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MOTIVATION + GOAL

- Excessive zoning ‘ Lack of housing supply ‘ Housing crisis

- Use GenAl Methods to analyze zoning and construction documents in
Waterloo Region to learn key insights to help solve the housing crisis.
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INITIAL PROJECT PROPOSAL

Use RAG methodologies to

1. Simplify the verbosity of various zoning documents to illustrate what
can and cannot be built in a certain area.

2. Create a unified framework to compare the zoning of neighborhoods
across the 7 municipalities in the Region of Waterloo

3. Extract exact details from zoning documents

4. Use classical ML techniques to correlate extracted zoning information
with housing development in a given municipality.
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Researchl!

e /oning research
o Which factors in zoning codes are importante
o How does the development process work?
e Tech stackresearch
o LLMs / Vector DBs / Front End./ Back End Frameworks
e Relevant papers
o Barthik, Gupta et al
o Urban Institute at Cornell ~ vrean
e Relevant startups:
o trax.co
o up.codes
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PARTNERSHIPS

e SWIRL
o Waterloo Region is interested
in this tool
o LLM development for policy
e Hamming
o LLM benchmarking
techniques e
e Developer (s) "I,":.J Hammlng
e Planner (s)

smart
waterloo
region

Perspectives on zoning development
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SYSTEM DIAGRAM

Formalizing our
proposal intfo
definite tasks

Back End

Vector

Database EaCHos

Clo
Platform

CMHC+
Statcan Data

Focus areas:
Parking + SFH + tired industrial areas + strip malls

Intelligence

Summarizat
on: simplify
verbosity of
zoning
documents

“Find the
statements that
reduce housing
the most,

Extract
Metrics

from zoning
documents
for given
neighbourho
od/city

Builability
index: unified
framework to
compare zoning
across
neighborhoods
and cities

Use classical
ML for
correlate with
extract
zoning data

Find the
Maximums
building that
can be built

in an area
(optimize on

different

metrics)

Map Of relevant
nearby projects

Front End (Web App)

1line
Summary of
what you can

build

Specific
Statements
hat reduce

increase
zoning

Describe set
of Maximum
building that
can built in
area (toggle
metric
preference)+
GenAl
Images

Builability
index output

Correlation:
Graph+
Statement

Pin to map or
select address

Set of pdfs for
proposal

Find zoning
code needed
to approve
building

Find optimal
location for
building
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Vector Database: Azure Cosmos DB
LLM: GPT 3.5 Turbo
Interface: Azure hosted Webapp

ZONINGLLM V1

WClear chat &3 Developer settings

What is the minimum building height in R1 zone ?

Q0 B

The minimum building height in the R1 zone is not specified in the provided sources.

whats a flankage yard as it relates to zoning

Q B

A flankage yard, as it relates to zoning, is a setback requirement that equals the existing flankage yard on
the effective date of the by-law ' 2 3.

Citations: 1. Zoning-By-law-2018-050.pdf#page=356 2. Zoning-By-law-2018-050.pdf#page=354
3. Zoning-By-law-2018-050.pdf#page=222

Type a new question (e.g. What is a Two Zone Floodway)




ZONING LLM V1

Pros:

o |t workse!
e FEaQsyfosetup
e Decent with small gueries

Ccons:

e Can’'treally adjust Hyperparameters
e Not great for more complicated queries (tends to give up)
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Vector Database: PG Vector Database
LLM: GPT 3.5 Turbo/GPT 4 Turbo (others undergoing testing)
ZONINGLLM V2 Interface: Streamlit front end - currently locally hosted

® Zoning Chatbot

How can | help you?

Hello

Hello! How can | assist you today?

What is the minimum building height in R1 - Residential One Zone?

The minimum building height in R1 - Residential One Zone is 10 meters.
What is a flankage yard as it relates to zoning?

tmY A flankage yard is a yard that extends across the full width of a lot between the facade (exterior
wall) of the principal building or buildings and the flankage lot line. It jointly comprises part of the
front yard and rear yard where such yards coincide with the flankage yard as described in the
zoning regulations.
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HYPERPARAMETER TESTING

