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ABSTRACT

A NEW WORKPLACE SERVICE PROVIS ION MODEL FOR THE
KNOWLEDGE WORKERS

S a,R&@mazan
Doctor of PhilosophyBuilding Science in Architecture
SupervisorAssoc. Prof . Dr . Mehmet Koray

January 2024178 pages

Office workplaces are specialized environnsepresenting proper workable
ambianceandsocial and communal services for the knowledge workers. The interior
architectural parameters are targeted to improve khewledge workers'
productivity, comfort, and weleing There is a growing demand for
personalization and customization tire workplace environmentogether witha

high level of flexibility regardingwhere and when to work the knowledge worker.
The currentworkplace services practices were not successful in metiesp
growing demandslhe study envisions that each knowledge wodegr be matched
with a temporary/dynamic workspace that suits their personal choices and task
requirementshroughan intelligent matching/bidding system. The proposed system
aims to outsouenew officeworkplaceservice provisiorby integratingsemantic

web applicationssmart contragt and ambient intelligencélhe new paradigm
cannot only meet the participants' emerging dermdnd also improve occupancy
satisfaction and decrease the operation costs of the organizdtiwnsnodel was
formalized and ealuated by web ontology models. The validation of the model was
accomplishedy use of literature and ifield based studieg:irstly, the validity of

the arguments was investigated in a suraeg a simple test for user interface demo

Pe



for workplace configuration was executed with the knowledge workers in a co
working office. Then,the applicability of the model inthe real world was
investigated by interviewing facility managers. The facility managers expressed
applicationbased concerns for the new model and addressed practical handicaps and
challenges. However, the model was applicable and presented many advamtages fo

the industry stakeholders.

Keywords: Workplace Service ProvisionsNorkplace Comfort & Wellbeing
Parameters, Smart Contract, Wémtology Models Office Workplace Facility
Management

Vi



¥Z

BKLGK ¢ALI KANLARI KE¢KN YENK BKR C¢ALI Kk MA
SUNUMU MODELK

Sar é, Ramazan
DoktoraYapé Bilimleri, Mimarl ék
-

Tez YO rDeot-i. Middrimet Koray Pekeri [

Ocak 2024178 sayfa

Ofis -alékma alanlaré sahip olduju sosya
ortamé odaj énda ©°zeK-l emerk a&kn nteksaanrl éam d@&m s u
rahatl éj é vV e s ajsluemkmna&k -sazledrwmad jxretndmeri r .

ortamlarénda giderek artan bir oranda bi

mekané konusunda y¢sek degzeyde esnekl i ki e
getiril mektedir. Fakatt imedawvec ugti dueyr gelkl aammat | aar
karkéel amada vyetersizdir. Ar akt ér ma -al e
sistemlerinin kullanémé ile her bir bil ¢
yapabil diiji °czel bir -alekmar abbng ttahsk
hizmet model i °nermektedir. ¥neril en mooc
i -erisinde anl amsal aj uygul amal ar e, ake
y°ntemlerini baréndér maktadeéer . rimes i mo d e
il e -al exanl ar én memnuni yeti, konf oru ‘
firmal arén i kletme maliyetinin d¢gker ¢l me
ontol oj i model i ol arak i fade eMdddlin p dej e
ge-grnl ibdiil gi P K-1 1 eri ve tesis y°netici
sajl anméxktér . ¥nceli kle modelin ol ukmaseé
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ger-ek bir ortak -alékma ortaméndaki bil gi

belirlenmik ve anl amsal aj arayg¢zendeki kar
araye¢z -al ékmaseée il e test edi | mi ktir. Sonr a
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CHAPTER 1

INTRODUCTION

Knowledge workers exist in all types of organizations. Considering their-value
added activities, their performance and productivity are cruoighe overall
performance of an organization. Thus, researchers and professionals provide special

attention to increase their productivity.

Office workplaces are spedztd environmerst presenting proper workable
ambiancesocial and communal servicés the knowledge workershe interior
architectural parameters are targeted to improvevthrkers' productivity, comfort,

and wellbeing

Throughout history, office workplacésvebeen in astreamlined improvement and
developmentalthough the reasons and conditions at background may be varied.
Similarly, in current practicethereareemerging demands, shortages of the existing
practice and changing conditions in office workplace services in the knowledge
worker perspectivaequiring special attention to maintain productivitythefuture
business world. These changing conditions, shortages of the existing pratice
emerging demandsere categorized and explained in the following-sabtiors.

1.1  Emerging Demandsand Gaps in Workplace Service Practices

The changing aspects and conditionstfarfuture business worldre categorized

into five items. Each of the itesns depicted below:

1 Mobility and Variety in the Workplace: Workeis demand and expect the
ability to work remotelythroughthe involvement of autonomous matching
of workers andthe corret work settings hae increasedn the last decades

(McLaurin, 2022) Furthermore, the workers also desire alternative



workplaces presenting diverse workplace service opportaniBaushan et
al., 2021; Jordan & Baker, 2022; Osibanjo, 2022)

1 Personalization and Privacy inthe Workplace: Workers seek more
personalized workplace services aadproper environment to present
particularprivacy levels when need (McLaurin, 2022)

1 In-Person Relations andBetter Work-Life Balance Many workers
especially Gerz, expect more emotional and emphatic behafaoortheir
personal, socialand emotionalneeds aboutvork, career, and life. This
situation shifts the meaning of work fro
(Bhushan et al., 2021; Craven et al., 2022; Jordan & Baker, 2022; Klein et
al., 2022; Moss, 2022; Osibanjo, 2022; Smet et al., 2021, 2022)

1 Demand for More Green and Sustainable LifeThe peopls awarenessf
decreasing global carbon emissidwsimprowe the quality of living has
increased. Therefore, they are more senstbvesng greener technologies
and business processe a new era of workingBoyd et al., 2022; Francis et
al., 2022; McKinsey, 2022; Schwab & Sternfels, 2022)

1 Increased Digitalized Form of Work: Virtual teams and electronic
workplaces have beconaainseparable part of many business activities. The
effective use of smart and automatized technologies defficiency to
many business practices by eliminating time and cost waste, although their
investment cost is exceptionally hifBhushan et al., 2021; Boyd et al., 2022;
Craven et al., 2022; Heuvel et al., 2022; Moss, 2022)

Existing workplace serviceBave particular characteristics and represent various
benefits to office workplace stakeholdefwever,these servicesannot meet the
emerging demands of the knowledge workarsd in the ongoing years, there is
likely to be awider gapin the situation.The office workplace services requiae
knowledgeworkefi centric approachlhe decision maker on workplace designation
and configuratiorwould be the knowledge workéry incorporating new concepts

and technologiesallowing maility, variety, personalization, customizatioand



other necessities tmeworkplace environment. Thereforenaw workplace service
provision model putting the knowledge worker & decision makerin the

designatiorand configuratiorof theworkplace environment could be proposed.

1.2 A New Workplace Service Provision Scenario

Technology has @tenmore and more invokd in the business practice3hus, a
knowledge workercan work anywhere in a city whera proper workplace
environment could be provide@herefore the knowledge worker is not required to
be in a central office or hom€onsidering the available and proper technologies and
systems, a workplace service provision scenario was establehdtustrated in

Figurel-1 andpresentedn the following items

1. Describe the Workplace 2. Find a Proper Service 3. Agreement and Use of the Services
Needs and Requirements Provider Following the deals on service provisions,
Knowledge Worker defines the Knowledge Worker searches for the knowledge worker use the speficied
workplace services specific for proper Service Provider. There are workplace and take workplace services
his/her personal settings already available Service Providers from the Service Provider.

Figurel-1. The simple illustration of the new workplace service provision scenario

1 Describe the Workplace Needs and Requirements

The knowledgevorker describes a workplace for a specific purpose that would be
used for a particular time. For example, a meeting workplace will incladeral
indoor environmental qualitylEQ) parameters and will be used ftwo hours.
Another example could be a concentrated study ardamany IEQ parameters
requiring specific architectural finishings and furniture. The workplace would be
used forthreehours in the working dayg.he workplace desire of the knowledge

workercould be set in aser interface that could woon many platforms



Web ontology modelsanformally represent the system structure and organization
and could easily be appli¢althesemantic web environment. Once the web ontology
models are created, the entire model could be stored in the bloclaridtime smart
contract applications could facilitate agreensent

1 Find a Proper Service Provider

Following the description of workplace services, the knowledge worker loolks for

proper service provideo takerequired workplace services in the web marketplace

applications. The application matches the knowledge workerkplace

configurationwith theservice providésrange. The relevant service provisleould

be listed as a result of the matchifigne user interface could alloa3-D virtual

scene of the configured workplace reflectin

1 Agreementand Useof the Services

After selectinga proper service providera service agreemenincluding the
knowledge workeés specific workplace desireis signed and the knowledge worker
occupesand useshe workplace regarding his/her service provisions. Following the
end of the use of the workplace, the knowledge worker evaluates the workplace
services and his/her decisions tleeworkplaceto find continuous improvement and

the best practices diie workplace serviceBlockchain and smart contracts allow
workplacespecific agreemestbetween the service provider and the knowledge
worker. The workplace configuration parameters could be used as service pvisio
of the smart contract. Therefore, following the codidgployed smart contract
could be used for each agreemieyonly changing the parameter data.

1.3  Problem Statement andResearch Question

The proposed workplace service provision maoi@motesmobility, maximizes
flexibility to decide the workplace service, and ptite knowledge workein the
decisionmaker role. The research questistateshow the knowledge workeri



centric workplace service provision model could be establidhé@t respect to the

main questionthe following subquestions are prepared:

Whatare the customizable and personalized workplace sePvices
How could the user persona, workplace comfort, and wellbeing parameters
matd the most suitable preferences?
1 What are the roles and responsibilities of workplace stakehofdérs
proposed model?
1 What are the methods and techniques to formalize and represent the proposed

model?

1.4  Aim and Objectives

The study aimedto present amobility systemin working time and placend
customizable workplace servides knowledge workes. The objectives of the study

were presented as follows:

Description of workplace comfort and wellbeing parameters
Investigation of usepersona and workplace matching systems and concepts.
Establishing a model to incorporate the required systems and technologies.

Identifying the concepts and domainghe proposed model.

= =/ =4 A

Descrile workplace stakeholders' changing roles and responssilitie

In pursuit of these objectives, tf@lowing studies were conducted:

1 A workplace service provision model was proposed to allow workplace
service configuration and exchangeamong the knowledge worker and
service provider.

1 Customizable workplace comfort and wellbeing parameters were collected

in theliterature and matched with a specific occupant data collection method.
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The process of personaizonand customiation ofworkplace servicewas
describedandcollaboration and data exchange of the shared data among the
concepts of the new modekverepresented with conceptual maps.

The method and process of matchrelevant workplace designation and
services were demonstrated. The data transfer and manipulation through the
concepts were described. unique payment and agreement system was
createdn smart contrast

Theweb ontology model systematized the propasediel by depicting its
domain, concepts, entities, data relations, associations, attriantesbject
properties. The web ontology model was evaluateing particular
verification and validatiomethods and applications.

New roles and responsibilities of the office workplace stakeholders were
identified.

Research Framework

The study consists of three phasas Figure 12 illustrates The first part is a

comprehensive literature review to clartfye necessary methods and technologies

to establish the new workplace service provision model. The second part egpress

the model's entitiesexplains the knowledge representation temphes and web

ontology models, establishes the domain and concepts of the model, graphical

representation of the concepts, relatjoasd attributes in the processes of the

concepts, and implementatipractices of the developed web ontology model. The

third part evaluates the web ontology model, describesoffiee workplace

stakeholders' changing roles and responsibilities, expresses the new facility

management servicemnd depicts limitations and future implementation practices.



Workplace Comfort and Wellbeing Parameters

Data Collection Methods

Smart Contract

Facilities Management of Office Workplaces

Ambient Intelligence

Semantic Web Applications and Web Ontology Models

1. Literature Review

L

Entities of the Model

Domain and Concepts of the Model

Formal Representation and Processes in the Concepts
Modeling the Ontology in the Ontology Editor
Implementation Practices of the Proposed Model

2. Development of the New
Workplace Service Provision Model

<r

Verification of the Web Ontology Model
Validation of the Web Ontology Model
Facilities Management in the New Model
Changing Roles and Responsibilities
Limitations and Future Implementations

3. Evaluation of the Proposed Model

Figurel-2. The research framework.

1.6  Disposition

The structure of this dissertation consistawd €hapters. Following the introduction
section, Chapter 2 provides an overviewtloé required system, methadand
techniques to establish the new workplace service provision model. The key topics
reviewed in this section includbe history and development of office workplaces,
workplace comfort and wellbeing parameters, the available options for user
workplace matching systenoccupant data collection methods, ambient intelligent
technology, blockchainrmal smart contract and semantic web applicatiand web
ontology models.

Chapter Jpresents the methodology used to establish the ontology model, express
the evaluation procedureand represent the unique methodology to validate the

proposed model.

Chapter4 starts with developinga new useworkplace matching system and
particular occupant data collection methods. Following the introduction of entities



of the proposed model, a scenario is expressed to illustrate the workflow and
procedure among and between the entities of the proposed model in detail. Then, the
domain and concepts of the model are introduced. In addition to fgrmal
representing the concepts, the ontolegiting process is explaine@iwo concepts

of the model are implemented and expressed in the following sections. Lastly,
facility management practices for the new workplace service provision model are

presented by referencing the chamggaspects and addressing the challenging issues.

Chapter5 explains the verification and validation studies of the web ontology model
compliant with the methodology presented in ChapteAfder expressing the
findings and discussion, the limitations and future implementation studies are

represented.

The dissertation is concluded in the last chapter with the overall discussion,
referencing thetudy's unique contributiaio literature Jimitations of the studyand

projections on future work.



CHAPTER 2

LITERATURE REVIEW

This chapteexplainsexistingoffice workplace concepts and exmesthe required

and available technologies and systems to establish the new workplace service
provision modelThe changingonditions and aspects in diverse research fields of
office  workplaces were tracked and monitored regarding the history and
development of office workplaceshe workplace comfort and wellbeing parameters
were represented’ he user workplace matching systems availabkbériterature

were mentioned. Occupant data collection methods and their particular
characteristics to acquire occupapiecific workplace comfort and wellbeing data
were illustrated. In pursuit of collecting these occus@cific workpace comfort

and wellbeing parameters, the ambient intelligence concept used to track, monitor,
andmaintain the standard services in a workplace environmaséxplained.The
potentials of blockchain and smart contract integration with semantic web

applications and web ontology models were addressed.

2.1 History and Development of Office Workplaces

1 Architectural Form and Interior Design

The hstory of modern office building design goes back tte late 1800s.
Architectural form and interior design options were introdyeed various office
workplace types were developed such as cellular rooms and Taylorist open plan of
early 1900gAnton, 2015; Gou, 2016pffice-landscapgAnton, 2015; Duffy et al.,

1992; Gou, 2016)structuralist offic Anton, 2015; Gou, 201@&nd action officé
cubicles(Anton, 2015; Herman Miller, 202Df 1950s, comboffice (Anton, 2015;



Grajewski, 1993) activity-based working(ABW) office (Anton, 2015; Becker,
Franklin, 1982; Meel, 2020; Murray, 201&)d casual officAnton, 2015)f 1980s.

‘..‘.v - ,.:ﬁq.f

Powers Commercial Fire-Proof Building, Queen Building, ) cslsr Buli, "
Rochester, New York, 1870 New York 1900. New York, 1930

Empire State Building, New York, 1931  UN Headquarters, New York, 1958 Place Ville Marie, Montreal, 1962

Figure 2-1. Sample office buildings constructed between the late 1800s and mid
1900s. SourcegEarly Office Museum, 2016)

Following the maturity of form and interior designtive office environment, further

improvements were achieved in increasihgworkers' comfort and productivity

10



The ntroduction of personal computers #@ndthe digital affordances of P
startedto takeplacein the workstatiors of knowledge workers in office interiem
the 1970s(Niezabitowska & Winnickal as gows ka, 2011)

The value created by knowledge workers in office workplacesrérasrkaly
increased theffice buildings' real estate and rental incombe location of office
buildings in the cities hasecome the primary business and commercial zones with
proper and specialized social, culty@hd infrastructural needs and requirements.
On the other hand, these zones have bropgtitcularproblems and handicaps for
the knowledge workers, employers, citieand other stakeholdersuch as

transportation, real estate, facility managemand sustainability.

00 0% 5500
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@ PP T e 49009l J‘E@Qﬂ@ gy
Q-J4- @

wgm’m‘iiﬂlﬂ]mﬁﬂﬂq 90 44 %

Johnson Wax Building, Wisconsin, 1937 Johnson Wax Building Interior Space, Wisconsin, 1937

Figure2-2. Tayloristopenplan office workplace. Source faheplan(Anton, 2015)
and imaggMinner et al., 2010)

The ntroduction ofinformation and communication technologies (ICT) the
business world enabled remote and distributed working practices as an alternative to
the centralized office concept. Telecommuting is a remote and distributed working
method introducedn the 1970stor epl ace commuti ng with
response to traffic, spraydnd scarcity of nomenewable resourcgblensher et al.,

2021) Early telecommuting practices presented that telecommuters make

substantially fewer vehicle trave§lokhtarian et al., 1995; Pendyala, R. & Goulias,

11



1991) select more energgfficient commute modes such as biking or walking
(Bieser et al., 2021)time and cost spent for transportation were preserved for
employees to spent for leisure activities and being with family, decrease in vehicle
travel diaries incre@sg the air quality, people with disabilities v& more
opportunities to participate busingsartel et al., 2021)and best talents located in

anywhere in a city could be more accessf{blewman & Ford, 2020)
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Sample cubicle office workplace plan and interior image

Figure 2-3. Structuralist office(AHH, 2021) and cubicle office(Anton, 2015;
Herman Miller, 2021)

Early practices of telecommuting were not expanded widely as expected. Early
sociological research presented the barriers in the adoption as (i) individuals required
social interaction inherent in being at work, (igeced to separate or create a buffer

12



between home and work rojemd (iii) felt the need to be visibly present to achieve

professional advancemeMokhtarian et al., 1995)

The @ntribution of technology to office workplaces continuedhi@1990s. Office
workplaces were equipped with portable and rfultictional devices and equipment
such as laptops, cellular phones, voice recora¢ts(Niezabitowska & Winnicka
Jas §ows k @ffice spécdslsiarted to be used more efficiently dutheo
decreased size of devices and equipmémis, office area per employee has
decreasedThe ntroduction ofthe internet andthe increase in data transmission
speedhave made remote and distributed working popular again. However, rather
than telephone connection the 1970sthe internetwas used forremote and
distributed workingand calledvirtual and electronic workplase

Figure2-4. A sample plan and workplace images belonth&gOsram
Headquartesbuilding forthe Office-Landscape movement. Soufoe the plan
(Anton, 2015)and imagegHeidersberger, 1965)

The developmenin the internet connection and network structures allowresl

creation of virtual officesat proceed in theirtual environment. Thus, expansion and

13



widespread use dheinternet, laptopsand mobile phones enalilee move ofthe

wor kplace from office t o TDhadirtuadfficeonasd i c e
developed to enable employees to be assigned to projects regardless of their physical
location or formal reporting structu(eleld, 1998)

A virtual office is a service that enables employees and business owners to work
remotely by providing a range of business functions accessible through the internet
(Ugwu, Agha, 2020) Virtual offices provided significantcost savings for

organizationsgainsthe increase in real estate cost of office area

Figure2-5. SAS Headquartsrmuilding is an example ahe combi office concept.
Source(NIELSTORP+, 2014)

High investment and advanced improvememisinformation technologies have
made the geographical dispersal and simultaneous integration of many activities
possible Globalization and advances ICT make virtual teamaecessary for most
workplaces(Gupta & Pathak, 2018)t has been estimated that more than 60% of

14
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multinational organizationssedvirtual teams in 2012 (Society for Human Resource

Management, 2012).

