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Abstract

Space programming is a primary task during the schematic design process, to produce a
geometriacconfiguration of a space layout that is in accordance with the project's requirements.
By nature, spacer ogr ammi ng i s an iterative process t hj
requirementsA critical challenge of space programming is the limitation in the link between the
clientdéds requirements and design ihganod s. The r
extracting meaningful information often leads to requirements being overlooked or important
requirements failing to be satisfied. Fail ur e
could possibly lead to decline in the performance of thelimg] cost increase, client
dissatisfaction and penalty fines charged by the client which are usually clearly stated in design
contracts.

This studyadopted an observatidrased empirical research approseinvestigate the
current practiceand challengeof space program requirements data management, and design
workflow at a large scale international architectural/engineering Fotlowing thecase study
and recording challengédsjeveloped a smart Microsoft Excel® template to structure and parse
clientés space programming requirements data. This was essential to extract significant information
such as the name of the rooms that have a proximity relationship requirement. This data was used to
develop a dashboard to visualize space programimfagnation and to validate the compliance of a
building projectés space programming requiremen

through a visual floor plan overlay



The developments were madeh&lp designersxtract space programming requirermse
in an automated mannandimprovethe iterative design process of space programimng

automatingvisualizatiors to assesthe compliance of space programs



Lay Summary

Duringthes pace programming process thdsre is
documents and design tools that forces a designer to manually analyze requiagitheises it to
assess the compliance of a space progranhighdy iterative, manual and tedious process.

This research will discuss the method that was used to devetopraexcel template to
structure and parse the clients space programming requirements data. This was essential to
extract significant information such as the name of the rooms that have a proximity relationship
requirement. Next, it will discuss how thldata was used to develop an interactive space program
requirements data visualization dashboard. Finally, it discusses the development of a
computational tool script used to validate

requirements through a flqgan overlay.
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This study was conducted under the direct supervision of Dr. SherytBtanbh while
working with Stantec ConsuahcyLtd. The author is responsible ftite data collected for this
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Chapter 1: Thesis Overview

1.1 Introduction

Space proggmming is acritical task during the schematic design procéss tequires the
geometric configuration of a space layout in accordance with the project's requirements. By
nature, space programming is an iterative process that evolves according tothe @le
requirements (Kiviniemi, 2008 Guo & Li, 2016) A space program frames the entirety of the
building and has a major effect on whether the building will function well for the intended
purpose. Designers are expected to complytmann e r 6 s rwatlgauset of €ritedanand
this can be a tough endeavor for designers as some building program requirements may be
complex(Zifeng & Li, 2017) A designer constantly reiterates a space program until it is
sufficiently compliam  wi t h t he clientdés requirement. Thi
receiving space programming design information from clients in various formats and
unstructured data sets during the early stages of design and mamadyizingit to make
changesn the design software accordingly.
Space programming requirements besignificantly different depending on the type
and function of the project being construct€deserequirements areommonlyreceived from
an ownerin a standard document knownaStatement of Requirement (SOR). The SOR is a
Arul e bookod that wildl cont ai n ksachasiroohand mat i on
department names, room areas, the function of each eatthe proximitybetweerrooms.
These requirements can @@mplex toanalyzewhendevelopng a final space program solution

that is compliant with the clientds requireme



rooms, spaces and departmeg@so & Li, 2016) Thisdemonstratethe importance of
leveraging data to further improve the compliance of space programming in accordance with the
clientds .requirements

A critical challenge of space programmisghelimitation in the link between the
clientds requi rile(@haen20k/ &&in2016)ihe 8sgorgus praces®of
analyzing, structuring and extracting meaningful information often leads to requirements being
overlooked or important requirements failing to be satigl@dniemi, 2005) Closing this gap
could result in a designer approaching an overall design solution effectively by solving smaller
requirements incompliance that are discovered though analysis and visualizailiare to meet the
client 6s geuarenentspoulbpgssiblynhead to decline in the performance of the
building, cosincreaseclient dissatisfaction and penalty fines charged by the dlibitth areusually
clearly stated in design contractsiis istypically due to roomshat arenot able to functioror
their intended purpodsecause oihcompliancewith proximity relationship requirementd
spaceprograd desi gn compliance with the clientods r
reasons(i) To allow for a building to carry its functior@d highperformancdy using the
space effectivelpnd(ii) To avoid space program incomplianb@atmay result in fines, client
dissatisfaction, and thaeterioratiorof the design fird s  a b attini futuye projects
(Touloupaki & Theodosiou, 2017, DerixQ24, Deutsch, 2015, American, I. O. A, 2013 &
Cherry & Petronis, 2016)or example, dring the case study conductedaddrge architectural
firm, it was found that for large hospital projedie nonconformity of a space program could be
quite costlyupto $200,000 CAD for the misplacement of a single ralua to incompliance

