−1, ψ(vi, vi−1) = 0

⇒
 e(vi−1, vi)
e((vf , li − 1), vi)
e((vf , li − 1), vi)

→E

(20)

According to different cases, the construction mechanism
of edge structure with semantic cohesion relation for the
attributive directed graph, is represented in Fig. 6.

The attributive directed graph model of airworthiness reg-
ulation texts can be achieved by constructing edge structures
with semantic cohesion relation. Moreover, the task of struc-
ture conversion for regulation texts is realized, and directed
path refers to the sequence of nodes in attributive directed
graph model. The directed paths with complete semantic
information are acquired by combining nodes with semantic
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FIGURE 6. Construction mechanism of edge structure with semantic
cohesion relation.

cohesion relation, as shown below:

E = {e1, e2, . . . , en} → Path

= {Path1,Path2, . . . ,Pathn}

= {(e1, . . . , ei), (e1, . . . , ej), . . . , (em, . . . , ek )} (21)

where Path denotes the set of directed paths with complete
semantic information in the attributive directed graph model
of airworthiness regulation texts. The parameters e and E
indicate one certain directed edge structure and the set of
directed edges in graph model, respectively.

IV. NODE CONTENT LINK ALGORITHM
In this article, a new node content link algorithm is proposed
based on the attributive directed graph model of Chinese air-
worthiness regulation texts. The purpose of the algorithm is to
figure out the nodes with semantic cohesion relation by ana-
lyzing the hierarchical characteristic of provision structure
and create edges between the nodes which are semantic cohe-
sion related. Moreover, the directed paths which can express
complete semantic information are achieved. The practical
problem in constructing the attribute directed graph model
of Chinese airworthiness regulation texts, is to reconstruct
directed edges between the nodes with semantic cohesion
relation based on hierarchical provision structure. Then, the
original textual graph model is converted to a new textual
graph model (as well as attributive directed graph). The con-
struction approach of attributive directed graph model and
the key steps of node content link algorithm are represented
in Fig. 7. Meanwhile, the application object in Fig. 7 is the
referenced airworthiness regulations shown in Fig. 1.

In order to construct the attributive directed graph model
of airworthiness regulation texts, a new node content link
algorithm is proposed. In the algorithm, the hierarchical char-
acteristic of provision structure is analyzed to set correspond-
ing attribution value for each node. For any two adjacent
nodes (as well as elementary provision units) organized and
stored sequentially in original airworthiness regulation texts,
the judgment mechanism of edge structure is carried out.
If the dependence relationship exists between the two nodes,

Algorithm 1 Link Algorithm for Node Content
Initialization: Chinese airworthiness regulation texts, T
Output: Processed texts with provision sentences, T ′

1: Design rule template for hierarchical provision structure
through regular expressions
for each line in T do
2: Set elementary provision unit as node vi
3: Identify title level, and arrange corresponding attribute
value li for node vi
judgements:
if F > 0, ψ(vi, vi−1) = 1 then
4: Construct directed edge structure (vi−1, vi) between
nodes vi−1 and vi
elseif F = 0, ψ(vi, vi−1) = 0 then
5: Output the current directed path Pathi in list, and clear
the list
6: Construct list according to node vi, and create edge
structure between node vi and the node with attribution
value of li − 1
elseif F < 0, ψ(vi, vi−1) = 0 then
7: Output the current directed path Pathi in list, and clear
the list
8: Construct list according to node vi, and create edge
structure between node vi and the node with the attribution
value of li − 1
end if
end for
9: Create and output directed path according to the last
node content in T
10: T → T ′

edge structure is supposed to be created. On the contrary,
if there is no dependence relationship between the two nodes,
edge structure should be created between the current node
and other one which has semantic cohesion relation with
the current node. For Chinese airworthiness regulation texts,
both attributive directed graph model and directed path set
(namely, the set comprises of directed paths with complete
semantic information and syntactic structure) can be achieved
through the proposed node content link algorithm.

The flow of the proposed node content link algorithm is
represented in Algorithm 1.

