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ABSTRACT"

!
This thesis explores the intersection between computation and architectural
design. The thesis first develops several computational design tools, specifically
focussing on three problem domains:!

!

• Speedy generation and modification of architectural schemes sharing a
common typological language!
• Analysis of urban and neighbourhood conditions!
• Performance modelling and prediction

!

To test the tools, the thesis subsequently applies the tools to design several
variations of a condominium tower in downtown Toronto. Despite some
limitations, the computational toolkit proved powerful and flexible enough to
generate viable condominium schemes under various sets of assumptions.
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CHAPTER 1: INTRODUCTION"

!
With the advent and spread of generative tools within the disciplines of
architecture and urban design, projects involving parametric methods have
become more common. Typically, designers are consumers rather than
producers of such computational tools. This thesis takes a different approach in
developing one’s own computational toolkit to solve design problems, thus
allowing the designer to retain control over the tool’s interface and output.
Specifically, the tools developed in this thesis focus on three problem domains:!

!

• Speedy generation of schemes sharing a common typological language!
• Analysis of urban and neighbourhood conditions!

!

• Performance modelling and prediction!

The thesis is organized as follows. Chapter 2 details the development of five
computational tools that were created to address the aforementioned issues:!

!

• Tool 1: Generative spreadsheet template!
• Tool 2: Urban and neighbourhood analysis!
• Tool 3: Financial feasibility analysis!
• Tool 4: View evaluation!

!

• Tool 5: Daylight evaluation!

Chapter 3 covers the toolkit application process. To test the tools, the thesis
applies the tools to design several variations of a condominium tower in
downtown Toronto. Three design scenarios were developed as test cases:

!

• Test case A: Maximize profit !
• Test case B: Minimize urban impact!
• Test case C: Maximize view quality!

2

!
Chapter 4 concludes the thesis by considering several questions related to the
tool development and application process:!

!

• What limitations did the tools impose on the design process? What benefits
did the tools provide?!
• How did the tools developed compare to conventional equivalents?!
• What design choices emerged as a result of applying the tools?

3
CHAPTER 2: TOOLKIT DEVELOPMENT"

!
This chapter details the toolkit development process. Five computational tools
were specifically created to aid the architectural design process:!

!

• Tool 1: Generative spreadsheet template. Common typological variables are
defined as spreadsheet inputs, forming a basic building information model.
The spreadsheet is dynamically linked to three-dimensional modelling

!

software, allowing results to be generated in real-time.!
• Tool 2: Urban and neighbourhood analysis. Generates graphical
representations of publicly accessible datasets. Example outputs include
traffic data, existing land use and density, as well as proximity to nearby

!

municipal services.!
• Tool 3: Financial feasibility analysis. Generates graphical representations of

!

pro forma analyses.!
• Tool 4: View evaluation. Conducts a systematic assessment of view quality.
A series of computer-simulated views is first generated. The user is then

!

asked to rank the views via a split-testing process.!
• Tool 5: Daylight evaluation. Analyzes and presents various aspects of solar

!

conditions on a given site.!

The development and operational details of each tool are discussed on the
following pages.!

!

SITE AND
URBAN
CONTEXT

GENERATION &
MANIPULATION

FORM

PERFORMANCE
METRICS

DAYLIGHT EVALUATION

VIEW EVALUATION

FINANCIAL FEASIBILITY
ANALYSIS

Five computational tools were developed. Each tool focuses on a diﬀerent aspect of the architectural design process.

URBAN AND
NEIGHBOURHOOD
ANALYSIS

GENERATIVE SPREADSHEET
TEMPLATE
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2.1 " GENERATIVE SPREADSHEET TEMPLATE"

!

In contrast to traditional modelling processes, parametric modelling allows the
user to make quick modifications to relevant design parameters, and
subsequently explore a wider range of design solutions (Coates, 2010). In the
case of a condominium tower, common typological variables can be mapped as
basic parameters in a parametric model, allowing the user to generate and
evaluate tower designs quickly.!

