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ABSTRACT
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Carbon footprint generated by built environment is one of the biggest concerns in UK.
Relevant legislations, act and guidelines for building design, construction and maintenance
that interests environmental aspects are created and curated by many authorities from
Government in UK. Stakeholders often find it difficult to access these legal and regulatory
information across different jurisdiction since there is no common platform. This research
proposes a framework for developing a domain-neutral platform where heterogeneous data
will be highly interlinked in machine readable fashion paving further opportunities such as
making general queries on, training statistical models for decision making and so on. Our
proposed methodology uses domain ontologies and further applied in the development of a
proof of concept system, called Knowledge Graph for UK Environmental Legislations
related to Building Construction and Maintenance (UKENV-KG). UKENV-KG enables
legislations and guidelines to be properly annotated through use of W3C-based semantic
technologies. The report presents the methodology, the system architecture of proposed
framework with implementation. A discussion on further possibilities is made at very end

of the thesis.
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1 INTRODUCTION

Building construction and maintenance put a significant impact on total Carbon Footprint
of UK. Around 40% of total carbon emission comes from built environment [2].
Government aims to reduce the cost of construction by one-third while halving carbon
footprint in construction industry by 2025 [3]. It’s a big challenge for stakeholders in this
industry to meet the new requirements and guidelines. According to UK Low Carbon
Transition Plan [4], national goal is to reduce carbon emission by 80% compared to carbon
emission level of year 1990 within year 2050. Also aim is to have a reduction of at least
34% by 2020.

42%
N\ o 349 MtCO;

831 was attributable to the
MtCO ! built environment
2

was the total

0
carbon footprint /] 22%
of the UK in 2014 ® 185 MtCO;
,// was total operational and

_ embodied carbon footprint
of the built environment

Source: Energy Performance of Building Certificates Statistical Release, UK (2015)

Fig. 1. Carbon impact of the built environment in UK, 2014

To meet obligations under the 2008 Climate Change Act [5], the Green Construction
Board, UK has recommended a low carbon route map targeting year 2050 where targets
for operational and embodied carbon should be lowered to 113 MtCO2 by 2025 and 45
MtCO2 by 2050.

To lower the carbon footprint of a built environment, the goal can be divided into the
following: lower down carbon embodied in new building construction and minimizing
emission from existing buildings (for both domestic and non-domestic buildings). In 2016,
10% of nation’s carbon footprint came from building construction activities and more 10%

came only from heating domestic building [6]. Relevant legislations acts and guidelines for
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building design, constructions and maintenance that interest environmental aspects are
created and curated by different authorities from Government results in heterogeneous
data-sources while integrating them in a single platform. To provide stakeholders
(engineers, constructors, designers, architects, dwellers etc.) a better access to these legal
and regulatory information across different jurisdictions, a domain-neutral common
platform is required where structured data will be highly interlinked. From consumers
point of view unifying heterogeneous data-sources under same hood in machine readable
fashion paves further opportunities such statistical models can be trained to take decisions
[7]. In spirit of providing such platform, a knowledge graph development framework for
UK Environmental Legislation for Building Construction and Maintenance (UKENV-KG)

is proposed based on W3C semantic technologies.

1.1 Motivation

As a knowledge representation technique, Knowledge Graphs [8] have become prevalent
in both industry and academia recently. In 2012 Google first introduced the idea of
Knowledge Graph that understands real-world entities and the relationship between those
entities [9]. The graph enhances Google search by disambiguating search queries and by
explorative search suggestions. Also, it provides short summary of topics with structured

information.

Knowledge Graph is not only useful in Web Search paradigm but also handy in other
systems and applications, including enterprise information management [10]. It is one of
the most efficient and effective knowledge integration approaches [11]. Knowledge graphs
provide a new paradigm and powerful platform for implementing enterprise knowledge
bases using organization knowledge schemas or ontologies (built on basis of business
vocabularies). In fact, Knowledge Graphs provide better schema evaluation capabilities
comparing to relational platform [12].

Linked data and Knowledge Graphs are often referred to same context while there is
significant difference but both approaches are useful when it comes to handling data
coming from heterogeneous sources [13]. While working with knowledge representation in
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legal paradigm, it is highly likely to confront cases where user needs to deal with
heterogeneous data. The Lynx, a European project is currently working building an
ecosystem of better managed compliance service based on Knowledge Graph [14]. This
project aims to integrate and link heterogeneous compliance data sources in different

domain of interest (legislation, case law, standards etc.).

This research focuses on proposing a framework through which the idea of Knowledge
Graph can be exploited to create common service which integrates information from
different sub-domains of UK Environmental Legislation paradigm related to building

design, construction and maintenance.

