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Abstract: The construction industry is considered to be lagging behind other 
industries in terms of the technological advancement. One of the main factors is the 
lack of integration of incoherent and heterogeneous data on a project level. Whilst 
the adoption of Building Information Modelling (BIM) technologies and processes 
was aimed to solve integration issues. The interoperability is still a problem to solve, 
as most information and data fields show inconsistencies in a number of cases. One 
of the aspects of the problem is that IFC EXPRESS schema is only machine readable, 
requires extensive mappings, and usually does not support infrastructure domains 
other than buildings. 

This research explores the possibility of utilising Semantic Web Technologies 
(SWT) to help achieving some of the desired goals of data interoperability and 
Whole Life Cycle (WLC) information flow. SWT support the creation of 
comprehensive, layered, shared, human and machines readable, and extendable 
knowledge repositories dubbed ontologies. The Resource Description Framework 
(RDF) which forms the core of SWT provides a rather elegant way of modelling 
datasets, that is, assigning an Internationalised Resource Identifier (IRI) to each 
class, instance, and property. SWT are ought to provide better information retrieval 
and inferencing than current systems used in the industry. 

The main objective of this paper is to present a framework to demonstrate how 
SWT can underpin WLC information flow in water infrastructure projects case 
study. 

Keywords: BIM, Ontology, RDF, SWT, WLC. 

1 INTRODUCTION 

1.1 Building Information Modelling (BIM) 
Effective collaboration and systems integration are of significant importance in the 
Architecture, Engineering, and Construction (AEC) industry. The fragmented 
characteristics of this industry makes it very difficult to fully exploit the benefits of 
Information and Communication Technology (ICT), in comparison to other industries 
(Li el al. 2013). For the past three decades, BIM has been evolving to support data 
integration in the AEC industry (Cavka et al. 2017). BIM is ought to facilitate 
collaboration among different parties involved in a project, such as architects, engineers, 
consultants, contractors, facility managers, and owners. This collaboration is ought to be 
achieved via continual information exchange. According to Pauwels and Terkaj (2016), 
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the IFC standard that was developed by BuidingSMART was aimed at supporting data 
exchange via providing a central “conceptual schema and an exchange file format for 
BIM data” (IFC4 Documentation 2020). However, the interoperability issue still exists, 
and it is prominent in the literature. For instance, We et al. (2019) stated that current 
BIM object databases suffer from the lack of unified classification system of building 
components, and thus, negatively affecting interoperability. Moreover, Zhang et al. (2018) 
further supported this argument as they claimed that when working with IFC instance 
building models—which is the state of the art in the AEC industry—challenges are 
encountered by industry practitioners when retrieving domain specific information. 
They claimed that solutions are usually proprietary and vender specific. Also, Godager 
(2018) stated that to achieve BIM level 3 and beyond, it is important that data are 
searchable by both machines and humans—though BIM “maturity levels” are no longer 
promoted, ISO 19650 series—(UK BIM Framework 2020). Hence, product manufacturers 
are important actors in the process, yet their participation is constrained by the lack of 
dynamic links with other domains (Costa and Madrazo 2015). This paper explored 
establishing these dynamic links to facilitate the information flow from product 
manufacturers, all the way to the asset management software. 

In this regard, one area of research that seems promising is Semantic Web 
Technologies (SWT). SWT are usually used to create ontological models and have 
become rather prominent in the AEC research community, particularly in the last decade. 
Zhong et al. (2019) conducted a scientometric analysis on the ontology research within 
the construction industry from 2007 to 2017. Their results showed that researchers were 
initially focused on using ontologies in different areas of construction management. 
However, they concluded that 2016 marked the year after which researchers’ focus 
shifted towards solving interoperability issues across the building life cycle.  