The $ared desk conceptasdeveloped in response to deciegshe real estate cost

of professional practices by replacing traditional territorial working with an
allocation system whereby those who attend the office on a specific day are given a
free desk from a podICooper et al., 2017; Maraslis et al., 20I8)e hared desk
concept isa more commercialized version and efficient use of actibdged
working in terms of work environment style, desk assignpaert mobility(Cooper

et al., 2017; Joroff et al., 2001; Keeling et al., 2015; Maira et al., 2019)
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Figure2-6. TBWA Chiat Day Office Building as an exampleatasual workplace.
Source(Clive Wilkinson Architect, 1997)

Although up to 30% reduction in office sizes would be gair{efirst, 2011) the
shared desk concept has been criticiimedi) misunderstanding about whether or
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not a desk is occupie(Halford, 2004) (ii) proximity of workers in territorial
working allows the better establishment of regular and easy collaboration and
discussion between team members working on similar projects or themes, however;
theexactsynergy cannot bestablished at hatesking where the desks belong to no
one (Millward et al., 2007) (iii) personalization and customization opportunity
available in territorial working cannot be presenf{é&deeman, 1992) (iv) the
removal of personalization and locational identity led to change at employment
relationship to right down to cash nexus, skewing the effl@rgain and undermining

any rhetoric of commitment (Cooper et al., 2017)

NETWORK
o, ®
i fH. DT gl
m 0=l
Working at Virtual Environment Meeting at virtual meeting rooms

Figure2-7. Working and meeting in virtual and electronic workplaces.

Wireless internet connection atitk introduction of mobile internet devices were
two essentiatontributions presentad the2000s(Szarejko & Trocka.eszczynska,
2007) Network structures enable connectiorthieinternet andhe continuous and

instant existence of people by various devineyberspaced helnternet of Things
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(IoT) hasbeeninvolved in office workplacesandthe smartbuilding concept has

started to be implemented

AmbientIntelligence Aml) is a system establishirgrelatiorship between people
andthe environmenby gathering data by use of sensors and devices interconnected
through a network to take decisions to benefit the users of that environment based
on realtime information gathered and historical data accumulgdedusto, 2008;
Weber et al., 2005) Aml is the subkcategory of 10T technologgpecializingin
relations between people and thavironment. The occupant data is collected
through various sensors and devieesitransmitted to a middleware. An atrtificial
intelligence reasoning supported by a decisiaking system analysevaluated the
occupant's changing conditioassd reagbn and behawr by actuatorsThe resulting
workplace environmentmaximizes and maintainshe workers' comfort and
wellbeing Furthermore, theollecteddataspecificto a knowledge worker bymi

could be stored ithecloud server and transferred to another smart building to allow
thesame workplace qualignd service$or theknowledge workes.
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Figure2-8. Diagrammatic expression of an ambient intelligence framework.
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The @-working concept emerged in San Francisco in 20@®rporating a standard
work-life within a traditional, weldelimited workplace in a communitike
environment an@n independent woslife as a freelanceiThe ceworking reflects
freedom and independence, where the worker is isolated at (@enelini, 2015;
Ivaldi et al., 2018)The energence dthecreative class in the knowledge and creative
industries presented a demadadvork in a community, sharirtpe knowhow, skills,

and physical spacgDurante & Turvani, 2018)Coworking spaces are shared
workplacesomprisingopen space desks and other facilities and services offered and
organized by cavorking businesses run by -@eorking managers, providersr

proprietorgDurante & Turvani, 2018)

Co-working integrates different elements tie homeoffice concepts, office
communities, telecenters, telework, virtual work, virtual teams, incubators, and
communities of practices but specifically offers a cresstoral working community
with more flexibility, autonomyand opportunities for social interactigR. B.
Bouncken & Reuschl, 2018)Co-working spaces provide infrastructure and
dedicated space to facilitate professional and social interaetiabling knowledge
exchange, creativity, and innovati¢@ou, 2016) The commonsocial spaces of
cafeterias, lounges, and bars ofweorking space expedite serendipitous networking,
knowledge exchange, collaboration, innovatiandindividual work satisfaction
(Gou, 2016) Someco-working spaces have more space dedicated to common, joint
and open offices, while others concentrate on single offices, eventsspace

community areagR. Bouncken et al., 2020)
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Figure2-9. A coworking space in MedellifCo-Work Latam- Medellin, 2017)

1 Workplace, Workspace and Work Environment

A workplace isa placewhere people do their jolf€ambridge Dictionary, 2023a)

On the other hand,workspacas relatedto describing the tool or equipmesuch

as the office, desk, computer, etghere the people/ork (Cambridge Dictionary,
2023b) A working environment comprehesd broader term than a workplace and
workspace. Thysa work environment is the sum of the interrelationships between
the employee and employer and the environment around the emplioydading

the technical, humamnd organizational featuré®ludeyi, 2015)

The technical features cover theorkplace's tools, equipment, technological
infrastructure and other physical technical elementsThe human environment is
related to the network of formal and informal interaction among colleatpass

and bosssubordinate relationshipwithin the framework of organizations. The
organizational environment includes systems, procedures, practices,, \saides

philosophieghat operate under management's cori@plperman, 2002)

Regarding the aforementioned definitions of workplace, workspaiceé work

environment, in this studyheworkplace is preferred to be used®wconfigured by
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the knowledge worker. This ®ecause the author considers limitthg workplace
configuration and customization opportunities within the technical featurtge of

work environment.
1 Business Typeand Work Pattern

The offices intheearly 1900s were used for manufacturing liggms and products.
Therefore, the workers of the office workplaces were dominated by blue collars. On
the other hand, the increase in knowledge and involvementohRi@ 1970s made

the office workplaces an aréar dealing with and managing knowledge and data.
The same transformation had started to be obsénwedrker types. The dominance

of the blue collars was replaced by white collanhich coulduse PG and other
office equipment and devices.

The structuralist and ufm-down hierarchy among workersdwtarted tadisappear
The comfort of the office environment wasdesigned to increase the performance
and productivity of the workers. Thuseadquarters of organizations replaced
manufacturing and production environments in office environsadairthermore,
the office environment has started to include spaces for me#tmgocial and

communal needs of the workers.

Much involvement of ICTin business practices has allowgthysical office
workplaces to become virtual and electronic workplaces where userdecan
connected fronanytimeand anywhere. Thuthenecessity to physically exist an
office environment haseeneliminated. Virtual and electronic workplackave

become an inseparable part of firms working globally.
1 Organizational Scaleand Size

Although the involvement of P&in the 1970s has increasadbrkers' productivity,
the required number of staff in an organization to complete regulardasksared
to PCless working vasnotally decreasedThe same productivity has continued in
parallel with the advances and participation of i@ The business industry. These

business types and working pattern transformatinage the organizatiénsize
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smaller.Mediumsized firms replaced largems afterthe introduction ofthe PC,
and small and even micksized firms replaced mediusized firms.Individual

entrepreneurs and freelancers hiakenanessentiatatio inthebusiness world.

The change in organizational scale has also changed the contractual considerations
and office workplace service provisions. A laigjeed company occupies a
particular area to provide an office workplashile a mediurssized and smabized
company occups a mediunsized and smallsized area. The facilities services
required for different typeof organizations ithe same office area or building make

the facilities management practices more challenging. Furthermore,-sidem
companiesvith asingle peson or a couple of staff haveammydifferent requirements
thansmall, mediumand large companies. Especiallyworking offices are meeting

the expectations of micssized companies.
1 Facilities Management Practices and Services

Shinet al (2018) stated that office building users, mainly corporations, askghr
reliability and performance of facilities to enhance employee produc(iStin et

al., 2018) Furthermore, considerirthe complexity ofthe facility, high-rise office
buildings are relatively expensive in operation and maintenance, thus requiring
professional knowledge and skills. Moreover, since the financial markets have
developed, many office buildings have become commercial propertiesddwne
financial investors for investment purposes. It is expected from the investment that
the office building will generate a profit either from capital gains or rental income.
Although some corporations owthe office buildings they occupywn investor
generallyowns the office building and collects rent from each tenant. Owners of
office buildings expect an increase in their rental income and capital gains by

effective facility management.

Facility management ithe tools and services supportitige functionality, safety,
and sustainability of buildings, grounds, infrastructure, and real ¢Hdate 2021).
Facility management includes the following aspects: (a) lease management,

including lease administration and accountilg) capital project planning and
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management (c) maintenance and operatipn@) energy managemenie)
occupancy and space management, (f) employee and occupant experience (Q)
emergency management and business continuity, (h) real estate mangggkent
2021) The impact of these aspects changes regarding the building type and

functions.

Shinet al (2018) identified critical success factors of effective facility management
of office buildings regarding the literature, case study examinadiwh interviews
(Shin et al., 2018)ourteen critical success factors were retrieved from these studies
under five categoriesas depicted in Figuse2-10 and2-11. Furthermore, experts
and professionals at office building facility managenmpatticesclaimed that of

these 14 critical success factors are more important than others. Thebe are
reliability and performance dthe facility in terms of functionality, emergency

preparednesand safety of tenants in terms of safety and satisfaction of tenants.

DIMENSIONS CRITICAL SUCCESS FACTORS
Functionality Reliability of Facility

Life-Span Extension of Facility
Performanceof Facility
Upgrading of Facility

Safety Safety of Tenants
Emergency Preparedness
Security of Tenants
Satisfaction Satisfactionof Tenants
Responsiveness to Complaints
Comfort of Environment
Profitability Cost Saving
Energy Saving
Environment Environmental Friendliness
Organization Development of Staff Competency

Figure2-10. Critical success factors of office building facility management.
Retrieved from(Shin et al., 2018)
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Category | Functionality Safety { Satisfaction Profitability || Environment | | Organization
8 FAS e J

Reliability Emergency Satisfaction

Critical of facility preparedness of tenants Most important
Sucecess o e . .
- - 5 Critical Success Factors
Factors Performance Safety of WHCHL Shccess Tacton
of facility tenants
Lifespan : . .
cxtms:.m Security of  Responsivencss Energy Environmental Development
by tenants to complaints saving friendliness of staff
of facility competency
Upgrading Comfort of Cost
of facility environment saving

Figure2-11. Categorized critical success factors #meffive most important of
them regarding the survey and interview conducte¢Shyn et al., 2018n South
Korea.

As stakeholders and relations between them are illustrated in §¥&yliBand2-13,
the major stakeholders of office building facility management practiceshare
facility manager, landlordand tenan{Shin et al., 2018)Both tenant and facility
manager have contractual relationsiwith the landlord for leasinghefacility and
providing facility management servigagspectively.The tenant uses the office
building and runs the enterprise based on the spateervices provided by the

office building and facility manager.

The role and responsibilities tiie tenant to the facility manager and the facility
manager tothe tenant are depicted in thHacility management agreemerithe
landlord earns profit from both rental omoe and capital gain. THandlord bears
the operation and maintenance costs and the facility management serybifee
et al., 2018)
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Figure2-12. Facility Management Stakeholders and their relationships. Retrieved

from: (Shin et al., 2018)

—————— >
Contractual

relationship
_
Non-contractual
relationship

Provide
service

Provide Premises

\\Q e
Occupy

Tenant

Stakeholders Roles Responsibilities
Landlord Owner of facility To own facility
Lessor by lease agreement  To lease
Client by FM service To order service
agreement and pay service fee
Tenant Occupant of facility To occupy facility

Lessee by lease agreement
No contractual relationship

with FM
Facility manager Contractor by FM service
agreement

No contractual relationship
with tenant

Figure2-13. Office building facility management stakeholders, their roles and

responsibilities. Retrieved froniShin et al., 2018)
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1 Workplace Services in Current Practices:

The existing practices of workplace services in literature could be divided into two

categoriesthe centralized office concept arlde co-working concept.

The centralized office concept is the prevailing office workplace servimasimess

The office buildings are ithecities' central business and commercial distridthe
exterior and interior architectural design have been formalized and reflected with
particular architectural forsy construction materials, furniture, dew¢eand
equipment.Organizations in various scales hire the workplace fthenlandlord
without delivemg interior architectural finishes fornaannual or more contract
period Before the occupation, the organizatimvested ininterior design and
construction of the office workplaces. The organizational perspective, corporate
culture, unique identity, employee comfoand productivity are the targets of
workplace design and decoratjaand theorganization makes the decisions about

theseparameters

The office building in the centralized office concept includes many tenaats.
achievebetter building operation, thdandlord hires a facility manager to give
facilities services to the tenants. Thilig organization provides an operation cost to
the facility managelnd the real estateThe facilities services are presented to

organizations as standard services with maintaining particular quality.

Theoccupation ratio of therganizations irthe centralized office concejs 70% of
thetotal usable are@dirst, 2011; Kleeman, 199Zyhe remaining nesarepreserved

for future expansions and deviations in work patterns. This means that 30% of the
office area is vacant. The shared office concept is based upon efficiantiytis
vacant office area by decreasing the desk number of offices to lower than the required
staff.

Co-working is the commercialized idea afshared office concept developed for
giving office workplace services to mieezale companies and entrepreneurs. The

workplace design allows diverse working and activity environments reflecting
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particular amkances. The service provider gives office workplace services to
tenants. Therefore, the tenants lease the workplace &oservice provider
considering both leasing duration and workplace services. The leasing durations are
more flexible tharthecentralized office concept by allowing monthly, weekly, daily

and houtbased occupation of workplaces. The workplace services are provided in
various content with diverse costs. Some commercialized versionsvadrkmg

are hotdesking, hothoteling, private space, fixed desk,-amrking, and virtual

office.

Many coworking companies enable memberskipere tenants create their account

on the companyds web site. Foll owing the bo
workplace type and services, the service provider prepares the workplace, and the

tenant uses the reserved workplacensidering the designated servicasthe

designated time. Furthermore, somenarking companies allow take of workplace

services in any branch of the company. For example, a member registered and taking

workplace services in Ankacanu s e t he same services in the |

2.2  Workplace Comfort and Wellbeing Parameters

Occupancy comfort haassignificant impact on business productivity and wosker
wellbeing. Since employees spend a particular amount of time in a workplace,
literature presestnumerous studies to detect occupancy comfort paramétees.
available findingsare listed in Table 4. Theycould becategorized as (i) indoor
environmental quality (IEQ), (ii) interior use of space, (iii) indoor facilities, (iv)
workspaces (v) support areas, (vi) facility management servicasd (vii)

information technologiesnal communicatiosystems.
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Table2-1. Workplace comfort and wellbeing parameters.

Category
Visual comfort

Windows

Furniture

Acoustic
comfort

Indoor Air
Quality

Thermal Comfor

General office
layout

Workplace

Filling and
storage space

Cycling facilities
Shower facilities

Toilet facilities
Kitchen facilities

Parameters

f
f
f
f
f

E R I R I L B |

B I N T I B R R I I B I B R |

f
f
il
1
il
il
1
1
f
1
1
1

llluminance
Circadian Lighting Design
Uniformity of illuminance

llluminance of the immediate surrounding areas
Percentage of the task area meeting the require

illuminance
Windovto-wall ratio
Size of the window
Operability

Position & Location
Proximity t/indow
Ergonomic

Comfort

Type

Quality

Material

Noise Criteria
Reverberation Time
Speech Transmission Index

Carbon dioxide

PM 2.5

PM 10

CarboMonoxide

Total Volatile Organic Compounds
Formaldehyde

Sufur dioxide

Ozone

Total microbial count

Air temperature

Vertical air temperature difference
Operative temperature

Radiant temperature asymmetry
Floor surface temperature

Air speed

Size of the area

Height of the space

Location of workplace components

Required equipment, furninckdevices.
Color, texture, matedatifloor, wall, and ceiling fir

quality.