!

With that in mind, I have developed a spreadsheet template that is able to
generate condominium tower prototypes in real-time. The spreadsheet template,
providing a user-friendly way of collecting and organizing parameter inputs, is
dynamically linked to three-dimensional modelling software. Parameter inputs are
captured in the spreadsheet, with results generated via the 3D modelling
software in real-time.!

!

The operational details of the tool are as follows:!

!

• Define floor layouts. On the spreadsheet template, the user inputs values
for formal parameters to construct a set of floor layouts. Parameters include
access point locations and corridor definitions, as well as unit dimensions.

!

• Apply layouts to floors. The user then assigns a pre-defined floor layout to
each floor of the building. Default values can be over-ridden.

!

• Model outputs. The tool generates a three-dimensional model of a
condominium tower based on the values on the spreadsheet template. As
the template is linked dynamically with the modelling software, changes are
reflected in real-time.

APPLY

INPUT VIA
SPREADSHEET
TEMPLATE

Inputs and outputs for the tool.

LAYOUTS TO
FLOORS

DEFINE 2D
FLOOR LAYOUTS

INPUT VIA
SPREADSHEET
TEMPLATE

Floor layout
Extra height
Parameter overrides

Access points
Corridor connections, widths
Unit count and default depth
Elevator access

DIMENSIONAL
MODELS

THREE
VIA CUSTOM
SCRIPTING
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ELEVATOR PLATFORMS

CORRIDOR UNITS

pre-defined and subsequently applied to each floor. Default parameters for units can be individually over-ridden.

The tool generates a three-dimensional model of a condominium tower based on various formal parameters. Two-dimensional layouts are first

CORRIDORS

VERTICAL ACCESS POINTS
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pre-defined and subsequently applied to each floor. Default parameters for units can be individually over-ridden.

The tool generates a three-dimensional model of a condominium tower based on various formal parameters. Two-dimensional layouts are first

OVERRIDE DEFAULTS
FOR INDIVIDUAL UNITS

APPLY PRE-DEFINED
LAYOUTS TO FLOORS
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Screen capture of the spreadsheet template, with sample parameter inputs.

9

Screen capture of the spreadsheet template, with sample parameter inputs.
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Sample three-dimensional models generated by the tool.

Residential
Green Space
Retail

Residential
Retail
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2.2 " URBAN AND NEIGHBOURHOOD CONTEXT"

!

Over the past decade, a tremendous amount of large-scale data on our cities and
built environment have become publicly available. Such data include metrics
such as pedestrian and vehicle traffic, demographics, or public transit usage —
information that has the potential to inform urban and architectural design.
Architects and urban designers, however, have generally not been making full
use of such newly available datasets (RIBA & Arup, 2013). !

!

Based on such considerations, I have developed a set of urban analysis tools
that generate graphical representations of publicly accessible datasets. As
datasets are often provided in numerical or tabular formats, a tool that provides
intuitive visualizations will make such urban-level data more accessible for
architects and designers. !

!

The urban analysis tools focus on three particular urban-level metrics. The
operational details of the three tools are as follows: !

!

• Travel time. Given an origin and a list of destinations within the city, the tool
generates an image showing travel time between the origin and the
destination as a series of three-dimensional bar graphs. Travel time by
public transit and by automobile are both considered. !

!

• Existing land use and density. Given building footprints, height and land
use information, the tool generates a rudimentary three-dimensional model
of the neighbourhood, colour coded by programmatic use. !

!

• Proximity to nearby services. Given a list of locations of municipal
services, the tool maps the distance to nearby amenities such as libraries,
schools or recreation centres from any origin.

TRAVEL TIME

VIA CUSTOM
SCRIPTING

GOOGLE MAPS API

VIA CUSTOM
SCRIPTING

LAND USE AND DENSITY

VISUAL
OUTPUT

TORONTO OPEN DATA

PUBLIC
DATA

PUBLIC
DATA

Neighbourhood
boundaries

Travel time information

INPUTS

USER

Land use
Building footprints
Building height

Origin
List of destinations

The set of tools require a combination of user input and publicly accessible datasets.