1.2 Problem Definition

Linked Data or Knowledge Graph approach has been commonly used in Web context [15].
Value of interlinkedness of data is not only limited in complex and open ended systems
such as the Web. Managing enterprise information using Linked Data or Knowledge Graph
is fairly new and practiced by big players in industry [10]. Inadequete research has been

done scoping Linked Data for legal domain.

While working with legal information, time, intervals, and versioning are prime aspects to
care. Several mechanisms have been discussed in literature to handle this temporal issue in
querying and management of RDF data [16], [17]. Scope of this research is to consider

temporal issue in curating linked data in legal domain.

1.3 Aim, Research Question and Objectives

Aim of this research is to propose a framwork that unifies knowledge collected from
different authorities who are concerened with UK environmental legislation related to
building construction & maintenance and represent the knowledge in form knowledge

graph.
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Following section presents the research questions. Also there are corresponding objectives

to each research questions which should be achieved in this research scope.

RQ1. What are the approaches for handling heterogenous linked data from legal
domain?
ROL. Investigation of state-of-the-art
ROL1.1 Investigation of heterogenous data management

ROL1.2 Investigation of entities in legal domain

RQ2. How can Knowledge Graph be used in a non-web domain?
RO2. Investigation of scope of Knowledge Graph in different domain
RO2.1 Build Knowledge Graph for legal domain
RO2.2 Consume from the knowledge represantation

RO2.3 Evaluate performance of implementation

1.4 Delimitation

In order to implement a platform combining information from different jurisdictions
related to environmental legislation in building construction and maintenance paradigm, a
small scope: Domestic Building Service Compliance Guide UK [18] is considered due to

the expanse of the entire domain.

Decisions on selection of tools and technologies for implementation is made based on
literature study. To create linked data, Resource Description Framework (RDF) is chosen
[15]. Based on the performance analysis in literature, SPARQL is used as querying engine
[19] that comes with GraphDB graph database [20]. GraphDB is built on top of RDF4J

java framework which is widely used in handling RDF data [21].
GraphDB APIs are used to query interlinked data using RDF4J connector with the created

web services. RESTful Web services are created with Java Spring MVVC Framework and
Maven [22].
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1.5 Contribution

The following are the key contribution of the work:

1. Investigation of different approaches to represent and use heterogenous data

coming from various sources

2. Exploition of Linked Data and Knowledge Graph to build a framework that

benefits building constructions and maintenance stakeholders in UK

3. Impact and Sustainability Analysis of the proposed framework

1.6 Organization of the Thesis

The structure of this manuscript is as follows:

e Chapter 1: Introduction provides an understanding of the background, motivation,

objectives and contribution of the work presented in the thesis

e Chapter 2: Review of Related Work covers a broad study of Knowledge
represetation, use of Knowledge Graph as knowledge representation, Knowledge
graph for Web vs Enterprise, Knowledge Graph construction approach and how

evaluation and maintenance is done for Knowledge Graphs

e Chapter 3: Methodology presents reserch methologies followed, system

development lifecycle and lifecycle accounting methodology for Software

e Chapter 4: Results and Discussion provides the performance evaluation and

sustainability analysis of the work

e Chapter 5: Conclusion and Future Work presents the outcome of the thesis and

possible direction of the future work
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2 REVIEW OF RELATED WORK

This Chapter is divided into sub sections to discuss the follwing topics: (a) Knowledge
Representation and Ontology, (b) Knowledge Graph, (c) Knowledge Construction, (d)

Application of Knowledge Graph for the Legislation Domain, (e) Competency Question.

2.1 Knowledge Representation & Ontology

Knowledge Representation is a prominent field in Artificial Intelligence (Al) which helps
to represent information in a manner that allows a computer to reason automatically with
relevant information for solving complex problems such as decision support [23]. Since the
beginning of 1990s, Ontologies have become a topic among Artificial Intelligence research
communities while it has been widely used in fields such as information retrieval on the
Internet and intelligent information integration [24], knowledge management [25] and so
on. Ontologies have widely been used as a schema in many researches regarding to

knowledge management [26], [27].

2.2 Knowledge Graph

Knowledge graph inherits many classic Knowledge Representation formalisms provide
visualizations to represent entities and their relationships [28]. After Quillian first
introduced Semantic Networks in his semantic memory model [29], many variants of
Semantic Networks have been proposed. Semantic Networks are relatively easy to use and
maintain compared to formal knowledge representation and reasoning whereas at times it
is poses some challenges due to the lack of formal syntax and semantics which fails to

preserve the original meaning in many cases [10].