Size of the workplace

Color, texturand quality of material
Orientation

Location

Availability

Size

Capacity

Amount and period of cycling
Availability

Type

Availability

Availability
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Source

(Franke & Nadler, 2020; Hash
et al., 2021; ISHRAE, 2019;
Moezzi & Goins, 2011;
Riratanaphong & Chaiprasien,
2020; USGBC, 2014)

(Kwon & RemBy,
Goins, 2011; USGBC, 2014)

(Franke & Nadler, 2020; Hasht
et al., 2021; Moezzi & Goins, Z
USGBC, 2014)

(Franke & Nadler, 2020; Hasht
etal., 2021; ISHRAE, 2019;
Moezzi & Goins, 2011;
Riratanaphong & Chaiprasien,
2020; USGBC, 2014)

(Franke & Nadler, 2020; Hash«
et al., 2021; ISHRAE, 2019;
Moezzi & Goins, 2011;
Riratanaphong & Chaiprasien,
2020; USGBC, 2014)

(Franke & Nadler, 2020; Hasht
et al., 2021; ISHRAE, 2019;
Moezzi & Goins, 2011; USGB(
2014)

(AghaHossein et al., 2013; Fra
& Nadler, 2020; Hassanain et
2018; Kwon et al., 2019;
Riratanaphong & Chaiprasien,
2020)

(AghaHossein et al., 2013;
Riratanaphong & Chaiprasien,
2020)

(AgheHossein et al., 2013;
Riratanaphong & Chaiprasien,
2020)

(AgheHossein et al., 2013)
(AghaHossein et al., 2013)

(AgheHossein et al., 2013)
(AghaHossein et al., 2013)



Table 21 continued

Canteen
facilities
Office Building

Workstation

Accessibility

Type of work
performed
Duration of work
Meeting room

Dining area

Pantry

Parking spaces

Resting Area
Smoking area

Cleaning

Safety & Securit

Maintenance

Communicability
with Facility
Manager (FM)
Vertical
circulation
(elevators)

Network

Audiovisual
systems
Modern
technologies

= =

= =

=a

=A =4 =8 =88 -a-n

Availability

The aterior designtbebuilding

Themterior designtbebuilding

Overall quality, codord material of interior finishir
General layout

Appearance

Size

Comfort and ergonomic

Location at workplace

Orientation atorkplace

Transportation optiorthédacility
Complianagithuniversal design principles

There are various typeworkplase&lefined such as
hive, cell, deand club Hyuffy et al. (1992)

Time

Availability, Capacity, Type, Fumctdmther specifi
conditions

Availability, Capacity, Type, Furctdmther specifit
conditions

Availability, Capacity, Type, Fyretdmther specifi
conditions
Availability, Capacity, Type, Furctdmther specifit
conditions

Availability, Napping or Sleeping
Availability & proximity

Cleanliness level: high, medium, low

Required security level: high, medium, low

Necessity
Required frequency

In case of any problem conflict, accessibility to |
Easy access, No access,

Vibration

Noise

Acceleratioeceleration Impact

Comfort

Wired / Wireless

Required performance

Comfort and performance requirements of spea
video conferencing

Need foadditional affordances, easy plug, etc
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(AgheHossein et al., 2013)

(Hassanain et al., 2018; Moez:
Goins, 2011)

(Hassanain et al., 2018)

(Riratanaphong & Chaiprasien
2020)

(Hashemi et al., 2021)

(Hashemi et al., 2021)
(Hassanain et al., 2018)

(Moezzi & Goins, 2011;
Riratanaphong & Chaiprasien,
2020)

(Riratanaphong & Chaiprasien
2020)

(Moezzi & Goins, 2011;
Riratanaphong & Chaiprasien,
2020)

(PANG, 2017; Smith, 2010)
(Riratanaphong & Chaiprasien
2020)

(Franke & Nadler, 2020; Hash¢
etal., 2021; Moezzi & Goins, Z
Riratanaphong & Chaiprasien,
2020)

(Moezzi & Goins, 2011;
Riratanaphong & Chaiprasien,
2020)

(Hashemi et al., 2021; Moezzi
Goins, 2011; Riratanaphong &
Chaiprasien, 2020)

(Moezzi & Goins, 2011)

(Moezzi & Goins, 2011; Schinc
2020; Szydgo e
(Hassanain et al., 2018)
(Hassanain et al., 2018)

(Hassanain et al., 2018)



2.3  The Useri Workplace Matching System

The proposed workplace service provision model maximizes occupancy comfort and
wellbeing by allowingapersonalized and customized workplace environment for the
knowledge worker. This target requirasparticular match othe occupantand
workplace.This section expresses thea#dable methods itheliterature Theseare

(i) archetypesndstereotypes and (ii) personas.

2.3.1 Archetypes& Stereotypes

An archetype is a standard representation of some aspect of hymdanigy a
stereotype is a negative and more recently developed imageanficulartype of
person(Baxter, Michelle, 2014)When a character is modeled after a stereotype or
an archetype, theharacter possesstaits that makdim or her easily identifiable
(Baxter, Michelle, 2014) Therefore, archetypes and stereotypes are sample
characters illustrating certain aspects of husnand culture. Archetypes and
stereotypes are used for usentereeddesign(UCD) studies. However, due to their
higher level of generalization about characters, later studies focusheon
development of personas where the character definition is far more specific than
archetype and stereotype. Therefore, archetypes and stereotypes anegliea

and intercultural sectors and studies such as rman@ advertisemesit

2.3.2 Personas

TheUCD, alsok n o wn a scenfiered design and custoroentered desiga
represents a general philosophy toward design that brings the users or consumers
into the design procegMliaskiewicz & Kozar, 2011)TheUCD is usedn websites,
systemsand many productlesigns and substantially improveser satisfaction.
Personagepresentarget users ith common behavioral characteristiich as

hypothetical archetypes attwal user{Miaskiewicz & Kozar, 2011)
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Personas are abstractions of groups of real consumers who share common
characteristics and needs (Pruitt & Adlin, 2006). A persona is represented through a
fictional individual, representinga group of real consumers with similar
characteristics (Pruitt & Adlin, 2006; Turner & Turner, 2010). A persona is described
in narrative form. This narrative has two goals: (1) to make the persona seem like a
real person and (2) to provide a vivid st@gncerning theersona's needs the
context of the product beindesigned. The narrative of a persona starts with a
description of the type of individual the persona is, likes and dislikes, occupation,
and so forth. Thisarrative parbrings the persona to life (Cooper, 1999; Grudin &
Pruitt, 2002). Then, the peraedescabedin speci fic
the context of the product being desgn Thisnarrative segment helpsform the
resulting design decisions (Manning et al., 2003; Pruitt & Adlin, 2006). These are
theexactneeds that one would find a standard requirements document but are now
written in the context of the narrative describing a specific perddizskiewicz &

Kozar, 2011)

The significant benefits of persona use are (e establishment of better
communication betweethe user and design team, (ii) enabling focusing on a
specific audience, (iii) making the user needs more explicit and better engagement
of thedesign team to more clarified needs and requirements of target and (iv) target
user are much more known by design team that would facilitate more determined
future directions and decisions about product and ser(idieskiewicz & Kozar,

2011)

2.4  OccupantData Collection Methods

Collecting occupant data to detéloe employees' comfort and wellbeing conditions
is challengingfor professionals and academidhere are a couple of methods
representing different occupant data collection characteristieseare survey, in-
field observation, test roospand immersive virtual environmes({VE) (Heydarian

& Becerik-Gerber, 2017)
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24.1 Survey-Based Study

Surveybased studies, in generalereperformed duringhe postoccupancy phase.

The researchers collect occupant comfort datiakly at a low cost and a known

level of accuracyForza, 2002; Rea & Parker, 201Zhe following findings were

presented by using surveybased study: (i) identifying the correlations between

occupant behavior variables and energy consumption H{ghitsraSantin & Itard,

2010) collecting information about occupant preferences such as lighting, outside

view, etc.(Van Den Wymelenberg, 2012) under st anding occupar
with different building systemgMoore et al., 2003)and identifying different

sources of discomfofHaldi & Robinson, 2008)

The accuracy and validity of the findings could easily be manipulated by partgicipant
either intentionally or unintentionally. Since the feelings are presquaeiitipants'
senseof a comfort parameter and actual babavmay differ Moreover, the
participants may wish to present positive feelings about a parameteth&aaesey

based studgloes not validate the participant's statetrfeurthermorethecontent of

a surveybased study to improve the performance of the concept would remain
limited whencompared with other techques becauseno additional information
would be added abothe physical environmenOn the other hand, when questions
did not address any subjective issues, the validity and reliability of the results could

be increase(Heydarian & BecerilGerber, 2017)

2.4.2 In-Field Observation

In-field experiments allow researchers to gather occupant comfort data by observing
subjecsin a real environment. The environment may be workpléCastaldo et al.,

2018; Lassen et al., 2020esidential(Lai et al., 2009)or educationalPalacios
Temprano et al., 202@uildings and/or serrpen transitional urban spadétan et

al., 2016; Madigan et al., 2021; Zhou et al., 2020) the other hand, it is not allowed

to control the environmental parameters of the investigated space difdaily, in

31



order to understand human comfort and related occupancy behavior, &ffadse
relationshigs required to be established by researcfitisello et al., 2021)n other
words, field monitoring enables data collection about occupancy behavior and

human comfort in aon-controlled environment.

This approach limits the researcher to investigate extremity and border of comfort
conditions for the subject. Furthermore, it is not likely to finelbest and optimum
conditions forthe occupant. These obstacles can be overcome by experiments in
controlled environments whetke desired physical boundaries can be determined
and replicated so that different subjects can be exposed to the same stimuli and the
influence of subjective factors elucidald@arresin et al., 2018Moreovergathering
physiological signals from human subjects is commen a researcher makes

laboratory experiment® makea detailed investigatio@Pisello et al., 2021)

2.4.3 Test Room

A test room is an enclosed space, environmentally controlled and properly
instrumentedwherehumancentric comfort studies can be performed through actual
occupantsd presence and monitoring. Ther e
understanishg human comfort. Therefore, many research institutions have built
environmentally controlled experimental facilities to perform human cordtated
experiments worldwide and throughout the years. According to Petedlo(2021),

there are 187 different testoims located in 126 research institutes around the world
most of whichwere constructeth the last decaded$ach facility haseendesigned

to achieve specific research goals, thus presenting different dimenisitamaal
layouts, envelope characteristics, energy systems, and monitoring. ittgrent
equipment types are also included depending on the final aim of an experimental

campaign targeting a specific comfort domain.

Several test rooms are located in diverse countries and regions, giving services for

measuring various IEQ parametéiPssello et al., 2021 However, these test rooms
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provideservices for localized needs. For example, test rooms in European regions
measure the thermal comfort and air quality of occupants to detect comfortable
conditions for employeeswhereas Asian and Americamiginated test rooms
measure lighting, acoustiand air quality. Some examples of measuring occupancy

comfort parameterare presented in Figure3.

Relative humidity
probe
W infrared radiation intensity sensor

Operative
temperature
humidity sensor probe
Omnidirectional
velocity probes

2

temperature sensor
air velocity sensor

Figure2-14. Some tools for measuring occupancy comfort. 1) thermal comfort is
detected by use of infrared radiation intensity, humidity, temperature, and air
velocity (Piasecki et al., 20192) Comfort meter measuring relative humidity,
operative temperature, and velodi§orsgaard & Lund Madsen, 1973)

2.4.4 Immersive Virtual Environment (IVE)

IVE refers to virtual reality (VR) environmentshere the users are fully immersed

in a realistic, 1:1 scaled environment, where they can interact and visualize
simulations of realife events and scenag(Niu et al., 2016)IVE technologies seek

to reproduce realitynore convincingl by offering participants a virtual sensation
that is both more inclusive and perceptually ricfigirenboim et al., 2019)The
simulated environments typically surround the participant through the use of, for
example, VR glasses (heatbunted display) or a virtual display on the walls around
the participants in a roosized cube (cave automatic virtual environment; CAVE),
ad a dynamic display enables a direct

actions and the simulation. IVEs are capable of delivering visual (sight), auditory
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(hearing), haptic (touch), olfactory (smell), and gustatory (taste) sensations to the
participant 0s as#@imuagng ,the aestibulare(balance) and

proprioception (relative position) senses.

IVE-based experimental studies have been increased since laskyEeargereused

for spatial perception of occupariBaes et al., 201,/9bservation and data collection
for building energy simulation studi¢Saeidi et al., 2018tonsumer perceptiorf o
purchase behavigtombart et al., 2020ainteractive education and clinical research
(Oigara, 2019; Persky & McBride, 20Q9¥isual perception and wayfinding
(SchromFeiertag et al., 2017)controlling construction projects, team collaboration
and educatior{Elghaish et al., 2020)project management Dodevska & Mi hi |,
2018) decisions on occupant lighting preferendgséeydarian et al., 2017;
Mahmoudzadeh et al., 2021data collection method for occupant behavior on
energy consumptiofHeydarian & BecerilGerber, 2017; Niu et al., 2016; Zhu et
al., 2018) occupant spatial and environmental presence and prefe(Bire@boim

et al.,, 2019) analyzing human thermal experien(®aeidi et al., 2021)and
understanding occupant perceptional space for physiological st(ldath &
Schnabel, 2017 he variety ofIVE use in research fields increasks validity and

reliability of IVE to be used asdata collection methouh this study.

Using various sensor s, the behavior of the
avatar and virtual environment, as stated in Figeu¥b. Building Information

Modeling (BIM) allowsthe creatiorof a virtual model of a natural environment to

enable immersion in a virtual environment, as illustrate@-i6. Users can also

interact with digital objects in virtual environments by changing or movirgigase

2-17 depicts Figure 2-18 illustrates an experiment measuring occugsngcific

lighting conditions in a virtual office environment. The user can also change the

lighting conditions using a navigation bar.

In addition to data collection practices, the current literature presents plenty of
examples to demonstrate the applicability of IVE in the business wohd.

pandemic has accelerated the use of IVE in virtual and electronic office systems
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where the users have the opportunity to work rematietynbart et al., 2020b;
Pollard et al., 2020; Prabhakaran et al., 2020; Saeidi et al., 2021; Tea et al., 2021; Y.
Zhang et al., 2019)

1. Forehead

2. Neck

3. Chest

4. Upper Back

5. Posterior Forearm
6. Hand

7. Anterior Calf

8. Foot

Figure2-15. Body sensors collect data and transfer the data to an avatar in the
virtual environment. Retrieved fror{Saeidi et al., 2021)

Figure2-16. Real environment versus virtual environment for immersion.
Retrieved from(Saeidi et al., 2021)
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Figure2-17. Users can interact with digital objects in the virtual environment.
Retrieved from(Prabhakaran et al., 2020)

Figure2-18. Measuring the illuminance of the virtual environment. 1: Participate in
the experiment. 2: Virtual office environment. 3: User interface for adjusting the
lighting level within the IVE. Retrieved fronfMahmoudzadeh et al., 2021)
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2.5 Ambient Intelligence

The internet of things (IoTthat emerged in the earB000s has manifested through

a network of interconnect e dequppdddevices 6, of
constitute a major subs@touis & Dunston, 2018)The things here include people,

location of objects, time information of objectsd condition of objectéSalazar,

2019) TheloT aims toconnect thinganytime, anywhere, with anyondeally using

any path/network and servi¢8alazar, 2019)The data is collected from the things

and then utilized for further evaluation through analytics. When supported by a
decisionmaking algorithmtheloT would reacto the changing conditions of things

via actuators.

Smart building as a termis strongly mrne upon IoT infrastructureThe snart
building concept is facilitated by Building Management System (BMSyhich

could manage various crucial components of the buildings such as heating,
ventilating, and air conditioning (HVAC), gas, lighting, security system, and fire
system, and it can communicate with the IoT deviGssenc et al., 2015 he loT
sensing devices enable data collection of things in various ceggeddiilization of

loT in building management systepttsen specializeth Ambient Intelligencen the

following years.

Ambient Intelligence (Aml) is a system establishangelatiorship between people
andthe environmenby gathering data by use of sensors and devices interconnected
through a network to take decisions to benefit the users of that environment based
on realtime information gathered and historical data accumulggedusto, 2008;
Weber et al., 2005) The occupant data is collected through various sensors and
devices and transmitted to a middleware. An artificial intelligence reasoning
supported by a decisiemaking system analysevaluated the occupant's changing
conditionsand reagbn and behawr by actuatorsAn Aml system can be established

by following the below step@ugusto, 2008; Weber et al., 2005)
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1 The sensors and deviacesistsurround the occupants of an environment that
can provide accurate feedback to the systedifferent contexts.

1 The information collected has to be transmitted by a network and pre
processed by what is called middleware.

1 A higherlevel level of reasoning will accomplish diagnosis and advice or
assist other humangtiv the final responsibility for the system's operation to
make decisiommaking easier and more beneficial to the environment's

occupants

VAV actuator

Climate
SEnsOr

[+ B

BACHhet @2 Light ballast .
T Oceupancy = “
) SENsOr T ::
1 " Reflective
] Base station Comfort stat N vane
fi::} O *~ actuator
N,
Y
Y
* . .
/;F!‘;:- Window
= swilch
: Desk climate sensor EJ
Iy
 e—

Figure2-19. An Aml application diagram shasthe location and sensor tygpat an
office workplace. Retrieved fronfWeber et al., 2005)

An Aml applicationin an office workplace is presentgdFigure 219. The available
sensorsin the sample diagram are on walls, windows, lighi&)ds, furniture,
exterior, HVAC system, and occuparfthe data collected from sensors are

transferred by an opesource building automation protocol to the building energy
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management system from a base station functioning as a gateway. As an actuator,
the comfortstati a remote controller could control the lights the variableair-

volume diffuser in the ceiling could be located. As depigtdtigure 219, regarding

the indoor air quality, temperature statasd lighting glare and degree, window
switches and reflective vane actuatoould be activated to arrange according to the

occuparis predetermined indoor air quality, temperatuaiad lighting conditions.

Another example is presentedrFigure 220to illustratethearrangement of wireless
control hardwargwhich will be facilitated for indoor lighting according to occupant
needs and requirementsitegrating Aml with the building energy management
system ha substantial opportunities to provide smart occupancy comfort in various

aspects, as depictedfigure 221.

L UightingDevicesat Ciing 1
Vj—L__/—Y ==

Wireless controller

Light sensor

Desktop, mobile,
or wall mounted
switch

Figure2-20. Arrangement of wireless control hardware to set indoor lighting for
occupars according to occupant needs and requirements. Retrieved(f\eber
et al., 2005)
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The digital twin is the @limensional representation abuilding with its assetby

allowing btdirectional data flow between the physicatlaligital asset§liang et al.,

2021) From this perspective, the digital twin is defined as a comprehensive digital

representation of a physical asset that includes the properties, condimhs
behavior of such an asset in terms of models andHateg & Anderl, 2018)vhere

simulation, predictionand optimization of physical systems and process could be

achieved(Lee et al., 2015; Uhlemann et al., 201The emerging research and

practices presented diverse integration of BIM, Aamd digital twin to allow

occupamnspecificfacilities management practicésG° t z et
2024; Voordijk et al., 2023; Yoon, 2023; A. Zhang et al., 2023)

—
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Figure2-21. Integration of available control functions in a buildungjing awireless
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The illustrated figures and diagrams in this section state that using Aml can enable
occupanspecific behavior and act of building systems contributing to occupant
comfort at workplaces. When the required set of occupants for comfort parameters
are defind and introduced to Aml and digital twintegrated building energy
management systems, creating an environment specifically set for a particular person

is possible.