1.2  Semantic Web Technologies (SWT) 
The main concept behind SWT is to provide and connect ontologies, enabling inference 
on the data level rather than on the schema level (Pauwels et al. 2017), which is expected 
to also provide smarter querying. Data models are governed by rules, and complicated 
models would usually have a large number of rules. Indeed, the more rules in a model, 
the more processing layers are required. That is not the case when modelling with RDF, 
however, as it was partially designed with this in mind (Allemang and Hendler 2011). 
The Resource Description Framework (RDF) is a Semantic Web modelling language that 
is recommended by the W3C (semantic web – W3C 2020). Databases that adopt the RDF 
format are usually referred to as triple stores. To represent a relational database in RDF, 
each row, column, and cell would be allocated an IRI, and hence, giving value to the 
datum itself. A piece of information represented in RDF is known as the subject-
predicate-object triple, figure 1. The object of one triple would form the subject of 
another and so on. This would result in a family-tree-like data or graph data. Using these 
technologies, different knowledge domains are represented as ontologies. Gruber (1993) 
defined an ontology as an “explicit specification of a conceptualisation” and Borst (1997) 
added to this definition, defining an ontology as “explicit specification of a shared 
conceptualisation”. Therefore, an ontology should be formal, sharable, extendable, and 
reusable by others. RDFS-Plus and the Web Ontology Language (OWL) are modelling 
languages built on top of RDF, that differ in their complexity, and hence, inferencing 
capability. According to Allemang and Hendler (2011), there is a trade-off between the 
complexity of the ontological model and the simplicity of the required queries. A 
complex ontology, that is a one that has many properties and restrictions, requires 
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relatively simple queries to return the desired results. Whereas a simpler ontology would 
require longer queries to return the same results. Therefore, the model/ontology must be 
designed with querying in mind. Nonetheless, Allemang and Hendler (2011) also stated 
that increasing the model’s complexity may make other applications associated with it 
more complex. 

 
Figure 1: RDF triple 

2 METHODOLOGY 
This paper presents an industry-based research, in which, a major water company in the 
United Kingdom would act as the subject of the case study (data provider). The water 
company suffers from the lack of automation in asset data flow from the suppliers to the 
asset management software. The major issues that this project is ought to solve can be 
summarised in the following: 

 Data modelling and querying. 
 Automation of data flow from suppliers’ databases to the asset management 

system. 
 Asset management. 

Therefore, a literature review was conducted to understand the trends in research on 
applying SWT in the AEC industry, verify the company’s issue as a research problem, 
and understand the current state of the art and explore some of its current applications. 
Then, a framework has been developed to tackle these research issues. The methodology 
for building this framework was adopted from Dawood and Vukovic (2015), who 
generally classified WLC information flow into four pillars: 

1. People 
2. Process 
3. Policy 
4. Technology 

The framework in this paper is aimed at the technology pillar, summarised in the flow 
chart in figure 2, which consists of seven steps. This framework is to investigate the 
potential of using SWT in solving the problem of data integration, using a WLC of 
information flow approach. 
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Figure 2: WLC information flow-technology pillar (Dawood and Vukovic 2015) 

According to Stark (2011), “Product Lifecycle Management (PLM) is the business activity 
of managing, in the most effective way, a company’s products all the way across their 
lifecycles; from the very first idea for a product all the way through until it is retired and 
disposed of”. WLC of information flow can be thought of as a part of PLM for the 
construction industry. Dawood and Vukovic (2015) defined WLC as “the steady and 
continuous evolution and use of BIM information and knowledge from the design stage, 
through the construction stage, facility management (FM) stage, and up to 
decommissioning” achieved through rules or graphical process maps. On the other hand, 
a Building-Life Cycle (BLC) approach is defined as the integration and consistent 
evolution of BIM information throughout the project’s life cycle (Underwood and Isikdag 
2010). BLC consist of the initial planning and design of project, construction phase, 
operation and maintenance, and dismantling and recycling phase (Farias et al. 2018). As 
the project evolves from one phase to another, information loses value. For every 
succeeding stage, the information provided by the previous stage is usually missing, 
ambiguous, poorly structured, etc. (Dawood and Vukovic 2015). This was the main driver 
for a WLC approach; to reuse information and prevent its loss. WLC differs from BLC in 
that the former not only focuses on integration and coordination, but also the knowledge 
generated along the RIBA (Royal Institute of British Architects) Plan of Work Stages 
(RIBA 2020). This paper builds up on the research by Dawood and Vukovic (2015), 
focusing on the technology pillar of WLC, as they interviewed industry leaders in Qatar 
and compared their views with the UK’s industry. In this regard, the findings of Dawood 
and Vukovic (2015) concluded that BIM technologies do not have major shortcomings. 
Yet, IFC exchange format caused data loss and geometry distortion during information 
exchange. BIM data is at the core of the technology pillar, which is why incorporating 
SWT with BIM is becoming a research attraction in AEC. Within the context of RIBA 
Plan of Work Stages (figure 3), this research looks into the detailed design stage, relevant 
to product procurement and asset management. RIBA Plan of Work in its latest update 
consists of eight stages. According to RIBA Plan of Work, it is essential to understand 
that highly detailed information will only start being delivered at stage 3 and upwards, as 
the client’s requirements will become clear enough for a detailed design. Thus, it is at 
stage 3 when the level of input from the engineering team would need to accelerate. This 
paper is aimed at helping to deliver the objectives of stages 4 to 7. In stage 4 (i.e. 
technical design), all the design information required to manufacture/construct the 
project must be complete. Thus, when discussing construction stages, this paper will be 
referring to the RIBA Plan of Work. 
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Figure 3: RIBA Plan of Work (RIBA 2020) 