VISUAL
OUTPUT

INPUTS

USER

VIA CUSTOM
SCRIPTING

TORONTO OPEN DATA

PUBLIC
DATA

Location list of various
amenities

Neighbourhood
boundaries

PROXIMITY TO AMENITIES

VISUAL
OUTPUT

INPUTS

USER
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z-axis by the number of pedestrians that pass by the building.

The tool transforms typical urban-level datasets into visually rich graphical interpretations. In the image, building footprints are extruded in the

14

Sample graphical representations generated by the tool. The data is culled from Open Data Toronto (2014) and Google Maps (2014).

Residential
Oﬃces
Institutional
Retail
Green Space

Travel time by private automobile
Travel time by public transit
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2.3 " FINANCIAL FEASIBILITY"

!

For real estate developers, design schemes are driven by a symbiosis of both
architectural design and financial analysis. To conduct analyses on financial
feasibility, developers rely on spreadsheet tools to develop pro forma statements
(Peiser & Hamilton, 2012). Conventionally, such spreadsheet tools present
results as charts or numerical tables.!

!

As such, I developed a tool to conduct and present pro forma analyses in a
graphical manner more accessible to architects and designers. The operational
details of the tool are as follows:!

!

• Input relevant values. The user inputs the relevant values required to
conduct a pro forma analysis, including factors such as land and

!

construction cost, projected revenue, and capitalization rate.!
• Output graphical analysis. Given the basic footprint and massing of the
proposed building, extrusions are then applied to express costs, value or
profit. What results is a three-dimension visualization of the results of the
pro forma analysis.

Inputs and outputs of the pro forma analysis tool.

FINANCIAL
PARAMETERS

INPUT VIA
SPREADSHEET
TEMPLATE

Land & financing cost
Construction cost
Projected revenue
Capitalization rate

ARCHITECTURAL
PARAMETERS

Programmatic use
Basic floor footprints
Gross-up factor

INPUT VIA
SPREADSHEET
TEMPLATE

VISUAL
OUTPUT

VIA CUSTOM
SCRIPTING

CONSTRUCTION COST

PROFIT

VALUE
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tool generates a more intuitive, graphical representation of the results of a pro forma analysis.

Real estate developers rely on spreadsheet tools to develop pro forma statements to analyze financial feasibility (Peiser & Hamilton, 2012). The

CONSTRUCTION COST

VALUE

Residential
Upper Retail
G/F Retail
Green Space

18

CONSTRUCTION COST

VALUE

Sample graphical representations of diﬀerent pro forma statements.

VALUE

CONSTRUCTION COST

PROFIT

PROFIT

Residential
Upper Retail
G/F Retail
Green Space
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2.4 " VIEW EVALUATION"

!

In dense urban settings, views are an important consideration for urban and
architectural design. For public pedestrians, the aesthetics of streetscapes
demonstrably influence the desirability and the walkability of streets and
neighbourhoods (Reid & Clemente, 2013). For private apartment dwellers, views
are a prominent determinant for property values, highlighting the importance of
view quality to homebuyers (Bond et al., 2002).!

!

As such, I developed a tool that allows the user to conduct a systematic
assessment of view quality. A series of computer-simulated views is first
generated based on a list of given vantage points. The user is then asked to rank
the views via a split-testing process. The operational details of the tool are as
follows:!

!

• Generate virtual skyline. Using building footprints and height information,

!

the tool generates a rudimentary massing of the entire city.!
• Simulate views. Given a list of vantage points, with an associated direction

!

and field of view, the tool generates a series of simulated views.!
• Rank views. The user is asked to rank the views via a split-testing process.
The views are put through sequential randomized match ups. In each match
up, two views are presented side by side, and the user is asked to select
the better view. A ranking can be established after a large number of such
random match ups.