2.6 Blockchain and Smart Contract

Blockchain is a technologthat enableghe creation of a community of users to
record transactions in a shared ledger within that community, such that under normal
operation of the blockchain netwomo transaction can be changed once published
(Yaga et al., 2019)Thus, there is no need for central authority and central repository
to verify and validatéhetransactions. Although the ideaginated in the 1990s, the
initial proposal for using blockchain for electronic cash schemes was d&eagn
titledi Bi t c o-toPeelPe &f ect r o fYiagaet@la2105iscy theh,e mo
literature and professionalsveagiven significant attention to adopting and using
blockchain technology in various fields

Smart contracts are agreements in software code implemented on the Blockchain
platform ensuringsmart contract terms' autonomy and-siécutive naturéased

on a predetermined set of fact@kgerian, 2021; Savelyev, 2017; Yin et al., 2020)
From the definition, it can be revealed that a smart contract cortaieskchain
platform,apredetermined set of factoend software codes. Smart contracts are not
only formed onling but their performances are guaranteed by a network of
decentralized, cooperating computer nodes known as block¢Miky2017).

Smart contractsreduce transaction costs by eliminating intermediaries and
simplifying enforcement(Herian, 2021; Mik, 2017; Yin et al., 2020This is
achieved by removing the need for protection from traditional legal institutions such

as courts. Bankers and judges are authoritiegeqgting the traditional contract
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process. However, their decisions and behavior @mesideredfallible and
untrustworthy (Mik, 2017). Computers,conversely, are objective, infallible, and
trustworthy due to the substantedecution of praletermined codes and regulations.
Therefore, it can be revealed that the idea behind the smart contract is based upon
the elimination of human judgment, reduction of dependence on financial

intermediariesand detachment from the legal systgvtik, 2017).

The growing digitalization othe business world since last century presents a
commercial practice that eliminates human involvemBsicreasing thénuman
involvement, central authority, and repository enables the automatization of
stakeholder transactisnWhen a proper system for real estate of workplace areas
can be established, the time and cost for leasing would be eliminatethusthe
process would be completed and executethimichruninterrupted manner by smart

contract applications.
The smart contract has the following applications:

1 Document preservation and accessibilityPatents and copyrights are
verifiable and fool proof since a smart ¢
altered. Files are easily accessed. Documents exist on various computers on
the network. Document validity can be checked egBiynmegani, 2023;

Geroni, 2021; Goodness, 2022; HEDERA, 2023; Kot, 2023; Pacheco, 2022;
J. Zhang, 2023)

1 Administrative payments and billing: Payrolls, taxation, pensions,
insurance, and bill payment®ilmegani, 2023; Geroni, 2021; Goodness,
2022; HEDERA, 2023; Kot, 2023; Pacheco, 2022; J. Zhang, 2023)

i Statistics collation: Improved accuracy of results, reduced cost of
elections, trusted results due to process transparency, and fewer resources
needed for the collating of daf@ilmegani, 2023; Geroni, 2021; Goodness,
2022; HEDERA, 2023; Kot, 2023; Pacheco, 2022; J. Zhang, 2023)

1 Health and agricultural supply chains: Proof of existence can be easily

accessed, the location of a commodity can be traced and updated
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seamlessly, and matchmaking is more accessible and can be done on a
global scalgDilmegani, 2023; Geroni, 2021; Goodness, 2022; HEDERA,
2023; Kot, 2023; Pacheco, 2022; J. Zhang, 2023)

1 Real estate and crowdfunding Ease of use, tokenization of more tangible
goods, open, timeless markets, flexible global econ@ilynegani, 2023;
Geroni, 2021; Goodness, 2022; HEDERA, 2023; Kot, 2023; Pacheco, 2022;
J. Zhang, 2023)

1 Identity management ldentity safety, the user chooses the data they give
out, easier KYC verificatiofDilmegani, 2023; Geroni, 2021; Goodness,
2022; HEDERA, 2023; Kot, 2023; Pacheco, 2022; J. Zhang, 2023)

The workplace comfort and wellbeing parameters could be stored and transferred in
the blockchainThe parameters could be transformed into provssiand payment

could be executed in the smart contract environment by taking advantage of the
aforementioned benefits of the blockchain and smart contract. Furthetheself-
executive nature of the smart contract could eliminate potential conflicts and claims

in services and payments.

2.7  Semantic Web Applications and Web Ontology Models

The World Wide Web (WWW) is primarily composed @bcuments written in
AHyper Text Markup Language ( HT Mded for publishing information.
(Cardoso & Sheth, 2006; Patel & Jain, 20TML is a set of markup symbols
stored in a web page displayed on a web brow$EML was used for reading and
understanding humans in the first two decades of its exist€heecomputers were
used for displaying the informatiacon theweb. However, there is a way that the
computer can use the information theweb for interoperability and integration
between systems and applications bypgithe knowledge representation formalism.
The newweb approach is calldiei Se ma nt. ioc We b
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The web was originally a vast set of statieb pages linked togethéCardoso &

Sheth, 2006; Patel & Jain, 202B8s depicted irthe left imageof Figure 222, the
resources are linked togethéorming the Web. There is no distinction between
resources or the links that connect resourtles.new standards and languages bring
semantics to the web resources or the links that connect resources so that-machine
readable descriptions are allowed to the data and documents arelth&hese
language rules and descriptive information characterize the type of resources
individually and precisely on the web and the relatigrsietween resources as
illustrated in theight image of Figure 22

Link hasPeople :
Link hasPeople
Resaource Link colleague | colleague
Link
¢~ humanResoOices

Resource | Link Crganization

Resource

Link

Resource

Resource

Resource

Sl hasProducts

Resource Products

hasProduct

Figure2-22. Evolution of the Web. Retrieved frofCardoso & Sheth, 2006)

The Resource Description Framework (RDF) and the Web Ontology Language
(OWL) arestandardshat enable the Web to be a reliable infrastructure for sharing
documents and dat®DF shares unified modeland provides a framework for
developingweb applications that deal with data and seman@WL provides a
language for defining structuregeb-based ontologiesllowing a richer integration

and data interoperabiliggmong communities and domains.

Ontologies are the heart of the linked data sincdirtked dataprovides largescale
data integration and reasoning on the degimgtechnologies such as SPARQL,
RDF, andOWL. The ontologies allow usets search a schematic model of all data
within the applicationsThe ontologies classify the parts of the data getmit
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communications between the data available in distinct fornmhibts data are stored

in the form of ontologies in the semantic web.

There are two significant behaviors of semantic web technologies. Firstly, it allows
understandingof the web queries andesources structured and organized at
background by ontologies. Secondly, the semantic web technologies enable looking
into the organized datasets and knowledge bases of the semantic web as an
alternative to the present web. Therefore, semantic web technobmgiefitother
domains such as sensor netvsrgig data, cloud computinghe 10T, and so on

(Patel & Jain, 2021)

Web applications were improved to present personalized products and services to
clients. A customecan customize some properties of a service or a product
making preferencesn the website of the service or product provider. After the
purchase process, the customer takes the customized services andspridarict

following list presents and explains similar services in the literature:

1 Personalized Car Similar to other car manufacturers, Volkswagen presents a

car configurator as a web applicatighttps://www.vw.com/en/builder.html

allowing customers to make selections tloe car type, hardware style, engine
type, engine power, the color of the car, fabric color, wheel, and rim type and
other similar options. Following the recipe of the car configurator, the car is
manufactured and then could be delivered by any local sellee customer.

1 FitMyFoot Uses Technology to Build Custom Shoe€ustomers use an app to
take pictures of their feet, which FitMyFoot then uses to take measurements and
build a digital map of e ac-rintpdefile son 6 s
unigue, even down to their left and right feet. Those files createncustmles
and sandals; customers can customize the design and (Baker, 2020;
Morgan, 2021)

1 Care/of Personalizes VitamingBaker, 2020; Morgan, 2021ysers take a short
quiz about their diet, energy, stress, and overall health, and then Care/of builds a

personalized plan of vitamins and supplements. Customers get a daily pack with
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all their vitamins and names printed clearly on top. The plans change over time
as customers meet health goals.

1 Tesla Creates Detailed Driver Profiles(Morgan, 2021) Tesla takes car
personalization to the next level with an individual profile for each driver. The
car remembers each driverds preference
location, suspension, braking, radio presets, and even driving style. Thesseamle
integration of driver profiles into the Tesla experience makes the car an extension
of the driver and allows each person to drive the car the way they want, which is
most comfortable for them.

1 MTailor Uses Smartphone Scans for Custom Clothe@Baker, 2020; Brooks,

2022; Morgan, 2021)MTailor uses a personalized, -Ativen approach that
creates perfect sizing that is 20% more accurate than a tailor. Customers choose
from several shirts, pants, or suit options and then upload a photo and short video
of themsel ves t algorithmdheratgkes.16 neasarenhents t6 s
create personalized clothing that fits each customer perfectly.

1 The function of Beauty (Baker, 2020; Brooks, 2022; Morgan, 202a)lows
customers to create personalized shampoo, conditioner, and body wash based on
their needs and preferences. Customers take ajft@stion quiz about their hair
needs to unlock a personalized formula to help their hair be healthy and beautiful.
Cudomers can then choose the color and scent of their shampoo and conditioner
for a truly personalized product

Semantic web applications could be usedamsnterface among stakeholdetis
configure and purchaswvorkplace services. Semantic web applicatcamntegrate
diverse systems and platforms to establish an ecosystem. Osgstdra's ontology

has beerestablishedsemantic web applications could facilitate the web ontology
modek. The methodology to establish the web ontology model was expressed in the

following chapter
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CHAPTER 3

MATERIAL AND METHOD

A new workplace service provision model istablished, formalized and
represented asweb ontology modelA domain ontologycan represent the concepts
belongingto a realm of the world reflecting domaspecific definitions of the terms
(W3C, 2012) Since he new workplace service provision model aims to make the
knowledge worker the decision maker of the workplace configurati@model
uses the workplace configurable parameters agrttedogy domainas illustrated in
Figure 31. This is achieved by presenting a domspecific knowledge base by
integrating and allowing direct interaction with the knowledge worker and service

provider / facility manageas depicted in Figure-3.

- B -
AMBIENT DATA :
INTELLIGENCE COLLECTION :
CONCEPT CONCEPT :
F WORKPLACE :
THE WORKPLACE THE THE CREATION | §
COMFORT AND CDFLF:SCJED CONFIGURABLE TRANSFORM DOMAIN OF
WELLBEING LITERATURE PARAMETERS OF INTO THE )
PARAMETERS A WORKPLACE : ONTOLOGY PHYSICAL
: WORKPLACE
: CONCEPT :
— J ot
: ~
: SMART SEMANTIC WEB | }
: CONTRACT INTERFACE H
: CONCEPT CONCEPT :
1

......................................................

Figure3-1. The domairof and its usage in the ontology.

Web ontology modelsstablisithe knowledge base for a domaipecificmodel or
part of the world. It describes and represents the particular meanings of terms as they

apply to that domain. Furthermore, the modeled ontologies allow the further

47



discovery of the potential relations and associations between or among the concepts.
The personalization and customization opportunities for the knowledge workers are
limited or not available in the current practices. Modeling the ontology of a
workplace srvice provision system that allswworkplace configuration and
servicing specific to the knowledge worker capresentall possible activities,

relationships, entities, and attributes.

(DIGITAL AND VIRTUAL WORLD)
SEMANTIC LOGIC AND STRUCTURE

- - o

4

INTERACTION

Service Provider

-
hY
AMBIENT PHYSICAL DATA \
INTELLIGENCE WORKPLACE COLLECTION ]
2EAl AND PHYSICAL WORLD CONCEPT CONCEPT CONCEPT 1
(REAL AND PHYSICAL WORLD) . ! (REAL AND PHYSICAL WORLD)
INTERACTION K ] )
1
]

H 3
e .& ................ f &
ettt T o
Jeet tay
g

:~ THE WORKPLACE SERVICE ?
" PROVISION ONTOLOGY ’

ACCESS

SYILINVHY

w
u
g
=]
9
I
=
o
[}

PARAMETERS

(=]
=}
2
2
@
5
@
=
m

Knowledge Worker

*
.
-
e
e,

SMART
CONTRACT

o
I
.....

I
I
1
1
1
1
1
1
1
1
1
1
1
ACCESS |
1
1
1
1
1
1
1
1
1
1
1
1
1
1

CREATION

CONCEPT CONCEPT

SEMANTIC WEB
INTERFACE
CONCEPT

_______ - JEp— - -

WORKPLACE ’

Figure3-2. Interaction of the user with the ontology model and concepts

3.1  Methodsfor the Web Ontology Model

Each web ontology model requires particular methods for development and
evaluation although they use the same techniques and tdbks.following sub

sections express modeling techniques, evaluation tools, and methods

3.2  Modeling an Ontology and Ontology Editors

There are various opesource ontology editors developed for specific purposes in

di verse resear ch (Stanfard Uhisersitys2020)HeOmaBoolkRr ot ®g ®
(NeOn Foundation, 2014Vitro (Lyrasis, 2023and VocBencl{ART Group, 2023)

released to be used by researchiers.o t ® g ® -sowce platforrapd eeditorto

construct domain models and knowledggsed applicationsith ontologiegMusen
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et al.,, 1987) It has a pluggable architecture and allows plugins for different
functionalities (GitHub, 2023; Stanford University, 2020; W3C, 2009}he
framewor ks bui |t i n Prot ®g ®  (Sianfordl be u
University, 2020) The OWL:-based workplace comfomodel ontology is modeled

and edited using Prot®g® to define its cl

3.3 Evaluation Methods

Evaluation of the ontology model is depicted as the technical review of the ontology
content regarding a frame of reference during every phase, between phases, or at the

last phases of their lifecyce Lovr en| i | & Lubriillla,l - 20 ®8; -
2012) A frame of reference could be requirements, specifications, competency
guestions, realorld, etc. No commonly accepted and unique method is agreed upon

by scholargBilgin et al., 2014)Thus, no best practice has been proposed by scholars

(Patrick & Florian, 2010Q) Each proposed ontology is evaluated by specific

evaluation tools representing a variety of characteristics.

On the other hand, it is possible to categorize the ontology evaluation into two parts.
These are verification and validation. Verification is defined as building the ontology
correctly to ensure that its definitions implement the requirements of ontafay
competency questions correctly or function correctly in-veald ( Lovr en| i | &
Lubril o, 2\0i0I8I; a | P v ead@anverdely, ,validationl 2fgrs to

matching and complying ontology definitions with the real world for which the
ontology was created. In other words, validation is proof that the world model is
compliant with the world modeled formallyLovr enl i i & Lubril o,
Villal -n.et al ., 2012)

The literature represents a variety of ontology evaluation methods regarding its
measuregGangemi et al., 2006property(Fernandez®Breis et al., 2009; Netzer et
al., 2009) the process of ontology creati(@achir Bouiadjra & Benslimane, 2011)

based of ontology constructiqiBolotnikova et al., 2011; Brewster et al., 2004;
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Daelemans & Reinberger, 2004; Patrick & Florian, 2010; Zouaq & Nkambou, 2009)
and characteristic of available ontology evaluation tfié&tmann et al., 2005; Jain

& Prasad, 2016)Furthermore, the latest studies illustrated that existing ontology
creation tools had gained particular opportunity to verify and check for inconsistency
of the created ontology models by use of external reasoners as a plugin such as ELK
(Kazakov et al., 2012HermiT (Glimm et al., 2014)Mastro(De Giacomo et al.,

2012) Ontop(Bagosi et al., 2014 )Pellet(Sirin et al., 2007)jcel (Mendez, 2012)

and Ontodebu@Schekotihin et al., 2019)

Prot®g® can wuse Her mi T, Mastr o, Pel l et , EL
reasoners to check the consistency of the ontology. Each reasoner has focused on a
specific reasoning field. HermiT performs object and data property reasoning tasks
and SPARQL quy answeringGlimm et al., 2014)SPARQL is the standard query
language and protocol that allows users and developers to extract information from
databases or data sourd&rin & Parsia, 2007)Mastro evaluates the DBlite

family of description logic (DL)(De Giacomo et al., 2012Pellet is used for
reasoning individuals, uselefined datatypes, and debugging ontolo{f#sn et al.,

2007) ELK is specialized for reasoning lightweight ontology langu#&geakov et

al., 2012) Jcel is performed for the description logic EL+ using a-baged
completion algorithm(Mendez, 2012) Ontop allows querying relational data

sources by conceptualizing the domain of intefi@agosi et al., 2014)

3.4 Validation Studies in Literature and Critics

Although verification tasks could be achieved using plugins or tools, the validation
taskrequires particular approaches that are unique and specific for each ontology.
Therefore, similar validation approaches in the literature were investigated to

develop a proper validation methodology.

Fortineauet al (2015) established an OWhased ontology to presethie modeling

choices required to build a domain knowledge modelo folds studied the
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validation. Firstly theontology populatioron a set of business rulisdarge enough
and various enough to prove the completeness of the el industrial users
built the sebased on their experience. So far, no semantic limit or diffitiagybeen
raised during the population procesecondly, the reduction of the modeling
commitment was measured the quantity of inferred information (number of triples
that need to be explicitly modelad. the inferred ones) to estimate it when the
populationof the set of rules is finiskle The test results indicated thigits possible

to get inferred information with veriittle explicit knowledge(Fortineau et al.,
2015)

Hagedorret al (2019) developed a framewatd provide an Integrated Framework

for Additively Manufactured Products (IFAMP)JFAMP is a shared tofevel
ontology. Rulebased semantic reasoning and a knowledge base query were
facilitated to validate ontology to provida& ontological representation of the design,
intended manufacturing processes, usability, and innov@tiagedorn et al., 2019)
Besides, the reasoning study does not represent any inconsistdreycoie
framework conprises2535 classes, 266 properties, and 3915 logical axi®imes.
knowledge base was queried to identify instances to find products or instances used

to fix objects in place reversibly.

Shreyaset al (2020) developed a genome mapping ontology by considering 60
primary classes and four propert{&hreyas et al., 2020y he model was evaluated

by use of two methods. The quantitative evaluation study presented a 0.8 reuse ratio,
481 Count of Subclasses, 1.52average depth of inheritance, and Bnaximum

depth of inheritance, making the ontology a conceptual ontolBgythermore, the
ontology was appraised by 80 domain experts using the semiotics method. Eight
metrics were used for assessment: relevance, clarity, accuracy, comprehensiveness,

consistency, interpretability, richness, and lawfulness.