3 SWT IN AEC 
Interoperability, linking across domains, as well as the logical inference and proofs are 
areas that SWT are expected to enhance within the AEC industry, according to Pauwels 
et al. (2017). They described interoperability among different domains as loading the 
same content into multiple applications, and linking across domains as combining 
different content available in multiple applications. Generally, SWT could allegedly offer 
improvements to data modelling in AEC, due to linked and continuously updated data. 
This signifies the importance of creation and maintenance of links between datasets, as 
Pauwels et al. (2017) argued that this would need human intervention often, resulting in 
the interoperability issue existing on a finer scale, i.e. at the data level. Nonetheless, 
SWT tackle data modelling at the finite data level, and thus they harness knowledge 
representation, which makes SWT of importance across all AEC domains. Abanda et al. 
(2013); Pauwels et al. (2017) and Zhong et al. (2019) have conducted exhaustive literature 
reviews on SWT in AEC industry, and the reader is encouraged to explore those 
resources. However, some of the recent practical applications of SWT in AEC will be 
presented here. 

Rasmussen et al. (2019) created an Ontology for Property Management (OPM), for 
modelling complex properties in the design environment. They focused on answering 
competency questions when designing their ontology. Furthermore, they proposed an 
API to query their ontology and retrieve design data. In general, Rasmussen et al. (2019) 
concluded that “SWT can be used to cope with the highly interrelated and rapidly 
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changing design decisions when developing a construction project”. Kuster et al. (2020) 
created an ontology for urban district sustainability assessment (UDSA), in which, they 
incorporated Internet of Things (IoT) technologies. They demonstrated their work via 
querying the ontology for sensor data. They concluded that the model has proven helpful 
in achieving a linked data approach for urban district sustainability evaluation. Moreover, 
Simeone et al. (2019) stated that for built heritage buildings, the informative models are 
usually semantically poor (data for heritage buildings are usually unstructured, 
incomplete, or missing). Hence, they proposed a semantic-enrichment framework to 
enhance BIM models via ontologies. Schneirder et al. (2017) proposed semantically 
representing the control logic of Building Automated Systems (BAS). They stated that 
similar concepts can be applied with BIM and BMS (Building Management Systems). The 
ontological model served as a knowledge base for rule-based verification of control of 
control logic in BAS. They demonstrated their methodology on controlling an air 
handling unit (AHU). They assumed that such ontologies can be developed automatically 
using authoring tools. Yet, Wu et al. (2019) and Barbau et al. (2012) recommended 
manual development of ontologies to ensure quality. In the context of compliance 
checking, Fortineau et al. (2019) stated that in a PLM process, rule-related data must be 
transmitted from one stakeholder to another, which is problematic as these stakeholders 
would probably use different modelling paradigms. Thus, they investigated rule checking 
using Semantic Web Rule Language (SWRL) in ontologies to enhance PLM. They 
focused on integrating existing business rules into a product-centric information system. 
Kim et al. (2018) proposed a semantic web-based FM database which links BIM data 
(semantically) to historical work records. Their ontology integrated IFC BIM with FM 
database. Hence, during the operation and maintenance (O&M) phase, geometry and 
attributes information are integrated with FM through the Semantic Web. The problem 
they discussed lies in the data repository; the ability to store, merge, and retrieve 
heterogenous information. They stated that using object-oriented inferred spatial 
knowledge can improve work management information (e.g. resource and duration), 
space management, and energy monitoring. Kim et al. (2018) claimed that to operate 
BIM in FM using SW, facility managers should be trained in both BIM and SWT. 
Niknam and Karshenas (2017) created an ontology to represented building information. 
They suggested having a general, top layer, ontology that would be shared among 
different AEC domains by extending it to be detailed and specific. In this regard, IFC 
schema has been developed into an OWL version, namely ifcOWL (Pauwels and Terkaj 
2016), which is a current buildingSMART standard (ifcOWL – buildingSMART 
Technical 2020). However, Zhang et al. (2018) argue that IFC data models are designed 
for data creation and exchange, but not tailored for querying task analysis. They also 
stated that IFC does not include the entire spectre of the AEC domain such as building 
requirements and regulations, product classifications, urban planning, and sensor 
networks. This paper presents a framework to investigate the benefits of SWT for data 
integration in infrastructure projects, using a WLC of information flow approach. 