!

• Present results graphically. Results from the split-testing process are
presented graphically as a three-dimensional computer model.

AUTOMATICALLY
GENERATED
VIEWS

Operational details of the tool.

VIA CUSTOM
SCRIPTING
Choose vantage points,
direction, field of view

USER-BASED
VIEW
RANKING

VIA CUSTOM
SCRIPTING

VISUAL
OUTPUT

Rank side-by-side
in match ups

VIA CUSTOM-DEVELOPED
WEB UTILITY
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associated height.

Given building footprints and building height data, a mock skyline of the city can be generated simply via extruding footprints by their

22

RANK SIDE BY SIDE

be established after a large number of such random match ups.

randomized match ups. In each match up, two views are presented side by side, and the user is asked to select the better view. A ranking can

Given a list of vantage points, the tool first generates a series of virtual views. The user then systematically ranks the views via sequential

GENERATE VIEWS
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Sample graphical output from the tool, showing the results of the ranking process.

Figures denote number of match up victories.

Best
Above Average
Below Average
Worst
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2.5 " DAYLIGHT EVALUATION"

!

Solar conditions affect many aspects of a building's design. Guidelines from
municipal authorities in Toronto (2013) specifically recommends developers to
study shadow impacts on neighbourhood streets and parks. For private houses
or apartment units, solar conditions can affect both environmental and aesthetic
factors such as heating load and daylight quality.!

!

Based on such considerations, I have developed a tool that analyzes and
presents various aspects of solar conditions on a given site. While conventional
3D modelling software often provide extensions or plug-ins with shadow or solar
analysis capabilities, the tool I developed offers a simple interface in addition to
unique representation options.!

!

The operational details of the tool are as follows:!

!

• Input sun path and area of analysis. The user first inputs sun path
information and selects the area of analysis. Areas of interest may include

!

public parks or individual apartment units.!
• Output graphically. Several graphical outputs are available to the user.
The user can choose to view a time and season-specific snapshot of solar
conditions, or investigate aggregate insolation over the course of the day or
through the various seasons.

Operational details of the tool.

REPRESENTATION
OPTIONS
Total insolation
Hourly breakdown
Seasonal breakdown

CHOOSE IN
CUSTOM SCRIPT

RETRIEVE FROM
PUBLIC DATA

INFORMATION

SUN PATH

VISUAL
OUTPUT

VIA CUSTOM
SCRIPTING
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TOOL GENERATED OUTPUTS

developed oﬀers finer control over representation options.

The tool allows the designer to study solar conditions and shadow impacts. Unlike conventional solar modelling plug-ins or extensions, the tool

CONVENTIONAL SHADOW RENDERING
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Sample graphical output from the tool.
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CHAPTER 3: TOOLKIT TESTING"

!
This chapter covers the toolkit application process. To test the tools, the thesis
applies the tools to design several variations of a condominium tower in
downtown Toronto. The following three design scenarios were developed as test
cases:

!

• Test case A: Maximize profit. This test case assumes a scenario in which
financial feasibility is of primary concern. Multiple iterations are generated
with the spreadsheet template. The financial feasibility of each iteration is

!

evaluated via a pro forma analysis.!
• Test case B: Minimize urban impact. This test case assumes a scenario in
which minimizing impact to public surroundings is of utmost importance.
Using the view evaluation tool, the impact on views from public streets and
nearby buildings is considered and minimized. Through daylight evaluation,
shadowing is reduced to a minimum, and the viability of introducing green

!

space is considered.!
• Test case C: Maximize view quality. This test case assumes a scenario in
which view quality is the primary driver for the design process. A preliminary
scheme is first generated via the spreadsheet template. View quality from
individual apartment units are then assessed. Apartment units sporting
views of below-average quality are eliminated and replaced with common
space.

