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ABSTRACT Bodies of Knowledge (BOK) contain 
relevant knowledge for several áreas. Knowledge 
representation for BOK is essential to understand the true 
context and the possible application of BOK in science. 
Knowledge can be symbolically represented in many 
ways, and in this paper graphs and software desing 
patterns were chosen to develop knowledge representation 
techniques for BOK. 

INDEX TERMS Body of Knowledge, design patterns, 
BOK elements, knowledge engineering, graphs 

I. INTRODUCTION 
Knowledge representation is a multidisciplinary subject 
that applies theories and techniques from logic, ontology 
and computation to establish set of concepts, terms and 
activities for the development of science, profesional oc-
cupational profiles, and the possible incidence of stake-
holders in the industry [1]. 

Knowledge can be symbolically represented in many ways. In this paper, labeled hierarchical graphs have 
been chosen to symbolically represent knowledge. Furthermore, patterns have also been chosen for mod-
eling hierarchical graphs and computational qualities. Key features of the knowledge representation are 
the following [2]: 

1) All kind of knowledge (e.g., ontology, facts, rules, and constraints), which are labelled graphs that 
provide an intuitive easily to understand way to represent knowledge. 



2) Reasoning mechanisms are based on graph theoretical operations, and this allows to link the basic 
problem to other fundamental problems in Computer Science (e.g., constraint networks and conjunctive 
queries in databases). 
3) Knowledge representation is logically founded, because it has a logical semantic and the graph infer-
ence mechanisms are sound and complete. 
In the scientific literature, there are efficient reasoning algorithms that allow to represent knowledge. 
However, some of them do not take into consideration all the necessary elements to make a correct rep
resentation. On the other hand, a great number of these algorithms identify a hierarchical structure in 
BOK; however, some of these algorithms have drawbacks such as that they do not identify common BOK 
elements. This is the reason why it is necessary to implement design patterns that identify common ele
ments. 
In this paper, patterns and graphs theory are used to identify common elements and to represent 
knowledge. Here, design patterns are used to encode proven solutions and to solve recurring design prob
lems. In addition, graphs are used to visualize BOK in science and engineering. Moreover, in this paper, 
in order to correctly use a design pattern, the following steps were followed: 
1) to understand the design problem the pattern solves, 
2) to recognize an instance of this problem in the model at hand, and 
3) to transform the model in order to obtain the solution. 
The outline of this paper is as follows; Section II is devoted to present some previous research works in 
different ways of knowledge representation, based on graphs and design patterns. Atheorical background 
of BOK is presented in Section III. The proposed model is shown in Section IV; and Section V is devoted 
to the conclusions of this paper. 

II. PREVIOUS RESEARCH WORKS ON KNOWLEDGE REPRESENTATION BASED ON 
GRAPHS AND DESIGN PATTERNS 

A graph based knowledge representation and reasoning formalism stemming, from conceptual graphs, 
with a substantial focus on the computational properties, are presented in [2]. A study about the presen-
tation problem of graph patterns, where structural representatives are deemed as the key mechanism to 
make the whole strategy effective, are shown in [3]. Graph theory to build a knowledge engineering 
method to represent and optimize the learning processes, and its Empirical Validation, is shown in [4]. 
In [5], the authors used knowledge representation techniques through the design of graphs that enable 
knowledge based reasoning. In [6], a pattern oriented knowledge model that considers four dimensions 
of the pattern knowledge space is shown. The above-mentioned four dimensions are the following: 1) 
Pattern to tactic relationship; 2) Pattern to pattern relationship; 3) Pattern to quality attribute relationship; 
and 4) Pattern to application type relationship. 
In [7] an Artificial Intelligence context is shown. There, conceptual graphs from a knowledge systems 
viewpoint for an analysis of the conceptual models were used to determine the semantic data modeling. 
In [7], the authors showed the representation of design patterns using the triple (MP, MS, T), were MP is 
a model of the design problem solved by the pattern, MS is a model of the solution proposed in [7], and 
T is a rule-based representation of the transformations embodied in the application of the pattern. Finally, 
[7] presented a structural representative approach of graph patterns, where structural representatives are 
deemed as the key mechanism to make the whole strategy effective. 
The result of above analysis is that there is no general model to represent knowledge with the combination 
of graphs and design patterns. The present paper is aimed at developing a knowledge representation model 
for BOK, based on graph theory and design patterns, that is used to improve the visualization and extrac-
tion of concepts of BOK. 