Predicate

Subject Object

Fig. 2. A RDF statement
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RDF (Resource Descriptive Framework) is one of the modern standards from W3C which
addresses few critical issues in Semantic Networks [30]. Although RDF does not address
all the shortcomings of Semantic Networks, it clearly addresses the formal syntax and
semantics issue as user can clearly define semantics as per RDF specifications. There are
shortcomings of RDF as well since it does not address the concept where OWL (Web
Ontology Language) has this flexibility [31], [32]. RDF and OWL are considered as the

construction block of Knowledge Graph.

To speed up the development process of Knowledge Graph, existing vocabularies are used
in most of the occasions. The idea behind reusing existing vocabularies is to enable
optimal reuse of the existing work [33]. At present there are many vocabularies available
that meet the requirement to develop knowledge graph in Enterprise Level. Organization
Ontology is one of them which supports publishing of organizational information across
variable domains [34]. GoodRelations ontology defines terms used in e-commerce
scenarios [35]. Another famous ontology in social networking paradigm is Friend-of-a-
friend (FOAF) ontology that describes people, their activities and relationship with other
people [36].

A big leap was taken by Google, Yahoo! and Bing altogether with the introduction of
schema.org in early 2011 [37]. All the relevant parties agreed upon a collection of terms
that would be used to markup HTML pages in order to improve search results. The data
model used in schema.org is derived from RDF Schema. It includes a huge set of

properties for different domains.

Apart from Web paradigm, Knowledge Graph construction has gained much popularity in
the Enterprise domain in recent time [38]. These Knowledge Graphs represents
relationships between different classes of data comprising the organizations’ data [39].
Usually in large organizations, data or knowledge is in a heterogeneous form. It means data
or knowledge are in various formats such as Relational Databases (RDB), and Transaction
logs, Web pages etc. These different representations require transformation into a format
which is the building block of Knowledge Graphs. RDF is the most popular choice in this

regard [33]. This representational transformation is known as a Data Lifting mechanism
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[33] and there are various approaches available to perform this. One good specification is
RDB2RDF[40] which is helpful for converting legacy data of an organization from
relational database into linked data format. RDB2RDF is a W3C standard in data lifting.

Features Pure RDF datasets Linked Data Knowledge Graph
Machine Readability Y Y Y
Human Readability NN NN Y
Data distribution N Y NN
Inter-dataset linkage L Y Y
Data integration NN NN Y
Data consistency NN NN Y
Reliability NN NN Y
High quality NN NN Y

Y: Yes; L: Limited; N: No; NN: Not Necessarily
Table 1. RDF Datasets vs. Linked Data vs. Knowledge Graph [33]

In many literature, Linked Data and Knowledge Graph are mentioned in similar context. In
RDF datasets, there are data collections which is represented in RDF format, i.e. in subject,
predicate and object format where subject and predicate are two identifiers (URIs) and an
object can be any value or is an identifier itself. Linked Data refers to multiple RDF
datasets which are developed, maintained and distributed independently though they use
the same URISs to refer each other. In the case of a Knowledge Graph, there has to be an
ontology as its schema and not necessarily needs to be linked with any other Knowledge
Graph. Table 1. gives a comparison between RDF Datasets, Linked Data and Knowledge
Graph.

The aim of the introduction of Knowledge Graph by Google in 2012 [9] was to enhance
Google Web search results. Construction of such Knowledge Graphs is based on two prime
technologies. One is using an ontology backed by non-complicated hierarchy of types
similar to the collection of schema.org. Another is crowd sourced data gathering approach
based on open encyclopedic sources and available APIs. Such sources for Google
Knowledge Graphs are CIA World Factbook, Wikipedia, Freebase, Wikidata etc. [9].
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Features KG for Web searching | KG for enterprise
Data source Distributed Usually centralized
Openness of data Open to public Private

Size of data Huge Big

Data acquisition Harder Easier

Quality of data Low High

Ontology Language Simple More expressive
Knowledge Generic Domain specific

Table 2. Knowledge Graph for Web search vs. for enterprise [33]

In the IT industry, managing enterprise knowledge is one of the most challenging tasks. In
most of the cases, there are many departments working under the same roof with different
data infrastructures. To share informations from different sources, existing solutions are to
build applications on top of relational databases that deal with data acquisition, curation,
and maintenance of different schemas. Knowledge Graphs provide a new platform to
create enterprise knowledge bases. This knowledge base is based on a common schema
that is more effective and powerful. Generally backed by RDF, knowledge graphs provide
better schema evolution capabilities with respect to relational platforms [12]. Table 2 gives
a comparison of two use cases of knowledge graph (for web and enterprise).