V. EXPERIMENT AND ANALYSIS
In this article, a novel node content link algorithm is proposed
with the consideration of hierarchical provision structure of
Chinese airworthiness regulations. The purpose of the algo-
rithm is to transform the unique structure of regulation texts
to the general linguistic form combined with the inherent
characteristic of multi-level titles. Furthermore, through the
proposed algorithm, document-level airworthiness regulation
texts are converted to sentence-level text data with complete
semantic information and syntactic structure, which helps
to promote the application of NLP technology to airworthi-
ness safety. With the consideration of hierarchical structure
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FIGURE 7. The construction approach of attributive directed graph and the critical steps of node content link algorithm (corresponding to the referenced
airworthiness regulation in Fig. 1).

characteristics, two sets of templates are generalized and
proposed to extract node content (elementary provision unit)
and arrange corresponding attribution value (title level) for
each node. The current 119 airworthiness regulation texts in
force are downloaded as experimental objects to analysis and
verify the feasibility and effectiveness of the node content link
algorithm.

A. STRUCTURE CHARACTERISTIC ANALYSIS OF
AIRWORTHINESS REGULATION TEXTS
In order to verify the feasibility and effectiveness of the
node content link algorithm, in total 119 airworthiness reg-
ulation texts are obtained from the official website of China
Civil Aviation Administration (CCAA). Furthermore, the
structure characteristics of airworthiness regulation texts are
analyzed and generalized. Analysis results show that there
are two different types of hierarchical provision structures
in Chinese airworthiness regulation texts. Meanwhile, the
two types of structure characteristics are represented with
different multi-title forms. Structure analysis and statistics
are implemented to Chinese airworthiness regulation texts
with different hierarchical structures, statistical results are
represented in Table. 1. In this article, airworthiness regu-
lation texts in the first type of format are called as I-type
provision structure (32 regulation texts in total), in which six
different title levels are contained and the highest title level
is 6. The content in textual row is defined as an elementary
provision unit. For the airworthiness regulation texts with
I-type provision structure, the maximum value and minimum
value for the number of elementary provision units in a single
airworthiness regulation text are 3215 and 46, respectively.
Moreover, the average number of elementary provision units
in a single airworthiness regulation text is 897.

In this article, airworthiness regulation texts in the second
type of format, are called II-type provision structure (87
regulation texts in total). There are six different title levels
contained in the airworthiness regulation texts with II-type
provision structure, as well as the highest level is 5. For the
airworthiness regulation texts with II-type provision struc-
ture, the maximum value and minimum value for the num-
ber of elementary provision units in a single airworthiness

TABLE 1. The statistical results of airworthiness regulation texts.

regulation text are 1826 and 9, respectively. The average num-
ber of elementary provision units in a single airworthiness
regulation text is 153.

Therefore, the hierarchical structure of airworthiness reg-
ulation texts with I-type provision structure is much more
complex than the regulation texts with II-type provision struc-
ture. The number of elementary provision units for airworthi-
ness regulation texts with II-type provision structure is much
higher than the I-type airworthiness regulation texts. For the
airworthiness regulation texts with two different types of
hierarchical structures (I-type and II-type), the rule templates
are designed to extract elementary provision units as nodes
and arrange corresponding attribution value for each node.

According to the two different structure characteristics
of Chinese airworthiness regulation texts, the correspond-
ing templates of node extraction are designed. Through the
templates, elementary provision units are extracted as nodes,
and the corresponding title level is arranged to each node as
attribution value.

For airworthiness regulation texts with I-type provision
structure, the specific structure characteristics (the highest
title level is 6) are shown in Table. 2. For Chinese airwor-
thiness regulations, the hierarchical provision structure is
a unique information organization mode which is different
from the general linguistic form.Multi-level titles are adopted
to represent the hierarchical structure characteristic, includ-
ing CCAR, Article, Paragraph, Sub-paragraph, Item, and
Sub-item. Among them, the extraction rules for node content
with title level 1 (CCAR) and the node content with title
level 2 (Article) are designed according to character features.
The node contents with title levels of 3 to 6 (namely Para-
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TABLE 2. Hierarchical characteristics of airworthiness regulations with
I-type provision structure.

graph, Sub-paragraph, Item, Sub-item) also have different
linguistic features, and the corresponding extraction rules can
be designed according to the features. As shown in Table. 2,
the structure feature of title level 3 is represented by the
linguistic form of lowercase English letter with parentheses
(for example (a)). The structure features of title level 4 to title
level 6 are represented by linguistic forms of Arabic numer-
als, Roman numerals, Capital English letter with parentheses,
respectively. Meanwhile, there are space symbols existed
between titles and elementary provision units. Therefore,
based on the structure characteristics, six different extraction
rules are designed as the template to extract node and assign
corresponding attribution value according to the linguistic
features of Chinese airworthiness regulations with I-type pro-
vision structure.