Tiwari and Abraham (2020) developedsmart healthcare ontology (SHC@y
healticare information and loT device¥arious assessment tools were used to

evaluate the ontolog{rhemis and TDDonto toolgerify the testcasesvh i | e Pr ot ®g ¢
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and OOPwalidatemodeled knowledge ithe ontology(Tiwari & Abraham, 202Q)
The ontology has beerassurd that all attributesvere expressed in a consistent
model with their classes, data typaad propertiesNo unspecified terms are used
in the proposed ontologgnd it does not have unsatisfiable clasids consistent

when combined with data and descsibgery class, data typand propest.

Ye et al (2011) developed a tepvel ontologyto model and reason on domain
knowledgeprecisely and traceahlgerving as a conceptual backbone for developing

domain and application ontologies for smart environm@faset al., 2011)The top

level ontology includes all layers of domain knowledge, such as concepts, contexts,

and activities. All ontology layers were modeled and fully implemented in the real

world, starting from concepts for domain ontology and context and activities for
application ontology. The model is applied

demonstrate the validity of the ontology.

The set of business rules used in the OWdlsed ontology developed by Fortineau

et al (2015) was built on the experiences of industrial users. Hagetlat(2019)
utilized a knowledge base query to validate the ontology. All ontology layers were
modeled and fully implemented in the real world in theeYal (2011) study. Tiwari

and Abraham (2020) developed test cases to check the validity of the modeled

ontology.

The proposed ontology in this dissertation has not yet been fully implemented in the
real world nor built by the experiences of the industrial users. Furthermore, the data
guery method cannot be implemented since the modeled ontology cannot be assured
to include all possible realorld practices and necessary extensions. On the other
hand, the test cases developed by Tiwari and Abraham (2020) could be used to check

the validity of the modeled ontology.
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3.5 Develogment of the Evaluation Method

Each ontology includes particular domain knowledge, characteristics, associations
and entities requirinthedevelopment of unique evaluation methods. The evaluation

of the proposed model consists of literature arfteild-based evaluation tecluies,

as demonstrated in Figure33The \erification method includes the use of HermiT

and OntoDebug whi ch are the plugins of t he
reasoning tasks in the ontology hierarchy to detect fawlteereasOntoDebug
identifies the inconstencies and incoherencies in the ontology structure.

Protege
(Ontology Editor)

[ HermiT — Reasoning the Ontology
Literature {

’,. Verification 7| -Based

[ EVALUATION } p
OF THE MODEL -
—| Literature { Test Cases Developed by Tiwari & Abraham (2020) ]

- Based
\_
s B
Validation |—<

A User Interface Experiment for

the Workplace Creation Concept
\ J

[ OntoDebug — Debugging the Ontology

Knowledge
Workers

~ ™
A Survey Study for the Validity of

the Arguments in the New Model
| J

e D
- An Interview Study for the Facility
Applicability of the New Model Managers
| J/

Figure3-3. The evaluation methodvasdeveloped to verify and validate the
dissertation.

~—| In-Field ™

Validation methods facilitate literatureased cases and-field studies. The test
cases developed by Tiwari & Abraham (2020¢re adopted and used for the
synthetic validation of the modeéDn the other hand, actual validation relies dn in
field studies including a survey, user interface denamd intervievs with the

knowledge workers and the facility managdrse research methods applied in in

field studies are explained as follows:
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3.5.1 Pairwise Comparison Study

A survey is a data collection method directing structured questions for the
participants to gather information from a sample of individ¢&tsheuren, 2004)
Verbal surveys are often known as interviews, and written surveys are questionnaires
(Glasow, 2006) Survey studies have many forms and types to be implemented.
Crosssectional surveys are carried out to present a snapshot of what is happening in
that group at that particular tim@gvathers et al., 2009)On the other hand,

longitudinal surveys take time to draw a picture of events or attitudes over time.

Pairwise comparison is a method where a judge is presented with a pair of objects
and asked to state that they possess more of a specified attribute. The study aims to
find the most preferred entities. Therefore, applying a pairwise comparison study
presets the benefits of crossurveying and listing the preferred entitidétsturns
gualitative information like opinions, quotes images into quantitative data that

can be measured and ranked

352 User Interface Demo

Using Microsoft PowerPoint, a user interface demo is prepared to demonstrate and
experience the workplace creation coricephe study allows participants to
configure a workplace regardirggveralselection parameters. Each parameter is
supported witha proper image. At the end of the selection process, the application
directs the usdp a 3-D virtual environment reflecting the user selectidrtse users

can navigate inside the[3 virtual environmentthus rather than a static image, a
stereo environmenis provided to the user to increase the perception af the
selections.The 3D virtual environment is created in Autodesk Revit and then
rendered and stored in Autodesk cloud server. The Autodesk cloud serves anable
access link to the thirdarty user to access theDBrendered environmenf

particular workplace scene is created and presented to the user for each potential user
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configuration The link is attached to the PowerPoint application so that at the end

of the selection process, the usan navigate inside the virtual scene.

3.5.3 Interview Study

The workplace configuration by the knowledge worker is a unique idea. Thus, the
workability and applicability of the concept in the real world regarding the facilities
management practices and approacteed to be clarified. Thenowledge workers'
personalization and customization of the workplaceconceptualized in a couple

of narrative explanations and directed to the facility managers of the office
workplaces. Their comments and approaches are the primary data to identify the
handicaps, address theppdicationbased problems, discover thgroposal's

advantagesand overcome the potential risks.
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CHAPTER 4

THE NEW WORKPLACE SERVICE PROVISION MODEL

This Chapter explains theevelopmentof the new workplace service provision
model. The Chapter is structured as follows: A userkplace matching system
specificto this study is established by criticizing the available options. Occupant data
collection methods are identified to be used in the new model. A detailed scenario is
expressed to describe the entities and narrate the working procedure of the new
model. Thedomain and concepts of the new model are introduced. Formal
representation and the process maps of each concept are describedolDgy et
modeled in an ontology editoBmart contract and workplace creation concepts are
implemented following the ontology's modelinfhe changing conditionghew

roles,and responsibilities of facilities management practices are presented.

4.1 A Useri Workplace Matching System

The proposed workplace service provision model maximizes occupancy comfort and
wellbeing by allowingapersonalized and customized workplace environment for the
knowledge worker. This target requiragarticular match of user and workplace

services The aailable method in the literature categorizes people by their
commonly shared characteristiosflectingfn one si ze f i t. bideed, cert a
as illustrated in Figured-1, the required personalization specifidion for this

dissertation studgn theindividual scalecannot be assurdxy the available methods.

Some industries developed a method that each persdndiesccount, personality
or character definition described by fulfillment of certain forms reflecdipge r s on 6 s

character by his/her expressiodsr example is presented Figure 4-2, where
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detailed information about a persona is described with key characteristics. These

persona formexpresstheper sonadés necessary characters

target readeiA similar approach can be used for this study in which each knowledge

worker may have a persona file indicating his/her specific choices about workplaces

GENERALIZATION A
OF CHARACTERS

> SPECIFICATION
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Link to research Behalor
Environment

Figure 4-2. Detailed information of a persona. Retrieved fraiMiaskiewicz &
Luxmoore, 2018)
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4.2  Collecting PersonalizedWorkplace Data

Describingani ndi vi dual 6s

available data collection methods arefigld monitoring, survey, test rognand
IVE. In-field monitoring require observation of the occupant in his/her living
environment. Thus, it is not proper for this stgityce the proposed model presents
new workplace comfort and wellbeing parameters that coulexisttin the workers'

current environmenOn the other hand, remaining datdlection methods could be

used.

persona requi IThes

dat a

Regarding their capability, each data collection method is matched with a parameter

as depictedn Table 4-1. The workplace comfort and wellbeing parameters are
neither constant nor permanent. Wheldiag a newparameterthe most suitable
method could be matched among the available occupant data collection m&ghods.
a result othe matching studyhemajority of the parametergere matched with the

test room and IVE, while giminority of themwerematched withthe surveybased

data collection method

Table4-1. Match of data collection methods and workplace comfort and wellbeing

parameters.
Category Parameters Measurement Method
Visual comfort | § Illuminance Testing Room
1 Circadian Lighting Design Testing Room
1 Uniformity of illuminance Testing Room
1 llluminance of the immediate surrounding are: Testing Room
1  Percentage of the task area meeting the requi Testing Room
illuminance
Windows 1 Windovtowall ratio Immersive Virtual Environment
1  Size of the window Immersive Virtual Environment
1 Operability Immersive Virtual Environment
1 Position & Location Immersive Virtual Environment
1  Proximity to Window Immersive VirtiE&atvironment
Furniture 1 Ergonomic Testing Room
1 Comfort Testing Room
1  Type Testing Room
1 Quality Testing Room
1 Material Testing Room
1 Noise Criteria Testing Room
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Table 41 continued

Acoustic
comfort

Indoor Air
Quality

Thermal Comfor

General office
layout

Workplace

Filling and
storage space

Cycling facilities
Shower facilities

Toilet facilities

Kitchen facilities

Canteen
facilities
Office Building

Workstation

Accessibility

Type of work
performed

Duration of work

Meeting room

Reverberation Time

Testing Room

SpeecfTransmission Index
Carbon dioxide

Testing Room
Testing Room

PM 2.5

Testing Room

PM 10

Testing Room

Carbon Monoxide

Testing Room

Total Volatile Organic Compounds

Testing Room

Formaldehyde Testing Room
Sufur dioxide Testing Room
QOzone Testing Room

Total microbial count
Air temperature

Testing Room
Testing Room

Vertical air temperature difference

Testing Room

Operative temperature

Testing Room

Radiant temperature asymmetry

Testing Room

Floor surface temperature

Testing Room

Air speed
Size of the area

Testing Room
Immersive Virtual Environment

Height of the space

Immersive Virtual Environment

Location of workplace components

Immersive Virtl&lvironment

Required equipment, furpéncedevices

Immersive Virtual Environment

A=A A=A A AR AR AR AR A

Color, texture, mateaat quality of floor, veait
ceiling finigls
Size of the workplace

Immersive Virtual Environment

Immersive Virtl&lvironment

Color, texturend quality of material

Immersive Virtual Environment

Orientation Immersive Virtual Environment
Location Immersive Virtual Environment
Availability Immersive Virtual Environment
Size Immersive Virtual Environment
Capacity Immersive Virtual Environment
Amount and period of cycling Surveypased
Availability Surveypased
Type Surveyased
Availability Surveyased
Availability Surveypased
Availability Surveypased

The aterior designtbebuilding

Immersive Virtual Environment

The mterior designtbebuilding

Immersive Virtual Environment

Overall quality, cobord material of interior finisk
General layout

Immersive Virtual Environment
Immersive Virtual Environment

Appearance

Immersive Virtual Environment

Size

Immersive Virtual Environment

Comfort and ergonomic

Immersive Virtual Environment

Location at workplace

Immersive Virtual Environment

Orientation at workplace

Immersive Virtual Environment

=A A=A A=Al A== A=A A=A A=A A=A

Transportation optionthébacility Surveypased
Complianagithuniversal design principles Surveyased
There are various ypeworkplaselefined such =~ Surveypased
as hive, cell, demd club bpuffy et al. (1992)
1 Time Surveyased
1 Availability, Capacity, Type, Fyractdmther Surveyased

specific conditions
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Table 41 continued

Dining area 1 Availability, Capacity, Tpactiorandother Surveyased

specific conditions
Resting Area 1 Availability, Napping or Sleeping Survespased
Pantry 1 Availability, Capacity, Type, Fyratdmher Surveypased

specific conditions
Parking spaces 9§  Availability, Capaclype, Functigendother Surveypased

specific conditions
Smoking area  §  Availability & proximity Surveypased
Cleaning 1 Cleanliness level: high, medium, low Surveypased
Safety & Security §  Required security level: high, medium, low Surveypased
Maintenance 1  Necessity Surveypased

1 Required frequency
Communicability § In case of any problem conflict, accessibility t¢ Survesbased
with Facility Easy access, No access,
Manager (FM)
Vertical 1 Comfort Immersive Virtual Environment
circulation {  Quality Immersive Virtual Environment
(eIeyators & 1 Appearance Immersive Virti&lvironment
stairs)
Network 1  Wired / Wireless Survey Based
1 Required performance Survey Based

Audiovisual 1  Comfort and performance requirements of spe Testing Room
systems and video conferencing
Modern 1 Need for additional affordances, easy plug, et Survey Based

technologies

4.3 Entities of the Model

The entities facilitated in the proposed model are expressed as follows:

1 Knowledge Worker: The user of the workplace services.

1 Service Provider: The facility manager of the physical workplace agv
workplace services to the knowledge worker.

91 Data Collector: The data collector has two roles. Firstly, the data collector
collects workplace comfort and wellbeing parameter data specific and
personalized to the knowledge worker in the data collection lab., Tinen
collected data is delivered to the knowledge worker. Secondly, the data
collector inspects the physical workplaagetects the workplace service
rangefor the service provideand then delivexthe service range data to be

published inthe semantic web interface.
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1 Data Collection Lab: A facility or an environment presenting data collection
opportunities for data collec®rmupon the service provider's knowledge
worker and physical workplace

1 Physical Workplace: A built environmentwvith particular workplace service
opportunities fothe knowledge worker.

1 Semantic Web Interface:A web application presenting personal acceunt
for knowledge worker and service provider, a digital marketplace for
knowledge worker and service provider, an agreement environment for the
workplace services between the knowledge worker and service provider, a
service finder to find proper workplace régees, a booking and an
appointment environment to book, appoint and schedule the physical
workplace of service provider and workplace services of knowledge worker
and a digital impurchase environment to buy and sell workplace services.

1 Workplace Set: A specific workplace design including userdefined
amount of workplace comfort and wellbeing parameters and depicting user
specific comfort data.

1 Workplace Service Range:A service range foa physical workplace's
specific comfort and wellbeing parameters

1 Smart Contract: The workplace services agreagon by the knowledge
worker and service provider are deliveredthg semantic web interface to
the smart contract applicatioand then these services are transformed into
service provisions. The payments are transected upon smart contract
application.

1 Ambient Intelligence (Aml): Aml consists of various sensors and actuators
for collecting instant data from the knowledge worker antinggthe indoor
environmental parameters to the knowledge wdskeworkplace
configurations Once the smart contract is executed, the service provisions
are delivered té&A\ml. During the occupation of the workplace environment,
Aml continuously monitorsboth the knowledge worker and the indoor

environment to ensure thitiek n o wl ed ge wo r éoefigulason wor kpl ac e
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is executed. The knowledge worl@ngive instant feedback to the service
provider, and service provisions could be updated to maintain the comfort
and wellbeing of the knowledge worker.

1 Workplace Comfort and Wellbeing Parameters:lt listsmany comfort and
wellbeing parameters and conditions for the knowledge worker. The list
could be variecand changedegarding the needs and requirements of the

knowledge worker.

4.4  Scenario Development

This section expresses the process, reladiod association among the entities of the
proposed model by composing the entities in a narrative scenario. The scenario was

divided into seven phases to describe the rosohentity in detail

441 Identify the Workplace Services

When the service provider first gets involved in the new system, capabilities and
service range of the physical workplace regarding the workplace comfort and
wellbeing parameteraustbe inspected and measured by the data collector. The data
collector may use special devices and equipment to define the service range of the
parameters. The data collected at the end of the study will describe a range that
service provides could give workplace services for the workplaceisgtvhen the
workplace sding is identified within the range of the workplace service of the
physical workplace. At the end of the study, the data collector delivers a log file to
the service provider listing the specifiorkplace comfort and wellbeingarameter

data in the semantic web environment.
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Figure 4-3. The data collector inspects and measures the physical workplace
environmentandthedata collector subnsta service capability report theservice

provider.

4.4.2

Identify the Personal Comfort Settings

When the knowledge workgets involved in the new system, the data collector must

initially inspect,and measure personalized and customized workplace comfort and

wellbeing parametersThe data collector collects data in the data collection lab

specific and personalized tbe knowledge workerensuring that these data are

comfortable for the knowledge worker. At the end of the study, the data collector

delivers a log file to the knowledge worker listing the specific parameter data in the

semantic web enkdnment.
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Figure 4-4. The data collectouses occupant data collection methods to gather
workplace comfort and wellbeing data from the knowledge worker

4.4.3 Describe the Workplace Needs and Requirements

Both knowledge workers and service providers could do the description of the
workplace typs. The knowledge worker describes a workplace for a specific
purpose that would be used for a particular time. For example, a meeting workplace
will include a couple of indoor environmental quality parameters and will be used
for 2 hours. Another exampl®ugld be a concentrated study avéth many indoor
environmental quality parameters requirisgecific architectural finishings and
furniture. The workplace would hesed for 3 hours in the working days. Thus, the
required workplace types could be decided by knowledge workgarding the

needs and requirements of knowledge warkerthe semantic web applications.

The service provider could present various workplace servics tggarding the
capability of the physical workplace. For example, avooking space including a
couple of workplace comfort and wellbeing parameters could be published in the
semantic web application to find potential knowledge warkergive workplace
services. Another example coulddmeeting space consisting of particular comfort

and wellbeing parameters and could be occupied within certain periods.
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Figure 4-5. Description of workplace needs and requirements for the services by
knowledge worker and service provider.

444 Find a Proper Service Provider and Knowledge Worker

Since the semantic web application presentligital marketplace opportunitye
service provider and the knowledge worker could publish their workplace desires as
ads.The £mantic web applicationan match these ads to find the best compliant
and relevanads and listhemto the users.

445 Deal ona Smart Contract

The semantic web application directs the user to the smart contract application after
selecting the proper knowledge worker for the service provider or service provider
for the knowledge workerFurthermore, the workplace comfort and wellbeing
parameters depicted and desired by the users transform into service provisions. When
theusers confirm the provisienthe semantic web application transfdérs service

provisions tahe Aml system of the service provider.
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4.4.6 Prepare the Workplace for the Knowledge Worker

Regarding the workplace service provisions, the physical workplagst be
prepared for the knowledge workeroccupy and use the desired workplace within
the desired time interval. If the workplace provisions regthesestablishment of
specific devices othe construction of particular materials, thére crew of the
service provider should prepare the required environment before the knowledge

worker ussthe workplace.