2.3 Application of Knowledge Graph for Legislation Domain

Much work has not been done for building Knowledge Graph in Legislation domain. Lynx
Project, funded by European Union’s Horizon 2020 Research and Innovation program,
working on building the legal knowledge graph for the smart compliance service in
multilingual Europe since December 2017 [41]. Aim of the project is to provide more
effective way to access huge amounts of heterogeneous regulatory compliance documents
in form of legal knowledge graph. Smart services for compliance include search, linking,
recommendation, extraction, translation and summarization. The first pilot of the project is
with the data protection law of European Union. Second pilot is to work with oil, gas

energy law and last pilot project is to work with labor law.
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Currently there is no knowledge base for UK environmental legislation related to building
construction and maintenance. There is scope to contrast the scenario with Knowledge
Graph built for Enterprises [42].

2.4 Knowledge Construction

Completeness, data quality and accurateness are key features of a useful Knowledge Base.
A Knowledge Graph is a special form of Knowledge Base. The construction method has

been divided into four main groups [7]:

1. Curated Approach (RDF triples are created manually by a closed group of experts);

2. Collaborative Approach (triples are created manually by volunteers in an open
group);

3. Automated Semi-Structured Approach (triples are extracted from semi-structured
source using hand-crafted rules);

4. Automated Un-structured Approach (triples are extracted from unstructured sources
automatically using machine learning and natural language processing techniques)
[43].

In literature, a higher level overview has been given on related uses of Knowledge Graphs
[44]:

1. Construction
2. Storage

3. Consumption

An abstract reference architecture for knowledge management in an organizational
paradigm can be divided into three layers: 1) Knowledge Acquisition and Integration
Layer, 2) Knowledge Storage Layer and 3) Knowledge Consumption Layer [44]. The
Acquisition and Integration layer deals with ontology development and data lifting. The
Consumption Layer incorporates analysis of use-cases of graph. It also includes
understanding of entities and exploiting the knowledge through semantic search, question

answering or query generation.
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Specification

Data

Curation e I

Data
Publication

Data Lifting

Fig. 3. Knowledge construction and maintenance lifecycle [45]

Knowledge construction and maintenance lifecycle is divided in five phases: Specification,
Mideling, Data Lifting, Data Publication and Data Curation [45]. Specification phase
mostly deals with scoping the use cases of application and identification and analysis of the
data sources. In an organisational paradigm, identification of data source is straight
forward. After identification, selected data sources needs to be compiled and schema of

resources needs to be identified [46].

After data sources have been indentified and analysed, an ontology or vocabulary is
required to model the domain of the data sources. One useful approach is to reuse any of
the existing vocabularies which speeds up the development process [47]. Swoogle[48] and
Linked Open Vocabularies (LOV)[49] are popular vocabulary repositories where
vocabularies for various domain can be found and to be reused. If any existing vocabulary
of interest can not be found, ontology needs to be created from scratch. There are a good
number of methodologies to build ontologies from scratch and NeOn Methodology [47] is

one of them.
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In the transformation phase data source to be converted into RDF considering two
important aspects: full conversion, so that all queries are possible to make and reflects
trarget vocabulary or ontology structure as closely as possible [45]. There are many tools
available for transforming data sources into RDF complying with given vocabulary. For
CSV (Comma-separated values) and spreadsheets, RDF Extension of OpenRefine (former
Google Refine) [50], XLWrap [51] is well used. An important step aftwerwards in this
phase is linking which refers to creating links with external knowledge graphs. This link
creation is done in possible ways: 1) Supervised link creation, 2) Unsupervised link

creation [45].

Data publication refers to the publication of RDF data and metadata. There are numerous
tools [46] available for RDF data storage: Jena [52], rdf4j [21], Virtuiso Universal Server
[53] etc. The last phase of Knowledge graph construction and maintenance lifecycle
includes Data Curation. Data curation implies cleaning and maintaining data for reuse over
the course of time. There is much noise that hinders application in exploiting structured

information collected from knowledge graph [54].

Third Party KB Visual Display
e — |
Structured Data |- »| Data Integration Kgg;}”{':fagze
Semi-structured ' Y = . A
Data Tt » | Entity Alignment —>» o0y ——>| Quality Evaluation Ly
Semi-structured ! Construction i Knowledge

x Graph |

Data » | | Unstructured Data

Unstructured Data

Unstructured Data Knowledge

Inference

Knowledge Fusion

Knowledge Extraction

Fig. 4. Architecture of Knowledge Graph Construction (bottom up approach) [55]

In literature Knowledge Graph construction approach is divided into: 1) Top down and; 2)

Bottom up [55]. In the top down approach, the vocabulary or ontology is created first and
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then the knowledge instances are added into the knowledge base. In the bottom up
approach, knowledge instances are extracted from existing Linked Open Data (LOD) or
different knowledge resources. After fusion of knowledge instances, the top-level ontology

is created. Fig.4 shows the bottom up approach of knowldege graph construction.