Evaluate financial
feasibility

Generate multiple
iterations

Shadowing impacts
Green space viability

TEST CASE B:
MINIMIZE URBAN
IMPACT

SOLAR
TESTING

Test views from nearby buildings
Test views from public streets

TESTING

VIEW

Each hypothetical development scenario makes primary use of several of the tools developed.

TEST CASE A:
MAXIMIZE
PROFIT

PRO
FORMA

SPREADSHEET
TEMPLATE

Generate multiple
iterations

TEST CASE C:
MAXIMIZE VIEW
QUALITY

Test from individual
apartments

TESTING

VIEW

SPREADSHEET
TEMPLATE
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3.1 " TEST CASE A: MAXIMIZE PROFIT"

!

Test case A assumes a hypothetical scenario in which financial feasibility is of
utmost importance. The spreadsheet template is used to generate iterations of
tower proposals. For each iteration, a pro forma analysis is conducted to
investigate financial feasibility. The view evaluator is finally applied to establish
more precise revenue estimates for the pro forma.!

!

Two evaluation metrics are especially important:!

!

• Financial feasibility. Financial feasibility is the primary parameter driving
the tower's design. For each design iteration, I conduct a pro forma analysis
to evaluate financial feasibility. Figures for revenue, construction costs and

!

capitalization rates are obtained from standard sources.!
• View quality. View quality is one of the most important determinants for
property values (Bond et al., 2002). As such, I apply the view evaluation tool
to establish more precise revenue estimates. For this test case, I make the
simplifying assumption that a view of above average quality will result in a

!

10% increase in price.!

The design process and results are detailed on the following pages.

Development process for test case A.

Radial layout
Same number of units
Gross-up reduced

VIA SPREADSHEET
TEMPLATE

ITERATION 1:
LINEAR
CORRIDORS

ITERATION 2:
RADIAL
LAYOUT

Linear corridors
Pack units as eﬃciently as possible

VIA SPREADSHEET
TEMPLATE

TESTING

VIEW

Identify premium units via view testing

VIA VIEW EVALUATOR

RE-ADJUST
PRO FORMA

Re-conduct pro forma analysis
based on view testing results

VIA PRO FORMA ANALYSIS TOOL
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CONSTRUCTION COST

The first iteration involved packing units as eﬃciently as possible based on a corridor layout.

ESTIMATED VALUE

ESTIMATED PROFIT

Residential
Retail
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CONSTRUCTION COST

ESTIMATED PROFIT

Residential
Retail

The second iteration moves to a radial layout. The number of units are retained, but costs are reduced by eliminating corridor space.

ESTIMATED VALUE

34

View testing is conducted to determine the location of premium units that can fetch a higher sale price.

AUTOMATIC VIEW CAPTURES

MATCH UP RESULTS
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CONSTRUCTION COST

Adjusting the pro forma financial analysis to account for units with premium views.

ESTIMATED VALUE

ESTIMATED PROFIT

Residential
Retail
Premium
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3.2 " TEST CASE B: MINIMIZE URBAN IMPACT"

!

Test case B assumes a hypothetical scenario in which minimizing impact on
public surroundings is of primary concern. Three schemes of varying density
levels are generated via the spreadsheet template and tested against several
parameters:!

!

• View quality. Views from multiple vantage points are compared across the
three schemes. As much as possible, existing views from nearby buildings
are preserved. Following the suggestions of Reid and Clemente (2013),
ground level elements are kept as transparent and porous as possible to

!

enhance neighbourhood walkability.!
• Daylight analysis. Shadowing impacts are also investigated and
minimized, as per City of Toronto guidelines (2013). Areas of analysis
include the inner courtyard as well as proposed open green spaces, for

!

which access to sufficient sunlight is crucial.!

The design process and results are detailed on the following pages.

Development process for test case B.