III. THEORICAL BACKGROUND OF BOK 
In accordance with [1], a BOK is a term used to represent the complete set of concepts, terms, and activ-
ities that make up a professional domain. It encompasses the core teaching, skills, and research in a field 
or industry. In addition, BOK may also include technical terms and theoretical concepts as well as rec-
ommended practices. Professional communities have created and used BOK to consolídate their disci
plines, standardize practices, and improve processes and warehouse community knowledge. In [5], it is 
also described the use BOK for both extending skills and career development. Moreover, in [8] BOK is 
used to créate materials, programs, and curriculums. 
In order to construct a BOK, the first step is to open an international cali for proposals on specific 
knowledge áreas (KA) that are of interest to the scientific community. This cali for proposals is aimed at 
collecting the criteria of the applicants about what the BOK contents should be. Once the cali for proposals 
is closed, an international committee calis for meetings of experts to establish the consensus of the con
tents of BOK. Afterwards, the structure and levéis of BOK are established. 
At this point, it is important to highlight that the above-mentioned experts define the amount of knowledge 
to be offered within a specific level of an educational program, which is done in accordance with the área 
of engineering or science of the specific BOK [7]. 
The next step is to establish the description of BOK. To do this, it is necessary to consider the Core of 
BOK (CB), and the Context and Domain (CD) of the área of study. Then, the BOK establishes the KA 
[8]. 
According to [6], the structure of KA is the following: 
1) Acronyms 
2) Introduction 
3) Breakdown of topics of the KA 
4) Matrix of topics vs. reference material 
5) List of further readings and references 

In addition, each KA is broken down into smaller divisions called Knowledge Unit (KU) [8], which rep
resent individual thematic modules within an área, and each KU is subdivided into a set of topics, which 
are the lowest level of the hierarchy. These topics depend on the evolution and contexts of KA, the aca-
demic field, the organizational knowledge processes, and the structures of BOK. The logical evolution 
of a BOK consists of following four phases (see Figure 1): 
First phase: Control of vocabulary. 
Second phase: Selection of taxonomies. 
Third phase: Development of the ontology. 
Fourth phase: Development of the metamodel. 

According to [10], the controlled vocabulary phase is a collection of preferred terms that are used to more 
precisely retrieve contents, categorize contents, build labelling systems, créate style guides, and design 
datábase schemas. The selection of taxonomies phase is defined in [11] as follows: It is a set of hierarchi-
cally related terms in a controlled vocabulary. Also, the development of ontology phase is defined as 
follows: It is a set of statements about knowledge domain consisting of terms from a controlled vocabulary 
and the relationships among them. Furthermore, in [11] several subtypes of ontologies are distinguished: 

a) Static 
b) Dynamic 
c) Intentional 

Finally, in accordance with [11], the development of the metamodel phase is an ontology témplate whose 
parameters can be set to genérate ontologies. The metamodel seeks to discover underlying similarities 
between the BOK being developed and other related BOK. As mention in [12], the last step in developing 



a BOK is to specificity the similarities between the specific BOK model under construction and others. 
The result is the metamodel, which is the combination of abstract ontologies and domain models. 
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Figure. 1. Phases Evolution BOK. 

In order to design a BOK, Unified Modeling Language (UML) is used. UML is a graphical language that 
allows to make models with the purpose of diagramming, constructing and documenting software devel-
opments [12]. The advantage of UML is that it is independent of a specific technology of software. More-
over, it facilitates the communication of different people from múltiple disciplines. 
According to [12], UML has two-fold objective: first, it is aimed at being a standard notation that can be 
used by all object-oriented methods; and second, it is also aimed at choosing and integrating the best 
elements of precursor notations. 
After the BOK has been designed by using UML, design patterns are also used to identify or characterize 
an object. In short, an object can be a variable, data structure, function, or a method. Additionally, patterns 
are an abstraction of parts of a system, and provide a description of how to build these parts within a 
particular context. 
Next, in order to build the BOK model, it is important to choose a specific design pattern. This design 
pattern is a general repeatable solution to a commonly oceurring problem in software design. A design 
pattern can be transformed directly into code. It is a description or témplate for how to solve a problem 
that can be used in many different situations. 
Later, as part of the structure of the BOK, components are used to créate the connection among elements, 
and to carry out the respective associations of concepts. 



According to [13], components are computational elements that allow users to structure the functionality 
of software systems. They have a high level of encapsulation and it is only possible to interact with them 
by means of its interfaces. 
Thereafter, connectors are used to describe the interactions among the elements of the BOK. In [14], it 
is said that connectors represent the interactions of software systems. They define the coordination process 
among components. 
Then, in order to describe each element of the BOK, an abstract class is used for specialization. After that, 
an abstract datatype is defined [13]. 
Finally, the abstraction (Le., the classification of phenomena into concepts) and concepts (Le., an abstrac-
tion of a set of phenomena with common properties) are important because they define the features of the 
BOKmodel[14]. 