2.5 Competency Question

After constructions of an ontology, Competency Questions (CQs) are expressions that it
must be able to answer [56]. CQs are regarded as functional requirement that must be
statisfied by an ontology. In ontology authoring, CQs plays a vital role by capturing Scope,
Content and Form of Evaluation. Also CQs helps authors to determine the granularity of

ontology to identify the most important classes, properties and their relations [33].

| Feature |

| Primary Feature | Secondary Feature
_ - Domain c .
Predicate Relation - Question Element Question
‘ Arity ‘ ‘ Type ‘ ‘ AIELTE | '”%?E;gifm Type Visibility Polarity
Unary Object Quantity Spatial Selection Explicit Positive
Binary Datatype Numeric Temporal Boolean Implicit Negative
N-ary Counting

Fig. 5. CQ feature hierarchy.
Competency Question-driven Ontology Authoring (CQOA) [57] leveragese ideas of

competency questions and testing driven software development. Analyzing different CQs

patterns, Fig.5 shows a feature based-modelling hierarchy [58].
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3 METHODOLOGY

Methodology discusses the systematic approach of the work, architectural design in detail.
Purpose of research is to discover answers through application of scientific procedures
aiming to find out the truth that has not been discovered yet [59]. Research methodology is

a systematic effort to discover new information.

3.1 System Development Lifecycle

The research methodology followed that has been followed is of iterative nature. The
initialization the system development begins with multiple iterations of requirement

analysis, designing, implementing and verifying implementation.
Initialization
ﬁ Requirements

Implementation

— . —

Fig. 6. Iterative Lifecycle Model.

Applying iterative methodology allows to frequent refinement of the process [60]. Fig.6
gives the overview of iterative lifecycle method that has been followed to design the

framework and implementing the solution.

The development of the system is divided in four phases:
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Phase 1: Requirement analysis, Ontology scoping and Data lifting

Phase 2: Ontology construction (reusing existing ontology) and object modelling

Phase 3: Knowledge graph construction and querying

Phase 4: Evaluation of the system and Use case analysis

3.2 System Architecture

The system should be able to represent knowledge in form of knowledge graph. The

general architecture of implemented solution that satisfies the requirements is represented

in Fig.7. The architecture is divided in two main layers: Knowledge Acquisition and

Integration layer, Knowledge Consumption layer.

Knowledge
Consumption

Knowledge
Acquisition
and
Integration

Service

Query
and
Reasoning

Ontology
Construction

application

sernvice

Query Generation

Semantic Search

Cluestion
Answering

Resource
Classification

Object
Modeling

RDF (Resource Description Framework)

Ontology Scoping

Data Lifting

Data Annotation
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The knowledge acquisition and integration layer constitute scoping, object modelling and
ontology construction. Scoping refers to ontology scoping to serve the purpose, data lifting
from data sources and data annotation. Ontology is constructed reusing the existing
vocabularies to meet the requirements. Ontology construction phase includes appropriate
property definition and resource classification. Annotate data is linked in RDF (XML/ N-

triple/ Turtle) format following the created vocabulary and stored in RDF store.
The knowledge consumption layer works as interface to user to consume the knowledge

representation. This layer is divided in two sub layers: query and reasoning, service. The
service layer provides APIs that facilitates query and reasoning.

25



4 REQUIREMENTS AND DESIGN

This chapter discusses the requirements and design of the proposed system.

4.1 Requirements

Environmental Legislations for building construction and maintenance can be break down

in four sections: Primary Legislations (Acts/Orders), Secondary Legislations (Regulations),

Guideline Primary Legislation
» Environment offenses:Definitive Guideline

« Domestic Building Service Compliance Guide

+ Mon-domestic Building Service Compliance Guide

Agricultural Land Act

Clean Air Act

Clean Environment Act

Energy Act

Environment Act

Enmvironment Protection Act

Flood and Water Management Act
Localism Act

Natural Environment and Rural Act
Water Act

Water Resource Act

Wildlife and Countryside Act

B 8 ¥ % 8 8 B B ¥ 8 8

UK Environmental Legislation for Building
Construction and Maintenance

Primary Legislation (Act/Crders)

« Secondary Legislation (Regulations)
+ Policy
+ Guideline
Secondary Legislation
Building Regulations
N Conservation of Habitats Regulations
Policy Contaminated Land Regulations