TEST CASE C: HIGH DENSITY

TEST CASE B: MID DENSITY

TEST CASE A: LOW DENSITY

NEARBY
BUILDINGS

FROM

TEST VIEWS

TEST VIEWS
FROM PUBLIC
PEDESTRIANS

Choose nearby buildings
as vantage points

VIA VIEW
EVALUATOR

Test shadowing impact
on inner courtyard

VIA SOLAR EVALUATOR

SHADOWING
IMPACTS

TEST

Choose street corners as
vantage points

VIA VIEW
EVALUATOR

Test daylight access for
proposed green space

VIA SOLAR EVALUATOR

TEST GREEN
SPACE
FEASIBILITY
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Testing views from various vantage points located on nearby streets.

HIGH DENSITY

MID DENSITY

LOW DENSITY
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Testing views from various vantage points located in nearby buildings.

HIGH DENSITY

MID DENSITY

LOW DENSITY
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AREA OF ANALYSIS

Testing shadowing impacts on neighbouring park. The proposed building imposes no additional shadow conditions.

SOLAR TESTING
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AREA OF ANALYSIS

Testing shadowing impacts on the proposed open green space. The green space receives plentiful daylight during all seasons.

SOLAR TESTING
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The final result features a lower building height to decrease impact on solar access and view quality.

Residential
Retail
Green Space
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3.3 " TEST CASE C: MAXIMIZE VIEW QUALITY"

!

Test case C assumes a hypothetical scenario in which maximizing the view
quality of individual apartment units is of utmost importance. As with the previous
test cases, the spreadsheet template is used to generate multiple design
iterations. The view evaluation tool is applied to eliminate apartment units with
below-average view quality.!

!

• View quality. View quality is the primary parameter driving the tower's
design. Apartment units with subpar views are simply removed — the
resulting void is converted into a common space for the residents of the
apartment. For this test case, I make the simplifying assumption that
apartment residents prefer views able to capture a wide number of
buildings, without any one building occupying a large portion of the field of
view. Southern views towards the downtown skyline and the lake shore are

!

given preference.!

The design process and results are detailed on the following pages.

Identify unit clusters with
bad view quality and eliminate

VIA VIEW
EVALUATOR

ELIMINATE
BAD VIEWS

Place upper-level green space to
maximize view quality

Development process for test case C.

ESTABLISH
PRELIMINARY
SCHEME

VIA SPREADSHEET
TEMPLATE

Convert spaces with bad view
quality into common spaces

VIA SPREADSHEET
TEMPLATE

FINAL
RESULT
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Setting up a preliminary scheme for the first iteration of view testing.

Residential
Retail
Green Space
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Testing views from various vantage points in the building.

AUTOMATIC VIEW CAPTURES

MATCH UP RESULTS
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Units with views of bad quality can be eliminated and converted into common space.

Residential
Retail
Green Space
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CHAPTER 4: CONCLUSION"

!
The thesis concludes by considering several questions related to the tool
development and application process:!

!

• How did the tools developed compare to conventional equivalents?!
• What limitations did the tools impose on the design process?!

!

• What design choices emerged as a result of applying the tools?!

In general, the analysis and evaluation tools were able to display numerical
constraints and large-scale datasets in a graphical and intuitive manner more
accessible to designers. Compared to conventional equivalents, such tools force
the designer to explicitly acknowledge constraints and, more importantly, to
consider appropriate tradeoffs — linking the spreadsheet template to the pro
forma, for instance, allows designers to immediately recognize the additional
costs or benefits associated with their changes.!

!

As for the generative template, it was successful in allowing the user to quickly
generate and modify condominium schemes. One limitation, however, ensued
from the rigidity of the pre-defined inputs. It would have been difficult to design a
building with non-standard geometry via the template — corridors and units were
assumed to be mostly orthogonal, and unit sizes were assumed to be mostly
standardized. To generate a design of a different building type or a scheme with
unusual geometry would have required re-defining the parameters of the model.!

!

Ultimately, despite such limitations, the computational toolkit proved powerful and
flexible enough to generate viable condominium schemes under various sets of
assumptions. Further exploration would uncover whether the strategy of
developing one’s own toolkit to approach design, rather than relying on existing
tools, would translate well to other design activities or disciplines.
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