IV. PROPOSED MODEL 

In this paper, it is proposed to represent BOK knowledge by using hierarchical graphs and design patterns. 
The BOK model has the advantage that it is capable of representing rich semantic knowledge, including 
skills and concepts. Furthermore, it integrates skills and concept through a coherent network of associa-
tions, in terms of context specifications based on a constructivist approach. 
In order to define the proposed model, the first step is to establish the concepts associated with BOK [11]. 
So far, the framework to construct the BOK has been defined. Now, it is necessary to establish the BOK 
elements. To do that, a qualitative analysis was carried out by using the Atlas TI 8 software (see Figure. 
2). In that figure, 8 codees and 78 subcodecs were identified to establish the consensus in BOK. To créate 
Figure 2, it was necessary carry out a Systematic Literature Review (SLR) of 182 primary studies (PS). 
The PS were identified by using an SLR protocol. Next, the elements to describe the BOK were estab-
lished. Then, cites of each PS were related to the BOK model. Finally, the concepts network was obtained. 
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In Figure 2, it can be seen that the relationships established between concepts obey a hierarchical model. 
However, this hierarchical model has the drawback that it is not able to adapt itself to future changes of 
related concepts. Therefore, it is necessary to use design patterns to make such a model able to adapt itself 
to the BOK evolution, and in order to do that it is necessary to indicate that the model shows two identifiable 
parts. The first part is the data model, which consists of the concepts of BOK, and the second part is the 
model of the hierarchical structure. 
In order to design the data model, an abstract class (Le., AbstractConcept) was defined, which was the parent 
class for all classes that represented the concepts of BOK as shown in Figure 3. In addition, the hierarchical 
structure model was developed considering software design patterns. This model allowed to represent BOK 
by obeying the definition of a hierarchical structure. The COMPOSITE design pattern (see Figure 4) was 
used to gather the hierarchical structure of the concepts (Le., data model class). The class diagram using the 
COMPOSITE design pattern is shown in Figure. 4. 
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Figure 3. Initial Data Model of Knowledge for BOK. 

<<¡nterface>> 

IComponentConcept 

acicifcomponent: IComponentConcept): Integer 

removefcomponent: IComponentConceptl: Integer 

getchildrenQ : IComponentConcept 

getCraphQ: String 

<<reallze>> ' 

chlld 

"A 
<<real¡ze>> 

SlngleConcept 

concept: AbstractConcept 

getCraphQ: String 

ComposíteConcept 

concept: AbstractConcept 

addfcomponente : IComponentConcept): Integer 

removed: Integer 

getchlldrenQ: IComponentConcept 

getCraphQ: String 

1¿-
parent 

Figure. 4. Component Concepts. 



After the concept network was obtained, the knowledge description model for BOK, based on hierarchical 
graphs and design patterns, was developed. This model is shown in Figure 5, and this is the model that has 
been proposed in this paper. To design the model shown in Figure 5, NetBeans, Java Script, and JSON 
applications were used. Since the JSON format is text only, it can easily be sent to and from a server and 
used as a data format by any programming language. For the case under study, Net Beans IDE 8.2 was used. 
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Figure. 5. Knowledge Description Model for BOK based on hierarchical graphs, and design pattern. 

Finally, in order to see a more dynamic, interactive visualization of BOK information, a representation 
using 3DJS was developed, because this is an easier way to interpret the data [15]. 
The circle packing representation for BOK used an 3DJS JavaScript library for manipulating documents, 
which were based on the data of qualitative análisis [16]. D3 helps to bring data to life using HTML, 
SVG, and CSS. 
The BOK Data was specified as an array of valúes, and each valué is passed as the first argument to the 
selection of functions. With the default join-by-index, the first element in the data array is passed to the 
first node in the selection, the second element is passed to the second node, and so on. 



The code circle packing representation permits: 1) the interaction model for the user with the data, and 2) 
the ability to specify transitions between data visualizations based upon dynamic changes in data [17]. 
In this paper, it was developed a layout known as a hierarchical graph. This type of graphs is a type of 
visualization that is generally used to display network information by interconnecting nodes. 
The use of data visualization, software design patterns and hierarchical graphs allow the accessibihty of 
the information of the BOK as an alternative contribution to understand and expand the application of 
BOK in science. 

V. CONCLUSIONS 
In this paper, a knowledge representation model based on graphs and design patterns was developed. 
Also, the necessary patterns to define BOK were established. Then, the elements were related with the 
patterns, and the dynamic, interactive graph visualization of BOK was obtained. 
It is well-known fact that BOK generally uses a tree structure to represent knowledge, and that the struc-
ture of the tree is affected by the growing number of elements, which is the reason why it was important 
to use design patterns and hierarchical graphs to improve the knowledge representation of the BOK de-
signed in this paper. 
It is important to highlight that this paper proposed a solution to the problem of guaranteeing the correct 
knowledge representation of BOK, and it also presented an alternative way of data representation. More-
over, the results of this paper contribute to the validation of the bounds of the academic disciplines, and 
to establish the necessary structure to develop an academic curriculum. 
Finally, other contributions of this paper were the following: 

1) The research presented in this paper contributed to the creation of a data model to store BOK elements 
information. 

2) In order to determine the depth of the elements of BOK, a hierarchical model was established, which 
allowed to find the most important elements of the representation of the structure of the general BOK 
designed here. 

3) This paper eventually designed a model that allowed to build a rich semantic of knowledge model, 
because the proposed model used the combination of different strategies to knowledge representation 
in BOK. These latter strategies were: a) systematic literature review in order to identify the primary 
studies in BOK contexts, b) a quantitative analysis of BOK elements to establish the concept networks, 
c) the use of UML to graphically represent elements, d) the use of design patterns to improve BOK 
representation, and finally e) the use of hierarchical graphs to carry out the visualization of BOK 
elements. 
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