Control of Asbestos Regulations
Control of Moise order

Control of Substances Hazardous to
Health Regulations

% 8 8 8 8

CRC Energy Efficiency Scheme
Mational Planning Policy Framework
Zero Carbon Home

Zero Carbon Mon-domestic Buildings
MNational Waste Management Plan

Green Deal

Renewable Heat Incentive

Feed-in Tariff Scheme (FIT)

Carbon Emission Reduction Target (CERT)

Fig. 8. Environmental guidelines, legislations and policies related to building construction

and maintenance.
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Policy, Guideline. These sections have long list of underneath legislations and policies
which are created and maintained by various regulatory authorities from UK Government.
The format of data representation is different for acts, orders, regulations, policies and
guidelines. Also, data representation for acts, orders, regulations, policies and guidelines
varies from one authority to another. Fig.8 gives an overview of the broader picture. As
discussed in delimitation of the thesis, proposed solution is to represent knowledge for

Guideline e.g. Domestic building service compliance guideline in UK [18].

The domestic building service compliance guideline contains functional requirements, such
as that domestic buildings must be structurally stable, constructed and fitted to ensure fire

protection and energy efficiency.

Seasonal efficiency

SEDBUK 2005/

Gas-fired wet central heating SEDBUK 2009* SEDBUK Erp™
Condensing boilers in new dwellings 88% 908
Condensing boilers in existing dwellings = = 9%
Man-condensing boilers fwhere permitted): natural gas~LPG TBR/BO% TER/B0%
Range cooker boilers 5% T5%
Gas-fired warm air heating Efficiency

See Table 6
Gas-fired fixed independent space heaters Efficiency (gross)"

zas and LPG primary heating

63%

Gas and LPG secondary heating

63% [new build) 45% [existing build)

Decorative fual-affect

Mot specified (sat to 20% in SAP 2M2)

Gas fires in combined fire/backboilers

Efficiency (gross)

[replacemants) Matural gas LPG

Inset live fusl-effact 45% 485

All types except inset live fuel-effect 63% H4%

Fig. 9. A part of domestic building service compliance guideline.

The guide comprises two sections, fuel-based and technology-specific guideline. In both
sections, there are information to help with interpreting minimum energy specific
provisions needed to comply with the building regulations. The guide contains
requirements for both existing and new system and installation of equipment. Also, there

are clear indication of recommended efficiency standards.
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For building knowledge representation in form of knowledge graph, an appropriate
vocabulary is required. Scoping of vocabulary can be done in two ways: creating a new
vocabulary, reusing existing vocabulary. After vocabulary is prepared, data needs to be
lifted from source. Data lifting process can be manual or automated. In this
implementation, data lifting process is manual and taken from service compliance guide

book. Lifted data is required to be annotate and stored as RDF triples.

To query and reasoning over linked data store, a query engine and reasoner is required.

The consumption of knowledge is required to be served by APIs.

4.2 Design

The implemented Knowledge Graph is of two layers: schema or ontology layer, data layer.

Data Layer D1, D2: datasets
\ Entity
D1 = 01, 02: ontologies
D2 . Ontology Class

=» Knowledge Graph

= Intra-links
Inter-links

I [ Annotation links
'''''''''''''''''''' Inferable links

= = = Enrichment links

Schema Layer

Fig. 10. Two layer of Knowledge Graph.

Current implementation is done on top of single dataset and single ontology that is to be
extended with multiple datasets and ontologies to leverage the full benefit of knowledge

graph.
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dcat:keyword
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| dcat:distribution >
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dcat:Distribution
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dcat:accessURL
dcat:downloadURL
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dct:format

dcat:landingPage
A

foaf:primaryTopic

deat:Catalog ot daloent dcat:CatalogRecord
dct:title
dct:description dct:title
dct:issued dct:description
dct:modified deat:record dct:issued
dct:language dct:modified
dct:license
dct:rights
dct:spatial
foaf:homepage

dcat:byteSize

Fig. 11. Overview of DCAT (Data Catalogue VVocabulary)

Scoping for appropriate ontology is done in existing ontology repositories including
Swoogle [48] and Linked Open Vocabularies [49]. Upon study of relevant vocabularies,
DCAT (Data Catalogue VVocabulary) is chosen for reuse with further extension of it.

Overview of DCAT vocabulary is shown in Fig.11. DCAT is an RDF vocabulary designed
to facilitate interoperability between data catalogs published on the Web [61]. DCAT is a
well-suited RDF vocabulary to represent government data catalogue. It has three main

classes:
1. Catalog
2. Dataset

3. Distribution
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Fig. 12. Onto Visualization of DCAT vocabulary.

Onto visualization of DCAT vocabulary is showed in Fig.12 using WebVOWL [62]
visualization tool. It shows all the classes, object properties and data properties in the

vocabulary.
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5 UKENV-KG SYSTEM IMPLEMENTATION AND EVALUATION

Implementation of UKENV-KG system is divided in following steps: extension of DCAT
vocabulary, data annotation and storing, query and reasoning. Evaluation of the
implementated system is done alayzing the use cases which will be further extended by

analysis of query execution time for multiple data storage and ontology scenarios.