For airworthiness regulation texts with II-type provision
structure, the specific features of hierarchical provision struc-
ture are represented in Table. 3. As shown in Table. 3, the
highest title level for this type of text is 5. Among them, sim-
ilar with I-type provision structure, the extraction rules for the
node contents with title level 1 and the node contents with title
level 2 are designed according to character features, respec-
tively. The structure feature of title level 3 is represented
by the linguistic form of Chinese number with parentheses.
The structure feature of title level 4 is represented by the
linguistic form of Arabic number with the symbol ‘.’, and the
structure feature of title level 5 is represented by the linguistic
form of Arabic number with parentheses (for example (1)).
Meanwhile, space symbols are existing between titles and
elementary provision units. For Chinese airworthiness regu-
lations with II-type provision structure, based on the structure
features, five different rules are designed as the rule template
to extract node and assign corresponding attribution value for
each node.

Consequently, two sets of templates are formed for Chinese
airworthiness regulations corresponding to the two different
types of provision structures. Based on the rule templates,
node content extraction and attribution value allocation can
be achieved.

B. DATA PREPROCESSING AND POST-PROCESSING
In this article, a new node content link algorithm is pro-
posed for Chinese airworthiness regulation texts. The pur-
pose of the algorithm is to realize semantic cohesion for

TABLE 3. Hierarchical characteristics of airworthiness regulations with
II-type provision structure.

elementary provision units of Chinese airworthiness regu-
lation texts according to the hierarchical characteristics of
provision structure. Therefore, the unique text structure can
be converted to the general linguistic form with complete
semantic information and syntactic structure. The airworthi-
ness regulation texts are stored on the website in (.pdf) format
which need to be converted to texts in (.txt) format before the
processing of NLP tasks. Noise will inevitably be brought to
the process of structure conversion and semantic cohesion,
including wrong words, unrecognized punctuations, incor-
rect formats, etc. Therefore, data preprocessing is necessary
for the task of textual structure conversion because errors
can be identified and revised by checking repeatedly. The
consistent of text structures can be ensured through data
preprocessing. The purpose of data post-processing is to clear
the redundant contents and revise the improper punctuations
which may exist in the processed airworthiness regulation
texts to improve the readability. In addition, in our work,
both data preprocessing and post-processing are achieved by
three postgraduate students (with the knowledge background
of airworthiness safety) in the form of alternate checks.

C. ANALYSIS OF EXPERIMENTAL RESULTS
In order to verify the feasibility and validity of the proposed
node content link algorithm, the tasks of semantic cohesion
and structure conversion are implemented to the two types of
airworthiness regulation texts with different structure forms.
The experimental results are generalized and analyzed in
this section. All experiments are performed on a 2.3 GHz
Intel Core (i5) system with 16 GB of memory, and the soft-
ware program is realized based on Python 3.7 programming
language.

1) APPLICATION CASES ANALYSIS
The processes of semantic cohesion and structure conversion
are illustrated in detail through an application case. Take
airworthiness regulations of CCAR-23-R3, Article 23. 609
as an example (as shown in Fig. 1), the proposed node con-
tent link algorithm is implemented to the regulations for the
tasks of semantic cohesion and structure conversion, so as to
convert the hierarchical provision structure of airworthiness
regulation texts to the general linguistic form. In this case,
there are six elementary provision units contained in this reg-
ulation (CCAR-23-R3, Article 23. 609), and the highest level
of hierarchical provision structure is 4 (as shown in Fig. 1).
According to the characteristics of hierarchical provision
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FIGURE 8. The results of structure conversion and semantic cohesion for
Chinese airworthiness regulations.

structure, there are four directed paths with complete seman-
tic information existing in this regulation provision, which are
calculated through the proposed algorithm.

The task of structure conversion is achieved by connect-
ing node contents according to semantic cohesion relations,
as well as constructing edges between nodes with semantic
cohesion relations. The results of structure conversion and
semantic cohesion for the referenced airworthiness regula-
tions in this case, are represented in Fig. 8. The processed
provision sentences (as shown in Fig. 8) are translated into
English in order to ensure the readability. The translated
results are represented in Fig. 9.