Evaluating Several thousands of test cases across various parameter seftings

Iteration  Question Residential CcAnswer Model Chunk Size Chunk O
0 What is the minimum buildin{R1 - Residenti The minimum building height in the Residential One (R1) Zone is 4.5 metres for buildings locatec gpt-4-turbo 100
1 Whatis the minimum buildin{R1 - Residenti The minimum building height in the Residential One (R1) Zone is 4.5 metres for buildings locatec gpt-4-turbo 100
2 What is the minimum buildin{R1 - Residenti The minimum building height in the Residential One (R1) Zone is 4.5 metres for buildings locatec gpt-4-turbo 100
)
)

hyper_params = { }
"chunk_size': [100, 200, 500, 1000, 2000], }
'chunk_overlap': [10, 20, 50, 100, 200],
"temparature': [0.05, 0.1, 0.2, 0.3], }
'models’': ['GPT 4 turbo', 'gpt-3.5-turbo'],
'zones' : ['R1 - Residential One Zone','R3 - Residential 1
#

3 What is the minimum buildin{R1 - Residenti The minimum building height in the Residential One (R1) Zone is 4.5 meters for buildings locatec gpt-4-turbo 100
4 What is the minimum buildin{R1 - Residenti The minimum building height in the Residential One (R1) Zone is 4.5 metres for buildings locatec gpt-4-turbo 100
0 What s the max building heig R1 - Residenti In the R1 - Residential One Zone, the maximum building height is 10 metres. gpt-4-turbo 100
1 Whatis the max building heig R1 - Residenti In the R1 - Residential One Zone, the maximum building height is 10 metres. gpt-4-turbo 100
2 What s the max building heig R1 - Residenti In the R1 - Residential One Zone, the maximum building height is 10 metres. gpt-4-turbo 100
3 What is the max building heigR1 - Residenti In the R1 - Residential One Zone, the maximum building height is 10 metres. gpt-4-turbo 100
4 What is the max building heig R1 - Residenti In the R1 - Residential One Zone, the maximum building height is 10 metres. gpt-4-turbo 100
0 What s the min street line se R1 - Residenti | don't have the specific information regarding the minimum street line setback for the Resident gpt-4-turbo 100
1 Whatis the min street line se R1 - Residenti | don't have the specific information regarding the minimum street line setback for the Resident gpt-4-turbo 100
2 What s the min street line se R1 - Residenti | don't have the specific information regarding the minimum street line setback for the Resident gpt-4-turbo 100

'questions' : ['What is the min building height', 'What i
‘ 3 What s the min street line se R1 - Residenti | don't have the specific information regarding the minimum street line setback for the Resident gpt-4-turbo 100

' . . . I .
What 1s the min denS:Lty ) What 1s the maa 4 What is the min street line se R1 - Residenti | don't have the specific information regarding the minimum street line setback for the Resident gpt-4-turbo 100
1 Al"e apa r.tment S above commerc 1al (mixed U# 0 Whatis the max street line seR1 - Residenti The information provided does notinclude specific details about the Residential One Zone (R1). gpt-4-turbo 100

1 Whatis the max street line seR1 - Residenti | don't have the specific information for the Residential One Zone (R1) regarding the maximum s gpt-4-turbo 100

Al"e attac hed Slngle .Famlly houses (tOWn hq 2 Whatis the max street line seR1 - Residenti | don't have the specific information for the Residential One Zone (R1) regarding the maximum s gpt-4-turbo 100

3 What is the max street line seR1 - Residenti | don't have the specific information for the Residential One (R1) zone regarding the maximum s gpt-4-turbo 100

IS ClUSte r development R planned Unlt deV 4 What is the max street line seR1 - Residenti | don't have the specific information for the Residential One (R1) zone regarding the maximum s’ gpt-4-turbo 100
0 Whatis the max density R1-Residenti The information provided does not specify the maximum density for the Residential One (R1) Zoigpt-4-turbo 100

‘ 1 Whatis the max density R1 - Residenti The information provided does not specify the maximum density for the Residential One (R1) Zoi gpt-4-turbo 100

‘ 2 What s the max density R1-Residenti The information provided does not specify the maximum density for the Residential One (R1) Zoi gpt-4-turbo 100

‘ 3 What is the max density R1 - Residenti The information provided does not specify the maximum density for the Residential One (R1) Zoi gpt-4-turbo 100

VAT ai



FUTURE WORK

e Continue Hyperparameter Testing
e Write and publish paper
e Present Findings to
o Region of Waterloo
o CUCAI
e Continue on Phase 2
o Addifional features (DB of data, compliance, summaries)
o Multimodality (geographic data, Image production)
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