4 THE CONCEPTUAL FRAMEWORK 
In simple terms, the framework is aimed at improving data flow from the suppliers’ 
websites to the relevant asset management software via SWT. Also, SWT are expected 
to improve data querying and inferencing. The conceptual framework will be discussed 
in relation to the seven steps of the technology pillar of WLC information flow, figure 2, 
as well as the RIBA Plan of Work (RIBA 2020), figure 3. 
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4.1 Identify function needed 
The paper scratches the surface of the capabilities of SWT. The Previous sections gave a 
mere introduction to help the reader understand the framework, which is ought to 
deliver a WLC of information flow for one of the United Kingdom’s largest water 
companies. The current problem lies in the data management techniques; these 
techniques are further limited by the proprietary asset management software. The 
company defines its assets according to the Uniclass classification system (NBS 2015) 
and descriptions of each asset along with its important attributes are stored in Excel 
sheets as Product Data Templates (PDTs), see figure 4. These PDTs are popular among 
water companies in the UK (BIM4WATER 2020). The process of acquiring new 
information, filling in the PDTs, and introducing it to the asset management software is 
fully manual. According to the company, this manual process is due to the 
interoperability issue. Therefore, the prime objective of this framework is to achieve 
automation of this process. The first stage in the process is data acquisition, which is 
manifested in obtaining good quality product manufacturer data. In this regard, 
enhancing the process via smarter querying, and consequently, decision making, would 
allow users to search and choose the most suitable model for the design (Wu et al. 2019). 
It would be ideal if manufacturers or suppliers published their product data in the RDF 
format to allow for native querying, which is ought to be regulated by the ISO 23386 
(ISO 2020). However, it may take some time into the future for the RDF format to be 
widely adopted on suppliers’ websites. Alternatively, one solution may be to create a 
dictionary-like ontology consisting of classification clusters of all the related vocabulary 
for a specific domain. The domain expert (e.g. design engineer) would use this ontology 
to produce meaningful queries to search product libraries (Gao et al. 2015). Additionally, 
Geo et al. (2017) used this ontology that they developed to annotate BIM documents and 
index them. This indexing was done via algorithms to determine semantic relationships. 
Once an asset is selected from the library, it would then be imported into the BIM model. 
Though, a problem that usually arises in such systems—in addition to the technological 
barriers—is determining the attributes that are important for the asset management 
system or BIM. For example, figure 4 shows some of the attributes of a submersible 
pump that the water company needs to know for maintenance. Determining the 
important attributes of an asset is usually an iterative process with no clear methodology, 
due to the large number of variables involved. This bears the critical issue of clearly 
defining the requirements in the AEC industry (Alani el al. 2019). 
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Figure 4: PDT example of submersible water pump 

4.2 Identify software tools and create technology diagram 
Identifying the relevant tools and creating the technology diagram are the second and 
third steps in a WLC approach, respectively. These steps have been conducted 
simultaneously, while consulting the literature. Figure 5 shows the proposed semantic 
framework (technology diagram) to achieve the objectives of this paper. The following 
steps explain the framework’s concept and tools in reference to figure 5. 

1. The process starts with the XLS sheets that are used to produce an asset 
specification ontology (ASO), from their schema. These are the Product Data 
Templates (PDTs) that the water company uses to describe asset data necessary 
for maintenance. The PDT for a submersible pump in figure 4 is an example. 
However, other assets have different criteria to describe them, and consequently, 
many attributes in these PDTs are not repetitive. There are few translational 
languages that could automate the process of creating ontologies from XLS sheets, 
such as TopBraid Composer (TopBraid Composer 2020), and XLWarp 
(Langegger and Woß 2009). However, as the data in the PDTs are not entirely 
structured, the process of converting them to OWL should be done manually. 