The four directed paths with complete semantic informa-
tion and syntactic structure achieved through the proposed
algorithm (corresponding to CCAR-23-R3, Article 23. 609)
are shown in Fig. 10.

Take CCAR-135-R1 airworthiness regulation text as an
example (both original and processed texts) to illustrate the
feasibility and validity of the proposed node content link
algorithm for the tasks of structure conversion and seman-
tic cohesion on document-level. The original airworthiness
regulation text (CCAR-135-R1) and the processed regulation
text (after the processing of structure conversion and semantic
cohesion) are represented in Fig. 11 and Fig. 12, respectively.
The original airworthiness regulation text is represented in
Fig. 11, which shows that the regulation text has complex
hierarchical provision structure. Then, the proposed algo-
rithm is deployed to the regulation texts, so as to convert the
special hierarchical provision structure to the general linguis-
tic form with complete semantic information and syntactic
structure. The conversion results are shown in Fig. 12.

For Chinese airworthiness regulation texts with II-type
provision structure, an original regulation document is
selected to illustrate the validity of the proposed node con-
tent link algorithm. The original airworthiness regulation
text (CCAR-139CA-R2) and the processed regulation text
(after the processing of structure conversion and semantic
cohesion) are represented in Fig. 13 and Fig. 14, respectively.
The hierarchical provision structure of Chinese airworthiness
regulation texts can be converted to the general linguistic
form, and provision sentences with complete semantic infor-
mation and syntactic structure can also be generated through
the proposed algorithm, successfully.

The proposed semantic cohesion theory and approach can
solve the application limitation problem for NLP technology

FIGURE 9. Translated results of the processed provision sentences.

FIGURE 10. Four directed paths with complete semantic information and
syntactic structure achieved through the proposed algorithm.

to Chinese airworthiness regulation texts caused by the
unique hierarchical provision structure. The corresponding
explanations are provided as follows:

Based on the proposed semantic cohesion theory and
approach, the special hierarchical provision structure of air-
worthiness regulation texts can be converted to the general
linguistic form, which contains the complete semantic infor-
mation and syntactic components. Moreover, sentence-level
textual data is usually taken as elementary unit for NLP tasks
because complete syntactic and semantic contents are both
contained. However, for law and regulation texts which are
affected by the special hierarchical provision structure, lin-
guistic components of sentences are incomplete, which leads
to the problem of sentential components deficiency (like sub-
ject or object of sentences). The negative phenomenon makes
it hard to deploy NLP technology to Chinese airworthiness
regulation texts, as well as the problem of application limi-
tation. For law and regulation texts, based on the proposed
semantic cohesion theory and approach, the regulation texts
can be processed and converted to the sentence-level textual
data with general linguistic form. Complete semantic infor-
mation and syntactic structure are contained in the processed
textual data so that NLP tasks can be deployed. Namely,
the problem of application limitation for NLP technology
to Chinese airworthiness regulation texts can be solved by
converting the special hierarchical provision structure to the
general linguistic form with complete semantic and syntactic
information, so as to acquire the sentence-level textual data.

2) ALGORITHM PERFORMANCE ANALYSIS
In our study, the algorithm has been deployed to Chinese
airworthiness regulation texts with two different provision
structures, respectively. The CPU time for the proposed node
content link algorithm to achieve the tasks of structure con-
version and semantic cohesion is counted to illustrate and
analyze the performance of the algorithm.

Firstly, for the airworthiness regulation texts with I-type
provision structure, the hierarchical structure is more
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FIGURE 11. The original Chinese airworthiness regulations with I-type provision structure.

FIGURE 12. The results of structure conversion and semantic cohesion through the proposed algorithm for Chinese
airworthiness regulations with I-type provision structure.

complicated than the airworthiness regulation texts with
II-type provision structure. More elementary provision units
are concluded in the catalog of Article, which means more
subordinate provision units are derived from the provision
unit of title level 2. The statistical results of elementary
provision units for the Chinese airworthiness regulation texts

with I-type provision structure are represented in Fig. 15.
As shown in Fig. 15, X-axis denotes the serial number
of airworthiness regulation documents, and Y-axis indi-
cates the total number of elementary provision units corre-
sponding to the different Chinese airworthiness regulation
documents.
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FIGURE 13. The original Chinese airworthiness regulations with II-type provision structure.

FIGURE 14. The results of structure conversion and semantic cohesion through the proposed algorithm for Chinese
airworthiness regulations with II-type provision structure.