4.4.7 Use the Workplace and Evaluate the Services

When the booking time has copandthe reserved area is ready, the knowledge
worker could use and occupy the workplaldee Aml system of the service provider
instantly track and monitos the knowledge worker and sethe environment
regarding the service provisions. Regarding thase feedback of the knowledge
worker, the service provideran change the provisions and-set the workplace
environment. Following the finish of the workplace services, the knowledge worker
can evaluate the workplace servicasd the service provider can evaluate the
workplace set of the knowledge worker.

4.5 Domain and Conceptof the Model

A domain isa classhaving RDF statement property and a range of its AMRC,
2023) Thus, a domain in knowledge representation teglaiindicats a particular
field of subjectconsisting of concepts, attribufesd relation between concepts and
their attributegMilutinovic & Tomazic, 2001)

A concept is an entity of consciousness perceived as an action, task, function,
strategyor reasoning procegspressed implicitly or explicitlgXiaojia et al., 2007)
The mplicit concept exists in a text and is extracteing thenatural language

processing (NLP) method, while explicit concepts ekissimulated knowledge,
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description logicand concept map®ilutinovic & Tomazic, 2001) The concepts

are interpreted with graphiechniques such as conceptual graphs and concept maps

The conceptual graphs express the basic expresssomgsymbols associated with
and directed to linking lineOn the other hand, the concept ndgscribesthe
complex and detailed composition of concepts constituting a meaningful structure
as depicted in Figuré-6. The concepts in the concept naplinked with words or
phrases specifying the relations between two concepts.

Various concepts woultlawe existed in a domairClasses, properties, relations,
attributes, rules and restrictions, and realms with instances and individuals describe
the conce®. The classes are the assets of the conceptsrammiganized by a
structured hierarchy. The relations are the interactions between concepts and their
attributes. The properties identify the associations between classes and their
individuals and instances. The rules and restrictions are the limitatiathe f@nges

or regulatims for the descriptions. Instances and individuals are the realm of the

particular classes reflecting the properties and relations.
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Figure4-6. A concept mapRetrieved from(Milutinovic & Tomazic, 2001)

45.1 The Domain of the Model

The ontologies are established on a particular knowledge dofrfe@rknowledge
domain of the proposed model is the workplace comfort and wellbeing parameters
becausehe concepts arestablished othe population of the particular parameters
andtheknowledge workespecificparametedata will be shared and reused among

the concepts.
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As illustrated in Figurd-7, a domain of a specific parameter is representattipie
hierarchy. Acouple ofcustomized datan either integer or string format coudatist

in various valusand descriptiosi A service range may cover many of these \alue
and descriptions. A domain of the parameter, on the other imehetes all of these
varieties in the data and ranges.

Domain of the Parameter

Service Range for the Parameter

The data specific to a
Knowledge Worker

The data specific to a
Knowledge Worker

The data specific to a
Knowledge Worker

The data specific to a
Knowledge Worker

The data specific to a
Knowledge Worker

@

The data specific to a
Knowledge Worker

F

Service Range for the Parameter

Figure 4-7. Relation among service range, workplace set, and domain for a
workplace service parameter.

The workplace comfort and wellbeing parameters were collected and listiegl in
initial chapter. The parameters in the list are disorganized, thus requiring
categorization andassification. A classification method simitarthe Uniformat of
Construction Specification Institutes (CSI) is adopted and presented in4Fable
Thirteen groups were established under six classesthe parameters were listed

under these thirteen groups.
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Table4-2. Classification of the workplace comfort and wellbeing parameters

Classes SubClasses

A. Duration of A10. Duration of Bookil
Booking

B. Occupancy @ B10. Visual Comfort
Comfort

B20. Acoustic Comfort

B30. Thermal Comfort

B40. Indoor Air Quality

C. Office Interior C10. Office Layout

C20. Workstation

C30. Window

D. Office
Building

D10. Accessibility

Parameters
A101. Duration of Booking

B101. llluminance

B102. Circadian Lighting Design

B103. Uniformity of illuminance

B104. llluminance of the immediatainding
areas

B105. Percentage of the task area meeting th
required illuminance

B201. Noise Criteria

B202. Reverberation Time

B203. Speech Transmission Index

B301. Air temperature

B302Vertical air temperature difference
B303. Operative temperature

B304. Radiant temperature asymmetry
B305. Floor surface temperature

B306. Air speed

B401. Carbon dioxide

B402. PM 2.5

B403. PM 10

B404Carbon Monoxide

B405. Total Volatile Organic Compounds
B406. Formaldehyde

B407. Sfur dioxide

B408. Ozone

B409. Total microbial count

C101. Size of the Area

C102. Height of the space

C103Location of workplace components
C104. Required equipment, furaitgrdevices
C105. Color, texture, mataridlquality of floor
finishing

C106. Color, texture, mataridlquality of wall
finishing

C107. Color, texturateriabnd quality of ceiling
finishing

C201. Size of the workspace

C202. Color, textuard quality of material
C203. Orientation

C204. Location

C301. WindawWall ratio

C302. Size of the window

C303. Operability of window

C304. Position of window

C305. Location of window

C306. Proximity of workstation

D101. Transportation optiotinetacility

D102. Compliane@huniversal design principle:
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Table 42 continued

D20. Vertical Circulatio D201. Vibration
D202. Noise
D203. Acceleration/ Deceleration Impact
D204. Comfort

D30. Building Exterior D301. Exterior Material & Finishing
D302. Building Type

E. Facility E10. Facility Managem E101. Resting Need and Capacity
Management Services E102. Shower Need and Capacity
Services E103. WC Need and Capacity

E104. Kitchen
E105. Canteen
E106. Meeting Room Need and Capacity
E107. Dining Area Need and Capacity
E108. Pantry
E109. Parking Space Need and Capacity
E110. Smoking Area Need and Capacity
E111. Cleaning
E112. Safety & Security
E113. Maintenance
E114. Communication with FM
E115. Network Tygred Capacity
E116. Audio Visual Systems Needs and Caps
E117. Modern Technologies

F. Reserved for F10. Reserved for Futt

Future Needs Needs

45.2 The Concepts of the Model

Theconceptof the proposed modelkegarding the narrated scenavieredescribed
as data collection conceptsyorkplace creation concegptphysical workplace
conceps, web interface conceptsmart contract conceptand ambient intelligence

conceps.

4.6 Formal Representation and the Processad the Concepts

Each concept of the proposed modedxplained in the following subections.
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46.1 Data Collection Concept

1 The Data Collection for the Knowledge Worker

Workplace comfort and wellbeing parameters could be groapedrding tothe
workplace type and duration of wortHowever,various office workplace types are
specialized for specific taskBur types of workplaces were depicted stated in
Figure4-8. These are (i) hive for routine work, (ii) cell for specific and concentrated
work, (iii) den for tearwork, and (iv) club for complex and multask work.
Furthermore, three types of contractual relations could be matched with these four
types of workplacesas demonstrated in Figuded. These are lorterm use, short

term useand very shorterm use.

Before measurement lilie data collectorthe knowledge worker must decide the
workplace type and contractual duration. Thi®ésausdhe duration and type of
work affect thework environment andhus the content of workplace comfort and
wellbeing parameters. Thus, a study presenting the matrix of workplace type and
contractual duration is presented in Figdr8. Four workplace typecould be
matched with threavork durationsand present twelve workplaces performing

different business and contractualations.

After selecting the workplace typthe knowledge worker and data collector decide

the required workplace comfort and wellbeing parameters. Then, as depicted
Figure4-10, thedata collector measures and collects knowledgeo r k er 6 s s peci
comfort and wellbeing data regarding the selected workplace type. As ddpicted
Figure4-11, at the end of the studghedata collector prepares a workplace comfort

set or configurationspecific for the user regarding the selected work type and
duration. Afteward, the measured and collected workplace set could be uploaded to

t he Knowl edge Wosenkaetic ieb intearface.ount 1 n a

The concept map graphical representation is presamtéidure4-12. The concept
map illustrates relations between entities of the concept and parameters of the

domain in detail by referencing the behavior of the entities during the process.
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Workspace Types Used For Classification Source

Hive Routine work Business Operation | (Laing et al., 1998)

Cell Specific and concentration work

Den Team work

Club Complex and multi-task work

Core Space Long-Term Use Contractual (GIBSON & LIZIERI, 2000)
First Periphery Space Short-Term Use

Second Periphery Space Very Short Term Use

Figure4-8. Workplace types

Core Space First Periphery Second Periphery
Hive Long Term Use — Routine Work Short Term Use — Routine Work Very Short Term Use — Routine Work
Cell Long Term Use — Specific and Short Term Use — Specific and Very Short Term Use - Specific and
Concentration Work Concentration Work Concentration Work
Den Long Term Use — Team Work Short Term Use — Team Work Very Short Term Use — Team Work
Club Long Term Use — Complex and Short Term Use — Complex and Multi- | Very Short Term Use — Complex and
Multi-Task Work Task Work Multi-Task Work

Figure4-9. Workplace type matrix considering business operation and contractual
consideration.

A Workplace Comfort Set specific
for user «A» regarding the work

. Personal Work . type «B» and work duration «C»
- . Hiring Type ~

K Meeting
3 *  Long-Ti
0 -+ Official Meeting Matched Sh"i _If""
: + Collaborative with . ort- Term Prepares
: +  ProductDevelopment R st S - -
H . Directs and In Conclusion
H User [ - Guides [ e
Decides

Knowledge Worker H Data Collector

....... Work Type

...

. DATA COLLECTION CONCEPT O
C V] [ V7, )

\ Decide
— Workplace Comfort Parameters
User specific +  Indoor Environmental Quality Factors

workplace *  Interior Design Data Collection Methods
comfort sets ¢ Furniture Matched = Immersive Virtual Environment
i [~ + Space Dimensions .
are described . MI;orkslalinn with :::\‘r;\;i::tamew
Building Type

Facilities Management Services
n..

Figure4-10. Activities and actionbetween knowledge worker and data collector
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WORKPLACE #X

CODE ~ COMFORT PARAMETERS ) COMFORT DATA
A101 Duration of Booking 2 months

B101 lluminance 500

B201 Noise Criteria 50

B202 Reverberation Time 09

B301 Air temperature 27

B302 Vertical air temperature diference 2

B303 Operafve lemperature 25

B304 Radianttemperature asymmetry 15

B305 Floor surface emperature 25

B401 Carbon dioxide 2500-3500

B404 Carbon Monoxde 3

B407 Sulphur dioxide 09

B408 Ozone 0.015

c101 Size of he Area X5

c102 Height of the space 3

Cc103 Location of workplace components Allofthemat above the Desk
C104 Requrred equipment, furniture and devices Desk, Printer, 24 inc monior, ofice chair, Sketch Pad
C105 Color, texture, material and quality of floor finishing Laminated Wood, light colors, carpet
C106 Color, texture, material and quality of wall finishing brutal brick with smocth joint
c107 Color, texiure, material and quality of celling finishing No ceiling

c20m Size of he workspace L shape, 140+180x80 cm
Cc202 Color, texure and quality of material at workspace Lake covered, white color
C203 Orientafion EastWest

C204 Locaton of Workstation South-Norh Dredclion
C302 Size of he window Atleastimx 1m
C303 Operability of window Awning, Pivot

C304 Position of window Center ofthe Wall
C305 Location of window South Elevation

C306 Praximity of wor kstation 1 m distance to window
D101 Transportation opfions o facility Private Car

D301 Exterior Material & Finishing of Building Glass Curtain Wall
D302 Building Type Office Building

E101 Resiing Need and Capacity Single Person Resting
E102 Shower Need and C apacty Shower, Towel, Shampoo
E103 WC Need and Gapacity buit-in reservoir

E106 Meeting RoomNeed and Capacity 5

E107 Dining Area Need and Capacity 3

E109 Parking Space Need and Capacity Car Park, 3 Cars
E110 Smoking Area Need and Capacity 5 people smoking
E115 Network Type and Capacity Wired, 300 mb+

E116 Audio Visual Systems Needs and Capaciy Samsung or Apple, bluetooth, professional

Figure4-11. The data collector submits a document listing knowledge werker

speific and personalized workplace set to the knowledge worker
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Figure4-12. Data collection concept map graphical representation

1 The Data Collection for the Service Provider

Like the knowledge worker, the service provider finds a data collectospect and
measure the workplace services available in the physic@lonment. At the end of
the inspection and measurement process, the data collector delivers a document
listing available workplace service parameters and their service ranges to the service

provider.
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4.6.2 Workplace Creation Concept

After completing the data collection process, the knowledge war&ercreate
his/her workplace setr configurationn the semantic web interfackfter detecting

the required workplace type and duration, the desired workpmlanogort and
wellbeing parameters were identifieBince the knowledge worker is aware of
his/hercomfort level and range of the workplace comfort and wellbeing parameters,

he/she camse or change the parameter data.

The semantic web interface allotve proper visual appearanéer the knowledge

workerin each selection and decision about the workplace comfort and wellbeing
parameters. Furthermore, at the end of the selection and decision process, the
application presesta 3Dimensional virtual environment reflecting the knowledge

wor kerds workplace parameters. After cor
knowledge worker, the semantic web application directs the knowledge wokker to

marketplace application to pusth an ad for finding a potential service provider.

4.6.3 Physical Workplace Concept

The service provider operates the physical workplace environment and gives
facilities services to the knowledge workers. Since the data collector submits the
available workplace service parameters and their service ranges, the service provider
cancreate either an ad to give various workplace services in the marketplace of the
semantic web application or by uploading the available service parameters and their
service ranges, find a compliant workplace set ad to give workplace services. In the
first option, the semantic web application matches the proper knowledge worker
desiring to take workplace services the service provider so thahe provider can

select any knowledge worker. In the second optibaesemantic web application

browses theelevantmatch of the workplace set adsthe service provider

In the first option, the service provider prepares a couple of workplace services as a

theme such asa meeting area, cworking place, or private working room. The
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workplace service parameter data are presented r@ange. For examplethe
illuminance value of the meeting areauld bebetween 150 to 500 lux. This means
that workplace sets requiring a lux value between 150 andfroper for the
meeting areavhile a lux value of 600 is not propand the semantic web application
will not browse outof-range values. In the second optitthreentire list of workplace
service parametemgaslisted again as rangand the semantic web application will

browse the wdiplace sdtng that the parameter data is between the service range.

4.6.4 SemanticWeb Interface Concept

Once the workplace comfort and wellbeing parametersidantified for the

knowledge workers and the physical workplace, the process is executed on a

semantic web interfac&he knowledge worker antthe service provider initiate

personal accounts in the semantic web interface. The workpbacigurationsand

services are prepared and then published as dldenmarketplace of semantic web

applicatosas separate web pages such as fAwor kpl

service ads 0

The knowledge workempreparesworkplace sets representing the knowledge
workerds desires for taki regtasabworkpieteace ser vi
setad When the knowledgeorkerasksfor the semantic web application to browse

the compliant service providers, relevant service providers are listed. The listing

could be in vertical or horizontal order as column sowl or representedn amap.

The application illustrates the availability @physical workplace for the requested
services to the knowledge worker. After selegtihe service provider, the semantic
web interface transfers the workplace set data to a smart contract application and
informs the service provider to participate tiee deal. The workplace sets are
transformed into service provisions. Whie service provider and the knowledge
worker confirm the provisionshesemantic web application book the workplace set

and appoint te physical workplace regarding the requested duration and time
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interval if theycannotdeal with provisions, theemantic web application directs the

users to thenarketplace application.

The service provider establishes particular workplace serpic®sding specific
workable environments. The parameters presented in these workplace services
demonstrate service ranges rather sercific data in thevorkplace sets. Then, the
workplace services are published Aswor k p | a cagls GsTha relevant
knowledge workers are listed when the service provider asks for the semantic web
application to browse the compliant knowledge worké&tse application matches

t he Awor k pl ac eworgkpiaceseat adedbhearalesant warkplace et ads

are listed to the service providandtheservice provider can contact any of them to

give workplace services.

Whenaservice provider and knowledge worker deals in services, the web interface
directs the users to smart contract applicatiand the workplace set of the
knowledge worker transforms into service provisions. When the service provider and
the knowledge worker confirm the service provisions, the web application book the
workplace set and appoint the physical workplace regarding the redukstation

and time intervalif they cannotdeal with provisionsthe semantic web application

directs the user®tmarketplace application.

4.6.5 Smart Contract Concept

The smart contract concept regulates and expldia ability to work on apecific
contract. The workplace sepseparedor selectedby the knowledge workeare
transforned into service provisions. Therefore, each workplae¢ becoms a
specific and unique service contract. The duration, time interval, personalaation
customization opportunitiesind flexibility provided to the knowledge workare

formalized and become officiakingthe smart contract.

The stateof-the-art smart contrastrequirethe involvement of purchasing phases

and proceses that must prevent potential conflicts and claims by assuring being self
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executive bythesmart contract itseliThe purchase process this studyis based on
the escrow contracting type by making certain modificatj@ssdepicted by UML
diagramsn Figures4-13, 4-14, and4-15. The date diagranin Figure4-13 expresses
the conditions or events the purchasing proces$he ativity diagram depicteth
Figure 4-14 represents entities die purchasing process asknowledge worker,
data collection, smart contraeind service provider, relations of these entitaesl
the process floby mentioning the decisions each optionThe £quence diagram
in Figure4-15 describes the order of the events and ictee purchasing process

by setting the relations in a sequence of order between actors and events.

The purchase process consists of HAstatuso t
purchase processas depicted in Figurd-16. The semantic web interfa@mbeds

workplace seand service datato the smart contraets provisionsThis will change

the statuson Wo r k p |. ®herethednewledge worker initiatethecontractand

the status wil/ be changed f r aaertieNor kpl ace
knowledge worker transfethe deposit amount tthe smart contract. This function

will take the deposit amount frorthe knowledgeworker account and storein the

blockchain environment.

Furthermor e, the status wil!|l be changed fr
P a y meSuppase the workplace service provisions are agreed upon. In that case

the ®rviceprovider approves theontractand thestatusschanged r om fA Awai t i ng
Payment 06 to AAppr ov.eddthelseyvicePprovideridassenotPr ovi der
approetheprovisions thenthe knowledgeworkeris informedandwithdrawn from

the contract anthe depositamountis returned tathe knowledgeworker account.