5.1 Extending DCAT Vocabulary

As DCAT vocabulary doesn’t fully suffice the requirements, the vocabulary needs to be

reused and extended.

Classes Object properties Data properties

Asserted ¥

\EO owl:Thing |

p- " Equipment

- SystemStatus

Service

v Commodity

Water

Electricity

Gas

Coal

V-0 Property
Power
Pressure
Motion

- Temperature
Humidity
Occupancy
Price

Smoke

-0 Time

Light

Energy

¥-- @0 "Unit of Measure’
‘Temporal Unit'
'Temperature Unit'
'Pressure Unit’
‘Power Unit’
'Energy Unit"
Currency

Catalog

'Catalog Record'

V-0 Dataset

e Dataset
dcterms:MediaTypeOrExtent

b0 Distribution

- foaf:Document
Guideline
rdfs:Resource
skos:Concept
skos:ConceptScheme
Standard
veard:Kind

- Vocabulary

Fig. 13. Ontology classes in Protégé.

To represent data lifted from Domestic Building Service Compliance guide DCAT

vocabulary is added with following ontology classes:
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e Equipment
e SystemStatus

e Service

e Commodity

e Property

e UnitOfMeasure
e Standard

e Guideline

After adding required additional classes, class hierarchy is shown in Fig.13. For extending
DCAT vocabulary, the ontology was loaded in Protégé tool. Besides additional ontology

classes, data property and object properties are added upon requirement analysis.

Fig. 14. Enhancement of DCAT vocabulary to meet requirements.

After adding ontology classes, data property and object property, the visualization of the

vocabulary is shown in Fig.14.
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5.2 Data Annotation, Storage and Querying

After ontology is constructed, lifted data is annotate with new vocabulary. For
experimental purpose, annotate data was imported from Protége tool in different syntax
such as RDF/XML, OWL/XML, RDF Turtle. Fig.15 shows a segment from annotate data
dumped in RDF Turtle syntax.

Bprefix : <http://localhost:8808/ukenv-dcat/> .

@prefix owl: <http://www.w3.org/20682/87/cwli> .

@prefix rdf: <http://www.w3.org/1999/82/22-rdf-syntax-nsi#> .
@prefix xml: <http://www.w3.org/¥XML/1998/namespace> .
@prefix xsd: <http://www.w3.org/2001/XMLSchema#> .

@prefix rdfs: <http://www.w3.org/2888/81/rdf-schema#> .
@base <http://localhost:88088/ukenv-dcat/> .

<http://localhost:8888/ukenv-dcat/> rdf:type owl:Ontology ;
owl:imports <http://www.w3.org/ns/dcat> .

Object Properties

#HH#F http://localhost:8888/ukenv-dcat/complies
rcomplies rdf:type owl:0ObjectProperty ;
rdfs:domain :Guideline ;
rdfs:range :Standard .

#HH http://localhost:8888/ukenv-dcat/hasEquipment
rhasEquipment rdf:type owl:0bjectProperty ;
rdfs:subProperty0f owl:topObjectProperty ;
rdfs:domain :Guideline ;
rdfs:range :Equipment .

#H#  http://localhost:8888/ukenv-dcat/hasService
rhasService rdf:type owl:0ObjectProperty ;
rdfs:subProperty0f owl:topObjectProperty .

Fig. 15. Segment of RDF Turtle based on modified vocabulary.

For storing RDF data, GraphDB is used [20]. GraphDB’s APIs are built on top of RDF4]
Java Framework that is widely used for processing and handling RDF data [21]. GraphDB

is run as stand-alone server which comes with a preconfigured web server.

The RDF turtle file is loaded in GraphDB server creating repositories for this specific
purpose. Fig.16 shows the interface of GraphDB repository interface where RDF file is

uploaded.
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Fig. 16. GraphDB as RDF storage and SPARQL query engine.

Once data is stored in GraphDB repositories, it can be queried using integrated SPARQL
query engine. Feature of querying is extended with integration of RDF4J connecter with
RESTful Web service.

5.3 Evaluation

This section discusses the use cases and performance of the implemented system.

5.3.1 Use Cases

Knowledge graph is not the only option while dealing with heterogeneous data. Two
popular alternatives to knowledge graph as data model are XML and relational model.
XML comes with the tree structure which is a big limiting factor. Storing any graph
structure gets heavily limited with the XML’s hierarchical expression. In case of relational

data model, limitation is more tenuous comparing to knowledge graph.