In Fig. 15, the dark blue parts of histograms denote the
total number of provision units with level 2 in airworthiness
regulation texts (namely, the number of elementary provision
units with the title of Article). The grey parts express the
total number of elementary provision units corresponding
to each Chinese airworthiness regulation text (as well as
the number of elementary provision units with different title
levels), which also express the multi-level hierarchical struc-
ture of the text. Airworthiness regulation texts with I-type
provision structure are sorted according to the total number
of elementary provision units with title level 2 in ascending

order (namely, the dark blue parts of histograms in Fig. 15).
As is shown in Fig. 15, the structure complexity represents a
tendency of increasing gradually.

As is shown in Fig. 15, for any airworthiness regulation
texts with I-type provision structure, multiple subordinate
elementary provision units (with title levels of 3 to 6), are
derived from the corresponding provision unit of title level 2.
The more subordinate elementary provision units derived
from the corresponding elementary provision unit of title
level 2, the more complex the hierarchical provision structure
of airworthiness regulation text is. Note that the node content
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FIGURE 15. The statistical results of elementary provision units for the
airworthiness regulation texts with I-type provision structure.

FIGURE 16. The structure complexity of airworthiness regulation texts
with I-type provision structure.

with title level 1 denotes the serial number of airworthiness
regulation text, and title level 2 indicates the level of Article.

In this article, we use the difference value between the
number of all elementary provision units and the total number
of provision units with title level 2, to denote the structure
complexity of airworthiness regulation texts. For airwor-
thiness regulation texts with I-type provision structure, the
structure complexity is represented in Fig. 16. For different
airworthiness regulation texts, the structure complexities are
also different. The regulation texts are sorted according to the
structure complexity in ascending order, and the sorted result
is represented in Fig. 16. For airworthiness regulation texts
with I-type provision structure, the new generated provision
sentences with complete semantic information and syntactic
structure are counted and analyzed. The statistical results are
represented in Fig. 17. As shown in Fig. 17, the dark blue parts
of histograms denote the total number of provision units with
title level 2 in airworthiness regulation texts. The grey parts
of histograms indicate the total number of subordinate ele-
mentary provision units which are derived from the provision
units of title level 2.

In Fig. 17, the number of new generated provision
sentences with complete semantic and syntactic structure
represents the same variation tendency with the structure
complexity of airworthiness regulation texts (corresponding
to the structure complexity sorted and represented in Fig. 16).
It is illustrated that the more complex the text structure is, the

FIGURE 17. Statistical results for provision sentences with complete
semantic information and syntactic structure achieved through the
proposed algorithm.

more provision sentences with complete linguistic structure
and semantic information will be generated. Meanwhile, the
total number of new generated provision sentences with com-
plete semantic information and linguistic structure is less than
the total number of original elementary provision units, which
conforms to the linguistic characteristic of hierarchical pro-
vision structure of airworthiness regulations. Many provision
sentences with complete semantic information and syntactic
structure are generated on the foundation of the provision unit
with title level 2 through the proposed algorithm.

For Chinese airworthiness regulation texts with different
complexities of provision structure, the required CPU time
for structure conversion and semantic cohesion through the
proposed algorithm is recorded and compared. The experi-
ments are carried out 50 times for all airworthiness regulation
texts. Then, the per CPU time is recorded, and the average
time for the 50 times experiments is calculated as the standard
CPU time for the tasks of structure conversion and seman-
tic cohesion. The CPU time for structure conversion and
semantic cohesion of airworthiness regulations with I-type
provision structure through the proposed node content link
algorithm, is shown in Fig. 18. In Fig. 18, it is illustrated
that the required CPU time keeps the same tendency with the
structure complexity of texts. For airworthiness regulations
(I-type provision structure) with the highest complexity of
structure, the task of structure conversion can be achieved
within a short calculation time (less than 0.2 seconds) through
the proposed algorithm. Moreover, in total 2379 provision
sentences with complete semantic information and syntac-
tic structure are generated through the proposed algorithm.
It shows that the algorithm can effectively achieve the tasks
of structure conversion and semantic cohesion for Chinese
airworthiness regulation texts.