After the statusischangédo A Appr oved b thelS8osledgevarler Pr ovi der |,
confirms the overall procesthenthes t at us wi | | be changed fronm
Service Pr ovid eahedeposit @dn@uonmgptiansferedtte rvice

provider® account.

The snart contract concept map graphical representation is illustirateigure 4-

17. The relations and sequences of the ardére purchasing process were depicted.
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The diagram depicteh Figure4-17 is an inclusion and holistic application of the

state, activityand sequence diagrams depidte&igure4-10, 4-11, 4-12, and4-13.

Knowledge Worker deploys a Smart
Contract

Personal Workplace Log File of ( vedge Worker sets
Knowledge Worker is created L eters at Smart Contract
through collecting data by ISTR J
Knowledge Worker transfers a deposit
amount to smart contract
Service Provider exam ines the Knowledge Servica rtvi dev ties sicaady,
Worker's parsonaiized workplace seitings available workplace environments
ready for m aking more custom ization
by use of Ambient Intelligence

Service Provider approvesthe Knowledge
Worker's personalized vworkplace settings

Medge Worker confrms the
smart contract to Service Provider's account

[ and deposit amount is transferred from

Order is placed

Figure4-13. The state diagram of the smeointract application.

Gita Collection atISTR St Contract Service Provger
There are already various
by Knowledge Worker Service Providers having
k. certain degree and set of
workplace parameters.

T = | =5

I Service Provider I Service Provider have
harve akilk yto state ot abiity (o tate
required set of serices required set of services
Participation tol v v

Bidding (Mh J ['U-Mw ]

ol k Requirements of

o wiedge Worker may wihdraw
cordaat. T is return
Knowledge Worker account
Decisiorhode3
IF Knowledge Worker confims the Out ot Bidding

contrad, the depost amount is
transfemed to Service Provider

¢

Figure4-14. The activity diagram of the smart contract application.
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Figure4-15. The sequence diagram of the smart contract application.

Confirm of Services

Deploy of Smart Embed of Initiate of o
D it A t
Contract Personal Data: Contract AR it

Withdraw

STATUS: STATUS: STATUS: STATUS: STATUS:
Workplace Set Contract Started it y by Service Provider Complete
*+ Knowledge Worker + Personal Workplace » After personal *  After initiation of * After deposit + After smart contract is read by
deploy the smart Comfort data embed workplace comfort contract by amount is embed Service Provider, Knowledge
contract e data embed into Knowledge Worker, into smart contract, ‘Worker has two options.
+  OnlyKnowledge smart contract, deposit amount is Service Provider * Either Knowledge Worker will
Worker can call this Knowledge Worker embed into smart examine the confirm the services and deposit
Function calls this function contract embedded data by amount is transferred to Service
*  OnlyKnowledge *  Only Knowledge using view function Provider.
Worker can call this ‘Worker can call this at smart contract * O Knowledge Worker will be
function function « Only service withdrawn by smart contract and
Provider can call this deposit amount is return back to
function Knowledge Worker account
+ Only Knowledge Worker can call
this function

Figure4-16. The purchase ordarasdesigned for this study.
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Figure4-17. The smart contract concept map graphical representation.
4.6.6 Ambient Intelligence Concept

Unlike the other concepts, the ambient intelligence concept facilitates relations and
events between indoor environmental quality (IEQ) parametersity sensors and
actuators monitored and controlled by computers as degisaders, a depicted in
Figure 4-18. The ambient intelligence concept consists of two states asalf()
actions occur at these IEQ parameters during thesénconditions. The iose
conditions are facilitated by sensors collectkmpwledge worker body data and
workspace data and taators to act changing conditions that may occur upon the

wor kpl ace environment or knowl edge wor ke
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The semantic web interface transfers workplace service provision dataAmthe
system of the service provider. Howeyvtite IEQ parameters are especialbeful

for theAml system. During thevorkplace occupation by the knowledge worker, the
sensors collect instant IEQ data by usangariety of sensors and transfeemto the
computer from both t he theworkpldcecedwyamentor k er 6 s
The computer continuously checks the sensed data and corpaithsprovision

data. In case athange detectioimn compared data, the computeses actuator®
balance the changing condition. During this procéeescomputer still monitors the

data sensed bihe sensors, and when the changed condition returns to its original
status, thecomputer stops the actuators. These events are continuously repeated
regarding the ltange tracked by compusarot onlyin theworkplace but also the

body of the knowledge worker in order to balance the changing conditithre to

original or intended status.

During the occupation, the knowledge workan monitor the instant status of IEQ
parametersn case of necessity, he/she can increase or decrease the data or stop the

operatio. This opportunity enables-gervice evaluation of the knowledge worker.
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4.7  Modeling the Ontology in the Ontology Editor

The

The modeling process includestablishing class hierarchies, describing object and

pr ot ®driendiiaterfaca to madel and edit the web ontology models.

data properties, and creatimglividuals and instances. The class hierarchies and
object properties were depicted in Fig4d9, whereas the data properties were
illustrated in Figured-20. Individuals and instances were created giresenting
class hierarchies, objects, and data properdige individuals and instances were
referred to a particular clasand object properties depicted relatgmwhile data

properties specified the data belonging to the individuals and iestanc

Physical Workplace Concept
*  Booked Workplace
= Installation Team
. Service Team
+  Service Provider
*  Physical Workplace
. Management

. In-Use

. Installation Area

«  Ready for Use
. Status

N In-Use

. Ready for Use

. To be Ready
. Workplace Service Range

= AIl0.Duration of Booking Parameter Service Range
B10. Visual Comfort Parameters Service Range
B20. Acoustic Comfort Parameters Service Range
B30. Thermal Comfort Parameters Service Range
B40. Indoor Air Quality Parameters Service Range
€10. Office Layout Parameters Service Range
C20. Workstation Parameters Service Range
C30. Window Parameters Service Range
D10. Accessibility Parameters Service Range
D20. Vertical Circulation Parameters Service Range
D30. Building Exterior Parameters Service Range

E10. Facility Maangement Services Parameters Service Range -

Workplace Creation Concept
. Service Cost
. Business Operation
. Complex & Multi-task Work
. Routine Work
Specificand Concentration Work
Team Work
+  Contractual Consideration
. Long Term Use
. Short Term Use
Very Short Term Use
. Workplace Set
. A10. Duration of Booking Parameter Set
B10. Visual Comfort Parameters Set
B20. Acoustic Comfort Parameters Set
B30. Thermal Comfort Parameters Set
B40. Indoor Air Quality Parameters Set
€10. Office Layout Parameters Set
€20. Workstation Parameters Set
€30. Window Parameters Set
D10. Accessibility Parameters Set
D20. Vertical Circulation Parameters Set
D30. Building Exterior Parameters Set
lity Maangement Services Parameters Set

....» Web Interface Concept

. Cloud Server

L Web Site
- Knowledge Worker's Personal Account
. Service Provider's Personal Account
- Users

‘Web Applications

. Appointment

. Booking

. Filter & Search

. Marketplace

. Service Cost Estimator

. Database/Blockchain
. Storage

. Smart Contract Application
. Workplace Service Archive
. Workplace Set Archive

Smart Contract Concept
. Deposit Amount
. Knowledge Worker's Blockchain Address
. Service Provider’s Blockchain Address
+  Smart Contract
Provisions = Workplace Set

Data Collection Concept

. Data Collector

. Data Collection Method
. Immersive Virtual Environment
+  TestRoom
*  Survey/Interview

Ambient Intelligence Concept
Ambient Intelligence Service Range
A10. Duration of Booking Parameter Aml Service Range
B10. Visual Comfort Parameters Aml Service Range
B20. Acoustic Comfort Parameters Aml Service Range
B30. Thermal Comfort Parameters Aml Service Range
B40. Indoor Air Quality Parameters Aml Service Range
. Ambient Intelligence Set
. A10. Duration of Booking Parameter Aml Set
. B10. Visual Comfort Parameters Aml Set
. B20. Acoustic Comfort Parameters Aml Set
B30. Thermal Comfort Parameters Aml Set
B40. Indoor Air Quality Parameters Aml| Set
Actuators
Sensors
Computer/Desicion Maker

Physical Workplace Concept
. Can niot occupy
Installs
Is
Isinformed for
Isinstalled at
Is modified for
Occupies
. Will be modified
Web Interface Concept
= Aredirected to
*  Creates an account at
* lIscalculated at
= ls compared with
* lsstored at
+ lssubmitted to
+ lssubset of
+ lsunderset of
- s uploaded to
Smart Contract Concept
* Approves
= Checks
* Confirms
* Does not approve
* Initiates
* ls appointed for
* lsassigned as
* Is being withdrawn
+ s booked by
* lstransferred to
- Istransformed to
Data Collection Concept
* Are matched with
* Chooses
= Collects data by use
of
* Decides
* Detects
* Directs & Guides
+ Facilitates
+ Finds
*  Inspects
+ Investigates
* Measures
Ambient Intelligence Concept
- Actsbyuse of
Are linked to
Are transformed to
Can Access
Can manipulate
Collects
Evaluates
. Is balanced with
. Is sensed by
. Sets

Class Hierarchy

Object Property

Figure4-19. Class hierarchy and object properties of the ontology model.
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Individual andinstance depictions were formalized by presenting each statement as
the algorithm. The relations, associatiorand attributes within and among the
concepts were established during the formal description of the indivahdl
instance statementThe algorithms, object properties, individyalsdinstances in

the algorithms were illustrated in Figear 21, 4-22, 4-23, 4-24, 4-25, and4-26.

Ambient Intelligence Service Range
. A10. Duration of Booking Parameter Aml Service Range

. B10. Visual Comfort Parameters Aml Service Range
. B20. Acoustic Comfort Parameters Aml Service Range
. B30. Thermal Comfort Parameters Aml Service Range

B40. Indoor Air Quality Parameters Aml Service Range
Ambient Intelligence Set
. A10. Duration of Booking Parameter Aml Set
. B10. Visual Comfort Parameters Aml Set
. B20. Acoustic Comfort Parameters Aml Set
* B30. Thermal Comfort Parameters Aml Set
. B40. Indoor Air Quality Parameters Aml Set
Smart Contract
. Deposit
Workplace Service Range
. A10. Duration of Booking Parameter Service Range
. B10. Visual Comfort Parameters Service Range
. B20. Acoustic Comfort Parameters Service Range
. B30. Thermal Comfort Parameters Service Range
. B40. Indoor Air Quality Parameters Service Range
. C10. Office Layout Parameters Service Range
. C20. Workstation Parameters Service Range
. C30. Window Parameters Service Range
. D10. Accessibility Parameters Service Range
. D20. Vertical Circulation Parameters Service Range
. D30. Building Exterior Parameters Service Range
. E10. Facility Maangement Services Parameters Service Range
Workplace Service Set
. A10. Duration of Booking Parameter Set
. B10. Visual Comfort Parameters Set
. B20. Acoustic Comfort Parameters Set
. B30. Thermal Comfort Parameters Set
. B40. Indoor Air Quality Parameters Set
*  C10.0ffice Layout Parameters Set
. C20. Workstation Parameters Set
. C30. Window Parameters Set
. D10. Accessibility Parameters Set
. D20. Vertical Circulation Parameters Set
. D30. Building Exterior Parameters Set
. E10. Facility Maangement Services Parameters Set

Figure4-20. The data properties of the Ontology Model.

ALGORITHMS for KNOWLEDGE WORKER Object Properties Individuals
1 |Knowledge Worker finds a Data Collector finds Knowledge Worker, Data Collector
2 |Knowledge Worker decides Business Type decides Knowledge Worker, Business Type
% 3 |Knowledge Worker chooses Contractual Duration chooses Knowledge Worker, Contractual Duration
8 4 [Workplace Type directs and guides Data Collector directs & guides Workplace Type, Data Collector
o 5 |Data Collector facilitates Data Collection Methods facilitates Data Collector, Data Collection Methods
2 5 |Workplace Sets are matched with Data Collection Methods are matched with Workplace Sets, Data Collection Methods
o 6 |Data Collector collects data by use of Data Collection Methods |collects data by use of Data Collector, Data Collection Methods
g 7 ¢Said w22y YSIF&dNBE Fo62dzi X measures ¢Said wz22vyas X
S| 8ILYYSNEAGS +ANLiddf 9YPANBYYSyldeteRS(G1SOGa I op Y SK®AGS +ANIdzk f 9
O | 9 [{dNBSekLYGSNBASSG Ay@SaiaaIl i S|mvestigagedzi X P {dzNBSe k Ly dSNWBASsS]
% 10 |Workplace Set is submitted to Knowledge Worker is submitted to Workplace Set, Knowledge Worker
o
ALGORITHMS for SERVICE PROVIDER Object Properties Individuals
1 |Service Provider finds a Data Collector finds Service Provider, Data Collector
2 |Data Collector inspects Workplace Service Range inspects Data Collector, Workplace Service Range
3 |Workplace Service Range is submitted to Service Provider is submitted to Workplace Service Range, Service Provid

Figure4-21. Algorithms, object properties, individuand instancearecreated

for the data collection concept.
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Web Interface Concept

ALGORITHMS for KNOWLEDGE WORKER

Object Properties

Individuals

Knowledge Worker creates an account at Web Site

creates an account at

Knowledge Worker, Web Site

N

\Workplace Set is uploaded to Marketplace

is uploaded to

Workplace Set, Marketplace

\Workplace Set is stored at Workplace Set Archive

is stored at

Workplace Set, Workplace Set Archive

ALGORITHMS for SERVICE PROVIDER

Object Properties

Individuals

1 [Service Provider creates an account at Web Site creates an account at Service Provider, Web Site
2 [Workplace Service Range is uploaded to Marketplace is uploaded to Workplace Service Range, Marketplace
3 |Workplace Service Range is stored at Workplace Service Archigigestored at Workplace Service Range, Workplace Service Archi

ALGORITHMS at WEB INTERFACE

Object Properties

Individuals

Service Cost is calculated at Cost Estimator Apps

is calculated at

Service Cost, Cost Estimator

\Workplace Set is compared with Workplace Service Range

is compared with

Workplace Set, Workplace Service Range

If Workplace Set is underset of Workplace Service Range

is underset of

Workplace Set, Workplace Service Range

Workplace Set is submitted to Service Provider

is submitted to

Workplace Set, Service Provider

o|hlwN|-

Users are directed to Provisions

are directed to

Users, Provisions

Figure4-22. Algorithms, object properties, individualnd instancearecreated
for the semantic web interface concept.

Smart Contract Concept

ALGORITHMS at SMART CONTRACT

Object Properties

Individuals

1 [Knowledge Worker initiates a Smart Contract initiates Knowledge Worker, Smart Contract

2 [Workplace Set is transformed to Service Provisions is transformed to Workplace Set, Service Provisions

3 |Service Cost is assigned as Deposit Amount is assigned as Service Cost, Deposit Amount

4 |Deposit Amount is stored at Smart Contract App is stored at Deposit Amount, Smart Contract App

5 |Service Provider checks the Service Provisions checks Service Provider, Service Provisions

6 [If Service Provider approves the Service Provisions approves Service Provider, Service Provisions

7 Service Provision is booked by Booking Apps is booked by Workplace Set, Booking App

8 Physical Workplace is appointed for Knowledge Worker _|is appointed for Physical Workplace, Knowledge Worker

9 [If Service Provider does not approve the Service Provisions  |does not approve Service Provider, Service Provisions

10 Knowledge Worker is being withdrawn the Smart Contract |is being withdrawn Knowledge Worker, Smart Contract

11 Deposit Amount is transferred to Knowledge Worker's Accgisitransferred to Deposit Amount, Knowledge Worker's Account
12 Users are directed to Marketplace are directed to Users, Marketplace

13 |If Knowledge Worker confirms the Smart Contract confirms Knowledge Worker, Smart Contract

14 Deposit Amount is transferred to Service Provider Account|is transferred to Deposit Amount, Service Provider Account

Figure4-23. Algorithms, object properties, individualnd instancearecreated
for the smart contract concept.