This research aims tovestigate e extent to which computational toafs conjunction

with BIM could be usedtevaluatea b ui | di ng pr o jrequrdm@rdgorsppaec&€ € pr 0 g

2



through semautomated analyset a large scale architectural fir@pecifically,| investigaed
thecurrent practices of space program requirements data management, and design workflow
within thefirm andpropose a solution to bridge the gap betwdbe manual analysis of the
clientds space prtefr agpdcespeogrammingonkifow.t s an d

In order to understand the challenges and develop an optimization method, 1 first
foll owed the firmés curr ent llegtioreand macagesnenbtd de s i
populate the project database. By closely following project data managers and designers, |
recorded their workflow and analyzed space programming requirements docupniemasily, |
focus on the structuring and analysis of theicent 6 s requi rements data f
Structural and Architectural disciplines for three building projects. Next, | populated the
requirements information for all the disciplines into each of their dRofus® project databases.
dRofus® is a d@ management and BIM collaboration tool server to maintain data for
departments, rooms, room templates, finishes, items, systems, and com(atRefuts, 2015)
This allowed me to record the challenges and limitations of trkflow to structure qualitative
data of space programming requirements. Shortcomings such as poor database management, data
redundancy, and referencing external documents within the database, were revealed which are
discussed later in this studybservirg the current highly iterative space programming design
workflow and conducting informal interviews at the firm on other projects, revealed that space
programming consumed about-20% of the total design time. The current practice of space
programming dichot benefit from the availability of requirements data to support its compliance
with the clientds requirements.

Following the current practices of design data analysis and population at the architectural

firm, | developed a serautomated workflow thatssesses the compliance of the space program

3



against the clientds requi r eme nlThesshortaomiggs mor e e
recordedmotivated meo develop a smaNlicrosoft Excel®template tqarse, analyze and

structure space programmingjuérementsThe focus of this research was narrowed to space

program requirements of daylight, adjacency, access, visibility, daylight and acdsgtics.

leveraginghe parsed requirements data from the smart Microsoft Extai@latel developed a

Microsott PowerBI® dashboard to visualize these space programming requirements. This

provided designers anteractive, searchable dashbowigbalization ofroom interrelationships.

In addition, toassess he compl i ance of a bui | dguirergentplr oj ect €
developed a visualization in conjunction with a visual computational tool. The evaluation and
assessment of the space programming requirements was carried out by using Autodesk Revit®

and Dynamo® to produce a visual overlay on the architedtur model 6s fl oor pl an

development wawell received by the designers at the large scale architectural/engineering firm.

1.2 Research Objectives

After researchingasestudies and developments made in the field of space programming
the following objecties were established for this research to contribute to space programming:
1. To examine the current practicasd challengesf space programmingnd requirements
managemerdt a large scale architectural firm
2. To develop a automated approach to analyze gistializespacegprogramming
compliance

3. To develop &pace programming information visualizataeshboard.



In order to achieve the underlying objectives of this research project, the following

research task®RT) were carried out

RT1: Analyse and iderfl clients design requirements.

RT2: Populatearchitectural, mechanigalectrical and structural design requirements
dRofus®

RT3: Communicate with various design discipline teams to verify requirements database
accuracy.

RT4: Attend space program sign meetings and work shadow throughout the space program
design process.

RT5: Develop smart excel template to parse space progrguirementsiata.

RT6: Developcomputational approach to visualize space program requirements as a floor plan
overlay.

RT7: Develop MicrosoffPowerBI®room relationshipgashboard visualization.

1.3 Research Methodology

This section introduces tlwase study angksearch methodology carried out to
accomplish the objectives and tasks of this research. Figure 1.1 shows the exdyjesis, and
outcomegRO) that have resulted from this research. Under the tasks carried out are indicated
the subsection where a detailed discussion can be found of the specific task. Figure 1.2 shows a

simplified visual roadmap for the visual assesstrof space program requirements compliance.
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1.3.1 Case Studies

Case studies help a researcher gain insight on cases, by comprehending why decisions
were made, how they were implemented and the results they d#lime008) The space
programming design process in practice was investigated to develop a framework that could be
i mpl emented in future projects by analyzing t
by implementing ambservatiorbased empiricalesearchapproach.