While integrating two different knowledge graph, we only need an IRI (Internationalized
Resource Identifier) whereas it is a considerable problem in case of relational data model
because of various complex table operations [63][64]. The benefit of integration of
multiple knowledge sources are useful in our context as environmental legislations and

guidelines are published and maintained by different authorities.
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Another advantage of publishing legislation and guidelines in form of knowledge graph is
simply the availability of data. Data hosted in proprietary format under different
jurisdiction is harder to put in a common platform using relational data model. Knowledge

graphs, however, are easy to publish and platform independent.

Despite the implementation in this research work is only focused to service compliance
guideline or legislation domain, similar approach can be adopted in other domain such as
enterprise guideline, enterprise information management. Knowledge graph has been
widely adopted in many enterprises to store and consume enterprise knowledge. One big
advantage of such representation is, a standalone graph can be integrated with other

external representations.

5.3.2 Performance Analysis

Existing implementation is done on basis of single dataset and single ontology. It will be

extended to multiple dataset with use of multiple ontology.

5.4 Sustainability Analysis

The PERCCOM program aims at combining ICT with environmental awareness to build
cleaner, greener and energy efficient cyber-physical systems [65]. As a part of PERCCOM
program, this research work adopts the concept of sustainability. A sustainable
development process meets the requirements of present without compromising the ability

of future generations to meet their own requirements [66].

Sustainable development is built on three main pillars: Economic, Social and
Environmental (Fig. 18). Each of the pillars is highly interdependent. The environmental
aspect focuses on meeting the present need without disrupting global environmental

ecosystem.
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Sustainability

Social
Environmental
Economic

Fig. 18. Three pillars of sustainability.

The economic pillar emphases of the current economic activity not to be disproportionately
burden to future generations. Definition of social pillar of a sustainable development

highlights on growing a sense of community ownership by participation of citizens to
transmit awareness of social sustainability [67].
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Fig. 19. Sustainability analysis pentagon.

Proposed solution (UKENV-KG) is applied for building a knowledge graph that
encompasses UK environmental legislations related to building construction and
maintenance. The solution provides stakeholders (constructors, engineers, architects,
planner, and dwellers) an ease-of-access platform to go through legislations and
compliance guidelines and influences the social pillar of sustainability. Also, complying
with environmental guidelines and legislations affects environmental aspects of

sustainability. From community perspective, it offers equity of access to services.

Christoph et al. [68] highlights on sustainability analysis of software system in five
dimensions (Economic, Social, Technical, Environment, Individual) with immediate,
enabling and structural effect. Fig.19 illustrates the pentagon of sustainability analysis for

this project. The diagram identifies the immediate, enabling and structural effect of the
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proposed solution in Economic, Social, Technical, Environmental and Individual

paradigm.

Discussion can be made on direct and indirect effect of proposed software system. To talk
about direct effects, as the system would provide an ease of use platform for the
stakeholder, the compliance rate would definitely rise which will definitely have a positive
impact on environment. Software systems used today cannot be considered as isolated
system, rather part of the socio-technical system where the software is deployed [69].
Software solution made based on proposed framework will definitely become a part of

socio-technical system with definite direct and indirect impact.
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6 CONCLUSION AND FUTURE WORK

This final chapter contains overall conclusions of the thesis work and possible future work.

6.1 Conclusions

The objective of this research work was to leverage idea of knowledge graph in domain of
UK environmental legislation related to building construction and maintenance. Due to
vastness of the domain of interest, implementation was delimited to service compliance
sub-domain. Nevertheless, the proposed framework can be used for extension of graph

coverage in legislation domain.

In alignment with predefined requirements, UKENV-KG was developed with reuse and
extension of existing ontology which is responsible for conceptually describing the

domain. The evaluation of implemented solution gives scope to draw several conclusions.

Knowledge graph is a popular concept in web domain whereas it can also be used in other
areas. Usage of semantic technologies in legislation domain is yet not popular due to
certain reasons. Ontology construction requires lots of effort and expertise. Also, data

lifting in manual fashion is slower and resource consuming.

6.2 Future Work

There are several definite improvements that the system needs. First, the knowledge
creation is done in curated approach where data lifting is done manually. Automated data

lifting is necessary in large scale knowledge graph development.

One of the big challenges in legislation information management is dealing with temporal
information. In this research temporal issue is not handled whereas it can be achieved by

versioning or extending ontology with support to temporal information.
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The implementation only covers the Domestic Building Service Compliance Guideline of
UK. To achieve maximum from knowledge graph, it needs to be extended and cover other

related domains.
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