The second part of experiments is carried out for air-
worthiness regulation texts with II-type provision structure.
The provision structure for this kind of text is simpler than the
regulation texts with I-type provision structure.Moreover, the
airworthiness regulation texts with II-type provision structure
have a large proportion in the whole airworthiness regula-
tion texts. For the airworthiness regulation texts with II-type
provision structure, the highest title level is 5. Moreover,
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FIGURE 18. CPU time of structure conversion and semantic cohesion for
Chinese airworthiness regulation texts with I-type provision structure.

the total number of subordinate elementary provision units
derived from the provision units of title level 2, is less than
the regulation texts with I-type provision structure.

The statistical results of elementary provision units for
Chinese airworthiness regulation texts with II-type provi-
sion structure are represented in Fig. 19. In Fig. 19, X-axis
denotes the serial number of airworthiness regulation texts
with II-type provision structure, and Y-axis indicates the total
number of elementary provision units corresponding to the
different regulation documents. Each histogram denotes the
number of elementary provision units for an airworthiness
regulation text with II-type provision structure. Among them,
the dark blue parts of histograms denote the total number of
provision units with title level 2 in airworthiness regulation
texts. The grey parts of histograms express the total number
of elementary provision units corresponding to each airwor-
thiness regulation text, namely, the number of subordinate
elementary provision units derived from the provision units
of title level 2. The airworthiness regulation texts with II-type
provision structure (the horizontal ordinate in Fig. 19) are
sorted according to the total number of provision units with
title level 2 (the dark blue parts of histograms in Fig. 19) in
ascending order. Then, the airworthiness regulation texts with
II-type provision structure are sorted again according to the
structure complexity of texts in ascending order. The sorted
result is represented in Fig. 20.

The tasks of structure conversion and semantic cohesion
are carried out to the airworthiness regulation texts with II-
type provision structure through the proposed node content
link algorithm. The total number of new generated provision
sentences with complete semantic and syntactic structure is
represented in Fig. 21. The X-axis denotes the serial num-
ber of airworthiness regulation documents, which are sorted
according to structure complexity in ascending order (coher-
ence with Fig. 20).

For the different structure complexity of airworthiness reg-
ulations, the required CPU time for structure conversion and
semantic cohesion is recorded and analyzed. The statistical
results are represented in Fig. 22. As shown in Fig. 22, with
the increasing complexity of textual hierarchical structure,
the required calculation time is also increased. The CPU time
presents the same variation trend with the complexity of text

TABLE 4. Analysis results of textual characteristic and algorithm
performance for the two types of airworthiness regulation texts.

structure. For airworthiness regulations (II-type provision
structure) with the highest degree of structure complexity,
the tasks of structure conversion and semantic cohesion can
be achieved within a short calculation time (0.11 seconds)
through the proposed node content link algorithm, while in
total 1568 provision sentences with complete semantic infor-
mation and syntactic structure are generated successfully. It is
illustrated that the proposed algorithm can effectively achieve
the tasks of structure conversion and semantic cohesion with
a high calculation efficiency. Moreover, the unique provision
structure of airworthiness regulation texts can be success-
fully converted to the general linguistic form with complete
semantic information and syntactic structure, which helps to
promote the application of NLP technology in the field of
airworthiness.

For the two types of airworthiness regulation texts with
different provision structures, the comparative result of CPU
time required for the tasks of structure conversion and seman-
tic cohesion through the proposed algorithm is represented
in Fig. 23. As shown in Fig. 23, the blue line is used
to represent the CPU time needed for structure conversion
and semantic cohesion through the proposed algorithm for
Chinese airworthiness regulation texts with I-type provision
structure. The red line indicates the required CPU time for
the proposed algorithm to achieve the tasks for airworthi-
ness regulation texts with II-type provision structure. The
X-axis denotes the serial numbers of Chinese airworthiness
regulation documents (coherence with Fig. 18 and Fig. 22).
In Fig. 23, for both types of Chinese airworthiness regulation
texts, the calculation time required for the tasks of semantic
cohesion and structure conversion, is less than 0.2 seconds.
Consequently, the tasks of structure conversion and semantic
cohesion for Chinese airworthiness regulation texts can be
achieved successfully and effectively through the proposed
node content link algorithm.

For the two types of airworthiness regulation texts with
different provision structures, the required calculation time
for structure conversion and semantic cohesion through the
proposed node content link algorithm is counted and ana-
lyzed. The statistical results are shown in Table. 4. As shown
in Table. 4, for airworthiness regulation texts with I-type
provision structure, the average number of elementary pro-
vision units for per document is 897, and the average CPU
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FIGURE 19. The statistical results of elementary provision units for the airworthiness regulation texts with
II-type provision structure.