This study was performed at large scale architectural and engineeringtierfirm is a
significant international contender in this fielith over 64 years of experiencehe firm
provides consultancy for architectural, structuragctical, and mechanical disciplines. The
study was performed in the Vancouver, British Columbia office over a course of one year.

The projects that were studied for this research along with their general information are
depicted in Tabld-1. In an efforto populate the dRofus® databases for design purposes,
di fferent documents were analyzed for each pr
Analyzeddé cdilumikach pPpabljectds datasets were e
for different research objectives. The extent to which each projects dataset was analyzed is
different depending on the hours spent on population and the density of data populated as

indicated in Tabld-1.



Data Populated in

Hours of

Type and Level of

Project Project Type Location Project Cost | Data Analyzed Data Interaction with
dRofus® . .
Analysis Project Team
Statement of Requirements .
_ Frequent emails
Functional Program with project design
Room Data Sheets : team to update
Mechanical
: ’ dRofus® database
New 3D Models Electrical, Structural
Project A | Institutional Westminster,| $106.5 Million Addendums and_ArchitecturaI 120 Frequent meetings
Be Request for Proposal DeS|gn with project data
Requiremens Data manager to discuss
Mark-ups client design
Space Programming requirement
Requirements Data documentanalysis
Statement of Requirements BLlt dRofUS®
Functional Program uilt dRo us
Edmonton Space Program List databasewith
Project B | Institutional Alberta " | $260 Million 3D Model departments and 21 None
Od€lS i zones with essential
Space Programming room data
Requirements Data
Room Data Sheet Limited emails
with project design
Functional Program Mechanical. gesg;utsggg?atgase
Healthcare Owen Sound Electrical, Structural Few meetings with
Project C » . | $25 Million | Addendums and Architectural 40 . 9
Facility Ontario Design project data
Requirements Data manager FO discuss
Mark-ups client design
requirement
document analysis
Room Data Sheet i imi '
Project D Hea.I'icare Calgary, $1.4 Billion Mechgnlcal, 12 L|.m|ted gmalls _
Facility Alberta Functional Program Electrical, Structural with project design

9



and Architectural team to update
Design dRofus® database
Addendums Requirements Data Few meetings with
project data
manager to discuss
Mark-ups client design
requirement
document analysis

Table 1-1 Projects description anddata analyzed

10



Figurel.3illustrates a rendered wieof Project A which was a secondary school
replacement project located in New Westminster, BC. Although the procurement of Project A
was not successful, the design and design database were highly detailed and were realistic
enough for this research. Thesolvement with the project team was high due to the involvement
with the projectds design database popul ati on
the design data management from all disciplines. The documents containing this data were
sharebn t he desi gn f i i adbamenteananagementasysim. R final surveye
was conducted on Project Ab6s architectural de

developed space programming framework; this will be discussed in CHapter

Figure 1.3 Project A rendered view

Project Bis shown in Figurel.4, it is a large public institutional building with an
approximate budget of $260 million located in Edmonton, Alberta. It was procuredhfeom t
Government of Alberta and was completed before this research had commenced. However, the
availability of the design documents and design models allowed for this research to be conducted

on the project. The study conducted on Project B consisted ozanatyg i t s cl i ent 0s
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documents and design model to build a sintitefus®database. | built the GUI to investigate
the time consumed to builddrofus®database and customize it to contain separate space
programming fields to provide architectud@signers with clarity. This simple database was

built for research purposes alone and was not an official database.

Figure 1.4 Project B rendered view(Alberta Infrastructure, 2017)

Project Cwas a smalkcale healthcare facility located in Owen Sound, Ontario. The
project was noprocured:however, multiple design documents were analyzed to populate the
dRofus® database. Project D is a large healthcare facility underwditstrin Calgary, Alberta
anticipated to be completed in 2023. The involvement with Project C and Project D for this
research was limited to analyzing data and populating the database for design purposes. This
helped to gain an understanding of the sinties and differences of design data requirements

for different project types.
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Figure 1.5 Project D rendered view(SandraJansenMLA, 2017)

Datafor this researchad beenallected fromfour projectsbut because Project A was in
the space programming design phase throughout the duration of this research, the involvement
and contributiorwerehigher and as a result, it will be discussed in more depth. T&ble

illustrates tle tasks carried out on each Project.