2. The NeOn methodology was used to create the asset specification ontology, by 
reusing and reengineering non-ontological resources (Suárez-Figueroa et al. 
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2015). This ontology, which is being developed via Protégé, an open-source 
ontology editor (Protégé 2020) will consist of classes, attributes, and relations. 
OWL DL is the language of the new ontology, which includes all the OWL 
constructs, as opposed to OWL Lite or RDFS-Plus. Some of the OWL DL 
constructs that were utilised in the asset specification ontology were; owl:oneOf, 
owl:disjointWith, and cardinality restrictions (Web Ontology Language 2009). 
Hence, the ontology can be considered as heavyweight (Fürst and Trichet 2006). 
Figure 6 shows a portion of the developed ontology. As discussed in subsection 
1.2, an ontology is a data model that contains three necessary characteristics; 
formal, explicit, and shared. The ontology in this research is formal and explicit 
in that it is machine readable and represents real assets (real phenomenon), 
whilst incorporating Uniclass naming (NBS 2015). Publishing the ontology will 
be at a later stage in the project. 

3. In this step, the asset specification ontology (schema) is deposited in a triple store 
or graph database, such as RDF4J (Eclipse RDF4J 2020) and GraphDB (GraphDB 
2020), respectively. They both store RDF data in a SPRAQL endpoint. Zhang et al. 
(2018) utilised SWT for improved data querying, as they claimed that current 
solutions are vender specific. However, even for Semantic Web applications this 
issue will exist. For example, the chosen data store would affect the process, as 
most of these databases are proprietary and often encompass different features—
such as querying capabilities, once their licence has been purchased. Also, 
sharing ontologies is another problem that one encounters when working with 
real life application cases. Due to data protection policies, which is an important 
research area, full exploitation of Linked Data may be hindered.  

4. SPARQL is the query language commonly used to query ontologies. The 
objective is to use SPARQL to query libraries for product data. As mentioned in 
subsection 1.2, the more complex the ontology is, the simpler the queries should 
be. Therefore, as recommended by Allemang and Hendler (2011), this ontology 
will be designed for querying, which is only reasonable considering the large 
amount of data in the PDTs. Also, queries are not only to be made on the 
ontology (via SPARQL Endpoint), but also on the internet for product data 
according to the parameters specified in the ontology schema. In this regard, 
Zhong et al. (2018) developed a framework for extending SPARQL queries as 
defined functions. This framework was to query IFC data, however. Product data, 
if not published in an RDF format, would need a data converter (see step 6) to 
RDF format to instantiate the ontology in the graph database. 

5. This step in the framework requires identifying the data formats that water assets 
suppliers use to publish their data.  

6. There exist some translational languages to convert data from relational format 
to RDF such as D2RQ (D2RQ 2020) and YARRRML (YARRRML 2020). As per 
Akinyemi et al. (2020), when querying across multiple sources over the internet, 
as in this case, then federated SPARQL queries are to be used. For such on-the-fly 
querying, Akinyemi et al. (2020) recommended using an Ontology-based Data 
Access (OBDA) approach. OBDA provides a user-friendly approach to query 
relational data bases using SPARQL queries (Xiao et al. 2018).  

As mentioned earlier, the data providers for this case study rely on the Uniclass 
naming convention, and so do other large infrastructure companies in the United 
Kingdom. However, the naming provided by Uniclass may not be suitable for every 
company as people are not expected to familiar with the entire Uniclass naming 
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convention. In addition to this, classifying assets in different languages introduces even 
more obscurity in managing these assets. An ontology approach to this matter is ought 
to form a solution. As explained in subsection 1.2, an ontology assigns an IRI to each 
resource (classes, properties, and instances) acting as a unique “fingerprint” to these 
resources. Two resources on the internet with different names but the same IRIs, are 
ought to be the same. As a matter of fact, the ontology would infer “owl:sameAs” 
property between them, indicating that they are the same entity. Therefore, it is 
suggested that Uniclass should introduce IRIs into their classification system to aid 
solving this ambiguity. In this regard, the Architecture, Engineering, and Construction 
industry can resemble the biomedical industry. The biomedical industry has resorted to 
utilising ontologies for unambiguous references to biological concepts, as they have 
created a wiki space for collecting scientific ontologies, namely the Open Biological and 
Biomedical Ontologies Foundry—OBO Foundry (Allemang and Hendler 2011). Therefore, 
perhaps the construction industry should also resort to a wiki space for collecting 
relevant ontologies, which could be named the Architectural, Engineering, and 
Construction Ontologies Foundry (AECOF).  