FIGURE 20. The structure complexity of airworthiness regulation texts with II-type provision structure.

time needed for per document is 0.0576 seconds. Moreover,
the average CPU time for the proposed algorithm to process
every single elementary provision unit is 6.43∗10−5 seconds.

For airworthiness regulation texts with II-type provision
structure, the average number of elementary provision units
is 153, and the average CPU time for per document is
0.0163 seconds. The average CPU time for the proposed
algorithm to process every single elementary provision unit
is 1.06∗10−4 seconds. Consequently, for all airworthiness
regulation texts (including I-type and II-type), the average
number of elementary provision units is 525. The average
CPU time for the algorithm to achieve the tasks of structure
conversion and semantic cohesion is 0.0369 seconds. Fur-
thermore, the average CPU time for the algorithm to process
each elementary provision unit is 8.515∗10−5 seconds. It is
illustrated that provision sentences with complete semantic
structure can be achieved within a short calculation time
through the proposed node content link algorithm. Therefore,

the algorithm can realize the tasks of structure conversion and
semantic cohesion for Chinese airworthiness regulation texts
while considering the special hierarchical provision structure
effectively.

D. ACCURATE RATE EVALUATION
The hierarchical provision structure of Chinese airworthiness
regulation texts can be converted to the general linguistic
formwith complete semantic information and syntactic struc-
ture through the proposed node content link algorithm. For
airworthiness regulation documents provided by the CCAA’s
official website, the results of structure conversion and
semantic cohesion acquired through the proposed algorithm
are checked and evaluated with the method of manual proof-
reading. Three postgraduate students with the background
knowledge of airworthiness safety are asked to help us verify
the experimental results of the proposed algorithm. The sta-
tistical results show that the proposed algorithm achieves the
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FIGURE 21. Statistical results for the provision sentences with complete semantic information and
syntactic structure achieved through the proposed algorithm.

FIGURE 22. CPU time of structure conversion and semantic cohesion for Chinese airworthiness regulation
texts with II-type provision structure.

FIGURE 23. The comparative result for the node content link algorithm to
achieve structure conversion and semantic cohesion for the two types of
Chinese airworthiness regulation texts.

accurate rate of 100% for the tasks of structure conversion and
semantic cohesion to Chinese airworthiness regulation texts.
Consequently, it is illustrated that the proposed node content
link algorithm can achieve the tasks of structure conversion

and semantic cohesion successfully and effectively, as well as
satisfy the requirements of reliability and validity.

VI. CONCLUSION
The unique hierarchical provision structure of airworthiness
regulation texts is different from the general linguistic form,
which limits the application of NLP technology to airworthi-
ness safety. In our study, a novel theory of semantic cohesion
is proposed to provide mathematical description of discourse
representation for Chinese airworthiness regulations. In this
theory, the concept of attributive directed graph model is
provided, the graphical issue of airworthiness regulation texts
is proved by combining with the special provision structure,
and the rules of edge structure construction is provided.
The tasks of structure conversion and semantic cohesion
are abstractly expressed as a graph theory issue, namely,
the problem of constructing directed edges and attributive
directed graph. Based on the theory, a new node content link
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algorithm is proposed to achieve structure conversion and
semantic cohesion in which the node contents with seman-
tic relation are connected to form provision sentences. The
unique hierarchical provision structure can be converted to
the general linguistic form according to hierarchy transfer
process through the proposed algorithm, and the sentence-
level textual data with complete semantic information are
generated. Therefore, the problem of application limitation
for NLP technology to airworthiness regulation texts has been
resolved. Finally, experiments are carried out for the cur-
rent 119 airworthiness regulation documents, and the perfor-
mance of the algorithm is analyzed to verify the effectiveness
and validity. It is illustrated that the proposed algorithm can
achieve the tasks of structure conversion and semantic cohe-
sion for Chinese airworthiness regulation texts effectively.

In future work, the algorithm will be integrated into intel-
lectualized NLP tasks based on Chinese airworthiness reg-
ulation texts, such as information acquisition, knowledge
graph construction, etc. More experiments about entity rela-
tion extraction will be carried out on the foundation of new
generated sentence-level textual data and dependency pars-
ing. Furthermore, the application for the node content link
algorithm to other legal texts, such as criminal and economic
laws, will also be taken into consideration.
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