Project Project A | Project B | Project C | Project D
Build dRofus® GUI Vv

Analyze Design Documents \% \% \% \%
Populate dRofus® Database \% \% \% \%
Parse Space Programming \

Requirements Using Smart

Excel Template

Develop Spac@rogramming Vv

13



Compliance Visualization

Table 1-2 Researchactivities carried out on each project

1.3.2 Research Approach
An observatiorbased empirical researepproach was implemented for this case study.
Thiswas conducted by following.D. de Grood €Heitink, 1999% empirical framework of:
1. ObservationfiThe observation of a phenomenon and inquiry concerning its causes.
(Wikipedia, n.d.)
Primarily,an observation was made concerning the issues of the current practices of
space programmingnd requirements managemedpopulating the dRofus database
(RT2) and attending space programming meetings throughout the space programming
design procesd(T4) revealed that there wasp@orrepresentation of requirements and
inefficient manual process of space program compliance assessment
2. Induction fiThe formulation of hypothesegeneralized explanations for the
phenomenon. (Wikipedia, n.d.)
The poorrepresentation of requirememtsis assumed to arise from data dumping by
design data managers as welfaibng to populatedatain the proper fieldsin addition,
the current space programming practice lacked a link between requiirdocements
and the design softwar€his was observed when | carried &2 andRT4.
3. Deduction fiThe formulation of experiments that will test the hypotheses (i.e. confirm
them if true, refute them if falseWikipedia, n.d.)
Identifying the requirements management procB€31) revealed that the requirements

documents received from the client were unstructured and time consuming to analyze for

14



the data manager and designers. In addition, identifying the space programsigng de
workflow (RO2) revealed thahssessing a space programs compliance \waghby
iterativeand timeconsumingwvorkflow.

. Testing fiThe procedures by which the hypotheses are tested, and data are cdllected.
(Wikipedia, n.d.)

| developedasmartMicrosoft Excel® template to parsand structurspace program
requirements dat@grT5). Thetemplate was tested on Project A anitizing this
template optimized the manual analysis
significantlylowering the time consumed to analyze and populate space program
requirementsRO3). Furthermore, a seraiutomated visual script was developed in
Dynamo®(RT6) to support designers visualize aasbesspace programming
requirement¢R0O4). Finally, the pased requirements data was used to develop a
Microsoft PowerBl®dashboardRT7) to visualize space programming requirements
(RO5).

. Evaluation fiThe interpretation of the data and the formulation of a theany abductive
argument that presents the resufghe experiment as the most reasonable explanation
for the phenomenon@Wikipedia, n.d.)

Designers were presented witle developments made in this study, such as then(grt
Microsoft Excel® template (ii) visualizationof space program requirements as a floor
plan overlay, and (iii) visualization of room relationship dashbdardyaluateand

reflect the possibility of implementation in future projedtse developments were well
received by the designers and the rssod the evaluation adiscussed in depth in

Chapter.
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Observation

Evaluation Induction

Testing Deduction

Figure 1.6 Empirical cycle according to A.D. de Groot(Wikipedia, n.d.)

1.3.3 Requirements Data Management
Thedatabase dhree building projectaereanalyzed structured and populat¢@T1
andRT2); one secondary school and two healthcare facilitiedentify the requirements
management processatarge architectural/engineering firlRQ1). This was achieved by
closelyf ol | owing the projectdés data manager and r
workflow, | structured and populat&dr o j e ct  Arequit€meats dhta iDtO their
respective dRofus databalse om S OROs and addmeRrdjecnvanagetor desi g
use(RT2). This was ariterative process akquirementsiata managemeiitat also included
constantly communicatingith thevariousdesigndisciplines and constantly receiving feedback

to verify the RT3t abaseds accuracy (
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1.3.4 Structuring and Visualizing Space ProgrammingRequirements

| developed two visualizations, so designers can assess the compliance of space program
requirementsRO4) and visualize space program requirements in a dashi®@).(The first
visualizationleveraged a visual progmming tool to develop a script thasualizes space
programming requiremenis the form of a floor plan ovay using Autodesk Revit® and
Dynamo®(RT6). Thesecondvisualization was a Microsoft PowerBI® dashboard that
visualizes rooninterelationship equirements such as location, adjacency, and a(R&33.
The visualizationsveredeveloped so that designers would be able to easily identify space

programming related data and avoid constantly filtering through the SOR.

1.3.5 Validation through Expert Reviews

An interview was conducted amongst the three architectural designers that had the
highest influence on the space program design of Project A, to explore the value and likelihood
of the architectural firm implementing the developments of this researftiiuva projects. A
presentation was made to the space programming design team discussing two visualizations that
were developed during the course of this research. The developments were well received, and the

results of the interview are discussed in deptChapterd.