This paper is mainly ought to present a framework to support an ongoing case study. 
The project is currently at the fourth step of the WLC approach, namely assessing data 
exchange interoperability, figure 2. 

 
Figure 5: The proposed semantic WLC of information flow framework 
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Figure 6: Portion of the water asset specification ontology 

4.3 RIBA Plan of Work 
As mentioned in section 3, the proposed framework is ought to aid the delivery of RIBA 
Plan of Work Stages 4 to 7 (RIBA 2020), figure 3. Stage 4 deals with the technical design 
as a responsibility of the design team and subcontractors. This paper proposes creating 
an asset specification ontology to be utilised at this point. An early asset specification 
ontology would encourage early facility management involvement, which is a current 
issue in AEC (Cavka et al. 2017; Alani et al. 2019). Thus, descriptive building system 
information may be preferred in this regard. Also, the proposed framework would aid the 
coordination between the design and specialist subcontractors’ manufacturing 
information before the final design data are modelled in BIM. In the Manufacturing and 
construction stage, the construction team is usually the main actor. However, during this 
stage, the Semantic Web querying potential can be used on the asset specification 
ontology to verify design requirements. For example, spatial queries can be carried out 
via extending SPARQL queries as SPIN functions (Zhang et al. 2018). Similarly, in the 
Handover stage one of the outcomes is examining the final project pricing to issue the 
Final Certificate. Users can simply query an asset specification ontology to aid in 
determining the unit cost of all assets, contributing to the final pricing. The final stage is 
where most of the tangible benefits of this framework would be found. Most of the 
building’s life cycle costs are during the operational phase (Kassem et al. 2015). It is 
assumed that the operational phase for utilities companies (infrastructure facilities) such 
as water companies, is expected to be even more significant in terms of maintenance 
than the building sector. 

4.4 Limitations 
Expected limitations to this framework include data availability, and data protection and 
ownership. If some data are not made available by the suppliers, then queries will not 
return desired results. Discussing the consequences of data protection and ownership is 
out of the scope of this paper. However, they form major constraints in the field of data 
sharing and integration.  
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5 CONCLUSIONS 
Despite current state-of-the-art information exchange technologies such as IFC and 
ifcOWL, the AEC industry still suffers from inefficiencies of data flow. Particularly, the 
lack of product manufacturers’ involvement in the process when dealing with 
infrastructure projects other than buildings. In this paper, a framework was proposed 
based on a WLC information flow approach to validate SWT as a solution to solve an 
industry-based (water infrastructure) problem, i.e. automating the process of information 
flow from product manufacturers to the asset management software. The literature 
seems promising in this regard, as some of the most recent application of SWT in AEC 
have proven successful. However, using federated SPARQL queries requires establishing 
mappings between the ontology schema and the data sources which is not a 
comprehensive solution. ISO 23386 (ISO 2020) is expected to bring benefits in this regard 
to help achieving Linked Data 

One can still argue that research on application of SWT in the AEC industry is not 
intensively saturated, in comparison to research on BIM for instance. This claim is 
supported by Zhong et al. (2019) statement that research on SWT in the AEC have only 
started gaining researchers’ interest in the last decade.  This is further manifested in the 
lack of standards to support a semantic AEC industry. For instance, apart from ISO 
15926 (Akinyemi et al., 2020), there were no ISO standards that support/mandate 
existing ontology deployment in the AEC industry, until the recent publication of ISO 
23386 that promotes interconnected data dictionaries. 

Data linking capabilities offered by SWT may be constrained due to proprietary 
licences and data protection policies. Ontologies are about having connected data in a 
shared environment; creating ontologies may be beneficial for querying, but as long as 
these ontologies are discrete, the full potential of SWT would be hindered. In general, 
researchers tend to construct their own ontologies to be tailored for their specific studies, 
and this paper is no exception. However, there needs to be more efforts on standardising 
and connecting good ontologies, in a similar manner to the OBO Foundry. 

Future work is aimed at carrying out the case study with real data to test the 
framework, and validate the data using Shape Expressions (ShEx) or Shapes Constraint 
Language (SHACL) (Labra Gayo et al. 2018). 
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