Physical Workplace Concep

ALGORITHMS at PHYSICAL WORKPLACE

Object Properties

Individuals

1 [Ambient Intelligence Set s installed at Booked Workplace is installed at Ambient Intelligence Set, Booked Workplace
2 [Service Provider is informed for Booked Workplace is informed for Service Provider, Booked Workplace

3 |Booked Workplace is appointed for Knowledge Worker is appointed for Booked Workplace, Knowledge Worker

4 |If Physical Workplace is Ready for Use, is Physical Office Workplace, Ready for Use

5 Knowledge Worker occupies Booked Workplace occupies Knowledge Worker, Booked Workplace

6 [If Physical Workplace is to be Ready is Physical Workplace, To be Ready

7 Physical Workplace is modified for the Workplace Set is modified for Physical Workplace, Workplace Set

8 Ir Ilation Team installs to the Installation Area installs Installation Team, Workplace Set

9 [If Physical Workplace is In Use, is Physical Workplace, In Use

10 Knowledge Worker can not occupy Booked Workplace can not occupy Knowledge Worker, Booked Workplace

Figure4-24. Algorithms, object propertiemdividuals and instancearecreated
for the physical workplace concept.
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[ALGORITHMS for AMBIENT INTELLIGENCE [Object Properties [individuals
1_|Ami Service Range and Sets are linked toWeb Interface |islinkedto Aml Service Range, Ami Sets, Web Interface

2 [SenvicePri ions are tranformed to Ambient Intelligence Set |Ere transformed to Service Pre jons, Ambient Intellgence Set

3 [Sewice Provider can access Ambiant Intelligence Service Range |can access Service Provider, Know ledge Worker, Am| Set & Service Range
4 |Knowledge Worker can access Ambiant Intelligence Set |can access Knowledge Worker, Ambient Intelligence Set
5 |ServiceProvider can manipulate Ambiart Intelligence ServiceRange lcan manipulate Service Provider, Ambient Intelligence Service Range
6 _|Knowledge Worker can manipulate Ambiant Intelligence Set |can manipulae Knowledge Worker, Ambient Intelligence Set
7 |Physical Workp lace Environment is s=nsed by Acceleration Sensor is sensed by Physical Workp lace Ervironment, Accel eraion Sensor
8 |Physical Workp lace Environment is sensed by Acoustic Sensor issensed by Physical Workp lace Environment, Acoustic Sensor
9 |Physical Workp lace Environment is ssnsed by Biosensor issensed by Physical Workp lace Environment, Bio Sensor
10 |Physical Workplace Environment is snsed by Chemical Sensor is sensed by Physical Workp lace Ervironment, Chemical Sensor
11 |Physical Workp lace Environment is ssnsed by Flow Sensor issensed by Physical Workp lace Environment, Flow Sensor
12 |Physical Workplace Environment is sensed by Force Sensor is sensed by Physical Workp lace Ervironment, Force Sensor
13 |Physical Workp lace Environment is sensed by Humidity Sensor is sensed by Physical Workp lace Environment, Humidity Sensor
14| Physical Waorkp lace Environment is sensed by Light Sensor is sensed by Physical Warkplace Environment, Light Sensor
15 |Physical Workp lace Environment is sensed by MotionSensor is sensed by Physical Workp lace Environment, Mation Sensor
16 |Physical Workplace Environment is s2nsed by Occupancy Sensor is sensed by Physical Workplace Environment, Occupancy Sensor
17 |Physical Workp lace Environment is sensed by PositionSensor issensed by Physical Workp lace Environment, Position Sensor
18 |Physical Workplace Ervironment is sensed by Pressure Sensor is sensed by Physical Workp lace Ervironment, Pressure Sensor
19 _|Physical Warkplace Ervironment is sensed by Radiation Sensor is sensed by Physical Warkplace Ervironment, Radiztion Sensar
20 |Physical Workplace Environment is sensed by re Sensor is sensed by Physical Workp lace Ervironment, Temperature Sensor
21 |Physical Workp lace Environment is sensed by Velodity Sensor is sensed by Physical Workp lace Environment, Velocity Sensor
22 |Knowledge Worker's Body issensed by Acceleration Sensor issensed by Knowledge Worker's Body, Accelerstion Sensor
23 |Knowledge Worker's Body issensed by Acoustic Sensor is sensed by Knowledge Worker's Body, Acoustic Sensor
24 |Knowledge Worker's Body is sensed by Biosensor is sensed by Knowledge Worker's Body, Bio Sensor
25 |knowledge Worker's Bady issensed by Chemics| Sensar is sensed by Knowledge Worker's Body, Chemical Sensor
26 |Knowledge Worker's Body issensed by Flow Sensor is sensed by Knowledge Worker's Body, Flow Sensor
27 |Knowledse Worker's Body is sensed by Force Sensor is sensed by Knowledze Worker's Bady, Force Sensar
28 |Knowledge Worker's Body is sensed by Humidity Sensor issensed by Knowledge Worker's Body, Humidity Sensaor
29 |Knowledee Worker's Body is sensed by Light Sensar is sensed by Knowledge Worker's Body, Light Sensar
30 |Knowledge Worker's Body issensed by Motion Sensor issensed by Knowledge Worker's Body, Mation Sensor
'5- 31 |Knowledse Worker's Body is sensed by Occupancy Sensor is sensed by Knowledge Worker's Body, Occupancy Sensor
e 32 |Knowledge Worker's Body issensed by Position Sensor issensed by Knowledge Worker's Body, P osition Sensor
& |5 [knowledge Worker's Body is sensed by Pressure Sensor is sensed by Knowledge Worker's Body, P ressure Sensor
8 34 |Knowledge Worker's Body issensed by Radiation Sensor is sensed by Knowledge Worker's Body, Radiation Sensor
S | 35 |Knowledge Worker's Body issensed by Temperature Senser is sensed by Knowledge Worker's Body, Temperature Sensor
&0 | 36 |Knowledge Worker's Body issensed by Velocity Sensor is sensed by Knowledge Worker's Body, Velocity Sensor
T [737 [Bl0lluminance AmiSet issensedby Light Sensor is sensed by B101-1lluminance Aml, Light Sensor
f 38 |B102-Circadian Lighting Design Aml Set issensed by Light Sensor is sensed by B102-Circadian Lighting Design Ami Set, Light Sensor
5 39 |B103-Uniformity of llluminance AmlSet iss=nsed by Light Sensor issensed by B103-Uniformity of Illuminance Aml Set, Light Sensor
= | 40 |B104-lluminance of the Immediate Surrounding Areas Aml Set is sensed by Light Sensor__|issensed by B104-11lum. of the Imm. Surrounding AreasAml Set, Light Sensor
g 41 [B105-P erc. of the Task Ares Meeting the Req. |llum. Ami Set issensed by Light Sensor issensed by B105-Perc. of the T. Area Meeting the Reg. lllum. AmiSet,Light Sensor
42 |B201-Noise CriteriaAmi Set isensed by Acustic Sensor issensed by B201-Nois CriteriaA mi Set, Acustic Sensor
43 |B202-Reverberation TimeAml Set issensed by Acoustic Sensor issensed by B202-Reverberation TimeAmISet, AcousticSensor
44 |B203-Speech Transmission Index Aml Set is sensed by Acoustic Sensor issensed by B203-5peech Trans n Index Aml Set, Acoustic Sensor
| 45 |B301-Air Temperaure Aml Setis sensed by Temperature Sensor is sensed by B301-Air Temperaure Aml Set, Temperature Sensor
26 |B302-V ertics| A ir Temperature Difference Ami Set is sensed by Temperaiure Sensor is sensed by B302-V erticsl A ir Temperaure Difference Aml Set, Temperature Sensor
47 |B303-Operaive Temperature Aml Set is s=nsed by Temperature Sensor issensed by B303-Operative Temperature Aml Set, Temperature Sensor
23 |B304-Radiat re Asymmetry Aml Set is sensed by Temperature Sensor is sensed by B304-Radiant Temperature Ay mmetry Am Set, Temperature Sensor
49 |B305-Floor Surface Temperature AmlSet is sensed by Temperature Sensor issensed by B305-Floor Surface Temperature Am| Set, Temperature Sensor
50 |B306-Air Speed Aml Set is sensed by Temperaiure Sensar is sensed by B306-Air Speed Aml Set, Temperalure Sensor
| 51 |BA01-Carbon DickideAmiSet is s=nsedby Chemical Sensor issensed by B401-Carbon Dicxide Aml Set, Chemical Sensor
52 [B402-PM2.5 Aml Setis sensed by Chemicl Sensor issensed by B402-PM 2.5 Aml Set, Chemical Sensor
53 [B403-PM 10 Aml Set issensed by Chemical Sensor is sensed by B403-PM 10 Aml Set, Chemical Sensor
54 |B404-Carbon Monoxide AmiSet issensed by Chemicl Sensor issensed by B404-Carbon Monoxide AmiSet, Chemical Sensor
55 |BA05-Total Vol aile Organic Compounds Aml Set is sensed by Chemical Sensor issensed by B405-Total Vol aile Organic Compounds Aml Set, Chemical Sensor
| 56 |B206-Formaldehyde AmlSet is sersed by Chemical Sensor is sensed by B406-Formaldehyde AmlSet, Chemica Sensor
57_|BA07-Sulphur Dioxide Ami Set issensed by Chemical Sensor issensed by B407-5ulphur Dioxide Ami Set, Chemical Sensor
| 58 |B40B-OzoneAml Setissensed by Chemicsl Sensor is sensed by B408-0zone Aml Set, Chemical Sensor
59 |B40S-Total Microbial Count Aml Set is s=nsed by Chemical Sensor issensed by B408-Total Mirobial Court Aml Set, Chemical Sensor
60 |Senseddaa istransferredto Computer/Desicion Maker istransferraedto Sensed daa, Computer/Desidon Maker
61 |Senseddaa iscompaedwith Ambient Intelizence Set is comparedwith Sensed data, Ambient Intel lsence Set
62 |Computer/Desicion Maker acts by use of Acuators aas by use of Computer/Desicion Maker, Actuators
63 _|Air Conditioning sets B301-Air Temperature Aml Set |sets ondi g B301-Air Temperature Aml Set
4
&
& |
67
68
68
n
n
72

Air Conditioning sets B302-Vertical Air Temperature Difference Aml Set |sets ir Conditioning, B302-Vertical Air Temperature Difference Aml Set
Air Conditioning sets B303-Operative Temperature Aml Set |sets ondi g, B303-Operative Temperature Aml Set
Air Conditioning sets B304-Radiant Temperature Asymmetry Aml Set Igrs Air Conditioning, B304-Radiant Temperature Asymmetry Aml Set
Air Conditioning sets B305-Floor Surface Temperature Aml Set |sets ond: g B305-Floor Surface Temperature Aml Set
Air Conditioning sets B306-Air Speed Am| Set |sets Air Conditioning, B306-Air Speed Aml Set
Air Conditioning setsK nowledge Worker's Body lsets ond: 2 Know ledge Worker's Body
Air Conditioning setsP hysical Office Workplace [sets Air Conditioning, Physicsl Office Workplace
ds set B101-llluminance Ami Set |sets Blinds, B101-llluminance AmISet
Blinds set B102-Circadian Lighting Design Aml Set |sets Blinds, B102-Circadian Lighting Design Aml Set

Figure4-25. Algorithms, object properties, individualnd instancearecreated
for the ambient intelligence concept.
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ALGORITHMS for AMBIENT INTELLIGENCE

(Object Properties

Individ uals

Blinds set B103-Uniformity of Illuminance Aml Set

Blinds, B103-Uniformity of llluminance Aml Set

B
74 |Blinds set B104-llluminance of the I diae Surrounding Areas AmlSet |sets Blinds, B104-Illuminance of the iate Surounding Areas Aml Set
75 _|Blinds set B105-Percentage of the Task Area Meeting the Required llluminance Aml Set |sets Blinds, B105-Perc.e of the T. Area Meeting the Required lllum. Aml Set
76 |Blinds set Know ledge Worker's Body |sets Blinds, Knowledge Worker's Body
77 _|Blinds set Physical Office Work place |sets Blinds, Physical Office Work place
78 |Computer setsPhysicl Office Workplace |sets ‘Computer, Physica Office Workplace
79 |Lights set B101-llluminance Aml Set |sets Lights, B101-llluminance Aml Set
80 |Lights set B102-Circadian Lighting Design Ami Set |sets Lights, B102-Circadian Lighting Design Ami Set
81 |Lights set B103-Uniformity of llluminance AmlSet |sets Lights, B103-Uniformity of llluminance Aml Set
82 |Lights set B104-llluminance of the diate Surrounding Areas Aml Set |sets Lights, B104-llluminance of the iae Surrounding Areas Aml Set
83 |Lights set B105-Percentage of the Task Area Meeting the Reguired llluminance Am| Set |sets Lights, B105-Perc of theT. Area Meetingthe Required Il lum. Aml Set
84 |Lights set Knowledge Worker's Body |sets Lights, Knowledge Worker's Body
85 |Lights set Physical Office Workplace |sets Lights, Physical Office Workplace
86 |Office Devicesset B201-Noise Criteria Aml Set |sets Office Devices, B201-NoiseCriteria Aml Set
87 |Office Devices set B202-Rev erberation Time Aml Set |sets (Office Devices, B202-Rev erberation Time Aml Set
88 |Office Devicesset B203-Speech Transmission Index AmlSet |sets Office Devices, B203-Speech Transmission Index Am| Set
89 |Office Devicesset Know ledge Worker's Body sets Office Devices, Know ledge Worker's Body
90 |Office Devicesset Physical Office Work place |sets Office Devices, Physical Office Workplace
91 |Refriger sets B301-Air Temperature Am| Set |sets Refriger, B301-Air Temperature Aml Set
92 |Refriger sets B302-Vertical Air Temperature Difference AmiSet |sets Refriger, B302-Vertical Air Temperature Difference Ami Set
93 |Refriger sets B303-Operative Temperaure Aml Set sets Refriger, B303-Operstive Temperaure AmlSet
94 |Refriger sets B304-Radiant Temperature Asymmetry Aml Set |sets Refriger, B304-Radiant Temperature Asymmetry AmlSet
95 |Refriger sets B305-Floor Surface Temperaure Aml Set sets Refriger, B305-Floor Surface Temperature Aml Set
96 |Refriger sets B306-Air Speed AmlSet |sets Refriger, B306-Air Speed Aml Set
97 |Refriger sets K now ledge Worker's Body sets Refriger, K nowledge Worker's Body
98 |Refriger sets P hysical Office Workplace |sets Refriger, P hysical Office Workplace
99 |Shading sets B101-llluminance Aml Set |sets Shading, B101-1lluminance Aml Set
100 | Shading sets B102-Circadian Lighting Design Am| Set |sets Shading B102-Circadian Lighting Design Ami Set
101 | Shading sets B103-Uniformity of llluminance Aml Set sets Shading, B103-Uniformity of llluminance Aml Set
E 102 [Shading sets B104-lluminance of the iate Surrounding Areas Ami Set sets Shading, B104-1lluminance of the fiate Surrounding Areas Ami Set
6 103 [Shading sets B105-Percermag e of the Task AreaMeeting the Required llluminance AmliSet [sets Shading, B105-P erc.of the Task Area Meeting the Reg. llum. Aml Set
g 104 | Shading sets Know ledge Worker's Body |sets Shading, Knowledge Worker's Body
3 105 | Shading sets Physical Office Workplace |sets Shading, Physical Office Workplace
o | 106 |Ventilation sets B301-Air Temperature Aml Set |sets Ventilation, B301-Air Temperature Aml Set
E 107 |Ventilation sets B302-Vertical Air Temperature Difference Am|Set |sets Ventilation, B302-Vertical Air Temperature Difference Am| Set
g 108 |Vertilation sets B303-Operaive Temperature Ami Set sets 'Vent in, B303-Operative Temperature Aml Set
@ | 108 [Vertilation sets B304-Radiant Temperature Asymmetry Aml Set |sets Ventilation, B304-Radiant Temperature Asymmetry Aml Set
E 110 |Ventilation sets B305-Floor Surface Temperature Aml Set |sets Venti in, B305-Floor Surface Temperature Aml Set
= | 111 |Verrilation sets B306-Air Speed Am| Set |sets Ventilaion, B306-Air Speed Aml Set
% 112 |Ventilation sets B401-Carbon Diox ide Aml Set |sets Venit in, B401-Carbon Dioxide Ami Set
@ [ 113 |Verrilaion sers B402-PM 25 AmiSet |sets Ventilaion, B402-PM 2 5Aml Set
?: 114 |Ventilation sets B403-PM 10 Am| Set sets Venti n, B403-PM 10 AmlSet
115 |Ventilation sets B404-Carbon Monaxide Aml Set |sets Ventilation, B404-Carbon Monaxide Amil Set
116 |Ventilation sets B405-Total Volail e Organic Compounds Aml Set |sets in, B405-Total Volatile Organic Compounds Aml Set
117 |Ventilation sets B406-Formaldehyde Aml Set |sets Vent in, BA06-Forma dehyde Aml Set
118 |Ventilation sets B407-5ul phur Dioxide Aml Set sets Vent in, B407-5ulphur Dicxide Aml Set
119 |Ventilation sets B408-Ozone Aml Set |sets Ventilation, B408-Ozone Aml Set
120 |Ventilation sets B408-Total Microbial Count Ami Set |sets in, B409-Total Microbial Count Aml Set
121 |Ventilation sets Knowledge Worker's Body sets Vent n, Know ledge Worker's Body
122 Ventilation sets Physica Office Workplace sets Ventilation, Physical Office Work place
123 |Window sets B201-Noise Criteria Aml Set |sets 'Window, B201-Noise C riteria Aml Set
124 | Window sets B202-Reverberation Time AmlSet |sets 'Window, B202-Reverberation Time Aml Set
125 |Window sets B203-Speech Transmission Index Aml Set |sets ‘Window, B203-Speech Transmission Index Ami Set
126 | Window sets B301-Air Temperature Aml Set sets 'Window, B301-Air Temperature AmlSet
127 | Window sets B302-Vertica Air Temperaure Difference Am|Set |sets 'Window, B302-Vertica Air Temperaure Difference Aml Set
128 |Window sets B303-Operaive Temperature AmiSet |sets 'Window, B303-Operative Temperature Aml Set
129 | Window sets B304-Radiant Temperature Asymmetry Aml Set |sets 'Window, B304-Radiant Temperaure Asymmetry Aml Set
130 |Window sets B305-Floor Surface Temperature Am| Set |sets 'Window, B305-Floor Surface Temperature Ami Set
131 |Window sets B306-Air Speed Aml Set |sets 'Window, B306-Air Speed Aml Set
132 |Window sets BA01-Carbon Dioxide Am| Set |sets 'Window, BA01-Carbon Dioxide Aml Set
133 |Window sets B402-PM 2.5 Aml Set |sets 'Window, BA02-PM 2.5 AmlSet
134 |Window sets B403-PM 10 Aml Set sets 'Window, BA03-PM 10 Aml Set
135 |Window sets BA04-Carbon Monoxide Ami Set |sets 'Window, BA04-Carbon Monoxide Am I Set
136 | Window sets B405-Total Volaile Organic Compounds Aml Set |sets 'Window, B405-Total Volaile Organic Compounds Ami Set
137 | Window sets B406-Formaldehyde AmlSet |sets 'Window, BA06-Formaldehyde Aml Set
138 | Window sets B407-Sulphur Dioxide Aml Set |sets 'Window, B407-5u Iphur Dicxide Aml Set
139 |Window sets B40B-Ozone Am|Set |sets 'Window, BA0B-Ozone Aml Set
140 (Wind ow sets B08-Total Micobial Count Aml Set sets 'Window, B409-Total Microbial Count Aml Set
141 | Window sets Knowledge Worker's Body |sets 'Window, Know ledge Worker's Body
142 | Window sets Phy sical Office Work place |sets 'Window, Physical Office Workplace
143 |Sensed daa is balanced with Ambient Intelligence Set is balanced with Sensed Data Ambient Intelligence Set
144 | Knowledge Worker evaluates Workplace Services evauaes Knowledge Worker, Workplace Services

Figure4-26. Algorithms, object properties, individuand instancearecreated
for the ambient intelligence concept.

An axiom created in the ontology modslillustrated in Figurel-27.
knowledge workef i nd s
with other individuals and other relations and associations of the individuals in the

ontology model were also present@tiese relationships among the individuals and
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instances were counted as axgs a result of the modeling process, 2216 axioms

were created and established.

Figure4-27. An axiom in the ontology model

4.8 Implementation Practices of the Proposed Model

Two concepts could be implemented during this dissertation's stueyto their
uniquenessand key to facilitahg the remaining concept¥hese are smart contract
and website applications tpartially implement workplace creation and semantic
web conceptsThe following subsections explain and illustrate the implementation

practices in detail.
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