1.4 Thesis Overview

This thesis consists ofve chapters. Chapter 1 provides a general overview of the
research topianddiscusses the research methodology that was implemented for this study.
Chapter aliscussed literature that has beeneeed and gains insight on the work that has been

done by researchers in this topic. ChaptetlBdiscuss the research conducted at the
17



architectural firm where the study was conducted. This will include the project backgrounds, the
current practices afpace programming design and the current practices of requirements
management at the firm. Chaptewill discuss the approach implemented to support designers
visualize space programming requirements at the large scale architectural firm. Ghajpter
conclude the research and provide a conclusion as well as its limitations and scope of future

work.
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Chapter 2: Literature Review

TheWhol e Buil ding Design Guide (WBDG) defi ne
and decisiormaking process that identifies the scope  wor k t o Sfgmee desi gnedo.
programminghas existed since the beginning of architecture as an exploration of decision
making for desigr{Cherry & Petronis, 2016pifferent researchetsavedevelogdalgorithms to
aid with solutions fospace prograns s ues sSi nce t htleeinkréasngyo s . Howeve
complexity ofdesign and enstructionin the last few decadesdthe significanteduction in
time available for a proje@ preliminary conceptual design phase has chatgespace
programming design acity (Donato, 2017)The constraint of space, decisions, information and
specifications haserved ag motivation for researchers to make developments towards space
programming compliancgYi, 2016). There are differentanstrants and requirement
specifications that could be necessitated bycliemt depending on the complexity of the project
such as the proximity between rooms, daylight requirements, and the noise level some rooms

produce thamayaffect others.

2.1 Space Progranming Requirements Representation

Any developments or process of space programming begins with the analysis of the space
program requirements received from the client. The program document containing the critical
information of the building requirementarcbe received in different forms and structures from a
client(American, . 0. A, 2013) fiRegardl ess of form, however,

and drawing out the criti ca(Americar,l00. m20G13)on i s a
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The content of this document may be referred to as Statement of Requirements (SOR), Owners
Statement of Requirements (OSR) or Statement of Intent (SOI). Howleénformation
required for the space programil be referenced as an external document referred to as either
t h Functional Progra@or d~acility Prograni In this research, this document will be referred
to as the O6Functi onal casestodes candictadisqussedatecio r d an c e
this chapterThe functional program is a document that contains detailed information on the
building scope, function, departments, rooms and sp&sssntiallyinformation such aset
area, lighting, temperature, sound level, and connections to pterssan be found within this
documen{Kiviniemi, 2005) Large healthcare, institutional, and research facility projects have
multiple functional requirements that are interdependent and complex. This interdependency of
functional requirements requires different deliberations by the designer and may cause a strain
when they are complex. A change in one of the functions can result in a chain reaction, affecting
many other function€Sang Min Park, 209).
(Cherry, 2008Ylefines the process of space programming being successful when it is able

to achieve the following:

1. The clientds requirements being met within

2. The design team being determined and focusingneeting the criteria listed in the

requirements.

3. A benchmark being established, for which any future changes can be compared against to

charge the client for additional services when changes are made after the design phase has

commenced.

Whether it is fora simple or complex project or applicatigRena & Parshall, 2001)

establish the information required for a space program to be designed:
20



1. Function
1 People
1 Activities
1 Relationships
2. Form
1 Site
9 Environment
1 Quality
3. Economy
1 Initial Budget
7 Operating Costs
1 Life cycle costs
4. Time
1 Past
1 Present
1 Future
These requirements contain both quantitative and qualitative information. When dealing
with quantitative datasuch as room area or ceiling heighis easier to extract or validate this
data within the requirements. However, it may not be as easy when dealing with qualitative data

as this data is possibly a description from an owner or future ocoiartghant, 2015 & Pena
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& Parshall, 2001)Limited research is available on how to audenthe extraction of qualitative
data for space programming.

The spac@rogrammingprocess consists of designers relying mostly on their memory of
t he cl i ent §Kiviniene, 005) this imleecatiss it is a highlgrative process and it
would be protracting the limited time they have to refer to the SOR for the requirements of each
space, and their interdependent relationships each time changes werAsiédimiemi (2005)
explainsandsubstantiatetdy (Guo & Li, 2016) it is impossible for a designer to remember all
the critical information and the relationships between requirements for the following reasons:

1 The amount and complexity of project information,

1 The duration of projects,

1 The need for designers to work simultaneously,

1 Changing stakeholders in different project phases, and

71 Shifting design focus, e.g., moving from overall problem solving to detailed technical
solutions.

Kiviniemi (2005)ar gues t hat b e c atsspport fecordiag oficientt ool s d
requirements or desi g,nheafdesnentiomadeeasonswauldt he docu
collectively result in what he calls a fishi ft
requirements. Figur. 1 illustrates the drifttat may result when designers do not access the

requirements and make changes based on the previous design solution.
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Figure 2.1 Shifting away from the goal (Kiviniemi, 2005)

The challenges of space programming identified in the literature av@gmnificant
research motivation to develop a better workflow for space programmirtg antbmate the
extraction of critical data from design documents to produce visualizationsaditipliancen

the form of an overlay on the floor plan of the design software.

2.2 Visualization of Space ProgrammingRequirements

Space programming requirsgnificantanalysis of requirements documainn
Althoughinformationcould exist in a docunme or a database management system that is rich in
datg it may be time consuming and challenging for a user to access if it is not in the suitable
format or structur¢Hu et al.,2016) When designeneviewdesign documents for information
theyencountetarge data sets that is not organized in a way for them to quickly extract the
information they need. Analyzing and visualizing this data would save the cumbersome time the
designers spend on design documents. dData vi

information, insights, and abstractions to nonprofessionals, and makes data more accessible and
23



under st andabl @eutsoh, 200btdizing data piduaization could benefit in

identifying relationships betweenn@us data to enhance decision making and improve the

ability of the design team to analyze d@feKorde, 2005 & Russell et al., 200®)isualizing

space programming requirements allows for a designer to easily anatjzederstand the

requirements a @nt is conveyingn a shorter period of time or to a greater défthae, 2017 &

Gallagher et al., 2008)n addition, ann-depthspace programming requiremeatsalysisand
visualizationcould be accomplished &valuate the compliance of the space pogthat has

been designed by leveragingBIMtodisl n gener al, the benefits fro
greater opportunities to increase building performance, prevent miscues, and enhance project

S u c c(Armesican, . 0. A2013)

Recent researelsfocus on parametric modeling to generate and visualize space program
requirements. This is due to a new generation of architects being accustomed to a powerful BIM
digital process and BIM tools for design generation and remiagsan, as well as the ability to
address multiple requirements at the same time during various stages of tiesignpaki &
Theodosiou, 2017Piscussed below are aW approachethathave been developéd bridge
the gap beveen space programming requirements analysis and the space programming process
by developingvisualizatiors of space programmingquirementslata

Yi (2016)developed a space layout tool to generate space layout geometry to evaluate
Adayl i ghtoolme s éd ta dapardpitects make design changes accordirfglp e s i g n
information, strategies, and functional requirements that are identified at this step outline an
overall direction of the specified spatial organization within particular contextsrajett
obj ec(i201®)sFmure22i | | ustrates three variations of

tool, each color block represerg a room.
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Figure 2.2 Sample of layats generated in the space layout pan€Yi, 2016)

Das & Haymaker (201 r opose t he wuse of fAan emerging

generates space plan designs known as Space Plan Generator (SPG) using BytaiaeR

and Poject Fractal® Theygenerate multiple designs using a hierarchical approach of placing
departments first and then programs within the department, and finally circuksishown in

Figure 2.3, this methodology uses a cell matrix approach that applilesetit weightssuch as
acoustic performance, daylighting, and site
or circulation. Using a program document containing information such as ID, name, department,
guantity, area, program, preference ealand adjacency, an Autodd3inama® script is used

to analyze and allocate the elements.
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Figure 2.3 Generatedspace plan layout options with design score for referend®as & Haymaker, 2016)

Boon et al., (2015)used analytical tools Grasshopper and Galapagos to develop a script
At o graphically represent and optimize the
Through client interviews and intuition, they first deyel relationship matrix for the
programmatic elements, including a priority ranking with color tones (FR4yeThis
workflow that developed the relationship matrix as shown in Figdreas developed manually
by designers through meetings with cleiext ths relationship matrixs used toautomate
space program solutions for many rooms on multiple staseshown in Figurg.5. Figure2.5

illustrates the final production after the requirements have been analyzed and the Galapagos

script is run.
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Figure 2.4 Various programmatic elements for a hospital and the relationship with others. there are three

different levels of importance indicated by toneg¢Boon et al. , 2015)

Figure 2.5 Most fit iteration generated using Galapagos scripf{Boon et al., 2015)
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